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    I would like to dedicate this book to Isabella Schneeman, whose life as a 
precious and fragile 24-week infant was affl icted with all the dreaded 
complications of prematurity. Although successful in overcoming her chronic 
lung disease, she remained intubated for many months and struggled 
many times to survive without a breathing tube. Unfortunately, she developed 
severe subglottic stenosis and needed a tracheostomy. Given those details, 
Isabella beat the odds, went home with a wonderfully capable, loving 
family, and was able to successfully decannulate a few years later after 
reconstructive surgery. Subsequently, she has managed to live the life 
of a normal 6-year-old. Isabella has taught many of the neonatologists 
caring for her that courage, perseverance, and determination are the 
essential elements needed for her family to overcome the long hospitalization 
and a technology- dependent medical home. Without Isabella teaching 
me how to continue to search for ways to allow her damaged neonatal 
airway to heal and grow, I would not have realized the need for this book 
and how it can enlighten others when there seems to be no hope amidst 
a dim light. 

      

          

  Janet Lioy, MD    
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 As I progress through my career, I fi nd myself refl ecting on individuals who 
have played a major role in my professional and personal development. As a 
young resident, my hero was Dr. Martin Black, a head and neck surgeon who 
taught me that at the end of the day it is only about the patient. Dr. Saul 
Frenkiel, my former program director, taught me the value of treating every 
individual on my team as if they are part of my own family. I am indebted to 
Dr. Mel Schloss, one of the fathers of our subspecialty, who introduced and 
encouraged me to pursue a career in pediatric otolaryngology. I am grateful 
to continue to have the opportunity to work with Dr. Bill Potsic and Dr. Ralph 
Wetmore who exemplify what it takes to work at one of our country’s best 
children’s hospitals. 

 I owe a debt of gratitude to my parents, Rhona and Joey Sobol, who gave 
me everything that I needed in life to ensure my success. Lastly, I dedicate 
this text to my beautiful wife, Jennifer, and my daughters, Lexi and Ella, who 
provide me with unconditional support and continue to make every day of my 
life a joy. 

 Steven E. Sobol, MD, MSc, FRCS(C) 
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  Over the past three decades, the fi eld of pediatric otolaryngology has grown from a small 
group of individuals who understood that children are not just small adults, into its own dis-
tinct subspecialty. The collaborative efforts of this subspecialty with other pediatric providers 
have allowed for the emergence of the exciting fi eld of pediatric airway surgery. With advances 
in airway management algorithms and techniques, the child born with a critically obstructed 
airway is no longer condemned to death or a life defi ned by a tracheostomy tube. This book is 
a testament to the efforts put in by our pioneers and represents the state of the art of neonatal 
airway management in the twenty-fi rst century.                       

 Neonatal airway emergencies seem to be a relatively new concept within many neonatal 
units. Previously, conditions such as preterm respiratory distress syndrome and meconium 
aspiration in term infants were two common reasons for airway management. Lately, many 
large-scale children’s hospitals, like our own, have created Fetal Medicine programs that 
deliver neonates with more complex and life-threatening congenital airway anomalies that 
would otherwise result in instant death. These neonates are populating many expanding 
children’s hospitals and require airway expertise 24 h a day. Alternatively, a growing number 
of extremely low birth weight preterm infants are surviving with long-term chronic airway and 
lung issues such as subglottic stenosis, severe tracheobronchomalacia, and signifi cant micro-
gnathia-induced airway obstruction requiring a tracheostomy. Subsequently, the referrals for 
these types of infants are growing exponentially, necessitating that pediatric otorhinolaryn-
gologists trained for special airways are readily available. 

 Managing pediatric airway emergencies is certainly not limited to one specialty. As part of 
the necessary multidisciplinary approach, neonatologists work alongside pediatric ORL as 
well as pediatric anesthesiologists in a well-coordinated response. Each of these specialties 
also relies upon innovative equipment designed specifi cally for neonatal and infant applica-
tions. Videolaryngoscopy with small-sized equipment is now available for the smallest neo-
nates and these techniques alone have a variety of cameras and scopes that can be tailored to 
patient and situation. Consequently, having portable equipment readily available and orga-
nized in a predetermined arrangement improves the team’s ability to effectively respond to 
neonatal airway emergencies at the bedside. 

 Ultimately, a change in the profi le of neonatal patients has created a need for preparation in 
responding to neonatal airway emergencies. As our neonatal patients get smaller and live lon-
ger, airway damage and compromise can become an integral part of the total hospital care. 
Many centers are now delivering neonates with airway disorders once felt to be incompatible 
with life. This shift in perinatal medicine has signifi cantly increased the burden of long hospi-
talizations with technology dependency far beyond what was common 20 years ago.  

Philadelphia, PA, USA  Steven E. Sobol, MD, MSc, FRCS(C)
      Janet     Lioy, MD     

  Pref ace    
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   Malformations, Deformations and Disorders        
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           Congenital Nasal Airway Disorders 

 Congenital nasal airway obstruction is a common cause of 
respiratory distress in newborns and infants as they remain 
obligate nasal breathers for the fi rst few months of life. The 
respiratory distress may be apparent immediately after birth 
or may become evident when the child is challenged by an 
upper respiratory tract infection or secondary airway anom-
aly. Obstruction can occur at different regions of the nasal 
airway including the piriform aperture, mid-nasal vault, and 
choana. The differential diagnosis of congenital nasal airway 
obstruction is varied (Table  1 ) but this section of the chapter 
will focus on congenital nasal piriform aperture stenosis 
(CNPAS) and choanal atresia.

     Congenital Nasal Piriform Aperture Stenosis 

 The piriform aperture is the most anterior aspect of the bony 
nasal airway. It has a pear shape and anatomically distinct 
bones contribute to the aperture. The horizontal processes of 
the maxilla contribute inferiorly. The frontal processes of the 
maxilla (inferiorly) and nasal bones (superiorly) constitute 
the lateral aspect of the aperture. The aperture is divided in 
the midline by the anterior nasal spine and septum. CNPAS 
is defi ned as horizontal narrowing of the lateral walls result-
ing in a smaller aperture. The narrowing is typically measured 
at the level of the inferior meatus. 

   Etiology 
 Embryologically, the piriform aperture is derived from 
fusion of the medial nasal prominences (fl oor of the aper-
ture) and fusion of the lateral nasal prominences and maxil-
lary prominences (lateral bones of aperture). Therefore, it 
has been hypothesized that CNPAS can be caused by either a 
defi ciency in the primary palate (fl oor of the aperture) or 
bony overgrowth/dysplasia of the nasal processes of the 
maxilla. Both etiologies would result in horizontal narrow-
ing of the lateral walls of the piriform aperture.  

   Epidemiology 
 CNPAS is an uncommon cause of congenital nasal airway 
obstruction and the true incidence is unknown.  

   Pathogenesis 
 The embryological development of the nose begins early in 
the fourth week of gestation [ 4 ]. The nose is derived from the 
single median frontonasal prominence and the paired maxil-
lary prominences. The prominences arise from the prolifera-
tion and migration of neural crest cells during the fourth week. 

 The frontonasal prominence gives rise to bilateral nasal 
placodes by the end of the fourth week. The mesenchyme at 
the periphery of the placodes proliferates creating medial 
and lateral nasal prominences and central depressions called 
nasal pits. The nasal pits are the primordium of the nostrils 
and nasal cavities. 

 With medial migration of the maxillary prominences, the 
medial nasal prominences begin to fuse and form the pri-
mary palate (Fig.  1a, b ). Concurrent fusion of the lateral 
nasal prominences with the maxillary prominences forms the 
lateral bones of the piriform aperture.

   A defi ciency in the bulk of the primary palate primordium 
may result in CNPAS by allowing medial migration of the 
palatal shelves during the 6th week of gestation that is closer 
to the midline than usual. The defi cient primary palate would 
account for the narrow aperture, triangular shaped palate, 
and single central incisor associated with CNPAS (Fig.  2 ). 
The resultant “over-migration” of the palatal shelves may 
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account for the observed ridge of bone along the inferior 
aspect of the palate.

   The other possible cause of CNPAS is the overgrowth of 
the medial maxillary bones. Imaging studies frequently show 
thickened bone in this region.  

   Clinical Presentation 
 The clinical presentation of CNPAS is similar to the presen-
tation of any condition that causes nasal obstruction. Typical 
signs and symptoms include stertor, tachypnea, obstructive 
apnea, feeding diffi culty, respiratory distress, and cyclical 
and paradoxical cyanosis. Crying usually relieves the respi-
ratory symptoms as the infant shifts their breathing from 
nasal to oral routes. 

 On physical examination, the nasal inlet is visibly narrow 
and there may be diffi culty passing a suction catheter or 
small endoscope. There may be other craniofacial abnormal-
ities noted during the routine head and neck examination 
such as a triangular shaped palate, a bony ridge under the 
palate, and other maxillary abnormalities.  

   Diagnosis 
 Although the suspicion for CNPAS is initiated by the clinical 
presentation and physical examination, the diagnosis is typi-
cally confi rmed with computed tomography scanning of the 
craniofacial skeleton. The width of the piriform aperture is 
less than 11 mm [ 1 ], there may be bony thickening of the 
medial maxilla and there may be a single central incisor 
tooth bud (Figs.  3  and  4 ). The presence of a central incisor is 
pathognomonic for CNPAS and requires further investiga-
tions to rule out other midline brain anomalies.

       Management 
 The management of CNPAS primarily depends on the sever-
ity of the respiratory symptoms of the patient. Management 
options include observation, nasal hygiene, topical steroids 
and decongestants, serial nasal dilatation, nasal stenting, and 
surgical correction. The medical literature contains several 
small case series describing all of the management options 
listed above. 

 The larger case series by Van Den Abbeele et al. [ 3 ] and 
Visvanathan and Wynn [ 2 ] confi rm that conservative or sur-

gical intervention depends on the severity of symptoms. 
Both studies recommend an initial conservative approach 
with nasal steroids and topical decongestants for 2 weeks 
before considering surgery. Their criteria for surgical inter-
vention included sleep apnea, failure to thrive, and persis-
tent dependency on airway assistance at the end of the 
2-week trial. 

 The most common surgical approach employed in the 
correction of CNPAS is a sublabial incision and mucosal 
elevation to reveal the piriform aperture. A drill is then used 
to expand the aperture inferiorly and laterally. Care is taken 
to avoid injury to the nasolacrimal duct laterally and tooth 
buds inferiorly. Postoperative nasal stenting for several 
weeks is used to prevent restenosis.  

   Multidisciplinary Considerations 
 CNPAS may occur in isolation or as part of the holoprosen-
cephaly spectrum. The suspicion for other central anomalies 
is increased if there is a single central incisor (Figs.  2  and  3 ). 
Specifi cally, patients require an endocrinological assessment 
for pituitary hormone defi ciency, an MRI of the brain to 
assess the corpus callosum and pituitary gland, and a genet-
ics consultation if there are other congenital anomalies. 
Patients may also require dental and orthodontic consulta-
tion following the eruption of the secondary dentition.   

   Choanal Atresia 

 Choanal atresia is the end result of a failure to establish com-
munication between the nasal cavity and nasopharynx dur-
ing embryological development. In essence, an atretic plate 
remains that obstructs the region of one or both choanae. The 
choanae are bounded by the sphenoid superiorly, the medial 
pterygoid plate laterally, the vomer medially and the hori-
zontal portion of the palate inferiorly. The choanae may be 
stenosed or completely blocked (atresia) by bone and mem-
branous tissue (70 % of cases) or by bone only (30 % of 
cases). In addition to the atretic plate of bone and/or mem-
branous tissue, medialization of the medial pterygoid plate 
and thickening of the posterior vomer often contribute to the 
stenosis and atresia. 

   Etiology 
 Many theories have been proposed to explain the develop-
ment of choanal atresia. The four most popular theories 
include: (1) persistence of the bucconasal membrane of 
Hochstetter; (2) misdirection of neural crest cell migration; 
(3) persistence of the buccopharyngeal membrane from the 
foregut; and (4) abnormal persistence or location of meso-
dermal adhesions in the naso-choanal region [ 6 ]. 

 Molecular models have also been linked to the development 
of choanal atresia. For example, it has been shown that mice 
with a retinaldehyde dehydrogenase 3 (Raldh3) knockout 
mutation develop choanal atresia. This work suggests that 

   Table 1    Differential diagnosis of congenital nasal airway obstruction   

 Choanal stenosis and atresia 
 Congenital nasal piriform aperture stenosis 
 Midnasal stenosis 
 Nasal masses 

 Dermoid cyst 
 Encephalocele 
 Glioma 
 Hemangioma 

 Nasolacrimal duct cyst 
 Deviated nasal septum 
 Rhinitis of the newborn 
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  Fig. 1    ( a ,  b ) Drawings illustrating the embryological development of the piriform aperture and primary palate         

  Fig. 2    Drawing illustrating the 
normal and abnormal size and 
shape of the piriform aperture       
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retinoic acid metabolism is linked to fi broblast growth factor 
(FGF) expression and eventual perforation of the nasobuccal 
membrane. Another example is the observed increased inci-
dence of non-syndromic choanal atresia in the children of 
mothers treated for hyperthyroidism with thionamides. 
Subsequent animal studies have demonstrated that elevation 
of thyrotropin alters the expression of FGF, FGF receptors 
which may play a role in the development of choanal 
atresia. 

 Choanal atresia is a hallmark feature of CHARGE syn-
drome. A mutation in the chromodomain helicase DNA- 
binding protein 7 (Chd7), located on chromosome 8q12.1, is 
identifi ed in 60–80 % of children with CHARGE syndrome. 
Chd7 regulates other genes that control cell-lineage specifi -
cation and rRNA biogenesis in the nucleolus. The pathogenic 
mechanism on organ systems such as choanal development 
is not fully understood.  

   Epidemiology 
 Choanal atresia is the most common congenital nasal anomaly 
with an estimated incidence of 1 in 5,000–8,000 live births. 
Choanal atresia is more likely to occur in females and be 

unilateral. When unilateral, the right choana is twice as likely 
to be affected. Choanal atresia can occur in isolation or be 
associated with several other conditions such as CHARGE, 
Apert, Crouzon, Pfeiffer, Antley–Bixler, Marshall–Smith, 
Schinzel–Giedion, and Treacher Collins syndromes. 
Approximately 30 % of children with choanal atresia have 
CHARGE syndrome based on clinical criteria.  

   Pathogenesis 
 During the fourth week of gestation, the nasal placodes 
become depressed and form nasal pits. From the fourth to 
sixth week, the nasal pits deepen to form primitive nasal 
sacs. The nasal sacs grow dorsally and remain separate from 
the oral cavity by the bucconasal membrane of Hochstetter 
(Fig.  5 ). By 7 weeks, the bucconasal membrane ruptures 
allowing communication of the oral and nasal cavities. The 
resultant primitive choanae are located just posterior to the 
primary palate. As the secondary palate develops by fusion 
of the lateral palatine processes, the choanae assume a more 
posterior location [ 4 ].

   The pathogenesis of choanal atresia is poorly understood. 
However, the description of the embryological development 
provided above renders the theory of failure to disrupt the 
bucconasal membrane of Hoschstetter plausible (Fig.  5 ). 
Further elucidation of the molecular and genetic theories 
may help to explain the mechanism by which the bucconasal 
membrane fails to rupture.  

   Clinical Presentation 
 The clinical presentation of choanal stenosis and atresia is 
consistent with the presentation of any condition that causes 
nasal obstruction: stertor, obstructive apnea, cyclical cyanosis, 
etc. Newborns with bilateral choanal atresia present with 
immediate respiratory distress and require prompt securing 
of the airway with intubation. The suspicion for choanal atre-
sia in these instances is reinforced by the inability to pass a 

  Fig. 3    Computed tomography 
imaging of a child with 
congenital nasal piriform 
aperture stenosis. ( a ) Coronal 
image demonstrating the central 
incisor tooth bud. ( b ) Axial 
image demonstrating the narrow 
aperture and prominence of the 
maxillary bone       

  Fig. 4    Clinical photograph of an older child with a central incisor       
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suction catheter into the nasopharynx. Children with unilateral 
choanal atresia are often diagnosed later in life as they pres-
ent with complaints of persistent unilateral nasal obstruction 
and rhinorrhea [ 5 ]. 

 Infants and children with isolated choanal atresia typically 
have a normal physical examination (excluding the signs and 
symptoms of nasal obstruction). However, if the child presents 
with other anomalies, the clinician should determine if the cho-
anal atresia is part of a genetic syndrome. The most commonly 
associated condition is CHARGE syndrome ( C oloboma of the 
eye,  H eart malformations,  A tresia of choanae,  R etardation in 
growth and development,  G enital hypoplasia,  E ar anomalies).  

   Diagnosis 
 Choanal atresia can be diagnosed with a thorough clinical 
examination of the nose. The failure to observe fogging of a 
cold metal speculum placed in front of the nostrils, the move-
ment of a wisp of cotton wool, or the inability to auscultate 
air fl ow with the bell of a stethoscope suggests a blocked 
nasal passage. The visualization of a blind ended nasal cavity 
with endoscopy confi rms the diagnosis of choanal atresia. 

 The diagnosis is further confi rmed with computed tomog-
raphy scanning of the nose, paranasal sinuses, and skull base 
(Fig.  6 ). The images are used to characterize the location and 
nature of the atresia (bony versus bony and membranous). 
The images may also demonstrate thickening of the posterior 
vomer and medialization of the medial pterygoid plate.

   Genetic testing may also be warranted if the child  presents 
with other craniofacial anomalies or features of CHARGE 
syndrome.  

   Management 
 The defi nitive management of choanal atresia requires sur-
gical intervention. The timing of the surgery depends on the 
severity of the respiratory compromise. Newborns with 
 bilateral choanal atresia undergo surgery in the fi rst few 
days of life to promptly reestablish the obligatory nasal 
 airway and initiate oral feeding. The surgical correction of 

unilateral choanal atresia is preferably delayed for 2–4 
years. A delayed repair allows for growth of the nasal air-
way which facilitates surgical access to the atretic plate and 
may mitigate the clinical signifi cance of partial restenosis of 
the repaired site. 

 Many surgical techniques have been described for the 
correction of choanal atresia. The surgical techniques can be 
broadly categorized as trans-nasal puncture, endoscopic 
resection, and trans-palatal resection of the atretic plate. 
Each approach has its inherent advantages and disadvan-
tages. A thorough review of the nuances of each approach is 
beyond the scope of this chapter. 

 The use of postoperative nasal stenting, the type of stent 
used, the technique used to fi x the stent in place, and the 
duration of stenting is highly variable and contentious. Due 
to a lack of consensus, the issues surrounding stent use 
remain highly dependent on surgeon preference. The routine 
application of mitomycin C to the repair site to prevent reste-
nosis is similarly contentious. 

 It should be noted that children with complex craniofacial 
abnormalities, beyond isolated choanal atresia, may require 
tracheostomy to establish a secure airway.  

  Fig. 5    Drawings illustrating the normal and failed embryological development of the nasal choanae. ( a ) The nasal and oral cavities are separated 
by the bucconasal membrane. ( b ) The normal rupture of the bucconasal membrane. ( c ) Persistence of the bucconasal membrane at birth       

  Fig. 6    Computed tomography image (axial view) of a child with uni-
lateral ( left ) choanal atresia. The image demonstrates a combined bony 
and membranous atretic plate, deviated vomer, and medialized left 
medial pterygoid plate       
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   Multidisciplinary Considerations 
 As mentioned above, choanal atresia can occur in isolation 
or be associated with several other genetic syndromes, most 
notably CHARGE syndrome. All children diagnosed with 
choanal atresia, therefore, should be assessed for CHARGE 
syndrome. If confi rmed, consultation with ophthalmology, 
cardiology, urology, and audiology services is required.  

   Future Considerations 
 With the discovery of Chd7 gene mutations in 60–80 % of 
patients with CHARGE syndrome, recently published stud-
ies exploring the role of Chd7 in animal models may have 
profound implications for the elucidation of the pathogenesis 
of choanal atresia. A mouse model with a spontaneous 
 deletion mutation in the Chd7 gene exhibits morphological 
alteration in the Eustachian tubes, dysregulation of epithelial 
proliferation, and hearing loss [ 7 ]. Multi-organ system 
 dysfunction has also been demonstrated in zebrafi sh with 
Chd7 knockdown mutations [ 8 ].    

   Congenital Laryngeal Disorders 

 There are several congenital disorders that can affect the 
development of the laryngo(tracheal) complex. Some of these 
disorders are very common and others are exceedingly rare. 
The clinical presentation is similarly variable as laryngeal 
disorders may be innocuous and self-resolving or incompati-
ble with life. Laryngeal disorders may have an impact on a 
child’s ability to breathe comfortably, protect the airway dur-
ing swallowing and phonate normally. A list of congenital 
laryngeal disorders is summarized in Table  2 . This section of 
the chapter will focus on disorders resulting from incomplete 
closure or recanalization of the laryngo(tracheal) complex 
during embryological development.

     Laryngeal Clefts 

 A laryngeal cleft is defi ned as an incomplete midline fusion 
of the posterior aspect of the larynx (and upper trachea) 
resulting in direct communication between the laryngeal and 
upper tracheal lumen and the esophagus. 

   Etiology 
 The specifi c cause of laryngeal clefts is unknown. However, 
prematurity and maternal polyhydramnios have been associ-
ated with their development. Genetic causes have also been 
implicated as laryngeal clefts are associated with genetic 
syndromes (Pallister–Hall and Opitz–Frias) and affected 
families demonstrate an autosomal dominant pattern of 
inheritance. Irrespective of the cause, the common embryo-
logical anomaly is the incomplete development of the tra-
cheoesophageal septum.  

   Epidemiology 
 Congenital laryngeal clefts have an estimated incidence of 
1 in 10,000–20,000 live births. They are more common in 
males than females with an observed ratio of 5:3. In one 
review, children with congenital laryngeal clefts had an 
observed overall mortality rate of 46 % when all subtypes of 
clefts were included in the analysis.  

   Pathogenesis 
 The larynx, trachea, bronchi, and lung buds begin to form 
during the fourth week of gestation [ 4 ]. The process begins 
with the development of a laryngotracheal groove on the 
ventral wall of the primitive pharynx. By the end of the 
fourth week, the laryngotracheal groove evaginates to form a 
laryngotracheal diverticulum (Fig.  7 ). As the diverticulum 
elongates, the distal end forms the lung buds. The diverticu-
lum also gradually separates from the primitive pharynx with 
the development of longitudinal tracheoesophageal folds on 
both sides. As the folds approximate in the midline, they fuse 
and form a partition known as the tracheoesophageal sep-
tum. The septum develops in a caudal to cranial direction to 
separate the diverticulum from the primitive pharynx. When 
separated, the diverticulum is referred to as the laryngotra-
cheal tube. The opening at the proximal/cranial end of the 
laryngotracheal tube forms the laryngeal inlet (or aditus).

   It is the incomplete development of the tracheoesopha-
geal septum that results in laryngeal clefts. The length (sever-
ity) of the cleft depends on the distance the tracheoesophageal 
septum developed in the caudal to cranial direction.  

   Clinical Presentation 
 A diagnosis of congenital laryngeal cleft should be consid-
ered in a newborn or infant presenting with dysphagia or 
refusal to feed, unexplained repeated aspiration and intermittent 

   Table 2    Differential diagnosis of congenital laryngeal disorders   

 Laryngomalacia 
 Congenital vocal fold insuffi ciency 
 Laryngeal cysts 

 Saccular cyst 
 Vallecular cyst 
 Thyroglossal duct cyst 
 Ductal cyst 
 Duplication cyst 
 Laryngocele 

 Laryngeal web 
 Laryngeal atresia and stenosis 
 Congenital subglottic stenosis 
 Congenital subglottic hemangioma 
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respiratory distress. Stridor, cough, cyanosis, and regurgitation 
are particularly evident during feeds. 

 The most commonly used classifi cation system for con-
genital laryngeal clefts was introduced by Benjamin and 
Inglis in 1989 [ 9 ] (Fig.  8 ). Type I clefts result from incom-
plete fusion of the inter-arytenoid soft tissue with an inferior 
extension no further than the level of the vocal folds. Type I 
clefts may not result in symptoms and may be identifi ed inci-
dentally during laryngobronchoscopy. Type II clefts extend 
beyond the level of the vocal folds and into the cricoid lam-
ina. Type III clefts extend completely through the cricoid 
cartilage and into the upper trachea. Type IV clefts involve 
the posterior wall of the trachea and may extend to the carina.

      Diagnosis 
 Newborns and infants presenting with dysphagia and respira-
tory distress are investigated initially with fl exible laryngos-
copy and video fl uoroscopic swallow studies. The swallow 

studies typically confi rm the suspicion of laryngeal  penetration 
and aspiration of feeds. However, fl exible  endoscopy fre-
quently fails to reveal laryngeal clefts as redundant mucosa 
from the posterior larynx or upper esophagus may obscure 
the cleft. As such, direct laryngoscopy and instrument 
 palpation of the posterior larynx are required to confi dently 
diagnose laryngeal clefts. Rigid bronchoscopy should also 
be performed to determine the extent of the cleft and to 
search for secondary airway anomalies which can be found 
in more than 50 % of patients. The most common secondary 
airway anomalies are tracheomalacia and tracheoesophageal 
fi stula [ 10 ].  

   Management 
 The initial priority in the management of children diag-
nosed with a laryngeal cleft is to prevent aspiration pneumo-
nia. Children with clinically signifi cant dysphagia should 
not be fed by mouth but rather by nasogastric tube. 

  Fig. 7    Drawings illustrating the development of the laryngotracheal diverticulum and tracheoesophageal septum in a caudal to cranial direction       

  Fig. 8    Drawings illustrating incomplete fusion of the posterior glottis ( a ) and the classifi cation of laryngeal clefts as described by Benjamin and 
Inglis ( b )       
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 Anti-refl ux  measures should also be initiated to prevent 
regurgitation. A thorough assessment of other organ systems 
is required before proceeding to surgical correction of the 
cleft. A genetics consultation should also be requested as 
laryngeal clefts have been associated with Pallister–Hall and 
Opitz–Frias syndromes. 

 The need for and timing of surgical repair is dependent on 
the severity of symptoms, the extent of the cleft, and the 
overall medical stability of the child. Incidental and mini-
mally symptomatic type I clefts may not require surgical 
management. In general, symptomatic type I and II clefts are 
repaired endoscopically and type III and IV clefts are repaired 
with open surgery. The open surgical repairs can be performed 
through an anterior laryngotracheal fi ssure or  lateral pharyn-
gotomy approach. Closure of the cleft must be meticulous 
and multilayered [ 10 ].  

   Multidisciplinary Considerations 
 Congenital laryngeal clefts may occur in isolation but are 
often associated with other anomalies of the gastrointestinal, 
genitourinary, and cardiovascular systems. As such, consul-
tation with a geneticist, pediatrician, and other surgical spe-
cialties is required. Occupational therapy and speech-language 
pathology services are also required for ongoing swallowing 
and voice concerns.   

   Laryngeal Webs and Atresia 

 Laryngeal webs and atresia result from the incomplete recan-
alization of the larynx during embryological development. 

   Etiology 
 The specifi c cause of laryngeal webs and atresia is unknown. 
There is likely a genetic cause as laryngeal webs are associ-
ated with 22q11.2 deletion syndrome. Laryngeal atresia has 
been associated with partial trisomy of chromosomes 9 and 
16 and chromosome 5p deletion. Embryologically, laryngeal 
webs and atresia are the result of incomplete recanalization 
of the larynx that normally occurs during the 10th week of 
gestation.  

   Epidemiology 
 The incidence of laryngeal webs and atresia is unknown.  

   Pathogenesis 
 At 5 weeks gestation, the mesenchyme at the laryngeal inlet 
(cranial end of the laryngotracheal tube) rapidly proliferates 
to form arytenoid swellings [ 4 ] (Fig.  9a ). The arytenoid 
swellings change the shape of the laryngeal inlet from a ver-
tical slit-like appearance to a T-shaped appearance (Fig.  9b ). 
The laryngeal epithelium also proliferates rapidly and tem-
porarily occludes the laryngeal lumen by the eighth week. 
By the 10th week, the epithelium is resorbed and the laryn-
geal lumen is recanalized (Fig.  9c ). Laryngeal webs and atre-
sia are the result of incomplete recanalization of the larynx 
during the 10th week of gestation. The laryngeal obstruction 
may be in the form of a thin membranous web at the glottic 
level or a thick trans-glottic atresia.

      Clinical Presentation 
 Children with laryngeal webs may present with stridor, 
croup-like cough, recurrent atypical croup, and a high- 
pitched voice. Children may present at any age depending on 
the severity of the airway symptoms. Children that present at 
an older age typically have an isolated concern of high- 
pitched voice. If the child has cardiac anomalies, learning 
disabilities, thyroid and parathyroid dysfunction or immuno-
logic disorders, the laryngeal web may be a component of an 
underlying 22q11.2 deletion syndrome. 

 Complete laryngeal atresia is usually incompatible with 
life. Failure to recanalize the larynx usually results in fetal 
demise due to the development of fetal hydrops. If the fetus 
survives the pregnancy, immediate respiratory distress devel-
ops at birth. Failure to establish an airway immediately after 
birth results in death. Laryngeal atresia can occur in isolation 
or in association with tracheoesophageal fi stula. 

 Laryngeal atresia can be detected antenatally with ultra-
sound and magnetic resonance imaging studies. In these 
instances, a fetus that survives the pregnancy should be 
delivered by ex-utero intrapartum treatment (EXIT) proce-
dure and receive a tracheostomy prior to clamping of the 
umbilical cord to enhance survival.  

  Fig. 9    Drawings illustrating the normal development of the laryngeal inlet       
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   Diagnosis 
 Laryngeal webs are diagnosed by endoscopic visualization 
of the larynx (Fig.  10 ). Webs are usually anteriorly based and 
partially compromise the airway lumen. Asymptomatic webs 
may be detected incidentally during direct laryngoscopy and 
intubation for an unrelated surgical intervention. All children 
diagnosed with a laryngeal web should undergo genetic test-
ing for 22q11.2 deletion syndrome.

   As described above, laryngeal atresia can be diagnosed 
antenatally or during resuscitative efforts at birth. Attempts 
to place an endotracheal tube fail due to the absence of a 
lumen and normal glottic anatomy.  

   Management 
 Congenital laryngeal webs require surgical intervention to 
relieve airway symptoms and normalize vocal pitch. Surgical 
correction by an endoscopic or open approach depends on 
the vertical length of the web. Thick webs typically require 
an open approach and the temporary insertion of a keel or 
stent to maintain patency of the lumen. A thorough discus-
sion of the nuances of surgical correction of laryngeal webs 
is beyond the scope of this chapter. 

 Children with laryngeal atresia that were successfully 
 tracheotomized at birth require laryngotracheal reconstruc-
tive procedures to establish a stable lumen and eventual 
decannulation.  

   Multidisciplinary Considerations 
 Children with laryngeal webs are best managed in a hospital- 
based voice clinic with access to speech-language pathology 
services for diagnosis and ongoing postoperative voice therapy. 

Genetics testing for 22q11.2 deletion syndrome should also 
be requested. 

 The antenatal diagnosis and management of laryngeal 
atresia requires a well-established multidisciplinary team of 
medical professionals that includes fetal diagnostic imaging, 
maternal–fetal medicine, neonatology, anesthesia, and pedi-
atric otolaryngology. The successful EXIT procedure, in par-
ticular, requires precise and effi cient coordination of 
resources and experienced individuals.  

   Future Considerations 
 Advances in fetal endoscopic surgery may enable the ante-
natal treatment of laryngeal atresia to avoid complications 
such as fetal hydrops and the need for EXIT procedures. 
The application of balloons and lasers to correct a laryn-
geal web and atresia has been described in the literature 
(Kohl et al. [ 12 ]).   

   Congenital Subglottic Stenosis 

 The subglottis, the narrowest part of the pediatric airway, is 
formed by the cricoid cartilage ring. Congenital abnormali-
ties in the size or shape of the cricoid cartilage, therefore, 
result in signifi cant airway compromise. 

   Etiology 
 Congenital subglottic stenosis is usually the result of an 
abnormally small cricoid cartilage ring. A normal-sized cri-
coid ring, however, may also cause stenosis if it is abnormally 
shaped. An elliptical cricoid is the most common abnormal 
shape to cause subglottic stenosis. The cricoid may also be 
fl attened or have a thickened anterior or posterior lamina. 
A  fi rst tracheal ring that is trapped within the cricoid ring is 
yet another cause of congenital subglottic stenosis [ 11 ].  

   Epidemiology 
 An incidence rate for congenital subglottic stenosis has not 
been reported.  

   Pathogenesis 
 The pathogenesis of congenital subglottic stenosis has not 
been well described in the literature. Abnormalities in the 
size or shape of the cricoid cartilage ring may be due to 
anomalous proliferation of mesenchyme at the cranial end of 
the laryngotracheal tube during the 5th week of gestation or 
incomplete recanalization of the laryngotracheal lumen at 
the 10th week of gestation.  

   Clinical Presentation 
 Infants and children with congenital subglottic stenosis pres-
ent with inspiratory or biphasic stridor, croup-like cough and 
atypical, recurring croup. The recurrent croup may occur in   Fig. 10    Endoscopic view of a congenital laryngeal web       
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children younger than 6 months of age and does not readily 
respond to standard treatment with steroids and nebulized 
epinephrine.  

   Diagnosis 
 Subglottic stenosis can be diagnosed on plain radiographs of 
the neck, especially on anterior–posterior views. The diagno-
sis is confi rmed and severity staged with direct laryngoscopy 
and bronchoscopy in the operating room.  

   Management 
 Congenital subglottic stenosis can be managed expectantly 
if the stenosis is minimal and the airway symptoms revers-
ible with medical treatment. On the other hand, children 
with chronic and frequently recurrent symptoms require 
surgical correction with cartilage augmentation of the 
 cricoid ring.    

   Congenital Tracheal Disorders 

 There are several congenital anomalies that affect the trachea 
including tracheal stenosis and atresia, tracheoesophageal 
fi stula, vascular rings and slings, tracheomalacia, tracheal 
duplication, complete tracheal rings, and cartilaginous sleeve 
trachea. Fortunately, these anomalies are rare as they cause 
signifi cant morbidity and are potentially life threatening. 

   Congenital Tracheal Stenosis 

 Congenital tracheal stenosis is defi ned as a narrowing of the 
tracheal lumen. The stenosis is commonly associated with 
complete tracheal rings. It may involve a single ring, a seg-
ment of rings, or the entire trachea. 

   Etiology 
 The direct cause of congenital tracheal stenosis is unknown 
but it is associated with genetic syndromes and associations 
(e.g., Down syndrome, VACTERL and VATER association). 
Complete tracheal rings may also represent an adaptive or 
protective response to external compression from vascular 
rings or slings. 

 Small rodent animal models have demonstrated tracheal 
anomalies when exposed prenatally to medications 
(Adriamycin, doxorubicin, and nitrofen) or genetic manipu-
lations (sonic hedgehog, FGF 18 expression). This research, 
however, may not be applicable to humans.  

   Epidemiology 
 Congenital tracheal stenosis is very rare. The incidence has 
not been reported previously.  

   Pathogenesis 
 It has been hypothesized that congenital tracheal stenosis is 
the result of unequal partitioning of the primitive foregut into 
the esophagus and trachea by the tracheoesophageal folds. 
This may result in the abnormal fusion of the posterior aspect 
of the tracheal rings.  

   Clinical Presentation 
 Antenatally, the mothers of children with congenital tra-
cheal stenosis commonly present with polyhydramnios. 
Immediately after birth, children with severe stenosis present 
with respiratory distress and attempts to intubate the new-
born are unsuccessful as the endotracheal tube cannot be 
advanced beyond the vocal folds. 

 With milder degrees of stenosis, the child may remain 
asymptomatic for several months until they are affected by 
an upper respiratory tract infection. These children present 
with respiratory distress, biphasic stridor, and a prolonged 
expiratory phase of the respiratory cycle.  

   Diagnosis 
 A diagnosis of congenital tracheal stenosis is established 
with rigid bronchoscopy. Care must be taken to avoid 
trauma to the mucosal lining that may cause edema. The 
bronchoscopy should be performed with a small telescope 
to assess the full length of the trachea if possible. If the 
stenosis does not allow the passage of a small telescope, a 
computed tomography scan of the chest will provide impor-
tant information regarding the length of the stenosis and if 
it extends to the bronchi (Fig.  11 ). The scan also character-
izes the cardiopulmonary vasculature which may require 
simultaneous repair.

      Management 
 The management of congenital tracheal stenosis includes a 
period of observation, avoidance of viral contacts and sup-
portive care. A subset of children will not require surgical 
intervention and may outgrow their mild form of tracheal 
stenosis. The remaining children require surgical interven-
tion that may include segmental tracheal resection or slide 
tracheoplasty, depending on the length of the stenosis. 

 Slide tracheoplasty is delayed as long as possible as this 
procedure requires the use of cardiopulmonary bypass which 
is associated with a low survival in very young children. 
It  should also be noted that tracheostomy is not helpful with 
long segment tracheal stenosis and should be avoided.  

   Multidisciplinary Considerations 
 The care of children with congenital tracheal stenosis requires 
a multidisciplinary approach with input from  medical services 
(respirology, critical care medicine, and anesthesia) and surgi-
cal services (cardiothoracic surgery and otolaryngology).  
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   Future Considerations 
 There are several exciting new prospects in tissue engineer-
ing and tracheal transplantation that may provide hope to 
children affected with severe forms of stenosis that are not 
amenable to traditional forms of surgery.       
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         Abnormal craniofacial development can cause airway 
anomalies in the neonate at multiple levels (Table  1 ). While 
evaluating a neonate with a craniofacial syndrome, it is 
imperative that airway concerns are taken into account. This 
consideration is important for treating any immediate and 
evident airway problems and for identifying any nascent air-
way pathology to avert avoidable airway emergencies. In one 
study, 65 % of patients with craniofacial abnormalities 
required some airway management ranging from positioning 
to tracheotomy, and 80 % of interventions occurred within 
the fi rst month of life [ 29 ]. This chapter provides an intro-
duction to several craniofacial syndromes commonly associ-
ated with airway pathologies (Table  2 ). These syndromes 
will be discussed in detail in the subsequent chapters.

       Nasal Cavity and Midface 

 Nasal obstruction can cause respiratory distress immediately 
after birth in the neonate who is an obligate nasal breather. It 
has been suggested that this phenomenon is due to the promi-
nent soft palate and relatively higher epiglottis in the neonate 
with a resultant smaller oropharyngeal airway. The neonate 
can have cyclical breathing in which he/she initially has nasal 
obstruction, develops cyanosis and hypercapnia, and then 
begins to cry and ventilate orally. When the cyanosis sub-
sides, the neonate calms and attempts to breathe nasally, thus 
starting the cycle over again. These cyanotic episodes and 
ineffective ventilation can result in death if not discovered 
quickly. Neonates gradually outgrow this sole reliance on 

nasal breathing by about 4–6 months of age. Obstruction at 
the nasal level is commonly due to nasal pyriform aperture 
stenosis, choanal stenosis or atresia, and midface hypoplasia. 

    Congenital Nasal Pyriform Aperture Stenosis 

  Etiology . Congenital nasal pyriform aperture stenosis 
(CNPAS), fi rst described in 1989, is believed to occur when 
bony overgrowth of the nasal processes of the maxilla narrows 
or obstructs the nasal cavities [ 12 ]. CNPAS can occur in isola-
tion, but there are frequently additional fi ndings suggestive of 
a microform holoprosencephaly (HPE). The full spectrum of 
HPE has been linked to many chromosomal abnormalities. 

  Epidemiology . The true incidence of CNPAS is unknown but 
occurs less commonly than choanal stenosis or atresia. 

  Pathogenesis . HPE, the abnormal division of the forebrain, 
varies widely in severity. A single central maxillary incisor, 
present in approximately 60 % of CNPAS, is considered the 
least severe form of HPE [ 5 ,  43 ]. Additional fi ndings linked 
with CNPAS can include abnormal development of the brain 
and the pituitary gland leading to endocrine dysfunction. 

  Clinical presentation . CNPAS causes symptoms of nasal 
obstruction, which develop shortly after birth. In mild cases, 
the patient may present with “noisy breathing,” aggravated 
with feeding and agitation. In severe cases, cyclical breath-
ing may be present with cyanotic episodes. 

  Diagnosis . The inability to pass a suction catheter larger than 
5 Fr through the anterior nares is suspicious for CNPAS and 
should be confi rmed by an otolaryngologist with nasal 
endoscopy. CT imaging can help evaluate for other contem-
poraneous midline defects such as a single central maxillary 
incisor (Fig.  1 ). A pyriform aperture width, as viewed on CT 
axial imaging, of less than 11 mm in a term infant is consid-
ered to be diagnostic for CNPAS [ 7 ]. Careful evaluation is 
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necessary to distinguish CNPAS from choanal atresia, which 
can present in a similar fashion.  

  Management . Neonates with CNPAS often require airway moni-
toring in the intensive care unit. Conservative management, 
including support with special feeding techniques and monitor-
ing until the airway grows, is indicated in mildly symptomatic 
neonates. Nasal decongestants, humidifi cation, and nasal con-
tinuous positive airway pressure (CPAP) may be suffi cient. 
Surgery to widen the nasal pyriform aperture, accessed through 
a sublabial incision, is often required in the more severely 
affl icted neonates. Some feel that CNPAS is associated with an 
overall narrowing of the width of bilateral nasal cavities. Thus, 
dilation of the nasal cavities with inferior turbinate outfracturing 
may be required with possible temporary nasal stent placement. 

   Table 1    Overview of sites of primary airway anomalies and associated 
craniofacial syndromes   

 Site of primary airway anomaly  Syndrome 

 Nasal Cavity and Midface  Congenital nasal pyriform 
aperture stenosis 
 CHARGE syndrome 
 Craniosynostosis syndromes 
(Crouzon, Apert, Pfeiffer) 

 Oromandibular  Stickler syndrome 
 Treacher Collins syndrome 
 Craniofacial microsomia 

 Laryngotracheal  Complete tracheal rings in 
Down syndrome (Trisomy 21) 
 Tracheal cartilaginous sleeve 
in craniosynostosis syndromes 

   Table 2    Specifi c airway concerns with craniofacial syndromes   

 Craniofacial syndrome  Specifi c airway concerns 

 Congenital nasal pyriform 
aperture stenosis 

 Narrow pyriform aperture width 
 Can have associated narrow nasal 
cavities 

 CHARGE syndrome  Unilateral choanal atresia 
 Bilateral choanal atresia 
 Laryngomalacia 
 Pharyngolaryngeal hypotonia 

 Craniosynostosis syndromes  Midface hypoplasia—nasopharyngeal 
and oropharyngeal obstruction 
 Obstructive sleep apnea 
 Nasal cavity stenosis 
 Choanal atresia 
 Tracheal anomalies—tracheal 
cartilaginous sleeve 

 Stickler syndrome  Macroglossia 
 Micrognathia 

 Treacher Collins syndrome  Severe micrognathia 
 Unilateral choanal atresia 
 Bilateral choanal atresia 
 Obstructive sleep apnea 

 Craniofacial microsomia  Mandibular hypoplasia 
 Down syndrome  Complete tracheal rings resulting 

in tracheal stenosis 
 Subglottic stenosis 
 Laryngomalacia 
 Tracheobronchomalacia 
 Macroglossia 
 Midfacial hypoplasia 
 Obstructive sleep apnea 
 Pharyngeal hypotonia 

  Fig. 1    Congenital nasal pyriform aperture stenosis (CNPAS). ( a ) Axial computed tomographic (CT) image showing a narrow 4 mm pyriform 
aperture width. ( b ) Concurrent single central maxillary incisor       
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  Multidisciplinary considerations . A brain MRI and blood 
tests for pituitary hormone levels should be considered to 
assess for pituitary dysfunction. The need for consultation 
of specialists, such as endocrinology and neurology, 
depends on the constellation of HPE-associated fi ndings. 
Developmental delay of variable severity may occur in chil-
dren with HPE and patients should be followed long-term.  

    CHARGE Syndrome 

  Etiology . The CHARGE acronym stands for  C oloboma of the 
eye,  H eart defects,  A tresia of the choanae,  R estricted growth, 
 G enital anomalies, and  E ar anomalies. CHARGE syndrome, 
also known as Hall Hittner syndrome, was fi rst described in 
1979. CHARGE is associated with mutations in the  CHD7  
gene, but approximately one-third of cases have no identifi ed 
mutation [ 24 ]. Most cases arise  de novo  and represent a single 
occurrence in a family, but an autosomal dominant inheri-
tance pattern is seen in familial CHARGE syndrome. 

  Epidemiology . Approximately between 1:8,500 and 1:12,000 
[ 14 ,  24 ]. 

  Pathogenesis. CHD7  gene mutations affect the protein 
involved in chromatin remodeling, which disrupts the regu-
lation of gene expression [ 13 ]. 

  Clinical presentation . Choanal stenosis or atresia can cause 
life-threatening respiratory distress in neonates (Fig.  2 ). 
Unilateral or bilateral choanal atresia is present in 50–60 % 
of patients [ 24 ]. Laryngomalacia is a major cause of upper 
airway obstruction and can be present in 8–37 % of patients 
with CHARGE [ 27 ]. Pharyngolaryngeal hypotonia can 
result in additional upper airway obstruction. Patients may 
also have cranial neuropathies involving cranial nerves V, 
VII, VIII, IX, and X [ 27 ]. Cardiovascular instability and 
feeding issues such as dysphagia and aspiration can present 
additional signifi cant challenges in the neonatal period. As 
many as 80 % of children with CHARGE may have gastro-
esophageal refl ux disease [ 27 ], which can further exacerbate 
airway obstruction.  

  Diagnosis . Mutations in the  CHD7  gene are identifi ed by 
genetic testing in approximately 67 % of individuals with a 
phenotype consistent with CHARGE [ 38 ]. Four major defi n-
ing characteristics in CHARGE are ocular coloboma, cho-
anal stenosis or atresia, cranial nerve dysfunction (varies 
from dysphagia, sensorineural hearing loss, hyposmia, or 
facial palsy), and anomalies of the middle or inner ear. The 
minor characteristics that are less specifi c but commonly 
seen in CHARGE are cardiovascular anomalies, growth 
delays, developmental delay and genital hypoplasia, which 
are more apparent in males. A clinical diagnosis can be made 

if an individual has four major characteristics or three major 
with one minor characteristic [ 10 ]. 

  Management . Airway and cardiac evaluations are required 
immediately. Airway management may require intubation, 
transnasal or transpalatal surgical repair of choanal stenosis 
or atresia, or tracheotomy. A tracheotomy may need to be 
performed in as many as 10–60 % of patients [ 27 ]. A supra-
glottoplasty for management of severe laryngomalacia 
should be performed only after a thorough airway evaluation 
as children with CHARGE syndrome have poorer outcomes 
likely due to concurrent airway pathology. Feeding diffi cul-
ties can be a major source of morbidity requiring speech and 
swallow therapy. 

  Multidisciplinary considerations . Specialist consultations of 
cardiology, otolaryngology, ophthalmology, audiology, and 
speech pathology services are usually needed. Individuals with 
CHARGE usually have feeding issues and variable learning 
disabilities worsened by dual visual and hearing impairment. 
Serial audiologic and ophthalmologic exams are recom-
mended. Hypogonadism may disrupt progression into puberty.  

    Craniosynostosis Syndromes 

  Etiology . Mutations in the fi broblast growth factor receptor 
( FGFR ) genes account for many craniosynostosis syndromes 
including Crouzon, Apert and Pfeiffer syndromes.  FGFR  
genes encode different fi broblast growth factor receptors that 

  Fig. 2    Bilateral mixed membranous and bony choanal atresia in a 
patient with CHARGE syndrome       
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regulate cell growth and embryonic development. The  FGFR  
mutations are transmitted in an autosomal dominant inheri-
tance pattern [ 36 ]. 

  Epidemiology . Crouzon syndrome affects 16 per million 
newborns [ 15 ]. Apert syndrome affects between 1:65,000 
and 1:88,000 newborns [ 3 ], and Pfeiffer syndrome affects 
1:100,000 newborns [ 45 ]. 

  Pathogenesis . Mutations in the  FGFR  protein affect the 
development of bone cells and cause premature fusion of the 
sutures of the skull (Fig.  3 ). Craniosynostosis can cause 
 airway obstruction from midface hypoplasia or tracheal 
abnormalities.  

  Clinical presentation . An abnormally shaped skull is appar-
ent at birth in a neonate with craniosynostosis. The degree of 
airway compromise secondary to midface hypoplasia is vari-
able, and almost half of children with Crouzon, Apert and 
Pfeiffer syndromes develop obstructive sleep apnea [ 6 ]. 
Nasal cavity stenosis or choanal atresia may also be present 
in this population. Additionally, neonates with Crouzon, 
Apert and Pfeiffer syndromes may have stridor and respira-
tory distress secondary to tracheal abnormalities, which are 
discussed later in this chapter. In one large retrospective 
review, children with craniofacial synostosis syndromes had 
the highest rate of tracheotomy at 48 % [ 39 ]. 

  Diagnosis . Genetic testing is available, but a clinical diagnosis 
is frequently possible for most of the  FGFR -related cranio-
synostosis syndromes based on facial features, distinguish-
ing anomalies of the hands and feet, and the cranial sutures 
affected. These three craniosynostosis syndromes share 
common features of maxillary hypoplasia, shallow orbits 
causing proptosis, wide set eyes and a beaked nose. Apert 
syndrome is notable for syndactyly of the fi ngers and toes 
whereas normal hands and feet are typical for Crouzon syn-
drome [ 4 ,  16 ,  35 ]. Individuals with Pfeiffer syndrome tend to 
have partial syndactyly and medially displaced, broad and 
short thumbs and big toes [ 30 ,  45 ]. 

  Management . Expansion of the cranial vault and midface 
advancement require staged surgeries. Tracheotomy may 
be needed for airway management especially when mul-
tiple surgeries are often needed to address the craniofacial 
abnormalities. Midface advancement can help alleviate 
obstruction of the nasopharyngeal and oropharyngeal air-
way. Choanal atresia repair or nasal splints may be needed 
to address nasal obstruction. Adenotonsillectomy may 
partially alleviate OSA if hypertrophy of these structures 
develops later in childhood. 

  Multidisciplinary considerations . Long-term care should be 
managed by a craniofacial team involving neurosurgery, 
plastic surgery, otolaryngology, ophthalmology, genetics, 
and developmental pediatrics. Intellectual disability affects 
individuals in certain types of  FGFR -related craniosynosto-
sis. Cognitive function is normal in Crouzon syndrome, but 
variable intellectual disability is common in Apert and 
Pfeiffer syndromes [ 23 ]. Individuals with craniosynostosis 
may require lifelong monitoring for hydrocephalus.   

    Oromandibular 

 An underdeveloped mandible can cause upper airway 
obstruction due to the resulting posterior or downward 
displacement of the tongue. 

    Stickler Syndrome 

  Etiology . Stickler syndrome is a group of connective tissue 
disorders characterized by distinctive orofacial features, 
hearing loss, premature degenerative joint disease, progres-
sive myopia, and retinal detachment [ 41 ]. The subtypes of 
Stickler syndrome (types I through V) are associated with 
mutations in the genes  COL2A1 ,  COL11A1 ,  COL11A2 , 
 COL9A1 , and  COL9A2 , respectively, with types I through 
III being most common [ 41 ]. The inheritance pattern could 
be either autosomal dominant or recessive depending on 
the subtype. 

  Fig. 3    Patient with Crouzon syndrome with premature fusion of the 
cranial sutures. Three-dimensional reconstructed image from CT 
images shows ridge in the midline of the frontal bone which results 
from early fusion of the metopic suture       
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  Epidemiology . The estimated incidence of Stickler syndrome 
is between 1:7,500 and 1:9,000 [ 35 ]. Approximately 35 % of 
newborns with Pierre Robin sequence develop features of 
Stickler syndrome. 

  Pathogenesis . Mutations in any of these genes affect the pro-
duction of collagen types II, IX, and XI. Connective tissues 
containing these collagen fi bers do not develop normally. 

  Clinical presentation . Common orofacial fi ndings include 
the Pierre Robin sequence of macroglossia, cleft palate, and 
micrognathia (Fig.  4 ). Some neonates may present with air-
way distress requiring intubation in severe cases of micro-
gnathia. Cleft palate occurs in about 40 % and causes feeding 
diffi culties [ 37 ]. Additional facial characteristics, such as a 
hypoplastic fl attened midface with a depressed nasal bridge, 
are more prominent in younger children than in adults [ 40 ]. 
Hearing loss affects approximately 63 % of individuals and 
is predominantly sensorineural (67.8 %) from abnormal col-
lagen in the inner ear [ 1 ]. A mixed or conductive hearing loss 
is common in individuals with a cleft palate from chronic 
Eustachian tube dysfunction. Common eye problems include 
myopia and vitreous abnormalities. The different subtypes of 
Stickler syndrome have specifi c associated features for each 
genotype, but phenotypic variability is common even within 
families with the same genotype.  

  Diagnosis . Genetic testing is available, but the diagnosis is 
considered when this combination of orofacial, ocular, audi-
tory, and musculoskeletal manifestations are present. 

  Management . The feeding and airway problems present in the 
neonatal period often require care coordination to determine 

the timing of cleft palate repair and airway management. 
Airway management is aimed at relieving base of tongue 
obstruction at the level of the oropharynx. Non- operative 
management includes prone positioning, oral airway place-
ment, nasopharyngeal stenting, and short-term intubation. 
Operative management includes tongue-lip adhesion and 
mandibular distraction osteogenesis [ 34 ]. Tracheotomy is 
reserved for severe airway obstruction. 

  Multidisciplinary considerations . Long-term care should 
be coordinated by a craniofacial team including plastic 
surgery, oromaxillofacial surgery, otolaryngology, and 
genetics. Children with Stickler syndrome should have an 
eye exam performed annually by a vitreoretinal specialist 
and a hearing test biannually until age fi ve then annually 
thereafter [ 35 ]. Screening for mitral valve prolapse should 
be performed during routine physicals. Contact sports 
should be avoided due to the underlying risk of retinal 
detachment.  

    Treacher Collins Syndrome 

  Etiology . Abnormal development of the facial bones and soft 
tissues is a hallmark of Treacher Collins syndrome. Three 
genes have been identifi ed. Mutations in the  TCOF1  gene 
account for more than 80 % of cases, often arise  de novo  and 
have an autosomal dominant inheritance pattern [ 22 ]. 
Mutations in the  POLR1C  or  POLR1D  genes account for 
about 8 % of cases [ 22 ]. 

  Epidemiology . Approximately between 1:10,000 and 
1:50,000 [ 42 ]. 

  Pathogenesis . Mutations in these genes reduce the produc-
tion of ribosomal RNA, which is essential in the assembly of 
proteins that regulate cell function and cell death. Abnormal 
cellular death disrupts the development of the facial bones 
and soft tissues bilaterally. It is not known why the abnormal 
development is limited to structures originating from the 
nasal placode and the fi rst and second branchial arches [ 32 ]. 

  Clinical presentation . There is signifi cant phenotypic vari-
ability in Treacher Collins syndrome. Symmetrical character-
istic features are apparent at birth. The underdevelopment of 
the zygoma causes downward slanting eyes, a prominent 
appearing nose, and a convex-appearing facial profi le bilater-
ally. Severe mandibular hypoplasia can cause airway distress 
in the neonate. Choanal atresia, either unilateral or bilateral, 
can be present and exacerbate neonatal respiratory distress. 
More than half of children with Treacher Collins syndrome 
develop obstructive sleep apnea [ 31 ]. Microtia, notching of 
the lower eyelids, and the paucity of medial lower eyelashes 

  Fig. 4    Patient with Pierre Robin sequence. Three-dimensional recon-
structed image from CT images shows retrognathia       
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are also classic fi ndings. Conductive hearing loss is common 
from anomalies of the outer ear (microtia and aural atresia) 
and middle ear (ossicular anomalies and hypoplasia of the 
middle ear). The inner ear is rarely affected [ 22 ]. 

  Diagnosis . Distinguishing clinical features and radiographic 
fi ndings (malar hypoplasia, hypoplasia of the zygoma on CT 
scan or X-rays) are suffi cient for diagnosis. Genetic testing is 
available. 

  Management . An airway evaluation is often required to 
assess for obstruction secondary to micrognathia. Airway 
management is aimed at relieving base of tongue obstruction 
at the level of the oropharynx. Non-operative management 
includes prone positioning, oral airway placement, nasopha-
ryngeal stenting, and short-term intubation. Operative man-
agement includes tongue-lip adhesion and mandibular 
distraction osteogenesis [ 34 ]. Tracheotomy is reserved for 
severe airway obstruction and provides a secure airway for 
the multiple surgeries that are usually needed to address the 
craniofacial abnormalities. Bilateral choanal atresia may 
require early neonatal surgical repair, whereas surgical repair 
of unilateral choanal atresia usually can be delayed. 
Swallowing diffi culties present in the neonatal period and 
may require speech and swallow therapy. 

  Multidisciplinary considerations . Long-term care should be 
coordinated by a craniofacial team including plastic surgery, 
oromaxillofacial surgery, orthodontics, and otolaryngology. 
Ophthalmologic care and hearing amplifi cation are often 
necessary. Intellect is usually normal although children are at 
risk for developmental delay from hearing loss and visual 
problems. Dental anomalies and malocclusion are addressed 
at an older age.  

    Craniofacial Microsomia 

  Etiology . Craniofacial microsomia is characterized by the 
abnormal development of structures derived from the embry-
ologic fi rst and second branchial arches and results in maxil-
lary and mandibular hypoplasia. The term craniofacial 
microsomia is used broadly to encompass a spectrum of syn-
dromes with asymmetric facial development including hemi-
facial microsomia and Goldenhar syndrome. No frequently 
occurring genetic mutation has been identifi ed. One sus-
pected cause may be a disruption of the blood supply to the 
fi rst and second branchial arches early in pregnancy. Several 
environmental risk factors including maternal diabetes, mul-
tiple gestation, exposure to vasoactive drugs, and the use of 
assisted reproductive technology have been associated with 
craniofacial microsomia [ 9 ]. 

  Epidemiology . The incidence for craniofacial microsomia is 
estimated to be between 1:3,000 and 1:5,000, and it is the 
second most common facial birth defect after cleft lip and 
palate [ 9 ]. The reported male-to-female ratio is approxi-
mately between 1.2:1 and 1.6:1 [ 26 ,  33 ]. 

  Pathogenesis . The asymmetric facial anomalies in craniofa-
cial microsomia are due to the disruption of the embryologic 
development of the nerves, muscles, blood vessels, carti-
lages, and bones derived from the fi rst and second branchial 
arches. 

  Clinical presentation . Craniofacial microsomia commonly 
affects only one side of the face, but approximately 10–15 % 
have bilateral involvement to varying degrees causing facial 
asymmetry [ 26 ]. The ratio of right-to-left sided involvement 
is 3:2 [ 19 ]. One classifi cation system,  OMENS - Plus    , is used 
to rate the severity of  O rbital distortion,  M andibular hypo-
plasia,  E ar anomaly,  N erve involvement,  S oft tissue defi -
ciency, and extra-craniofacial anomalies (“ Plus ”) [ 21 ,  44 ]. 
Mandibular hypoplasia is the most apparent feature and can 
cause respiratory distress (Fig.  5 ). The common ear anoma-
lies include preauricular skin tags, microtia, anotia, or exter-
nal auditory canal atresia. Facial nerve palsy is the most 
frequently observed nerve anomaly. Soft tissue defi ciencies 
of the face and macrostomia can occur. Cleft lip and/or pal-
ate affect approximately 25 % of individuals [ 26 ]. Additional 
craniofacial abnormalities and extra- craniofacial abnormali-
ties, such as vertebral, renal, limb, cardiac, and central ner-
vous system deformities, have been associated with 
craniofacial microsomia [ 19 ].  

  Diagnosis . The distinctive facial fi ndings characteristic for 
craniofacial microsomia help distinguish it from other cra-
niofacial syndromes. Facial asymmetry is one key compo-
nent of craniofacial microsomia that separates it from the 
symmetrical anomalies seen in Treacher Collins syndrome. 

  Management . In severe cases of mandibular hypoplasia, the 
initial neonatal airway management is aimed at relieving 
base of tongue obstruction at the level of the oropharynx. 
Non-operative management includes prone positioning, oral 
airway placement, nasopharyngeal stenting, and short-term 
intubation. Operative management includes tongue-lip adhe-
sion and mandibular distraction osteogenesis. Tracheotomy 
is reserved for severe airway obstruction and provides a 
secure airway for the multiple surgeries that are usually 
needed to address the craniofacial abnormalities. 

  Multidisciplinary considerations . Long-term care should be 
coordinated by a craniofacial team including plastic surgery, 
maxillofacial surgery, orthodontics, and otolaryngology. 
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Feeding diffi culties may require additional support. Hearing 
amplifi cation may be necessary if the ear anomalies cause 
hearing loss, which can be conductive, sensorineural, or 
mixed. Intellect is usually normal although children are at 
risk for developmental delay from hearing loss. Further sur-
geries to improve facial asymmetry, ear anomalies, and jaw 
malocclusion are usually performed at an older age.   

    Laryngotracheal 

 Anomalies of the laryngotracheal complex can complicate 
management of the airway when using standard options such 
as intubation or tracheotomy. A select few anomalies are dis-
cussed below. 

    Complete Tracheal Rings in Down Syndrome 
(Trisomy 21) 

  Etiology . Complete tracheal rings causing tracheal stenosis 
have been associated with Down syndrome [ 8 ,  11 ,  47 ]. No 
specifi c factor has been identifi ed that causes the formation 
of complete tracheal rings. Down syndrome occurs when an 
individual has three copies of chromosome 21 instead of the 
normal two copies. This occurs most commonly from a ran-
dom nondisjunction error in cell division that results in an 
egg or sperm with an extra chromosome. Less commonly, 
Down syndrome can occur from translocation (inheriting an 
extra copy of chromosome 21 that is attached to another 

chromosome) or from mosaicism (an error of cell division 
that occurs during embryonic development resulting in only 
some cells carrying three copies) [ 18 ]. 

  Epidemiology . Down syndrome is the most common chro-
mosomal abnormality and affects approximately 1 in 600–
800 newborns [ 8 ]. The incidence of complete tracheal rings 
in children with Down syndrome is unknown. 

  Pathogenesis . It is unclear how the extra copy of chromosome 
21 results in intellectual disability and the diverse effects on 
multiple organ systems. Laryngotracheal airway anomalies in 
Down syndrome include complete tracheal rings, subglottic 
stenosis, laryngomalacia, tracheal bronchus, and tracheo-
bronchomalacia [ 8 ,  46 ]. Tracheal stenosis from complete tra-
cheal rings can involve either a short- segment or a 
long-segment of the tracheobronchial tree (Fig.  6 ).  

  Clinical presentation . Down syndrome is associated with a 
characteristic facies including low-set ears, up-slanting pal-
pebral fi ssures, a fl at nasal bridge, and a tendency to protrude 
the enlarged tongue. Discussion of the numerous medical 
issues commonly associated with Down syndrome is beyond 
the scope of this book. Respiratory diffi culty in a newborn 
should raise the concern for tracheal stenosis, particularly 
when there is a history of a diffi cult intubation or persistent 
airway instability after intubation. Respiratory symptoms 
can range from mild stridor with exertion to the complete 
inability to ventilate necessitating the use of extra- corporeal 
membrane oxygenation (ECMO). 

  Fig. 5    Craniofacial microsomia. ( a ) Three-dimensional reconstructed 
image from CT images shows left sided maxillary and mandibular 
hypoplasia resulting in facial asymmetry and airway narrowing-note 
the tracheotomy tube fl ange in the inferior aspect of the image. ( b ) 

Three- dimensional reconstructed image from CT images from another 
patient shows left sided mandibular body, ramus, and condylar 
agenesis       
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  Diagnosis . Down syndrome can usually be diagnosed based 
on clinical fi ndings, and chromosomal analysis is available 
for uncertain cases. Prenatal testing for Down syndrome is 
widely available. If tracheal stenosis is suspected, a tracheo-
bronchoscopy is essential to evaluate the airway for com-
plete tracheal rings or other airway anomalies. 
Tracheobronchoscopy permits characterization of the type, 
location, length, and severity of stenosis under dynamic con-
ditions. Additionally, CT or MRI imaging can provide help-
ful information about the airway and evaluate for other 
cardiovascular anomalies [ 2 ]. 

  Management . Respiratory distress secondary to tracheal ste-
nosis can range from mild to life threatening. In one institu-
tion’s experience, the overall mortality rate was 21 % for all 
children with tracheal stenosis in the study period [ 2 ]. 
Observation with medical management may be suffi cient in 
mild cases, and symptoms will improve as the affected air-
way grows over time. In severe cases, intubation or trache-
otomy may help provide temporary airway stability. When 
surgical repair is necessary, a partial tracheal resection with 
end-to-end anastomosis is preferred for short-segment ste-
nosis; whereas, slide tracheoplasty is preferred for long- 
segment stenosis. 

  Multidisciplinary considerations . Otolaryngology should be 
consulted for a complete airway evaluation in symptomatic 
children with Down syndrome because airway compromise 
may be multifactorial. Obstructive sleep apnea later in child-
hood is commonly multifactorial due to macroglossia and 
midface hypoplasia in addition to adenotonsillar hypertrophy. 
Cardiothoracic surgery should be consulted in cases that may 
require intraoperative cardiopulmonary bypass. Long-term, 

children with Down syndrome require care coordination to 
monitor and support special needs including developmental 
and intellectual delay, hearing loss, immune compromise, 
endocrine dysfunction, and monitoring for leukemia.  

    Tracheal Cartilaginous Sleeve 
in Craniosynostosis Syndromes 

  Etiology . Tracheal cartilaginous sleeve (TCS), a rare airway 
malformation in which the normally discrete tracheal rings 
are replaced by a continuous cartilaginous segment, has been 
associated with multiple craniosynostosis syndromes but 
most commonly in Crouzon, Pfeiffer and Apert syndromes 
[ 25 ]. Please refer to the earlier section for an overview of 
mutations in the fi broblast growth factor receptor ( FGFR ) 
gene in these craniosynostosis syndromes. 

  Epidemiology . The incidence of TCS in  FGFR -related cra-
niosynostosis syndromes is unknown but is rare. 

  Pathogenesis . Mutations in the  FGFR  protein affect the 
development of bone cells and cause premature fusion of the 
sutures of the skull. The premature fusion of preformed car-
tilaginous structures is the suspected cause of the additional 
anatomic abnormalities in craniosynostosis [ 28 ]. In TCS, the 
continuous cartilaginous segment is formed by the vertical 
fusion of either C- or O-shaped cartilaginous tracheal rings. 
TCS can affect a few tracheal rings in length, involve the 
entire trachea or even extend into the bronchial airways. The 
diagnosis of TCS in children with craniosynostosis portends 
a poor prognosis with a reported 90 % mortality rate by age 
2 years of age [ 28 ]. 

  Fig. 6    Complete tracheal rings and tracheal stenosis. ( a ) Endoscopic 
view of airway during bronchoscopy shows complete tracheal rings 
with the absence of trachealis muscle posteriorly and a narrowed tra-
cheal lumen. ( b ) Three-dimensional image of trachea and lungs 

reconstructed from CT images from a patient with long segment 
tracheal stenosis. Note the segment of the distal trachea marked with 
the arrow where the airway narrows to 1 mm       
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  Clinical presentation . Upper airway obstruction from mid-
face hypoplasia is frequently present in the craniosynostosis 
population and may necessitate tracheotomy. TCS may in 
fact fi rst become apparent at the time of tracheotomy. In 
other patients, biphasic stridor, cough, recurrent croup, fail-
ure to thrive and cyanotic episodes may necessitate an endo-
scopic airway evaluation, which can reveal TCS. TCS greatly 
diminishes the normal elasticity present in the tracheal air-
way, and the trachea may not grow adequately to support the 
ventilation needs as a child grows [ 20 ]. 

  Diagnosis . Previously reported TCS cases have been diag-
nosed postmortem, during endoscopic airway evaluation and 
during tracheotomy. Persistent airway distress in a neonate 
with craniosynostosis should raise suspicion for TCS when 
signifi cant midface and pharyngeal obstruction have been 
ruled out. Endoscopy fi ndings include the visible absence of 
discrete tracheal rings, complete or almost complete absence 
of the posterior membranous septum, little tracheal motion 
with respiration, and an abnormal carina [ 17 ,  20 ]. 

  Management . In a neonate with craniosynostosis, a thorough 
airway evaluation is required to evaluate for multiple levels 
of obstruction from possible choanal stenosis or atresia, mid-
face hypoplasia, and tracheal anomalies. Tracheotomy may 
help to increase life expectancy, but the rigidity of the 
involved segment appears to be a risk factor for the tendency 
to form granulation tissue [ 25 ]. Intraluminal granulation tis-
sue can be problematic and may require the need for multiple 
bronchoscopic interventions to prevent secondary airway 
obstruction [ 20 ,  25 ]. Short-segment TCS may be amenable 
to tracheal resection with primary anastomosis. 

  Multidisciplinary considerations . Craniosynostosis syn-
dromes often require collaboration between the neurosur-
geon, otolaryngologist, and plastic surgeon.   

    Summary 

 Children with craniofacial syndromes may have several air-
way anomalies that contribute to airway obstruction at mul-
tiple levels. A comprehensive airway evaluation is essential 
for identifying the possible causes of obstruction and for for-
mulating an optimal plan to manage the compromised 
 neonatal airway. Being familiar with the characteristic air-
way anomalies in these syndromes serves as a useful guide, 
but there must be an awareness of the diverse phenotypic 
variability that exists in these syndromes. A familiarity of 
possible airway anomalies that can occur with craniofacial 
syndromes can allow clinicians to anticipate potential airway 
issues and institute earlier evaluation and management.     
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           Embryology 

 The face and nasal structures develop from cells of ectodermal, 
neural crest and mesodermal origin, which occurs during the 
fourth through eighth week of gestation. At 4 weeks gesta-
tion, the fi rst sign of facial development begins with the 
stomodeum, a depression below the developing brain. 
Surrounding the stomodeum are fi ve structures arising from 
neural crest cells migrating into the fi rst pharyngeal arches. 
These structures, the frontonasal prominence, the paired 
maxillary prominences, and paired mandibular prominences, 
will guide the development of midface structures. 

 The frontonasal prominence forms during the fourth gesta-
tional week and consists of a frontal and a nasal component. The 
frontal part of the frontonasal prominence is the precursor to the 
nasal dorsum and forehead. Near the end of the fourth week, 
paired ectodermal thickenings on the nasal part of the frontona-
sal prominence called nasal placodes form. During the fi fth 
week, mesenchymal thickenings form on the margin of the 
nasal placodes. These are known as the lateral nasal promi-
nences and medial nasal prominences. This proliferation creates 
a central depression in the placodes called nasal pits. From the 
fi fth week, the nasal pits deepen toward the oral cavity forming 
the nares and nasal cavity. This progresses until only a thin oro-
nasal membrane separates the oral cavity from nasal cavity. This 
membrane is an epithelial plug that normally resorbs during the 
third trimester resulting in posterior choanae. 

 During the sixth and seventh weeks, the maxillary promi-
nences extend medially toward each other and push the 
medial nasal prominences medially. The upper lip, nasal tip, 

columella, philtrum, primary palate, and columella are 
formed as fusion occurs at the junction of these processes. 
The nasal septum grows inferiorly from the frontonasal 
prominence. As the maxillary processes fuse, they form the 
lateral upper lip and secondary palate. 

 At the end of the sixth week of gestation, the lateral nasal 
processes fuse with the maxillary processes to form the 
lateral borders of the nostril. The nasolacrimal grooves form 
at the junction of the lateral nasal and maxillary processes. 
Surface ectoderm migrates from the naso-optic fi ssure within 
the nasolacrimal grooves to form epithelial cords, which 
canalize by the 6th month to form the nasolacrimal ducts 
and sacks. 

 The lateral nasal wall begins to take shape at 7–8 weeks 
gestation when the cartilaginous capsule that surrounds the 
nasal cavity extends from the chondrocranium of the skull 
bases. Pre-turbinates form as protrusions from this capsule. 
Between 9 and 10 weeks gestation, cartilage penetrates the 
pre-turbinates and the cartilaginous precursor to the uncinate 
process forms. 

 Superiorly, the nasal and frontal bones are separated by 
the fonticulus frontalis. As the frontal and nasal bones grow, 
they obliterate this space, forming the frontonasal suture. 
At the same time, the nasal bones and cartilaginous nasal 
capsule framework are separated by a prenasal space. 
A dural extension extends from the anterior cranial fossa 
through the foramen cecum where the frontal bone articu-
lates with the ethmoid bone (maybe defi ne this space) into 
the transient prenasal space where it contacts the tip of the nose 
prior to receding. As the nasal bones grow, they obliterate 
this prenasal space.  

   History, Physical and Imaging 

 In the setting of a neonate with a severely compromised 
airway, history taking will be secondary to assessment and 
stabilization. However, once the child is stabilized, a focused 
history should be taken (Fig.  1 ). It is of signifi cance to note 
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when the respiratory distress started (immediately at birth or 
delayed onset) and whether it is constant. Exacerbating or 
remitting factors such as crying, feeding, or positioning 
should be noted. There should be inquiry into which adjunc-
tive airway measures were used (positive pressure, jaw 
thrust, nasal trumpet). One should know the gestational age 
of the child, whether there were any signifi cant peripartum 
events, the route of delivery (Cesarean section or vaginal) 
and whether there was instrumentation of the child during 
delivery. Parental questioning should include the presence of 
maternal pregnancy complications, risk factors for nutri-
tional defi ciency (specifi cally folate), exposures to drugs, 
alcohol, toxins or radiation and family history of craniofacial 
or other syndromes. One should know whether any prenatal 
genetic screening was done and whether there were any 
abnormalities on prenatal ultrasonography.

   Initial assessment of an infant with respiratory distress 
should focus on the ability of the child to maintain ventila-
tion and oxygenation. Signs that may indicate the need for 
rapid intervention include cyanosis, loud stridor or stertor, 
the presence of retractions, hypoxemia or hypercarbia. 

 In the more stable neonate, or in the neonate with a secure 
airway, a more thorough physical examination can take 
place. With regards to midface abnormalities, one must pay 
attention to stigmata of craniofacial syndromes such as gross 
dysmorphisms or midface hypoplasia. Anterior rhinoscopy 
can demonstrate mass lesions obstructing nasal airfl ow. 
Signs of bubbling of nasal secretions suggest patency of the 
nasal airway. A mirror placed under the nares will fog if 
nasal airfl ow is present and a fl exible suction catheter can be 
passed to assess patency of the nasal airway. Flexible fi ber-
optic nasopharyngoscopy and laryngoscopy allows a rapid 
evaluation of nasal passages as well as the nasopharynx, 
oropharynx, and larynx. 

 Imaging studies may be useful in the setting of a sus-
pected mass or neoplasm, or if there are concerns for osseous 
or soft tissue obstruction of the nasal airway. Computed 
tomography (CT) is the imaging modality of choice to evalu-

ate bony narrowing and osseous lesions but should be used 
judiciously given the concerns regarding ionizing radiation 
exposure in infants. Magnetic resonance imaging (MRI) may 
be more useful when soft tissue evaluation is needed.  

   Syndromic Midfacial Obstruction 

   Crouzon Syndrome 

   Etiology 
 Crouzon Syndrome was fi rst described by French physician 
Octave Crouzon in 1912 who noted the features in a mother 
and daughter. It is one of the craniosynostosis syndromes 
that result from a mutation of the fi broblast growth factor 
receptor gene. It is classically associated with bicoronal syn-
ostosis, midface hypoplasia, proptosis, and normal intellect.  

   Epidemiology 
 Crouzon Syndrome is a rare disease, affecting only approxi-
mately 1.6 in every 100,000 births [ 1 ].  

   Pathogenesis 
 Crouzon syndrome is a genetic syndrome with autosomal 
dominant inheritance and typically complete penetrance. 
The majority of cases are associated with various mutations 
of the FGFR2 genes although one variant, Crouzon with 
acanthosis nigricans is associated with mutations of the 
FGFR3 gene [ 1 ]. Typically these are missense mutations [ 1 ].  

   Clinical Presentation 
 Patients with Crouzon’s typically present at birth with classic 
phenotypic abnormalities that should raise the clinician’s 
suspicions for one of the craniosynostosis disorders. These 
fi ndings include craniosynostosis (i.e., bilateral coronal 
suture synostosis, pansynostosis, or clover leaf skull), hyper-
telorism, beaked nose and midface hypoplasia. There may 
also be limb involvement, however, the absence of syndac-

History Physical 
Onset of symptoms (immediate vs delayed)
Constant vs intermittent
Exacerbating/remitting factors
History of adjunctive procedures required
Gestational age
Route of delivery
Instrumentation during delivery
Prenatal complications
Known nutritional deficiencies (folate)
Exposures (drugs, alcohol, toxins, radiation)
Family history of craniofacial syndromes
Any history of prenatal screening
Prenatal ultrasound results

Evidence of respiratory distress:
Cyanosis
Loud stridor/stertor
Retractions, alar flaring
Hypoxemia/hypercarbia

Facial dysmorphisms
Midface hypoplasia
Bubbling from the nares
Anterior rhinoscopy
Mirror exam to look for fogging
Passage of suction catheter 
Flexible fiberoptic nasopharyngoscopy

  Fig. 1       Midfacial Disorders: History and Physical Examination       
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tyly and broad thumbs can help differentiate the syndrome 
clinically from others such as Pfeiffer and Apert’s (see 
below). Also, unlike patients with Pfeiffer and Apert’s, 
patients with Crouzon’s do not typically have neurocognitive 
impairment. Due to the presence of craniosynostosis, these 
patients are at high risk for development of increased 
intracranial pressure and should be monitored closely for 
signs of such.  

   Diagnosis 
 The diagnosis of Crouzon’s is typically suspected based on 
clinical fi ndings as noted above, however, ultimately diag-
nosis typically requires molecular testing and identifi cation 
of mutations within the FGFR2 gene.  

   Management 
 As with all patients with midface disorders, the fi rst step in 
management of these patients is the establishment of a stable 
airway. Midface retrusion, choanal atresia, nasopharyngeal 
narrowing, and tracheal/laryngeal abnormalities may all 
contribute to airway obstruction. Stabilization may require 
nasopharyngeal airway placement, intubation, and/or tra-
cheotomy. Shallow orbits and severe proptosis require 
aggressive management to prevent exposure keratitis and 
ulcerations. Temporizing tarsorrhaphies may ultimately be 
required until midface reconstruction can be completed. 

 In patients with elevated intracranial pressures, decompres-
sion procedures are warranted on an urgent basis. Of the cra-
niosynostosis disorders, Crouzon’s has the highest risk of 
signifi cant intracranial hypertension [ 1 ]. However, in the 
absence of these fi ndings, cranial vault expansion has tradition-
ally been delayed until around 6–12 months of age [ 2 ]. With 
the advent of endoscopic approaches however, the age to inter-
vene is trending toward a younger age with some institutions 
performing elective strip craniectomies as early as 3 months 
[ 3 ]. Midface procedures are typically delayed until around 5 
years of age [ 4 ]. Due to the underlying biology of these syn-
dromes, high rates of reoperation have been reported [ 4 ].  

   Multidisciplinary Considerations 
 As with patients with other craniosynostosis syndromes, 
children with Crouzon’s are typically best served at large 
medical institutions with multidisciplinary craniofacial 
teams that include pediatricians, otolaryngologists, oral 
maxillofacial surgeons, geneticists, and others. All patients 
should also be evaluated with developmental screens and 
management as indicated.   

   Apert Syndrome 

   Etiology 
 Eugene Apert, a French pediatrician, fi rst described nine 
people in 1906 with the similar fi ndings of craniosynostosis, 

midface hypoplasia, and syndactyly of hands and feet [ 5 ,  6 ]. 
Most cases (>98 %) are due to the mutation of chromosome 
bands 10q25–q26 [ 7 ].  

   Epidemiology 
 The prevalence of Apert Syndrome is roughly 1 in 65,000 
newborns. It is the cause of 4.5 % of cases of craniosynostosis 
and is equally distributed between male and females [ 8 ].  

   Pathogenesis 
 Apert syndrome is most commonly caused by a missense 
substitution mutation in chromosome bands 10q25–q26. The 
mutation affects downstream production of adjacent amino 
acids (i.e., Ser252Trp, Ser252Phe, Pro253Arg) in the linker 
between the second and third extracellular immunoglobulin 
domains of fi broblast growth factor receptor 2 (FGFR2). The 
inheritance pattern is thought to be autosomal dominant [ 6 ].  

   Clinical Presentation 
 The typical fi ndings of Apert syndrome are those of cranio-
synostosis (coronal, sagittal, metopic), midface hypoplasia, 
and syndactyly of the hands and/or feet. The skull appear-
ance is a fl at elongated forehead with bitemporal widening 
and occipital fl attening. The skull may appear like a “clover-
leaf” depending on the position of the temporal bones. 
The midface is hypoplastic with a fl at nose and bulbous tip. 
The palate is arched with swelling of the palatine processes 
 creating a “pseudocleft” in the midline. Soft palate clefting is 
found in 30 % of cases. Dentition tends to be crowded with 
an anterior open bite. Hand anomalies consist of variable 
syndactyly of the second through fourth fi ngers, ranging 
from webbing to complete fusion. Equal variability is 
seen between the second and fourth digits of the feet. The 
combination may be referred to as “mitten hand” and “sock 
foot” [ 8 ,  9 ].  

   Diagnosis 
 The majority of cases are diagnosed based on physical 
exam fi ndings in keeping with Apert Syndrome. Imaging 
in the form of plain fi lms and computed tomography will 
be required for diagnostic and therapeutic purposes. 
Genetic evaluation may be performed to confi rm the diag-
nosis [ 8 ,  9 ].  

   Management 
 Each of the three typical components of Apert Syndrome 
will typically require surgical intervention. Craniotomy will 
be required in the fi rst year of life for associated craniosyn-
ostoses: coronal, sagittal, and/or metopic. Syndactyly repair 
will be carried out soon thereafter for functional gain. 
Midface and frontoorbital advancement is typically per-
formed later for cosmetic improvement while orthodontic 
treatment will be carried out as soon as possible to improve 
teeth alignment [ 8 ,  9 ].  
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   Multidisciplinary Considerations 
 Given the cranial and extracranial manifestations of Apert 
syndrome, multidisciplinary care of patients is required. 
Ideally, in a collaborative center, surgical intervention will be 
staged based on functional and cosmetic goals.   

   Pfeiffer Syndrome 

   Etiology 
 Pfeiffer syndrome was fi rst described in 1964 as a rare 
craniosynostosis syndrome associated with craniosynostosis, 
midface hypoplasia, broad thumbs, great toes, and variable 
syndactyly of the hands and feet [ 10 ]. It is caused by muta-
tions in the fi broblast growth factor genes [ 10 – 13 ]. These 
mutations can be transmitted in an autosomal dominant 
fashion or arise de novo. Interestingly, the spontaneous muta-
tion is thought to be related to advanced paternal age [ 13 ].  

   Epidemiology 
 Pfeiffer syndrome affects an estimated one in 100,000 live 
births [ 14 ]. Men and women are affected equally [ 15 ].  

   Pathogenesis 
 Pfeiffer syndrome is associated with more than 25 mutations 
on one of the two FGFR genes. Five percent of the patients 
have a mutation on FGFR1. These individuals are likely to 
present with the less severe phenotype (Type 1). The majority 
of patients, however, present with a mutation on the FGFR2 
gene (Type 2 and 3).  

   Clinical Presentation 
 Abnormal development of structures derived from preformed 
cartilage appears to be at the root of many of the abnormali-
ties seen with Pfeiffer’s Syndrome [ 15 ]. These structures, 
which include the skull, trachea, spine, fi ngers, and ribs can 
be affected to various degrees depending on the severity of 
the phenotype. Type 1 “classic” Pfeiffer syndrome involves 
mild manifestations including brachycephaly, midface hypo-
plasia, and short, broad thumbs and great toes. These 
individuals generally have normal intelligence and good 
long-term prognosis. Type 2 Pfeiffer syndrome is generally 
associated with the classic “cloverleaf skull,” extreme 
proptosis, fi nger and toe abnormalities, elbow ankylosis or 
synostosis, developmental delay and neurological complica-
tions. Type 3 is similar to type 2 but without a cloverleaf 
skull. Infants born with any craniofacial dysostosis may have 
moderate to severe midface hypoplasia. This may signifi -
cantly narrow the nasal and nasopharyngeal airway poten-
tially causing severe airway obstruction.  

   Diagnosis 
 The majority of cases of Pfeiffer syndrome are diagnosed 
clinically based on classic phenotypic fi ndings to include 

craniosynostosis with a wide head and fl at occiput, midface 
hypoplasia, ocular proptosis, short broad thumbs and great 
toes with deviation away from other digits, various degrees 
of syndactyly [ 16 ]. Molecular diagnosis may also play a role 
particularly in suspected, but not classic cases of Pfeiffer’s. 
Rarely, prenatal diagnosis is possible via ultrasound. 
Ultrasound fi ndings of craniosynostosis and broad thumbs 
and toes should raise a suspicion for Pfeiffer syndrome.  

   Management 
 Infants are obligate nasal breathers and therefore any condi-
tion affecting the midface can potentially affect their airway. 
Airway management is therefore a cornerstone of treatment 
for all neonates born with midface disorders. For infants with 
severe obstruction, nasopharyngeal airway placement or 
intubation may be necessary. Ultimately many of these 
children will require tracheostomy tube placement. Once 
the patient’s airway is secure, long-term plans for recon-
structive surgery can be made. Temporizing procedures such 
as tarsorrhaphy are often necessary due to the severe pro-
ptosis which may inhibit complete eye closure. Ultimately 
the synostotic sutures require release in order to decompress 
the brain. This procedure may take place as early as 3 months 
of age [ 16 ]. Subsequent surgeries typically include midface 
distraction osteogenesis to both improve airway dimensions 
as well as orbital volumes. These procedures may involve 
external or internal devices depending largely on the patient’s 
age and surgeon preferences [ 17 ].  

   Multidisciplinary Considerations 
 The complexity of these patients mandates that a multidisci-
plinary approach be taken to their long-term management. 
These children are typically best served at large medical 
institutions with multidisciplinary craniofacial teams that 
include pediatricians, otolaryngologists, oral maxillofacial 
surgeons, geneticists, and others.    

   Infl ammatory and Traumatic Disorders 

 Neonates are obligate nasal breathers so nasal obstruction 
may lead to respiratory distress, feeding diffi culties, cyanotic 
episodes, and even death. Respiratory distress that improves 
with crying is the classic clinical scenario for nasal airway 
obstruction. 

   Neonatal Rhinitis (Rhinitis Neonatorum) 

   Etiology/Epidemiology 
 Rhinitis of infancy is a clinical entity that is seen commonly 
in pediatric otolaryngology practice; however, a paucity of 
literature exists regarding this problem. The condition is 
the most common cause of neonatal nasal obstruction. 
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The etiology is unclear although there appears to be a 
seasonal component with most cases presenting in the fall or 
winter months [ 25 ].  

   Clinical Presentation/Diagnosis 
 Presenting signs can include stertor, mucoid nasal discharge, 
mucosal edema, diffi culty feeding and intermittent apneas. 
Thought to be an under-recognized problem [ 25 ], it has even 
been implicated in the sudden infant death syndrome [ 28 ]. 

 There have been some questions as to whether there is an 
atopic component to rhinitis of infancy. Nearly 10 % of chil-
dren will display symptoms of allergic rhinitis by 18 months 
and there seems to be an association with parental history of 
allergic rhinitis [ 24 ]. However, immunologic mechanisms 
seem unlikely to play a major role in the fi rst weeks of life 
given the mechanism of allergy as it is currently understood. 

 Rarely, primary ciliary dyskinesia (PCD) can manifest as 
neonatal rhinitis causing respiratory distress [ 20 ]. Suspicion 
is raised when plain fi lms demonstrate dextrocardia. 
Diagnosis is by electron microscopy studies demonstrating 
morphological abnormalities in cilia obtained by bronchial 
or nasal mucosal brush biopsies. Treatment aims at improv-
ing pulmonary toilet [ 20 ]  

   Management 
 Nasal saline and bulb suctioning should be utilized to clear 
the mucoid discharge. For severe cases, a short course of 
topical decongestant such as 0.125 % neosynepherine alone 
or in combination with topical corticosteroids such as 0.1 % 
dexamethasone ophthalmic drops may be considered. 
Dexamethasone drops can be cadministered for up to 1 
month and then tapered [ 25 ]. Rarely does this condition 
require further intervention and most infants will respond 
within 12 weeks [ 25 ].  

   Multidisciplinary Considerations 
 Neonatal rhinitis can usually be managed by the primary 
care physician or otolaryngologist. When indicated, allergy/
immunology consultation should be considered.   

   Nasal Septal Deviation 

   Etiology/Epidemiology 
 It has been recognized since as early as 1936 that the forces 
on the neonatal face encountered during the birth process 
may impact the morphology of the nose and face [ 18 ]. The 
incidence of nasal septal deviation in the newborn is 
described at between 1.25 and 25 % [ 26 ,  27 ]. Incidence 
may be related to intrauterine positioning of the fetus with 
a breech position being associated with the highest inci-
dence [ 18 ].  

   Clinical Presentation/Diagnosis 
 Morphologically, neonatal septal deviation can take the 
form of anterior dislocation off of the maxillary crest or ante-
rior/posterior septal deformity [ 21 ]. On occasion, neonatal 
nasal septal deviation can be so severe as to cause obstructive 
symptoms, with cases severe enough to present with apneas 
and cyanotic episodes while awake [ 21 ].  

   Management 
 Closed reduction of the anterior septum can be performed in 
the fi rst days of life with good results [ 21 ]. In severe cases, 
formal septoplasty can be performed on infants as young as 
8 days [ 21 ]. This can be done through either a transnasal or 
sublabial approach, either directly or with endoscopic visual-
ization [ 21 ,  22 ].  

   Multidisciplinary Considerations 
 Neonatal septal deviation can usually be managed by the 
otolaryngologist. In cases of suspected trauma, additional 
consultations may be necessary.   

   Septal Hematoma 

 Septal hematoma can present either as a result of birth trauma 
or as the consequence of non-accidental trauma. It may be 
misdiagnosed as a nasal mass. Treatment is transnasal 
incision and drainage [ 19 ].   

   Congenital Nasal Masses 

   Intranasal Infantile Hemangiomas 

   Etiology/Epidemiology 
 Infantile hemangiomas (IH) are the most common vascular 
tumors of infancy and are known to present very early in life. 
One review article published in the NEJM in 1999 reported 
that in neonates with infantile hemangiomas 55 % are 
present at birth and the remainder develops within the fi rst 
few weeks of life [ 31 ]. Older studies suggest an incidence as 
high as 10 %, [ 30 ] however, more recent reviews of the 
existing literature highlight the general lack of methodologi-
cally standardized studies and place the presumed incidence 
more towards 4–5 % [ 46 ].  

   Clinical Presentation/Diagnosis 
 Infantile hemangiomas are unique in that they are character-
ized by a rapid proliferative phase followed by a spontaneous 
slow involution phase [ 35 ]. Warner and colleagues [ 32 ] high-
lighted their propensity for growth along embryological 
fusion planes, which can result in nasal distortion and 
obstruction in the neonate. Clinically, appearance of these 

Disorders of the Midface



30

lesions varies based on depth, location, and stage of involu-
tion [ 35 ]. In neonates, however, they often appear as rela-
tively pale, soft masses covered with telangectasias until 
they begin the proliferative phase [ 35 ]. They then may begin 
to appear like the classic soft, red, elevated hemangioma that 
we often think of. Diagnosis of IH is made based on the 
clinical appearance of the lesion and, when indicated, imaging 
of the facial soft tissues. Surveillance for additional skin or 
internal hemangiomas may be warranted.  

   Management 
 The primary goal of treatment, as with any nasal obstruction 
in the neonate, is focused around airway support. Once this 
is established, more defi nitive management of the lesion 
itself can be entertained. Historically, laser treatments, 
systemic corticosteroids, intralesional corticosteroids, and 
surgical resection have been the mainstay for treatment of 
infantile hemangiomas. However, with the introduction of 
propranolol as a treatment modality in 2008, there has been 
a dramatic shift in the management of these lesions. While 
the exact mechanism by which propranolol treats IH remains 
unknown, proposed mechanisms include induction of endo-
thelial cell apoptosis [ 33 ], vasoconstriction, and blocking of 
proangiogenic signals [ 34 ]. A general paucity of high qual-
ity, prospective studies have limited recommendations on 
propranolol, however, the recent consensus conference on 
initiation and use of propranolol for IH has led to some 
guidelines which may help guide clinicians in their use of 
this medication. Currently the consensus group recommends 
an initiation dose of 1–3 mg/kg/day with most members 
advocating 2 mg/kg/day divided TID [ 35 ].  

   Multidisciplinary Considerations 
 Management of IH often requires a team approach, including 
input from the dermatologist, plastic surgeon, and ophthal-
mologist, when indicated.   

   Nasopharyngeal Germline Malformations 

   Etiology/Epidemiology 
 Teratomas of the head and neck account for less than 5 % of 
all teratomas and reportedly occur in 1 in 20,000 to 1 in 
40,000 live births with a female predominance of 5–6:1 
reported in the literature [ 36 ,  40 ]. The cervical neck is 
reported to be the most common head and neck site involved 
with the nasopharynx second [ 36 ]. Like all teratomas, they 
are composed of all three embryologic germ layers (ecto-
derm, endoderm, and mesoderm).  

   Clinical Presentation/Diagnosis 
 While the literature on nasopharyngeal teratomas is some-
what limited, clinically these lesions seem to have associations 
with central nervous system abnormalities [ 37 ], cleft palates 

[ 38 ], and cardiac abnormalities [ 40 ]. A review of 113 cases 
of germline malformations of the nasopharynx by Chaudhry 
et al. [ 39 ] reported that true teratomas are often sessile 
lesions while dermoids are more often pedunculated. Both 
most frequently present with respiratory distress, however, 
teratomas are associated with a higher incidence of preterm 
birth, delivery via Cesarean section, and neonatal distress [ 40 ]. 

 Nasopharyngeal germline malformations may be identi-
fi ed on prenatal US for maternal polyhydramnios and/or 
elevated alpha fetoprotein. A literature review by Coppit 
et al. found that while polyhydramnios is identifi ed in 18 % 
of patients with cervical neck lesions, it is seen much less 
frequently in patients with NP malformations.  

   Management/Multidisciplinary Considerations 
 When teratomas are identifi ed prenatally, a multidisci-
plinary approach to perinatal management is warranted. 
Considerations for airway management include endotra-
cheal intubation, tracheotomy, and even consideration for 
an EXIT procedure (ex utero intrapartum treatment). Once 
the airway is secured, treatment of both teratomas and 
dermoids is focused on surgical resection, which typically 
occurs via a transnasal approach. Recurrence rates are 
dependent on completeness of the surgical resection with a 
higher rate of recurrence in teratomas thought to be second-
ary to the more diffi cult resection of a broad-based lesion in 
the neonate.   

   Nasal Dermoid Cysts 

   Etiology/Epidemiology 
 The nasal dermoid cyst is the most common congenital 
midline nasal lesion and represents approximately 4–12 % 
of head and neck dermoids [ 50 ]. It is composed embryo-
logically of mesoderm and ectoderm due to failed separation 
of dural diverticulum and the overlying ectoderm [ 47 ]. 
Contrary to nasopharyngeal teratomas, dermoids present 
with a slight male predominance.  

   Clinical Presentation/Diagnosis 
 These lesions can be located anywhere from the columella 
to the anterior cranial fossa and can be intranasal, extrana-
sal, or a combination of the two [ 49 ]. Clinically, these 
lesions present as a noncompressible mass with a sinus 
tract that drains sebaceous material and can occasionally 
cause recurrent local infections [ 49 ]. Hair protruding 
through a cutaneous punctum is pathognomonic for a nasal 
dermoid [ 49 ]. In a retrospective chart review performed by 
Wardinsky et al., nasal dermoids were associated with other 
anomalies in 41 % of cases and with intracranial extension 
in 45 % of cases. 

 While the exact percentage of intracranial extension varies 
in the literature, it highlights the importance of preoperative 
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imaging in patients with suspected dermoid cysts. Both 
MRI and CT scan may provide complimentary information 
crucial to the perioperative planning period although MRI 
avoids potential radiation risks. Normal anatomic variations 
in the pediatric patient can be easily mistaken for intracranial 
extension. For instance, a midline gap between the paired 
nasal bones, non-ossifi cation of the cribiform plate, and the 
presence of the foramen cecum can all lead to false-positives 
(Zapata). Widening of the foramen cecum (up to 10 mm) is 
normal, a bony defect in the crista galli, and a bifi d or dys-
trophic crista galli suggest intracranial extension (Posnick). 
Dermoids appear hyperintense on T1 and T2 images 
(Saettele). Contrast may be useful in helping to differentiate 
dermoids, which are non-enhancing, from other enhancing 
structures such as infantile hemangiomas, teratomas, and 
even normal nasal mucosa.  

   Management/Multidisciplinary Considerations 
 Treatment of nasal dermoids revolves around complete 
surgical excision with a high recurrence rate associated with 
incomplete excision. While multiple surgical approaches 
have been described, the open rhinoplasty remains the most 
widely used (Zapata). This approach allows for a single- 
staged intracranial–extracranial resection if indicated 
(Zapata). Neurosurgical consultation and involvement in the 
perioperative and intraoperative management is crucial if 
intracranial extension is suspected since craniotomy may be 
required for complete extirpation (Zapata).   

   Epidermoid 

 Nasal epidermoids are similar to dermoids in their embryo-
logical development but differ in the fact that they contain 
ectodermal tissue only and therefore never form communi-
cation with the central nervous system. Imaging is often 
required to differentiate epidermoid and dermoid lesions. 
Epidermoids are characteristically hypointense on T1 and T2 
MRI imaging with restricted diffusion. CT scan shows fl uid 
attenuation (Saettele).  

   Nasal Cerebral Heterotopia/Glioma 

   Etiology/Epidemiology 
 Nasal cerebral heterotopias, previously known as nasal glioma, 
is the least common of the midline nasal masses (Saettele). 
Embryologically, nasal cerebral heterotopias are similar to 
dermoids with the addition of rests of neural glial tissue 
(Saettele). The lack of subarachnoid communication helps 
distinguish these lesions from anterior encephaloceles 
(Saettele). While not in direct communication with the 
subarachnoid space, approximately 15 % of nasal cerebral 
heterotopias do maintain a stalk connection to the dura [ 48 ].  

   Clinical Presentation/Diagnosis 
 Clinically, these lesions present as fi rm, noncompressible 
masses with overlying skin telangectasias. They grow in 
proportion with the child and they do not transilluminate nor 
enlarge with crying (Saettele). They are typically isolated 
lesions with the most common sites for presentation being 
the glabella, nasomaxillary suture, and intranasally [ 48 ]. On 
MRI, these lesions are hypointense with T1 signal and can be 
hyper or hypointense on T2 depending on the degree of glio-
sis (Fig.  2 ). They appear isointense to brain matter on CT 
scan and rarely enhance.

      Management/Multidisciplinary Considerations 
 Surgical resection of heterotopias is generally curative so long 
as the stalk is removed as well if present (Saettele). Surgery 
is usually performed using a transnasal approach. When indi-
cated, neurosurgical consultation may be necessary.   

   Encephalocele 

   Etiology/Epidemiology 
 A bony defect in the skull with resulting protrusion or her-
niation of varying degrees of meninges and brain parenchyma 
is termed an encephalocele. In contrast to gliomas, encepha-
loceles maintain a patent communication with the 
subarachnoid space, which plays an important role in the 
diagnostic and therapeutic approaches to these lesions. 

  Fig. 2    Sagittal MRI of Nasal Glioma       
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The majority of encephaloceles are posteriorly based; 
however, the 25 % that arise anteriorly tend to present much 
greater diagnostic and therapeutic challenges due to their 
associated functional, anatomic, and cosmetic affects. 
Potential complications include but are not limited to: nasal 
obstruction and impaired nasal function, facial disfi gure-
ment, impaired binocular vision, and risk of CNS infection 
[ 42 ]. These anterior, or sincipital, encephaloceles are rela-
tively uncommon in the western hemisphere however are 
noted to have a high predilection for Southeast Asia with an 
incidence of 1:6,000 live births [ 44 ]. 

 In the Sunwanela [ 45 ] classifi cation was published and 
remains one of the more commonly used classifi cation 
systems for sincipital encephaloceles. This system classifi ed 
sincipital encephaloceles based on their location of skull 
base herniation: frontoethmoidal, interfrontal, and those 
associated with other craniofacial clefts. Under the umbrella 
of frontoethmoidal clefts, encephaloceles are further subdi-
vided into: nasofrontal, nasoethmoidal, and nasoorbital. 

 In addition to their location, encephaloceles are also 
named based on the tissue that has herniated through the 
bony defect. Specifi cally, herniation of meningeal tissue 
only is referred to as a meningocele and herniation of both 
meningeal tissue and brain parenchyma is referred to as a 

meningocephalocele. In extreme cases, a portion of the 
ventricular system may also be protruding through the bony 
defect in which case it is referred to as a hydroencephalo-
meningocele [ 44 ]. 

 Theories surrounding the development of encephaloceles 
are debated within the literature with some believing that 
failure of bony fusion results in prolapsed tissue whereas 
others believe that the preexistence of the prolapsed tissue 
and the resulting stalk prevents normal bony fusion [ 41 ]. 
Regardless of the underlying cause, the resulting prolapsed 
tissue creates cephalic displacement of the frontal bones, 
caudal displacement of the nasal bones, and anterolateral 
displacement of the medial orbital walls [ 41 ].  

   Clinical Presentation/Diagnosis 
 On examination, an encephalocele will present as a midline 
nasal mass with a bluish coloration. The mass is soft, com-
pressible and due to its subarachnoid communication, may 
be visibly pulsatile [ 44 ]. Crying, Valsalva, and internal jugular 
vein compression will lead to enlargement of the mass, 
again secondary to its intracranial connection. This is 
referred to as a positive Furstenberg sign. Other character-
istic exam fi ndings include a long, fl at, and widened nose 
along with the universal presence of telecanthus. Depending 
on the severity of these anatomic malformations, this diagnosis 
may be made in utero during a routine prenatal screening 
US or much later in life. If identifi ed perinatally, alpha-fetal 
protein and acetylcholinesterase levels are typically elevated 
given that it is considered a neural tube defect [ 43 ]. 

 MRI is the imaging modality of choice if an encephalo-
cele is suspected (Fig.  3 ). MRI allows identifi cation of CSF 
within the malformation, extent of herniated cerebral tissue, 
and the presence of hydrocephalus [ 43 ].

      Management/Multidisciplinary Considerations 
 The process of herniation through the bony defect tends to 
be a progressive one with enlargement of the mass overtime. 
As a result, surgical excision is the treatment of choice. 
Options for surgical excision include combined intracranial/
extracranial, fully extracranial, and endoscopic resections, 
often times in conjunction with a neurosurgical specialist. 
Regardless of the surgical approach, the general concepts 
remain the same: resect the mass, repair the skull base defect, 
and attempt to reconstruct the midline structures. It is impor-
tant to note that the herniated neurologic tissue is unviable 
and can be safely removed without compromising neuro-
logic function.   

   Nasolacrimal Duct Cyst 

 Nasolacrimal duct cysts (NLDC) arise from incomplete 
canalization of the epithelial cord that is the precursor to the 

  Fig. 3    Coronal MRI of Transethmoidal encephalocele       
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nasolacrimal drainage system. Obstruction often occurs 
 distally at Hasner’s valve resulting in epiphora, crusting, and 
ocular irritation. This occurs in up to 6 % of infants. 
Dacrocystoceles result from cystic swellings of the lacrimal 
sac when both the valve of Rosenmuller and Hasner’s valves 
are obstructed. If large enough, NLDC can cause nasal 
obstruction. While NLDCs are most often unilateral, bilat-
eral lesions have been described and can lead to respiratory 
distress [ 23 ] In emergent cases, a simple puncture of the 
cyst can be performed at the bedside to relieve obstruction; 
however, defi nitive management requires marsupialization 
of the cyst itself. This can be done in a number of ways to 
include at the bedside under rigid endoscopic guidance. The 
mucosa is decongested with lidocaine and phenylepherine 
and then alligator forceps are used to strip the mucosa from 
the mucocele. Other techniques have been described includ-
ing the use of powered instrumentation [ 29 ] and either endo-
scopic or external dacrocystorhinostomy for long segment 
occlusion of the nasolacrimal system. If the intervention is 
performed under general anesthesia, then the lacrimal sys-
tem can be probed with nasolacrimal ducts to ensure patency 
of the system.   

   Conclusions 

 Midface physiologic and developmental abnormalities can 
cause potentially life threatening airway obstruction. 
Appropriate recognition of airway threats, diagnosis of the 
correct problem, and directed treatment can mitigate the 
potential impact.     
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            Introduction 

    One of the myths in otolaryngology is the notion that 
 neonates are obligate nose breathers. This long-believed 
 misconception still permeates our literature. The word “obli-
gate” implies that the neonate has no choice but to breathe 
through the nose. The appropriate terminology is that neo-
nates are “preferential” nasal breathers since the infant can 
breathe through the mouth if the nose is blocked [ 1 – 3 ]. 
However, in certain circumstances such as with bilateral cho-
anal atresia, the child has complete nasal obstruction and 
must breathe through the mouth. The term cyclical cyanosis 
refers to this condition whereby the neonate attempts to 
breathe through the nose, is unable to do so resulting in 
hypercapnia, opens the mouth to cry, and then breathes orally 
temporarily resolving the cyanosis. This results in severe 
breathing and discoordination of feeding problems. Yet, at 
least one report describes bilateral choanal atresia fi rst dis-
covered in adulthood [ 4 ]. 

 Some disorders may be life-threatening and not amenable 
to surgical correction in the neonatal period, while others are 
mild and self-limiting. Anatomic, structural lesions may be 
bilateral or unilateral. Most neonates resolve nonanatomical 
obstruction with medical management and growth.  

    Normal Nasal Physiology 

 The nasal cavity provides several important physiologic 
functions including air-conditioning, fi ltration of inhaled 
particles and microbes, maintaining mucus fl ow, sinus drain-
age, and olfaction [ 5 ,  6 ]. The proper physical shape of the 
nasal interior impacts on these functions. The nasal mucosa 

contains a rich supply of resistance blood vessels such as 
arterioles and arteriovenous anastomoses that drain into 
venous sinusoids. The sinusoids are innervated by sympa-
thetic fi bers which release norepinephrine leading to reduced 
blood fl ow and venous return into capacitance vessels. This 
results in decreased nasal congestion. Conversely, parasym-
pathetic fi bers release acetylcholine which increases nasal 
secretions and vasodilation. Sensory C-fi bers release neuro-
kinin A, calcitonin gene-related peptide, and substance P 
that downregulate sympathetic vasoconstriction and 
increased congestion.  

    Pathogenesis 

 On initial evaluation by an otolaryngologist, nasal obstruc-
tion in neonates and infants is generally classifi ed as either 
an anatomic anomaly or congestion due to some non- 
anatomic problem—medication, allergy, laryngopharyngeal 
refl ux, or some undiagnosed issue. However, the astute 
 clinician should delve much more carefully into the patho-
genesis or pathophysiology of neonatal nasal obstruction. 
Development of nasal obstruction is an extremely complex 
interplay of still not very well-defi ned competing sympa-
thetic and parasympathetic triggers. Moreover, mast cells, 
eosinophils, basophils, and goblet cells release local infl am-
matory mediators including histamine, kinins, prostaglan-
dins, arachidonic acid metabolites, and mucin that all 
contribute to nasal congestion [ 6 ].  

    Clinical Presentation and Evaluation 

 Rarely does a neonate have complete nasal obstruction 
except in the event of arhinia or bilateral choanal atresia. 
Usually there is at least some airfl ow on at least one side. 
For the baby with bilateral choanal atresia, the child will 
exhibit cyclical cyanosis marked by failed attempt to breathe 
nasally, eventual crying with mouth opening, oral air 
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exchange with cessation of hypoxia and cyanosis, and 
resumption of the cycle once the mouth closes. Placement 
of an oral prop eliminates the problem temporarily allowing 
for an orderly evaluation. 

 An initial overall examination includes the assessment of 
whether the baby has the ability to breathe nasally and if so 
whether this is unilateral or bilateral. Traditionally, we are 
taught to pass a 5–6 Fr catheter in the nose on each side to 
determine patency. However, the catheter often coils up in the 
nose or bounces against the inferior turbinate invalidating 
interpretation of the maneuver. Rather than the catheter test, 
with the mouth closed, try the mirror test by placing a laryn-
geal mirror in front of the nose on each side to see if nasal 
airfl ow fogs the mirror. Alternatively, if the parent has a pocket 
mirror, place it in front of the nose to see if two fog dots are 
present. In addition, listen for stertor, which is a low- pitched, 
inspiratory noise caused by turbulent airfl ow of nasal, naso-
pharyngeal or oropharyngeal tissue vibrations. If there is no 
air movement, then fl exible fi beroptic endoscopy usually will 
help determine the site and degree of obstruction. Flexible 
endoscopy is very helpful to distinguish pryiform, midnasal or 
posterior nasal stenosis, a congenital nasal septal deviation, or 
mass effect either intranasally or in the nasopharynx. Rigid 
telescope endoscopy in the neonate is much more diffi cult to 
accomplish than fl exible endoscopy. 

 Examination of breathing – feeding coordination is essen-
tial. If the baby is unable to feed properly due to nasal 
obstruction, or has discoordination of feeding with choking, 
this may accelerate the need for intervention. A modifi ed 
barium esophagram or endoscopic evaluation of feeding may 
assist in the assessment of feeding. 

 Imaging studies may be very helpful or essential. 
Computed tomography (CT) is most helpful to diagnose and 
surgically plan bony anomalies such as pyriform stenosis 
and choanal atresia. Magnetic resonance imaging (MRI) is 
best for soft tissue obstructing masses that may have intra-
cranial extension such as encephaloceles and nasal dermoids. 
Antenatal fetal MRI has been enormously helpful in estab-
lishing the extent of head and neck masses causing respira-
tory obstruction.  

    Differential Diagnosis and Management 

 After performing a complete history and physical examination, 
most diagnoses are evident and straightforward. In general, the 
care algorithm depends on whether the baby has generalized 
nasal infl ammation or an anatomic/surgical entity. 

    Nasal Infl ammation/Rhinitis 

 In neonates, placental blood fl ow transmits medications and 
drug metabolites that may cause nasal congestion. Several 

known agents may cause nasal congestion including antihy-
pertensives, beta-blockers, antidepressants, cocaine, and gab-
apentin. Sometimes, obtaining a truthful maternal medication 
history is diffi cult and the clinician needs to proceed with 
treatment options empirically. Neonatal rhinitis is defi ned as 
mucoid or clear rhinorrhea with nasal mucosal edema in the 
afebrile newborn with stertor, poor feeding, and respiratory 
distress that responds to the use of steroid drops [ 7 ]. 

 After establishing the diagnosis of a non-surgically cor-
rectable lesion, treatment starts with nasal saline to decon-
gest the nasal mucosa. If unsuccessful, topical oxymetazoline 
may be used three times a day for 3–4 days for maximal 
decongestion while concurrently starting use of topical ste-
roid and continuing with topical nasal steroids.  

    Birth Trauma 

 The reported incidence of birth trauma-related external nasal 
and intranasal septal deviation is reported as 1 %. However, 
in clinical practice, it seems much less common. Moreover, 
the clinician should be careful not to label the baby with a 
deviated nose as birth delivery-related, when the mechanism 
of action may be positioning of the head in the birth canal 
during uneventful passage. When the deviation is minor, this 
usually self-corrects within several weeks after birth. Rarely, 
the nose is so deviated that a reduction in the fi rst week after 
birth is required to re-establish normal nasal breathing. Mild 
anterior nasal septal abnormalities are common, but rarely 
cause any respiratory distress.  

    Congenital Anatomic Anomalies 

    Arhinia 
 Congenital arhinia (or arrhinia) is a rare entity defi ned as 
absence of the external nose, nasal cavities, and olfactory 
apparatus. Embryologically, arhinia is due to failed fusion of 
the maxillary process and the lateral nasal process between 
the third and eighth week of gestation. Cribriform plate 
fusion abnormalities lead to olfactory agenesis. Tessier 
defi nes this malformation as total arrhinia, hemi-arrhinia, 
and proboscis lateralis [ 8 ]. Arhinia may be associated with 
hypertelorism, microphthalmia, palatal abnormalities, crypt-
orchidism, and blindness [ 9 ]. Many children with arhinia 
have normal intelligence Fig.     1 .  

 Initial management of arhinia may require tracheotomy to 
provide a safe airway with deferred surgical planning as a 
child or adolescent once the degree of cognitive development 
has been established. For high-functioning children, a cra-
niofacial team approach of otolaryngology, plastic surgery, 
and potentially neurosurgery is required to establish nasal 
patency followed by external nasal reconstruction. Both CT 
and MRI may be complementary for surgical planning.  
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    Anterior (Pyriform) Stenosis 
 Congenital nasal pyriform aperture stenosis (CNPAS) is an 
unusual narrowing of the anterior nasal vault. Anatomically, 
the anterior nasal vault is defi ned by the nasal bones superiorly, 
the nasal process of the maxilla laterally and the junction of 
the horizontal process of the maxilla and the anterior nasal 
spine inferiorly. 

 This entity was fi rst described in adults in 1952 [ 10 ] and 
in a neonate in 1989 [ 11 ]. CNPAS may be an isolated anom-
aly or associated with other craniofacial malformations. The 
most common is the holoprosencephaly spectrum including 
a single central upper incisor tooth, absent upper labial fren-
ulum, and absence of the corpus callosum [ 12 ,  13 ]. In mild 
cases, the neonate may have stertor and mild diffi culty coor-
dinating breathing and feeding. In more severe cases, the 
child may have symptoms and signs that mimic atresia with 
cyclical cyanosis and respiratory distress. Often, patients 
will pass the mirror test since there is stenosis but not atresia. 

Flexible nasal endoscopy may demonstrate the inability to 
pass the infant fi beroptic telescope. CT scan is diagnostic 
and helps to rule out other midline anatomic abnormalities. 
Beldon performed CT analysis and determined that the nor-
mal term infant should have at least an 11 mm width across 
the pyriform aperture Fig.  2  [ 14 ].    

 Initial management depends on the degree of respiratory 
distress. In isolated instances, intubation is rarely necessary. 
However, in syndromic neonates, establishment of a safe 
 airway may be necessary. If multiple airway anomalies are 
present, nasal surgery alone may not be suffi cient and a tra-
cheotomy is required. When the lesion is isolated, surgery 
with nasal stenting is very successful.  

    Mid-vault Stenosis 
 Rarely, a congenital thickening of the nasal septum or nar-
rowing of the total vault may cause mid-vault stenosis pre-
mature infants. Typically, this is self-limited and responds 
well to topical steroid treatment.  

    Posterior (Choanal) Stenosis or Atresia 
 Choanal atresia (CA) is a relatively rare malformation occur-
ring in approximately 1 in 7,000–8,000 births. Unilateral 
atresia is more common than bilateral. Previous textbooks 
report that CA is more common in females than males; how-
ever, more recent reviews report an equal gender distribution 
[ 15 ,  16 ]. The purported mechanism leading to CA is either 
failure of buccopharyngeal membrane breakdown or persis-
tence and misdirection of mesoderm during embryogenesis. 
In only rare circumstances is the obstruction due to soft tis-
sue alone. In almost all cases, there is some bony component 
that needs to be removed for successful surgical treatment. 

 Bilateral CA is diagnosed shortly after birth due to 
characteristic cyclical cyanosis. The mirror test or inability 
to pass a 5–6 Fr catheter is suspicious for CA. Flexible   Fig. 1    Photo of arhinia       

  Fig. 2    CT scan of pyriform 
stenosis and single central incisor 
associated with holoprosenceph-
aly spectrum       
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fi beroptic endoscopy is diagnostic in most cases Fig.  3 . 
Occasionally, an obstructing posterior nasal or nasopha-
ryngeal growth may mimic CA. Fine cut CT scan is essen-
tial to determine the site and degree of obstruction, and 
image the presence of the nasopharyngeal roof and cavity. 
Unilateral CA may go unrecognized for years and often 
presents during childhood or adolescence as inability to 
breathe through one side of the nose with constant unilat-
eral runny nose. Likewise, choanal stenosis as opposed to 
atresia may go unrecognized for years. 

 Every neonate with choanal atresia should be screened for 
CHARGE syndrome. CHARGE used to be classifi ed as an 
association. However, with the discovery of the genetic marker 
CHD7 on Chromosome 8, which encodes the chromodomain 
helicase DNA binding protein, CHARGE is now classifi ed as 
a syndrome [ 17 ]. CHARGE syndrome is characterized by 
ocular  C olobomas,  H eart defects, choanal  A tresia,  R etarded 
growth,  G enitourinary hypoplasia, and  E ar abnormalities. 
CHD7 analysis in CHARGE syndrome detects mutations in 
65–70 % of individuals. Cardiovascular abnormalities occur 
in 75–85 % and tracheoesophageal fi stula is present in 
15–20 % of newborns with CHARGE syndrome. Ossicular 
malformations, cochlear anomalies, and semicircular canal 
hypoplasia occur in over 80 % of patients [ 17 ]. 

 Bilateral CA is a medical urgency; however, it is not a 
surgical emergency. Use of an oral prop for adequate breath-
ing and an orogastric feeding tube for nutrition allows for the 
orderly evaluation of other potential anomalies, proper coun-
seling, and surgical planning. With the advent of endoscopic 
equipment, miniaturization of power-assisted drills and 
shavers, surgical repair of choanal atresia has evolved over 
the past 20 years. Whereas previous textbooks discuss both 
transpalatal and transnasal approaches, the vast majority of 
current repairs are performed using transnasal techniques. 
Whether or not to place a short-term stent is still debated in 
the literature [ 18 – 21 ]. The most diffi cult cases involve syn-
dromes with severe down sloping nasopharyngeal roofs or 

nearly absent nasopharyngeal cavities such as Treacher 
Collins syndrome.     

    Congenital Masses 

   Nasolacrimal Duct Cyst (Dacryocystocele) 
 Obstruction of the nasolacrimal duct is a common anomaly 
with widely varying reported rates [ 22 ,  23 ]. Many duct 
obstructions are partial and self-correct by 1 year of age. The 
duct is usually obstructed at the valve of Hasner just lateral 
to the inferior turbinate [ 24 ]. This may lead to a round mass 
in the lower nasal cavity. If the proximal valve is obstructed 
at the common canniculus, this leads to a round facial swell-
ing inferior to the medial canthus of the eye. This may 
become infected with impressive swelling and erythema 
mimicking acute unilateral sinusitis. Occasionally, when 
bitateral cysts are present, this may lead to severe nasal 
obstruction in the neonate and diffi culty coordinating breath-
ing and feeding similar to bilateral choanal atresia. When the 
clinical picture is uncertain, CT scan with contrast or MRI 
helps to distinguish between bilateral nasolacrimal duct 
obstruction, anterior pyriform stenosis, or other mass effects 
due to tumor. 

 Surgical treatment and timing varies depending on sur-
geon preference and severity of presentation. Unilateral dac-
ryocystoceles rarely need urgent surgical correction. 
However, bilateral obstruction may require surgery within 
the fi rst few weeks of life. Treatment ranges in escalation 
from duct probing and balloon dilation for simple duct 
obstruction to intranasal marsupialization and silastic stent-
ing for large obstructing cysts [ 25 ].  

   Infantile Hemangioma 
 Infantile hemangiomas are the most common benign neo-
plasms of infancy. The most common site is in the head and 
neck primarily in the central facial region. Occasionally, a 

  Fig. 3    ( a ) Endoscopic photo of choanal atresia preop. ( b ) Endoscopic photo of choanal atresia postop       
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large nasal and facial hemangioma may proliferate quickly 
in the intranasal region leading to obstructed breathing. 
The traditional treatment for many years had been intrale-
sional injection of steroids or systemic steroids with laser 
ablation during the proliferative phase. However, in recent 
years, propranolol treatment has supplanted older modalities 
[ 26 ,  27 ]. Propranolol has been identifi ed on molecular analy-
sis to block endothelial cell proliferation, migration, and for-
mation of the actin cytoskeleton with alteration in vascular 
endothelial growth factor receptor- 2 [ 28 ]. Neonates and 
infants should be referred to a center familiar for multidisci-
plinary evaluation and management [ 29 ].  

   Meningocele, Meningoencephalocele, 
and Glioma (Heterotopic Glial Tissue) 
 Meningoceles, meningoencephaloceles, and gliomas are 
often grouped together. A meningocele represents downward 
displacement into the nose of only the meninges due to small 
defects in the fl oor of the intracranial cavity. A meningoen-
cephalocele results from a larger defect that allows for her-
niation of both meninges and brain tissue. This may extend 
outward at the glabellar region or only downward with a cri-
biform plate defect with a large intranasal mass that  resemble 
a polyp. By defi nition, a nasal glioma is sequestered or dis-
placed neural tissue with fi brous and vascular connective tis-
sue that increases the fi rmness of the mass. There may be a 
connecting fi brous stalk to the skull base in 10–15 %; how-
ever, it is rare to have any meningeal connection. Therefore, 
clinically, a meningoencephalocele is soft, compressible, 
pulsatile; whereas a glioma is fi rm, noncompressible, and 
non-pulsatile. 

 CT scan helps to identify the bony defect in the skull base. 
MRI is much more useful to demonstrate the characteristics of 
the soft tissue mass and locate the site of intracranial extension 
Fig.  4 . On T1-weighted MRI, the intranasal component is 
isointense or hypointense and on T2-weighted images is hyper-
intense relative to brain tissue. Gliomas are 60 % extranasal, 
30 % intranasal, and 10 % combined (dumbbell growth). 

 Surgery on a meningoencephalocele requires a neurosur-
geon and otolaryngologist. Surgery is typically via anterior 
frontal craniotomy [ 30 ]. Glioma surgery is typically per-
formed via the intranasal approach and usually does not 
require intraoperative neurosurgical involvement; however, a 
neurosurgeon should be available on a standby basis for any 
unexpected encounter or complication Fig.  5  [ 31 ,  32 ].  

   Nasal Dermoid Sinus and Cyst 
 Derived from ectoderm and mesoderm, a dermoid cyst or 
sinus may form due to a remnant in the prenasal space poste-
rior to the nasal bones and anterior to the nasal and septal 
cartilages. The typical sinus tract has a pit and related small 
hair tuft on the nasal dorsum. This may present as an infected 
midline mass or with keratin discharge. The tract is usually 
well-defi ned on imaging. However, in some cases, the distal 
extent may project anteriorly all the way to the nasal tip 
altering surgical planning or increasing the likelihood of 
recurrence. CT scan helps to defi ne bony skull-base defects 
and widening of the crista galli, which is associated with 
potential intracranial extension. MRI is very useful to deter-
mine the extent of the tract and mass, and serpentine exten-
sions and intracranial extension. 

 If no imaging evidence of intracranial extension, surgical 
correction may be limited to a nasal approach with neurosur-
gical standby. Various options include the endoscopic- 
assisted closed approach for cysts without sinus tracts, 
external rhinoplasty, and the direct, open approach [ 33 – 35 ]. 
Even if the tract has intracranial extension, in selected cases 

  Fig. 4    CT scan of left intranasal glioma: note distinct separation 
from dura       

  Fig. 5    Endoscopic photo of nasopharyngeal glioma       
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the endonasal endoscopic approach may be suffi cient; [ 36 ] 
however, neurosurgical standby is recommended for patient 
safety.  

   Rare Tumors 
 In rare cases, neonates are born with unrecognized nasal and 
nasopharyngeal tumors causing varying degrees of obstruc-
tion. These may be benign or malignant teratomas, or other 
unusual and aggressively growing fi brous tissue tumors 
Fig.  6  [ 37 – 39 ]. More often, these tumors are noted on fetal 
ultrasound during gestation with polyhydramnios due to 
impaired fetal swallowing. Fetal MRI delineates the site and 
degree of obstruction enabling an orderly evaluation and 
plan for management.    

    Multidisciplinary Considerations 

 The  EX -utero  I ntrapartum  T reatment (EXIT) approach to 
management has been highly successful in many cases to 
provide safe initial airway management followed by tumor 
excision after stabilization [ 40 ]. Maternal-fetal circulation 
may be prolonged for up to almost 1 h providing oxygen to 
the baby while establishing airway control. The EXIT proce-
dure using a combined team approach has become the best 
modality for optimal care of known obstruction lesions dis-
covered during pregnancy [ 41 ].  

    Future Considerations 

 In the past decade, the newest frontier is development of 
operative teams for intrauterine surgery. Intrauterine surgery 
is a rapidly developing fi eld. Fetal surgery for spina bifi da 

and congenital diaphragmatic hernia has become a therapeu-
tic alternative for expectant mothers in selected cases [ 42 – 44 ]. 
The potential exists for expansion of fetal surgery to other 
embryologic anomalies and tumors.     
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           Etiology and Background 

 The human mandible is a unique structure that undergoes 
considerable anatomic changes during growth and develop-
ment. In the neonatal period, the mandible is fl at, with a short 
ramus, and poorly defi ned articulation with the skull base [ 1 ]. 
It is, therefore, prone to retroposition (retrognathia) which, 
when combined with insuffi cient mandibular sagittal 
 projection (micrognathia), can result in posterior-inferior 
positioning of the tongue base. Because the tongue is anchored 
to the mandible, micro- or retrognathia forces the tongue pos-
teriorly into the oropharynx and can lead to its displacement 
into the hypopharynx (glossoptosis) resulting in severe 
tongue-base obstruction of the supraglottic airway (Fig.  1 ).

   The triad of micrognathia, glossoptosis, and tongue-based 
airway obstruction (TBAO) was initially described in 1939 by 
Dr. Pierre Robin, a French somatologist, who implicated the 
small mandible as the causative deformity leading ultimately to 
airway compromise [ 2 ,  3 ]. This “domino” effect is therefore 
known as Pierre Robin sequence (PRS). A sequence is constel-
lation of abnormalities which are linked from an inciting anom-
aly or deformity. In the case of Pierre Robin sequence, failure 
of normal mandibular development sets off a cascade of ana-
tomic changes in utero which result in the varying and seem-
ingly unrelated physical fi ndings (Fig.  2 ). {Figueroa 1991}.

   The etiology of this mandibular deformity is the topic of 
much debate. Several studies have attributed the  micrognathia 
seen in Pierre Robin sequence to intrauterine deformation or 
extrinsic factors rather than intrinsic growth restriction of the 
mandible itself [ 4 ]. From between the 6th to 12th week of 
gestation, the human embryo transitions from a position of 
extreme neck fl exion where the mandible is buried in the 
upper thorax to a position of gradual extension [ 5 ]. This 
period coincides with rapid mandibular growth that allows 
the tongue to descend and the palatal shelves to fuse. Several 
factors including multiple gestation, oligohydramnios, and 
cervical hemivertebrae may restrict this extension [ 6 ]. These 
studies point to the phenomenon of “catch-up growth” as 
evidence that extrinsic compression plays an important role 
in the deformity. 

 Increasingly, attention has focused on genetic cause of 
PRS. In addition to the syndrome-associated cases of PRS 
such as those patients with Stickler or Treacher Collins syn-
dromes who demonstrate intrinsic mandibular growth defi -
ciency, non-syndromic PRS may also have a genetic 
component. Investigators have demonstrated increased 
 frequency of palatal clefts in the parents of patients with 
PRS [ 7 ] as well as several novel genetic mutations present in 
a proportion of such patients [ 8 ,  9 ]. 

 No matter the cause, PRS is a challenging disease process 
which can result in acute airway compromise, chronic 
obstructive sleep apnea, cor pulmonale, anoxic brain injury, 
and even death [ 10 ]. In the neonatal period, this entity can be 
particularly devastating, often necessitating emergent post-
natal intubation in severe cases. Even in patients who do not 
require emergent airway management, chronic hypoxia, 
feeding intolerance, and failure to thrive may be common 
[ 11 ]. In one of Pierre Robin’s early publications, he describes 
the grim prognosis of a severely affected child: “I have never 
seen a child live more than 16–18 months who presented 
hypoplasia as such the lower maxilla was pushed more than 
1 cm behind the upper”[ 2 ].  
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   History and Epidemiology 

 Congenital micrognathia is associated with over 100 known 
syndromes [ 12 ]; however, in the setting of tongue-based 
 airway obstruction as is seen with Pierre Robin sequence, it 
is estimated to occur in 1 in 8,500 to 1 in 14,000 live births 
[ 13 ]. In 40–60 % of cases, PRS occurs in isolation, as the 
only disease process. However, over half of patients may 
carry syndromic diagnoses which not only play a role in dis-
ease pathogenesis but may contribute to increased disease 
severity. The most common of these associated syndromes, 
for example, is Stickler syndrome, which has prevalence of 
1 in 8,000 live births in the general population but is present 
in over 30 % of patients with PRS. Table  1  lists several of the 
major syndromes commonly associated with PRS.

      Classifi cation 

 There is no widely accepted classifi cation system to stratify 
disease severity in patients with Pierre Robin sequence. As 
mentioned previously, several studies have associated worse 

outcomes in PRS patients who also carry syndromic diagnoses, 
and most centers now routinely recommend genetic screen-
ing after diagnosis. However, there is a wide variability in the 
severity of many syndromic diagnoses, and the simple 
 presence or absence of a syndrome, alone, does little to 
 differentiate such patients. Patients with Stickler or Nager 
syndromes often have more severe presentations than in PRS 
patients without accompanying syndromes, whereas many 
syndromes seen in these patients may contribute little or not 
at all to disease severity. Although many studies demonstrate 
worse outcomes in syndromic PRS as a whole, we caution 
against making management decisions based solely on the 
presence or absence of a syndrome. 

 Indeed, the key to differentiating the impact of micrognathia 
on the neonatal airway is to quantify its degree of deformity, 

  Fig. 1    The “domino effect” of Pierre Robin sequence (Courtesy of 
David Low, MD)       

  Fig. 2    Catch-up growth (Reprinted from [ 40 ] Permission granted from 
Allen Press Publishing Services)       

   Table 1    Frequency of associated syndromes      

 Frequency in general 
population a  

 Frequency in 
Robin sequence b  

 Stickler  1:8,000  1:3 
 Velocardiofacial Syndrome  1:2,000  1:9 
 Fetal alcohol  1:1,000  1:10 
 Treacher Collins Syndrome  1:25,000  1:20 
 Undefi ned syndrome  –  1:3 

   a Per live births 
  b Per patients with Robin sequence  
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and those syndromes which adversely affect outcomes in 
Pierre Robin sequence are all associated with macroglossia 
or micrognathia. In order to assess the severity of  anatomic 
mandibular defi ciency, several authors advocate for the mea-
surement of maxillary-mandibular discrepancy (MMD) as a 
simple, reliable, and reproducible method for stratifi cation 
[ 14 ]. From the “worms eye” position looking superiorly, the 
mandible is gently closed to the maxilla and the distance 
between the midline mandibular alveoli and maxillary alve-
oli is measured. The realization that maxillary projection 
may also be inadequate in some forms of PRS, however, lim-
its the utility of this tool [ 15 ]. In contrast, others recommend 
a clinical grading scale based on the severity of airway com-
promise [ 16 ]. 

 The only validated classifi cation system for patients with 
Pierre Robin system was developed as a means of determin-
ing which patients would benefi t from surgical intervention. 
The GILLS criteria [ 17 ,  18 ] assesses for the presence of fi ve 
factors which are shown to predict which patients might ben-
efi t from tongue-lip adhesion (TLA) surgery and which 
patients required direct tracheostomy (Table  2 ). Those 
patients with scores of two or less had a 100 % chance of 
success with the procedure whereas those patients with 
scores of three or more had close to a 50 % failure rate 
requiring tracheostomy.

      Clinical Presentation 

 As stated previously, patients with Pierre Robin sequence 
demonstrate a wide spectrum of disease severity ranging 
from subclinical presentation to frank life-threatening respi-
ratory compromise. Although the degree of micrognathia 
plays an important role in the development of respiratory 
symptoms, this is often a subtle fi nding in the neonatal period 
and observation for clinical signs of distress is imperative. 

 In the immediate postnatal period, patients with severe 
forms of Pierre Robin sequence will often display signs of 
distress such as grunting and crying, obvious apneic epi-
sodes, and even cyanosis. Those less severely affected may 
demonstrate increased work of breathing including supra- 
and substernal and intercostal retractions as well as cervical 
hyperextension. Symptoms are often positional with some 
improvement in prone position. Some neonates show few 

signs of respiratory compromise while awake. However, as 
resting tone decreases during phases of deep sleep, the tongue 
may assume a more posterior posture leading to obstruction. 

 In the fi rst weeks of life, patients with moderate obstruc-
tion may present during an initial well child visit with inade-
quate weight gain, cachexia, or even failure to thrive 
sometimes without a history of apneic events. There are sev-
eral reasons for feeding diffi culties in PRS. First, the small 
mandible and tongue malposition as well as the presence of a 
palatal cleft pose signifi cant physical restrictions on infant 
suckling. Indeed, primary oropharyngeal dysmotility has 
been noted in some patients. Second, feeding in infancy poses 
substantial metabolic demands, and patients with subnormal 
oxygenation may present with “exercise-induced” anorexia. 
Finally, gastroesophageal refl ux (GER), although common in 
many infants, is especially challenging in those with Robin 
sequence with a reported incidence as high as 85 %. [ 19 ] As 
the tongue falls back, infants may increase inspiratory pres-
sures in order to overcome the obstruction. The increased 
negative intrathoracic pressure then overcomes lower esopha-
geal sphincter tone, and the gastric contents are “sucked” into 
the esophagus and the bronchial tree [ 6 ]. Such subclinical 
aspiration can be a substantial source of morbidity. 

 Cleft palate, although not a diagnostic criteria, occurs in the 
majority of patients with PRS, so much so that it is often incor-
rectly included among its essential characteristics. It is, how-
ever, distinct from other forms of palatal clefting with or 
without cleft lip [ 20 ]. The cleft palate associated with Pierre 
Robin sequence most often is wide and U-shaped, a result of 
failure of the palatal shelves to fuse in early gestation (8–12 
weeks) due to the presence of an abnormally positioned tongue.  

   Evaluation and Clinical Approach 

 Timely multidisciplinary team evaluation—including 
Neonatology, Genetics, Pulmonology, Otolaryngology, the 
Feeding Team, and Plastic Surgery—is essential to maintain-
ing adequate oxygenation and weight gain in patients with 
Pierre Robin sequence. A thorough history and physical 
exam should be performed to assess for potential syndromic 
association as well as evaluate overall appearance and tone. 
Indeed, hypotonia has the potential to exacerbate airway 
obstruction in affected patients and, in severe cases, may 
suggest poor response to interventions which address the 
upper airway. A complete airway exam is also an imperative 
fi rst step in evaluation to determine the need for adjunctive 
airway support including high fl ow supplemental oxygen, 
continuous positive airway pressure, and intubation if neces-
sary. Continuous pulse-oxymetry should also be employed 
early on in order to fully evaluate the number and degree of 
obstructive events. 

 Plain lateral radiographs with soft tissue windows may 
help characterize degree of micrognathia as well as assess 

   Table 2    GILLS scoring system for tongue-based airway obstruction   

 GILLS Criteria 

 1  Presence of GER 
 2  Preoperative intubation 
 3  Late presentation (>2 weeks old) 
 4  Low birth weight (<2,500 g) 
 5  Syndromic diagnosis 

  Greater than two of these criteria correlate with high failure of 
Tongue-lip Adhesion surgery {Rogers 2011; Abramowicz 2012}  
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for severity of glossoptosis by allowing for visualization of a 
patent or occluded airway stripe. In neonates the airway 
stripe should measure approximately 4 mm [ 21 ]. Although 
such an evaluation may provide insight into the degree of 
upper airway compromise, it is not substitution for direct 
visualization of the airway. 

 Bedside fi beroptic naso-endoscopy is an important tool to 
localize the level of airway obstruction and should be per-
formed prior to any defi nitive intervention. In addition to a 
noninvasive way to visualize the lower airway, endoscopic 
evaluation of the entirety of the upper airway can rule out 
other causes of obstruction such as choanal atresia. 
Additionally, direct micro-laryngo-bronchoscopy (MLB) is 
essential to evaluate subglottic structures and to rule out the 
presence of laryngomalacia, tracheomalacia, and other 
pathologies [ 22 ]. A jaw-thrust maneuver performed under 
anesthesia at the time of MLB can help determine the extent 
to which mandibular advancement can improve tongue base 
position. Presence of lower airway pathology may signifi -
cantly alter management decisions.  

   Diagnosis 

 The diagnosis of Pierre Robin sequence relies on the clinical 
fi nding of micrognathia in the setting of tongue-based airway 
obstruction. Although the presence of micrognathia is easy 
to establish on exam, and airway obstruction is readily appar-
ent in severe cases, the extent to which the tongue base con-
tributes to airway compromise can be diffi cult to determine. 
For this reason, diagnostic airway endoscopy is essential to 
confi rm the presence of glossoptosis and rule out other 
sources of upper or lower airway obstruction. 

 Mild to moderate cases of Pierre Robin sequence, how-
ever, where profound desaturation and cyanosis are often 
absent, present diagnostic challenges to clinicians. In these 
settings, polysomnography (PSG) has been utilized to estab-
lish and characterize the presence of apneic events and to 
quantify the frequency and degree of airway obstruction [ 14 ]. 
Sixteen lead polysomnography, in particular offers a thor-
ough evaluation of neonatal sleep and respiratory function. It 
consists of electroencephalographic, electrooculographic, 
electromyographic, electrocardiographic monitoring as well 
as detailed analysis of respiratory performance and tissue 
oxygenation throughout the sleep cycle. It is utilized to quan-
tify the number of apnea and hypopnea events per hour 
(apnea–hypopnea index) as well as the severity of obstruction 
as measured through oxygen saturation and end tidal and 
transcutaneous carbon dioxide measurements (Fig.  3 ). 
Indeed, PSG plays an important role in establishing the pres-
ence of subtle obstructive events that may be overlooked 
clinically during wakefulness and is crucial for quantifying 
the severity of airway obstruction during sleep [ 23 – 25 ]. 

Additionally, PSG can differentiate central apneas secondary 
to brainstem dysfunction and the obstructive events that may 
be improved with intervention. Many practitioners now advo-
cate for an expanded role for polysomnography beyond mild 
presentations of the disease citing its utility as an objective 
way to measure improvement after airway interventions.

      Management 

 Neonates with tongue-based airway obstruction represent 
therapeutic challenges to caregivers, in part because of the 
diagnostic diffi culties that exist for these complex patients. 
Another source of diffi culty is the relatively poor outcomes 
data available to provide an evidence-based treatment frame-
work, especially for severely affected patients. Although 
numerous authors have published treatment algorithms for the 
management of Pierre Robin sequence, prospective compara-
tive studies are lacking. A recent systematic review of the 
literature highlights the dearth of high quality evidence related 
to the management of this challenging patient population [ 26 ]. 
In 126 peer-reviewed articles published between 1980 and 
2010, the authors found few studies utilizing standardized diag-
nostic criteria, therapeutic algorithms, or outcomes measures 
making side-by-side comparison diffi cult. Nonetheless, because 
the repercussions of therapeutic failure so are great for patient 
with Pierre Robin sequence, including anoxic brain injury, car-
diac and pulmonary dysfunction, malnutrition and even death, 
the stakes of adequate management are extremely high. 

 Any therapy should be tailored to the individual needs of 
the patient and particular concerns of the family. The gold 
standard treatment of TBAO has historically been tracheos-
tomy, as this is the only intervention that completely bypasses 
the tongue base as the source of obstruction. However, given 
this procedure’s high associated cost, morbidity, and mortal-
ity [ 27 ], many alternative treatment modalities have been 
investigated, including nonsurgical remedies such as prone 
positioning or nasopharyngeal airways (NPA) as well as sur-
gical interventions such as tongue-lip adhesion (TLA) and 
mandibular distraction osteogenesis (MDO). No matter what 
treatment is planned in order to address the airway obstruc-
tion in Pierre Robin sequence, nutritional supplementation 
with oral, nasogastric, or gastrostomy feeding is essential to 
maximize growth and development. 

 The fi rst-line therapy for patients with Pierre Robin 
sequence is conservative airway management including sup-
plemental oxygen and positioning. Prone positioning of the 
patient allows the mandible and tongue to fall forward and 
out of the posterior pharynx, serving to minimize the obstruc-
tion caused by the tongue base. Positioning, however, 
requires constant vigilance and may make already tenuous 
feeding more diffi cult. It also places considerable stress on 
family and caregivers. Additionally, a nasopharyngeal  airway 
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  Fig. 3    (a)17 channel polysomnogram used to evaluate for occult obstructive apnea often seen in tongue based obstruction in neonates with microgna-
thia. (b) A closer view of the 17 channel extensive polysomnogram showing obstructive apnea in a more magnifi ed view of airfl ow disruption with 
resultant desaturation in an infant with micrognathia. (Courtesy of Christopher Cielo, Pulmonary Medicine, The Children’s Hospital of Philadelphia)         

(NPA) can be fashioned from a small endotracheal tube and 
placed at the bedside without anesthesia. The NPA must be 
long enough to extend beyond the obstructing tongue base so 
that it can help push the retropositioned tongue out of poste-
rior pharynx and relieve any obstruction [ 28 ,  29 ]. A fi nal 
avenue for conservative treatment is prolonged intubation, a 
period of several weeks, in order to allow for improved 

 airway tone and mandibular growth. Taken together, the 
 success of these conservative measures has been reported to 
be between 50 and 85 % of patients [ 30 – 32 ]. 

 Surgical intervention should be considered for persistent 
or severe airway obstruction that has failed or is not amena-
ble to conservative treatment alone. The three main options 
for surgical airway correction include tongue-lip adhesion 
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(TLA), mandibular distraction osteogenesis (MDO), and 
tracheostomy. 

 Tongue-lip adhesion has been utilized for the treatment of 
airway obstruction associated with micrognathia for close to 
six decades [ 33 ]. Although variations of the procedure exist, 
in its simplest form, TLA approximates the muscularis pro-
prious of the tongue and ventral mucosa to the mentalis mus-
cle and labial mucosa. Variations include placing a permanent 
circum-mandibular retention suture through the body of the 
tongue itself. All iterations of the procedure serve to bring 
the tongue into a more anterior position in the mouth, pre-
venting glossoptosis. This adhesion is left in place during the 
fi rst 6–12 months of life to allow for mandibular and airway 
growth prior to its surgical reversal. Several centers have 
published on their experience using TLA as a fi rst-line surgi-
cal treatment for patients who fail conservative management 
[ 17 ,  34 – 36 ]. They cite success rates ranging from 73 to 90 % 
while complications range from 10 to 55 %. Historically, 

TLA has been the most utilized surgical procedure to avoid 
tracheostomy in patients with PRS. 

 The introduction of mandibular distraction osteogenesis 
(MDO) to the surgical armamentarium for the treatment of 
Pierre Robin sequence over a decade ago has increased the 
treatment options for these complicated patients [ 37 ]. 
Although it has been over two decades since McCarthy et al. 
applied the principles of distraction osteogenesis to the 
mandible, {Mccarthy 1992} MDO has only recently devel-
oped traction as an effective and easily applied technique. 
Indeed, MDO remains the only currently available treatment 
modality that directly addresses micrognathia in patients 
with PRS. 

 In the procedure, the mandible is accessed bilaterally 
either through intraoral or submandibular incisions and man-
dibular osteotomies are made through the mandibular body. 
Internal or external distraction devices are then applied. 
After a short latency period, the devices are activated, slowly 

  Fig. 4    ( a – d ) Pre- and 
postoperative photographs of 
patient undergoing mandibular 
distraction osteogenesis through 
a submandibular approach       
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separating the mandibular segments at a rate of 1 mm/day. 
Once the desired advancement has been achieved, the devices 
are left in position for 6–8 weeks until the new space has re- 
ossifi ed at which time the devices are removed. 

 Since its fi rst description in 2002, only a handful of stud-
ies have been published with rigorous outcomes metrics 
assessing the effi cacy of MDO. In two such retrospective 
studies, the authors report on a total of 57 patients with 
TBAO. {Hammoudeh 2012} (Goldstein, et al. PRS submit-
ted 2013) Both studies demonstrate the improvement in 
 airway parameters as measured by PSG after surgery while 
failure of MDO ranged from 3 to 14 % and surgical compli-
cations ranged from 14 to 28 %. 

 Although successful and safe, MDO is not without risks. 
Injury to the inferior alveolar nerve as well as developing 
tooth buds may theoretically occur, but long-term analyses 
are lacking to adequately assess such risks. Both techniques 
are associated with scaring, however, with the submandibu-
lar approach, such scars are generally acceptable and well 
hidden (Fig.  4  a–d). Additionally, there are currently no 
long-term data indicating the effect of MDO on mandibular 
growth, although growth restriction may be diffi cult to 
 distinguish from that inherent to PRS itself.

      Multidisciplinary Considerations 

 As mentioned previously, the assessment, diagnosis, and 
management of patients with Pierre Robin sequence requires 
signifi cant input from a multitude of specialists. These 
infants, therefore, should be evaluated in a team setting to 
assess the anatomic and genetic fi ndings, determine the 
cause of airway obstruction, educate caregivers on conserva-
tive measures including positioning and feeding protocols, 
and establish a course of treatment which minimizes obstruc-
tive events and burden to patient and family alike [ 6 ,  38 ]. 
Such a multidisciplinary team should consist of specialists 
from craniofacial and plastic and reconstructive surgery, 
pediatric/neonatal intensive care, pediatric otolaryngology, 
pulmonology, anesthesia, nursing, speech pathology, and 
genetics [ 30 ].  

   Future Considerations 

 Our understanding of Pierre Robin sequence is rapidly evolv-
ing due to improved diagnosis and treatment modalities. 
A better grasp of nonsurgical and surgical approaches to 
management has been achieved by an improved ability to 
characterize disease severity and accompanying disorders in 
these patients. As we continue to better stratify patients into 
more meaningful risk groups, and long-term prospective 

studies are performed, a cohesive treatment algorithm will 
begin to emerge which may help reduce the burden of care 
for patients, number of procedures, and time to adequate 
treatment in this challenging patient population.     
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           Etiology 

 The precise etiology of the decreased laryngeal tone 
resulting in prolapse of the supraglottic tissues into the 
airway causing obstruction seen in laryngomalacia is 
unknown and continues to be an area of research. Theories 
of etiology include anatomic, cartilaginous, and neurologic 
origins. The anatomic theory suggests that the native laryn-
geal tissues are abnormal. The classic fi ndings of shortened 
aryepiglottic folds, an omega-shaped or retrofl exed epiglottis, 
and redundant arytenoid tissues seen in laryngomalacia 
(Figs.  1  and  2 ) may also present in infants without symptoms 
of laryngomalacia. Moreover, not all patients with laryngo-
malacia have these “abnormal” fi ndings, challenging the 
validity of this theory.

    The cartilaginous theory proposes that the cartilages of 
the infantile larynx are immature and have increased pliability. 
This theory has been refuted by histopathologic studies 
showing normal cartilage microanatomy in infants with 
severe laryngomalacia [ 1 ]. 

 Published studies best support the neurologic theory of 
laryngomalacia which theorizes that neurosensorimotor 
dysfunction leads to decreased neuromuscular tone and 
coordination of the laryngeal structures leading to loss of 
laryngeal tone. An inference of a neurologic cause can be 
deduced from other conditions that affect the central nervous 
system leading to laryngomalacia or laryngomalacia-like 
clinical fi ndings and symptoms. For example, central nervous 

system sedation can cause supraglottic obstruction in infants 
without laryngomalacia [ 2 ]. Moreover, late onset or acquired 
laryngomalacia has been seen to occur in children and adults 
who suffer a central nervous system insult such as a stroke, 
hypoxic brain injury, seizure, or trauma. Compression of the 
brainstem, like that of a Chiari malformation, has resulted in 
laryngomalacia with disease resolution following neurosur-
gical decompression [ 3 ]. It also is interesting to note that up 
to 20 % of infants with laryngomalacia have an associated 
neurologic abnormality [ 1 ,  3 ,  4 ].  

   Pathogenesis 

 Laryngeal tone and function is coordinated and modulated 
by a vagal nerve pathway called the laryngeal adductor refl ex 
(LAR). Sensory information is gathered by superior laryn-
geal nerve fi bers located in the aryepiglottic fold. Afferent 
signals pass through the nodose ganglion and are trans-
mitted to the brainstem to synapses in the nucleus solitarius 
and nucleus ambiguous. These nuclei regulate breathing and 
swallowing. The efferent pathway is activated with signals 
propagating via the vagus nerve to the laryngeal muscles. 
In normal conditions, an involuntary motor response results 
in glottic closure and inhibition of respiration and swallow-
ing, protecting the airway from the perceived laryngeal stim-
ulus. This refl ex also modulates baseline laryngeal tone. 
Abnormal sensorimotor integration of the LAR anywhere 
along the pathway results in decreased laryngeal tone, choking, 
aspiration, apnea, swallowing diffi culty, and inability to clear 
secretions [ 1 ], all of which are within the spectrum of symp-
toms and clinical examination fi ndings that may be seen in 
infants with laryngomalacia. 

 Laryngopharyngeal sensory testing in infants with laryn-
gomalacia has demonstrated that the sensory stimulus 
threshold needed to begin the laryngeal adductor refl ex is 
elevated in those with moderate and severe laryngomalacia. 
This fi nding suggests that peripheral afferent function and/or 
brainstem function are altered and lead to decreased laryngeal 
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tone in patients with laryngomalacia. This theory is further 
supported by the fi nding of submucosal nerve hypertrophy 
in histological specimens of the supraarytenoid tissue in 
infants with severe laryngomalacia. It is unclear, however, if 
the noted nerve hypertrophy is the primary pathology or if it 
occurs secondary to infl ammation from gastroesophageal 
refl ux disease [ 4 ]. 

 Alteration of brainstem responses may also contribute to 
the pathogenesis of laryngomalacia as they are often altered 
by states of hypoxia and hypercarbia, both of which may be 
seen in affected infants. The effect of brainstem modulation 
is further supported by case reports demonstrating reversal 
of laryngomalacia symptoms and fi ndings after surgical 
decompression of the brainstem due to Chiari malformation 

or correction of a vertebral anomaly causing compression of 
the brainstem [ 3 ]. 

 Gastroesophageal refl ux likely plays an important role in 
the dysfunction of this neurological pathway by altering 
laryngeal sensation and causing tissue edema. Chronic acid 
exposure on the chemo- and mechanoreceptors of the larynx 
results in a functional denervation of the afferent response 
of the LAR. With decreased sensation the infant has diffi -
culty handling secretions and initiating a swallow. Acid 
exposure also causes tissue edema, which can further exac-
erbate inspiratory prolapse of the supraglottic structures 
into the airway. Obstruction during inspiration can in turn 
increase negative intrathoracic pressure promoting further 
refl ux and creating a vicious cycle. Until the airway obstruc-
tion/ refl ux cycle is broken, the infant will continue to have 
symptoms.  

   Epidemiology 

 Laryngomalacia is the most common congenital laryngeal 
anomaly, and is implicated in 45–75 % of infants with 
stridor. The exact demographic data of laryngomalacia is 
not known. There is a reported male predominance of an 
average 1.6:1 male to female ratio [ 1 ,  5 – 10 ]. The clinical 
signifi cance of this is unknown. No racial differences have 
been reported, but the majority of published literature has 
reported on Caucasian infants [ 11 ]. 

 Congenital laryngomalacia can occur in newborns of any 
gestational age. The condition is seen in premature infants 
but has not been shown to have an increased incidence in this 
population. There may be a trend toward an association of 

  Fig. 1    Fiberoptic fl exibible 
laryngoscopy with endoscopic 
evaluation of swallowing in a 
2-month infant with 
laryngomalacia. Typical anatomic 
features including shortened 
aryepiglottic folds, bilateral 
supraarytenoid prolapse, 
posterior glottic edema, and 
posterior pharyngeal wall 
cobblestoning effect. Laryngeal 
penetration of formula seen over 
the aryepiglottic fold       

  Fig. 2    Two-month child with severe laryngomalacia requiring supra-
glottoplasty. Typical features including omega-shaped epiglottis, short 
aryepiglottic folds, and arytenoid prolapse are seen       
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prematurity and severity of disease, but larger populations 
with documented gestational age data are lacking [ 1 ,  12 ]. 
When comparing the specifi c sites of supraglottic collapse, 
preterm infants were found to have more of the classic 
features of laryngomalacia compared to term infants [ 13 ].  

   Clinical Presentation 

 Laryngomalacia is characterized by inspiratory stridor 
secondary to supraglottic tissue prolapse. The disease typi-
cally presents with stridor within 2 weeks of birth. The 
symptoms gradually increase until a peak is reached at 6–8 
months of age. The majority of cases are self-limited and 
resolve by 18–24 months of age, but up to 20 % of infants 
will have signifi cant airway obstruction and/or feeding issues 
requiring medical and surgical treatment [ 1 ,  14 ,  15 ]. 

 Stridor is the primary symptom of laryngomalacia. On 
inspiration a high pitched, fl uttering stridor is heard as the 
supraglottic tissues collapse over the glottis and vibrate 
against each other. Laryngomalacia increases with crying, 
agitation, and feeding due to the increase of negative intra-
thoracic airway pressures during these times. Supine posi-
tioning increases symptoms secondary to the posterior 
displacement of the base of tongue and laryngeal structures. 

 Feeding diffi culties including regurgitation, emesis, 
cough, choking, and slow feeding are the most common 
associated symptoms of the disease. Airway obstruction 
interferes with the infant’s ability to coordinate the suck-
swallow- breathe sequence needed for feeding. Weight loss 
and failure to thrive can occur when there is a high metabolic 
demand of feeding and breathing against an obstruction. 

 In severe disease, infants may also present with supra-
sternal and subcostal retractions, tachypnea, apneic pauses, 
cyanosis, pectrus excavatum, pulmonary hypertension, and 
cor pulmonale. 

   Disease Spectrum 

 Laryngomalacia is a spectrum categorized into mild, moder-
ate, and severe forms. Upon presentation to a health care 
provider, 40 % of infants have mild, 40 % moderate, and 
20 % have severe disease [ 15 ]. 

 Infants with mild disease have stridor without respiratory 
compromise and occasional cough, choking, and regurgita-
tion with feeding. Despite this, these infants have normal 
coordination of the suck-swallow-breathe sequence and have 
an average resting oxygen saturation of 98–100 % [ 15 ]. 
The majority (70 %) of infants with mild disease have an 
uncomplicated course and resolution but 30 % will have 
worsening of feeding associated symptoms and progression 
to moderate laryngomalacia [ 15 ]. 

 Forty percent of infants present with moderate laryngo-
malacia, which is characterized by stridor and frequent feeding-
associated symptoms. Coughing, choking, regurgitation, 
fussiness, and cyanosis frequently occur during feeds 
(Fig.  1 ). Aspiration and weight loss may ensue if feeding 
modifi cations and acid refl ux therapies are not initiated. 
Infants with moderate laryngomalacia are not hypoxic, but 
they may have a lower resting SAO 2  (96 %) [ 1 ,  15 ]. Even 
with feeding modifi cations and acid suppression, 28 % 
develop severe disease [ 15 ]. 

 Those with severe disease have stridor along with associ-
ated symptoms of recurrent cyanosis, apneic pauses, supra-
sternal and subcostal retractions, aspiration, and failure to 
thrive. These infants also have a lower resting SAO 2  of 
88–92 %. If not appropriately managed these infants may 
develop pectus excavatum, pulmonary hypertension and/or 
cor pulmonale. Up to 30 % of infants will have severe laryn-
gomalacia with an additional medical comorbidity such as 
neurologic disease, congenital heart disease. or a genetic or 
syndromic condition.   

   Diagnosis 

 Diagnosis of laryngomalacia is primarily made by history 
and confi rmed by an awake fl exible nasopharyngoscopy. 
Caregivers often give a classic history of high pitched inspi-
ratory stridor beginning within weeks of birth. The stridor is 
exacerbated with crying, agitation, supine positioning, and 
feeding. It is important to ask about feeding symptoms 
including cough, choking, regurgitation, and slow/fussy 
feeds. History of suprasternal and/or subcostal retractions, 
cyanosis, apnea, aspiration, and failure to thrive are worri-
some and indicate severe disease. Cardiac, pulmonary, 
neurologic, gastrointestinal disease and the presence of a 
genetic disorder or syndrome history are important to note 
for treatment planning and prognostication. 

 The infant’s birth, intubation, and surgical history are 
important in determining congenital versus acquired causes 
of stridor. The differential diagnosis of congenital stridor in 
an infant includes subglottic stenosis, vocal cord paralysis, 
tracheomalacia, and tracheal stenosis. Conditions that cause 
inspiratory stridor in infants and can mimic laryngomalacia 
include unilateral vocal fold paralysis, vallecular cyst, or a 
saccular cyst of the larynx. These entities can be differenti-
ated by fl exible laryngoscopy. In contrast to the inspiratory 
stridor of laryngomalacia, infants with bilateral vocal fold 
paralysis or subglottic stenosis have biphasic stridor with 
both inspiratory and expiratory components. The stridor of 
tracheomalacia and tracheal stenosis has a characteristic 
expiratory phase. 

 As noted above, confi rmation of laryngomalacia is made 
by an awake fl exible nasopharyngoscopy (Fig.  1 ). The infant 
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is gently retrained on the caregivers lap in an upright or 
semi- reclined position. Sedation is not necessary, and may 
lead to false positive fi ndings due to the resultant decrease in 
neuromuscular tone. A fl exible scope is passed and the naso-
pharyngeal, oropharyngeal, hypopharyngeal, and laryngeal 
structures are inspected. 

 During the procedure, arytenoid mucosa and cartilage 
prolapse, shortened aryepiglottic folds and an omega or 
tubular epiglottis may be visualized. A retrofl exed epiglottis 
with posterior pharyngeal contact can also be seen in more 
severe cases. One must visualize dynamic collapse of the 
supraglottic structures on inspiration and obtain a consistent 
history to diagnosis laryngomalacia. The presence of an 
omega-shaped epiglottis is not pathognomonic for laryngo-
malacia as up to 50 % of normal infants have this shape to 
the epiglottis [ 16 ]. Inspiratory stridor is heard during a posi-
tive exam. In severe disease the infant may also exhibit 
retractions and/or brief cyanosis. 

 The larynx may prolapse at one or multiple supraglottic 
locations. Multiple anatomic classifi cation systems have 
been described based on the supraglottic location and direc-
tion of collapse [ 13 ,  17 – 19 ]. When redundant arytenoid 
mucosa and accessory cartilages prolapse, this is recognized 
as posterior prolapse. Foreshortened aryepiglottic folds 
obstruct the airway in the lateral plane, and anterior collapse 
occurs with posterior displace of the epiglottis. The pattern 
of collapse may help to guide surgical treatment. 

 After confi rmation of the diagnosis, other adjuvant stud-
ies may be indicated depending on symptomatology and 
severity of disease. Videofl uoroscopic swallow study or 
functional endoscopic evaluation of swallow (FEES) can be 
used to assess feeding symptoms and aspiration. In infants 
with known chronic aspiration, a chest X-ray should be 
obtained to determine the amount of pulmonary injury pres-
ent. Concomitant gastroesophageal disease such as malrota-
tion or pyloric stenosis should be ruled out with an 
esophagram in those with severe recurrent emesis. 

   Secondary Airway Lesions 

 Infants with laryngomalacia have a 7.5–64 % chance of 
having a secondary or synchronous airway lesion [ 20 – 24 ]. 
The wide range of incidence is likely due to the technique 
used to identify a secondary lesion and indication for 
screening. The most frequently identified lesions are 
tracheomalacia, subglottic stenosis, and vocal cord paralysis. 
The incidence of secondary lesions increases in congenital 
syndromic disorders such a Down syndrome. 

 Secondary lesions are associated with increased laryngo-
malacia severity and progression of disease which leads to a 
higher likelihood of requiring a surgical intervention. 
Secondary lesions add an additional level of obstruction 

thereby changing airfl ow dynamics. Increased resistance 
in the distal airway can exacerbate the degree of obstruction 
to the glottic level by means of the Venturi principle. 

 Secondary anomalies can also potentiate gastroesopha-
geal refl ux disease [ 14 ,  15 ,  21 ,  22 ]. Infants with mild to 
moderate disease that have a secondary lesion are 4.8 times 
more likely to need a surgical intervention [ 21 ]. Eliminating 
supraglottic obstruction with a supraglottoplasty allows the 
airfl ow at the secondary lesion to be more favorable. By 
performing a supraglottoplasty, the clinical signifi cance of 
secondary lesions may decrease and eliminate the need for 
surgical treatment. 

 As lesions distal to the vocal folds are diffi cult to accu-
rately diagnosis by fl exible laryngoscopy alone, further 
studies may be indicated in certain infants. High-kilovoltage 
airway radiographs can be used in screening for a fi xed 
obstruction such as subglottic stenosis; whereas, airway fl uo-
roscopy are appropriate if there is a suspicion of dynamic 
tracheomalacia. Although awake fl exible laryngoscopy with 
tracheoscopy in the offi ce has been described in the litera-
ture, we do not routinely advocate this technique in infants 
[ 25 ]. The gold standard of secondary lesion diagnosis is rigid 
laryngoscopy and bronchoscopy. This evaluation can be 
used in conjunction to a planned supraglottoplasty or 
performed before a supraglottoplasty if the diagnosis is in 
question.   

   Management 

 Most infants with laryngomalacia have mild to moderate 
symptoms (80–90 %) and do not require surgical interven-
tion [ 1 ,  14 ,  26 ]. Infants with mild disease can be expec-
tantly managed by their pediatricians, and parents should 
be reassured. 

 Treatment should be initiated for those with frequent 
feeding symptoms. Feeding modifi cations and acid suppres-
sion therapy are the primary means of treatment. Strategies 
to improve feeding symptoms include pacing with frequent 
burping, texture modifi cation by thickening formula/breast 
milk, and upright positioning for feeding. Bottle feeding is 
sometimes preferred over breast feeding because the amount 
of milk released is more controlled. 

 Acid suppression treatment often decreases the feeding 
symptoms and may shorten the natural course of the 
disease [ 1 ]. Gastroesophageal refl ux treatment decreases 
supraglottic edema and the resultant increase in upper 
airway obstruction. The dose and duration of therapy has 
not been studied prospectively. Treatments regimens that 
have been proposed are proton pump inhibitor therapy, H2 
receptor antagonist therapy, and combination of the two. 
An average of 9 months of acid suppression therapy is 
typically given. The response to medical therapy can be 
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assessed by history and repeat physical exam. Up to 72 % 
of infants with moderate disease will have resolution of 
their symptoms within 12 months of using these manage-
ment strategies [ 1 ,  15 ]. 

 Those with severe laryngomalacia or worsening of mod-
erate disease warrant surgical intervention [ 1 ,  14 ]. Surgical 
management is indicated in those who present with recurrent 
cyanosis, apneic pauses, severe suprasternal and subcostal 
retractions, aspiration, failure to thrive, pectus excavatum, 
pulmonary hypertension, and/or cor pulmonale. Infants who 
have worsening of their disease severity over time despite 
feeding modifi cations and acid suppression therapy are also 
candidates for surgical management. The primary operation 
use to manage laryngomalacia is a supraglottoplasty. 
Tracheostomy can be performed to defi nitively bypass the 
obstruction, but is reserved for those that have failed supra-
glottoplasty or have multiple other medical comorbidities 
that necessitate tracheostomy placement. 

 Multiple tools can be used to perform a supraglotto-
plasty, but the basic surgical principles remain the same 
regardless of instruments used. Briefl y, the child is placed 
under mask ventilation with inhalational anesthetics. The 
otolaryngology and anesthesia team should be prepared for 
worsening obstruction during sedation. The airway should 
be fully evaluated for a secondary airway lesion with rigid 
laryngoscopy and bronchoscopy. The larynx is then visual-
ized using a laryngoscope and laryngeal suspension sys-
tem. The Benjamin-Lindholm or Parson’s laryngoscopes 
are preferred by the authors as they give a wide view of the 
supraglottic structures. Insuffl ation of anesthetic gases and 
oxygen can be given via the side port of most laryngo-
scopes. The operative microscope is then brought into the 
fi eld to allow for bimanual instrumentation and magnifi ca-
tion during the procedure. 

 The aryepiglottic fold is incised at the base of the epi-
glottic cartilage. Prolapsed supraarytenoid mucosa is then 
removed bilaterally with a wedge resection. A cuff of mucosa 
should be maintained between the aryepiglottic fold incision 
and the arytenoid resection. Corniculate and cuneiform 
cartilages can also be removed with the wedge of supraary-
tenoid mucosa. Care must be taken to preserve the intra-
arytenoid tissue and not violate the pharyngoepiglottic fold. 
In cases of shortened aryepiglottic folds and redundant 
arytenoid tissue, these procedures should result in a widened 
supraglottic airway. 

 These surgical maneuvers can be performed with cold 
steel microlaryngeal instruments or CO 2  laser depending on 
surgeon preference. Statically there is no difference between 
the outcomes of cold steel or CO 2  laser. CO 2  laser may give 
the surgeon better precision and hemostasis, but hemostasis 
does not tend to be signifi cant risk during cold steel supra-
glottoplasty [ 14 ,  27 ,  28 ]. The risk of using the CO 2  laser 
includes airway fi re, thermal injury, and theoretical risk of 

damage to the neural receptors of the supraglottic tissues 
which may lead to decreased laryngeal sensation. 

 Postoperative airway control depends on the age of the 
child, severity of disease, and extent of surgery performed. 
The patient may be extubated on the operating room table 
or remain intubated for a period of observation with planned 
extubation the following day. In infants younger than 1 year 
of age, overnight intubation with administration of a steroid 
dose before extubation is the recommended preference of 
the authors. Other experienced pediatric otolaryngologists 
extubate at the time of the procedure when safe, regardless 
of age. Racemic epinephrine may also be required at 
extubation. 

 When patients are tolerating room air and eating appro-
priately, they can be discharged to home. The authors recom-
mend follow-up in appropriately 2 weeks. At that time, an 
assessment of weight gain and airway symptoms is impor-
tant. A fl exible laryngoscopy may be considered to assess 
surgical results and to assure the site is healing without gran-
ulation tissue. Postoperatively patients are continued on 
acid suppression medications for a minimum of 1 month. 
As symptoms and edema improve the refl ux medications can 
be weaned. Functional endoscopic swallow evaluation and 
videofl uoroscopy swallow studies are indicated for continued 
feeding diffi culties or aspiration following surgery. 

 Complications following supraglottoplasty are rare; an 
8 % complication rate is quoted in the literature [ 29 ]. Possible 
surgical site issues involve the development of granulation 
tissue, abnormal mucosal healing with webbing, bleeding, 
and infection. Supraglottic stenosis is a possible compli-
cation of supraglottoplasty which is difficult to manage. 
It reportedly occurs in 4 % of patients and is thought to be 
related to violation of the intra-arytenoid area or pharyngeo-
epiglottic fold [ 29 ]. Systemic events that may complicate the 
procedure include aspiration, bronchiectasis, bronchiolitis, 
and pneumonia. 

 The success rate of supraglottoplasty is as high, and up to 
94 % of infants have resolution of their symptoms [ 14 ]. 
Revision may be required in 19–45 % of infants. Infants with 
neurologic disease, cardiac disease, congenital syndromes, 
and secondary airway lesion are more likely to need revision 
supraglottoplasty and possible tracheostomy. These specifi c 
considerations are discussed later in this chapter [ 1 ].  

   Multidisciplinary Considerations 

   Gastrointestinal Disease 

 Gastroesophageal refl ux is noted in 65–100 % of infants who 
have laryngomalacia [ 1 ,  12 ,  15 ]. Infants with moderate and 
severe disease should be started on empiric refl ux therapy 
with a proton pump inhibitor, H2 receptor antagonist, or a 
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combination of the two therapies. Feeding modifi cations to 
reduce refl ux such as upright positioning and frequent 
burping are recommended. When these measures are not 
effective, gastroenterology consultation should be sought. 
In severe cases, pediatric surgery may consider fundoplica-
tion for those with continued refractory symptoms despite 
supraglottoplasty and maximum dose of acid suppression 
therapy [ 14 ].  

   Neurologic Disease 

 Neurologic disease is present in 20–45 % infants with laryn-
gomalacia and when present may benefi t from neurologic 
consultation [ 15 ]. Common neurologic comorbidities 
include hypotonia, developmental delay, cerebral palsy, 
mental retardation, microcephaly, and Chiari malformation. 
The association of neurologic disorders and laryngomalacia 
is not fully understood but is likely due to decrease of vagal- 
mediated laryngeal tone at the level of the brainstem. Infants 
with neurologic disease have increased severity of disease 
and a higher rate of surgical intervention. Revision supra-
glottoplasty is required in up to 70 % and tracheostomy in 
60 % of those with neurologic comorbidities [ 30 ]. Those 
with persistent aspiration and severe symptoms after supra-
glottplasty should undergo MRI of the head to evaluate for 
brainstem or other CNS disease contributing to etiology.  

   Cardiac Disease 

 Congenital cardiac disease can be seen in up to 10 % of those 
with laryngomalacia and may exacerbate cyanosis, apnea, 
and respiratory distress when present [ 1 ,  15 ,  31 ]. Coordination 
of care with the patient’s cardiologist and cardiac anesthesi-
ologist may be necessary. Up to 34 % of infants with coex-
isting severe laryngomalacia and cardiac disease may require 
surgical treatment [ 1 ,  32 ]. Supraglottoplasty failure and sub-
sequent tracheostomy is higher in this group of patients.  

   Congenital Anomalies/Syndromes/Genetic 
Disorders 

 Congenital anomalies and genetic disorders occur in 8–20 % 
of those with laryngomalacia [ 17 ,  31 ]. Down syndrome is 
the most commonly reportedly genetic disorder associated 
with the disease with 50 % of Down syndrome infants with 
respiratory symptoms having laryngomalacia [ 33 ,  34 ]. 
CHARGE association (coloboma, heart defect, chonal atre-
sia, retardation, genital and ear abnormalities) and Pierre 
Robin sequence have also been associated with laryngoma-
lacia. These syndromes are manifest with micrognathia 

which worsens laryngomalacia due to tongue base collapse 
into the hypopharynx. A supraglottoplasty in the setting of 
micrognathia is usually unsuccessful. Tracheostomy may be 
needed in these infants until their mandible grows or an 
advancement procedure is performed. Variants of 22q11.2 
microdeletion syndrome are known to have upper airway 
obstruction which can be managed with a supraglottoplasty 
[ 3 ,  34 ,  35 ]. Cervical vertebral anomalies are common in this 
patient population and compression of the brainstem should 
be investigated as a possible cause of laryngomalacia.   

   Future Directions 

 Although laryngomalacia is a common anomaly, the exact 
neurologic etiology is still unknown. Research continues to 
focus on the role of the central nervous system, the periph-
eral nervous system, and the coordination of the two sys-
tems. The relationship between gastroesophageal refl ux 
disease and laryngomalacia has been well proven, but stan-
dardized medical therapy and length of treatment has yet to 
be studied prospectively. Ongoing research to classify and 
describe the nature and anatomic pattern of collapse may 
better categorize patients by severity of disease. In the future, 
supraglottoplasty may be tailored to the type of collapse.     
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         Subglottic stenosis is classifi ed as congenital or acquired 
based on a history of prior airway instrumentation. Milder 
cases can often be managed with medical support and endo-
scopic procedures, while patients with more pronounced nar-
rowing may require open surgical repair. The most severe 
form of stenosis—laryngeal atresia—requires immediate 
recognition and management in the delivery room. Patients 
with subglottic stenosis can benefi t from multidisciplinary 
evaluation and management coincident pathology in the 
upper aerodigestive tract. 

   Acquired Subglottic Stenosis 

   Epidemiology 

 The advent of neonatal resuscitation and ventilation in the 
late 1950s and 1960s lead to the emergence of acquired sub-
glottic stenosis (SGS) as a disease entity in infants and small 
children. Reported incidence rates have ranged from 0.0 to 
8.3 %, with declining incidence over the past several decades 
[ 1 ]. A 2001 review by Walner et al. concluded that less than 
2 % of babies admitted to neonatal intensive care units 
(NICUs) develop SGS, and there is general agreement that 
this number drops to <1 % when very low birth weight 
infants are excluded [ 1 ]. A small number of children—on the 
order of 0.005 %—fail medical and endoscopic therapies 
and go on to require open surgical intervention to address 
their SGS [ 2 ].  

   Pathogenesis 

 Acquired subglottic stenosis is thought to represent the end 
result of cartilaginous remodeling in the airway due to under-
lying infection and chondritis. The process begins with a 
breach of the mucosal barrier caused by trauma or pressure 
from long-standing endotracheal intubation. Bacteria seed 
the underlying cartilage resulting in chronic chondritis. This 
leads to remodeling and distortion of the subglottic airway, 
as well as interarytenoid scarring (Fig.  1 ) [ 3 ,  4 ]. Autopsy 
studies have found infl ammatory infi ltrates in the tracheal 
perichondrium after as little as 24 h of  intubation [ 5 ].

   Since not all intubated neonates develop SGS, theorized risk 
factors for subsequent scarring include long-term i ntubation, 
traumatic intubation, excessive tube movement, intubation 
with an inappropriately large tube, multiple intubations, and 
systemic factors such as refl ux and sepsis. However, the rela-
tive risk attributable to each of these  factors has never been 
proven in a large, multicenter study. A 1996 review by da Silva 
found prematurity to be the only factor consistently associated 
with development of subglottic stenosis, while Manica et al. 
found length of intubation and need for rescue doses of seda-
tion to be associated with development of SGS [ 6 ,  7 ].  

   Clinical Presentation 

 In the neonatal period, less severe forms of SGS may mani-
fest as intermittent stridor or rapid fatigue with feeding. 
Infants under 6 months of age diagnosed with “croup,” or 
children under 1 year of age who have been diagnosed with 
multiple episodes of croup should arouse suspicion for 
underlying structural narrowing of the airway. 

 Among premature and critically ill children, SGS often 
presents as failure to wean from ventilatory support once 
associated pulmonary pathology has been effectively man-
aged. Inability to intubate an infant with an age-appropriate 
endotracheal tube may also be the fi rst sign of subglottic 
narrowing.  

      Neonatal Subglottic Stenosis 

           Kara     K.     Prickett       and     Ian     N.     Jacobs     

        K.  K.   Prickett ,  M.D.    
  Division of Otolaryngology ,  The Children’s Hospital 
of Philadelphia ,   Philadelphia ,  PA ,  USA   
 e-mail: kara.prickett@emory.edu  

        I.  N.   Jacobs ,  M.D.    (*)
  Division of Otolaryngology, The Children’s Hospital of 
Philadelphia ,  Department of Otorhinolaryngology—Head and 
Neck Surgery, University of Pennsylvania ,   Perelman School 
of Medicine, Philadelphia ,  PA ,  USA   
 e-mail: jacobsi@email.chop.edu  

mailto: kara.prickett@emory.edu
mailto: jacobsi@email.chop.edu


60

   Diagnosis and Management 

 Initial evaluation of patients suspected of having SGS begins 
with a detailed history of birth, growth, development, and 
comorbid conditions. Patterns of exacerbation of stridor or 
respiratory effort should be noted. A detailed, but directed 
physical exam should assess the infant for signs of increased 
respiratory effort. The respiratory cycle creates alternating 
compressing and dilating forces on the intrathoracic and extra-
thoracic airways, and therefore the phase of respiration during 
which stridor is heard can help to localize the site of narrow-
ing. Generally, supraglottic or glottic narrowing leads to inspi-
ratory stridor, while tracheal and bronchial pathology cause 
expiratory stridor. SGS often presents with biphasic stridor. 

 Bedside fl exible laryngoscopy can provide useful infor-
mation about vocal fold mobility and supraglottic pathology 
in extubated patients, and may allow for limited examination 

of the subglottis. Simple neck X-rays can also detect SGS, 
and are often used to diagnose the acute subglottic narrowing 
seen in croup. Airway fl uoroscopy provides a dynamic 
assessment of the larger airways and can aid in the diagnosis 
of tracheobronchomalacia or vascular compression. 

 The gold standard for diagnosing SGS is rigid microlar-
yngoscopy and bronchoscopy (MLB). Assessment during 
spontaneous ventilation is preferred so that laryngotracheal 
dynamics may also be observed. The Cotton-Myer grading 
system (Fig.  2 ) is the most widely used classifi cation scheme 
for SGS, and is easily adapted to standard endotracheal tube 
sizes [ 8 ]. “Sizing” of the subglottic airway is typically done 
with uncuffed endotracheal tubes under endoscopic visual-
ization. The patient is intubated with serially larger tubes and 
assessed for an air leak around the tube at normal ventilatory 
pressures (10–25 cm H 2 O). The outer diameter of the largest 
tube that permits a leak at appropriate pressures is consid-
ered to be the size of the airway. If a smaller-than- age- 
appropriate tube is needed, simple calculation can determine 
the percent of luminal obstruction.

     Medical Management 
 Children with grade I SGS can often be managed conserva-
tively with observation as long as the child is able to grow and 
effectively participate in normal daily activities. Intermittent 
medical treatment with inhaled or systemic steroids with or 
without racemic epinephrine may be required during periods 
of infl ammatory upper airway obstruction. A strong working 
relationship between the caregivers and patient is essential, 
and open lines of communication must be in place so that 
small setbacks during periods of illness do not spiral into the 
need for intubation. These children often benefi t from thor-
ough aerodigestive evaluation to ensure that all potentially 
contributing factors are appropriately managed. 

 Although there continues to be debate in the literature 
 surrounding the signifi cance of acid refl ux management in 
SGS, animal studies have shown that acid application to the 
injured subglottis causes fi brosis and scar proliferation, and 
adult studies have shown that idiopathic SGS refractory dila-
tion may resolve with appropriate refl ux management [ 9 – 11 ].  

  Fig. 1    Multi-level acquired subglottic stenosis in a 4-month-old child 
intubated during infection with respiratory syncytial virus       

Percent airway obstruction based on endotracheal tube size
Age ETT 2 2.5 3 3.5 4 4.5 5 5.5

Pre-term 40%
Pre-term 58% 30% No obstruction
0-3mo. 68% 48% 26%
3-9mo. 75% 59% 41% 22%

9mo-2yr 80% 67% 53% 38% 20%
2yr 84% 74% 62% 50% 35% 19%
4yr 86% 78% 68% 57% 45% 32% 17%
6yr 98% 81% 73% 64% 54% 43% 30% 16%

Grade Grade Grade
II

Grade
IV III I

No 
detectable 

lumen
  Fig. 2    Redrawn with 
modifi cation from: Myer CM 
3rd, O’Connor DM, Cotton 
RT. Proposed grading system 
for subglottic stenosis based on 
endotracheal tube sizes. Ann 
Otol Rhinol Laryngol. 1994 
Apr;103(4 Pt 1):319–23       
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   Endoscopic Balloon Dilation 
 Dilation has been a long-standing therapeutic option for 
 subglottic stenosis. Beginning in the 1970s, balloon dilation 
gradually gained favor over the use of rigid, metal dilators 
due to the minimization of shearing forces, and the increased 
precision associated with endoscopic placement of the bal-
loons. Typically, the area of stenosis is exposed with a sus-
pension laryngoscope and the balloon is centered at the 
narrowest part of the airway, often with endoscopic guid-
ance. The balloon is then infl ated to just under burst pressure 
either for a pre-defi ned time period (such as 60 s) or until the 
patient exhibits evidence of oxygen desaturation. Depending 
on the response, dilation may be repeated with the same size 
balloon or with one of larger diameter. Topical or injected 
therapies, including triamcinolone or mitomycin, may be 
used to augment the effects of dilation and prevent further 
scar formation [ 12 ]. 

 Initial evidence that thin or evolving stenoses responded 
better than fi rm, mature scars has been borne out with wider 
adoption of the technique. [ 13 ] Hebra et al. reported that 
patients who show no initial response are unlikely to benefi t 
from further dilations [ 14 ]. In our experience, patients with 
very infl ammatory stenoses or stenoses extending beyond 
the subglottis respond poorly to dilation. The need for repeat 
dilation is the rule rather than the exception, although there 
is limited evidence to show benefi t beyond three repeated 
procedures for an acute symptomatic exacerbation.  

   Adjuvant Endoscopic Therapies 
 Focal obstruction of the subglottis by cysts or masses may 
also be managed endoscopically. Microlaryngeal instru-
ments are often appropriately sized for use in the neonatal 
and infant subglottis. Simple scars and webs may be sharply 
divided prior to dilation, and small masses may be removed 
with microlaryngeal biopsy forceps. A powered tissue shaver 
(with an appropriately sized, laryngeal blade) can also be 
used for management of obstructing masses, subglottic cysts, 
or small hemangiomas [ 14 ].  

   Anterior Cricoid Split 
 Anterior cricoid split (ACS) was introduced in the 1980s as 
an alternative to tracheotomy in infants with SGS, with vari-
able success rates. Reported extubation rates range from 58 
to 100 %, although rates as low as 27–35 % have been noted 
among extremely premature infants (gestational age less 
than 28 weeks) [ 2 ,  15 ]. The procedure can be performed in 
open or endoscopic fashion, and involves complete transec-
tion of the anterior cricoid ring with or without associated 
balloon dilation of the airway. The lower portion of the 
 thyroid cartilage is often divided in the midline as well, 
although the surgeon must take care to avoid the anterior 
commissure. A nasotracheal tube is left in the airway to serve as 
a stent during the preliminary healing phase—approximately 

1 week—and soft tissue fi brosis is expected to fi ll the gap 
between the cut ends of the cricoid. The posterior cricoid 
may also be split to provide greater expansion of the subglot-
tic airway.  

   Laryngotracheal Reconstruction 
 The addition of autologous cartilage grafts to augment the 
airway expansion achieved with cricoid split alone defi nes 
procedures classifi ed as laryngotracheal  reconstructions  
(LTR). In infants and neonates, reconstruction with a thy-
roid alar cartilage graft is the most commonly performed 
procedure. Pathologic study has shown that the thyroid alar 
graft can be effectively used from the glottis to the second 
tracheal ring, and is best for patients with grade II and select 
grade III stenoses [ 16 ]. Advantages of using the thyroid ala 
as a graft source include use of a single incision, elimina-
tion of potential for pulmonary complications related to the 
rib harvest and post-operative pain/splinting, and the excel-
lent size match between the thyroid ala and the anterior 
 cricoid ring in infants. Several retrospective studies 
have found increased operation-specifi c extubation rates 
when comparing primary LTR (81–89 %) with ACS alone 
(27–83 %) [ 15 ,  17 ,  18 ]. 

 Reconstruction with costal cartilage grafting is typically 
done outside of the neonatal/infant period, after a bridging 
tracheotomy has been performed (Fig.  3 ). Techniques have 
been well-described in prior literature, and involve vertical 
incisions in the anterior or posterior midline of the cricoid 
plate with interposition of autologous cartilage grafts to stent 
open the airway. Anterior and posterior grafts may be placed 
together or in isolation, depending on the pathology present. 
Advantages of deferring LTR until around age 2 (or later) 
include growth of the airway leading to more working room 
and better tolerance of post-operative edema, maturation of 
the pulmonary system so that patients are better able to toler-
ate the surgery and post-operative recovery, and growth of 
the actual rib cage so that adequate grafts can be harvested 
with minimal morbidity. Recent studies, however, have 
focused on younger patients as earlier decannulation has 
been associated with better speech and language develop-
ment outcomes [ 19 ].

      Cricotracheal Resection 
 For children with high-grade III to grade IV lesions, cricotra-
cheal resection (CTR) is an alternate surgical option. The 
anterior portion of the cricoid ring is removed with the asso-
ciated stenotic segment of airway, and the distal trachea is 
anastomosed to the remaining cricoid posteriorly and to the 
inferior thyroid cartilage anteriorly. The procedure requires 
signifi cantly more dissection around the airway, and there-
fore carries a greater risk to the recurrent laryngeal nerves 
than does LTR, but may offer better odds of operation- 
specifi c decannulation in selected patients [ 20 ,  21 ]. 
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Ikonomidis et al. have shown CTR to be safe and effective in 
children weighing less than 10 kg, but did fi nd a high rate of 
post-op dysphonia (71 %) [ 20 ].  

   Tracheostomy 
 In patients with high-grade stenosis, infl ammatory subglottic 
obstruction, or severe concomitant cardiac or pulmonary 
 disease, tracheostomy may be the best initial option. This 
allows time for growth and for other medical comorbidities 
to be brought under control. Airway expansion surgery and 
decannulation can then be pursued under less acute 
circumstances. 

 Tracheostomy in the neonatal period is not without risk, 
though. The risk of mortality directly attributable to pediatric 
tracheostomy status is 0.5–1 % in the United States, with as 
many as 43 % of patients experiencing serious complications 
such as tube occlusion and accidental decannulation 
[ 22 ,  23 ]. Recent research has also suggested that neurodevel-
opmental outcomes may be worse among preterm infants 
who require tracheostomies [ 24 ].    

   Congenital Subglottic Stenosis 

   Epidemiology 

 Congenital SGS the third most common cause of neonatal 
stridor, and is thought to represent between 5 and 15 % of 
airway malformations [ 25 ,  26 ]. Congenital SGS refers to 
abnormal development of the cricoid ring, often resulting in 
a thickened, irregular structure imparting an elliptical shape 
to the subglottic airway. The true incidence of congenital 
SGS is unknown, as most infants with signifi cant levels of 
obstruction are intubated at birth, thus making it very diffi cult 
to differentiate between acquired and congenital pathology.  

   Pathogenesis 

 In early embryonic development, the respiratory tree and 
foregut freely communicate. As the embryonic trachea is 

  Fig. 3    Diagram of placement of anterior and posterior cartilage grafts during LTR, with resultant effect on cross-sectional airway diameter. 
(Permission granted for use of illustration by Brian Dunham, M.D © 2008)       
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separated from the esophagus by the esophago-tracheal 
membrane, the epithelium of the airway proliferates rapidly, 
resulting in complete occlusion of the larynx and trachea. 
Recanalization is typically complete by the 7th week of ges-
tation. Varying degrees of pathology may result when recan-
alization is incomplete, ranging from laryngeal webs to 
mildly obstructive subglottic shelves to complete atresia.  

   Clinical Presentation 

 Presentation of congenital SGS has a bimodal distribution, 
with severe cases causing immediate symptoms in the deliv-
ery room, and mild cases often going undiagnosed until later 
in childhood when patients prove susceptible to recurrent, 
severe upper respiratory infections. Congenital SGS may 
only be noted at the time of an unrelated surgical procedure 
when the anesthesiologist is unable to easily pass an age- 
appropriate tube.  

   Diagnosis and Management 

 Diagnosis of congenital SGS is made on rigid bronchoscopy, 
or can be made after failure to pass an age-appropriate endo-
tracheal tube through the subglottis at the patient’s fi rst intu-
bation. The normal diameter of the subglottic airway is 
4.5–5.5 mm in a full-term infant, and 3.5 mm in a preterm 
infant, so most term infants should accommodate a 4.0 tube 
and most premature infants should accommodate a 3.0 endo-
tracheal tube [ 26 ]. Extremely premature infants may require 
even smaller endotracheal tubes. On diagnostic bronchos-
copy, the subglottic narrowing is typically fi rm due to the 
underlying abnormal cartilage, and lateral shelves or an 
elliptical opening are commonly seen (Fig.  4 ).

     Grade I–II lesions 
 Many case of congenital SGS are mild and can be managed 
supportively. Medical management should be proactive and 
multidisciplinary with the goal of avoiding symptomatic 
exacerbations that might lead to airway instrumentation and 
scarring. Due to the cartilaginous nature of the narrowing in 
congenital SGS, patients rarely show a long-term response to 
balloon dilation.  

   Grade III–IV lesions 
 High-grade congenital SGS is best managed with surgical 
opening of the airway or tracheotomy. Patients without 
underlying lung disease or other comorbidities are often 
ideal candidates for primary LTR or CTR, as they lack the 
ongoing infl ammatory pathology in the larynx and subglottis 
often seen in cases of acquired SGS. In children with other 
pathology present, tracheotomy with reconstruction at a later 

date may be the best option. Instrumentation of a congenitally 
narrowed airway carries the possibility of changing a stable 
stenosis into an unstable scar, with potential for worsening, 
rather than resolution, of the stenosis. Primary surgical can-
didates should be selected carefully.   

   Multidisciplinary Considerations in Subglottic 
Stenosis Management 

 Because many patients with acquired SGS carry an under-
lying diagnosis of prematurity, thorough evaluation and 
management of all associated medical issues is an impor-
tant aspect of optimizing chances for successful airway sur-
gery. Pulmonary health is often the limiting factor in 
determining candidacy for open airway reconstruction, and 
is even more critical in infants where many procedures are 
done in single- stage fashion (without a covering tracheot-
omy). Classic candidacy criteria for open airway recon-
struction are shown in Fig.  5 .

   Patients with high-grade congenital stenosis should have 
a complete work-up for other congenital anomalies during 
the neonatal period. Patients requiring initial tracheotomy 
are followed by speech and swallowing therapists to ensure 
appropriate development of oromotor and communication 
skills while the tracheotomy is in place. Once patients 
become candidates for open airway reconstruction, we typi-
cally perform a “triple-scope” (laryngoscopy, bronchoscopy, 
and esophageal endoscopy) to ensure that all potential causes 

  Fig. 4    Congenital subglottic stenosis in a 6-week-old neonate with a 
1.5 mm airway lumen. The malformed cricoid manifests as fi rm, lateral 
subglottic shelves       
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of airway infl ammation are well controlled. Impedance 
probes can be particularly useful in the assessment of refl ux 
as a potential comorbidity due to their ability to measure 
both acid and non-acid refl uxate. 

 A dedicated airway team, including representatives from 
otolaryngology, pulmonology, neonatology, gastroenterol-
ogy, speech pathology, anesthesia, and social work provides 
an ideal level of support for these complex patients. Because 
these patients often require attention across the inpatient, 
outpatient, and home care spectrum, a dedicated midlevel 
provider (such as a nurse, nurse practitioner, or physician 
assistant) can be a valuable resource to families as they navi-
gate the health system.  

   Future Directions 

 As neonatal intensive care outcomes have improved, more 
and more children are surviving extremely preterm birth, 
and are therefore at risk for acquired SGS. Research is ongo-
ing to determine if better sedation management, optimal 
management of acid and non-acid refl ux, and more aggres-
sive use of noninvasive ventilatory support may help prevent 
acquired SGS. Endoscopic surgical options may expand as 
robotic surgery technology is adapted for smaller and 
smaller patients. Tissue engineering and biomaterials 
research may also yield new graft options that could decrease 
donor-site morbidity and minimize risk of cartilage graft 
resorption.   

   Laryngeal Atresia and Congenital High 
Airway Obstruction Syndrome 

   Epidemiology 

 Due to the high risk for fetal demise, the true incidence of 
Congenital High Airway Obstruction Syndrome (CHAOS) is 
unknown. It can occur in sporadic or syndromic fashion, 
with associated syndromes including Fraser’s syndrome, 
Cri-du-Chat, short rib polydactaly syndrome, and velocar-
diofacial syndrome [ 27 ]. A single case of a father with two 
affected sons has been reported [ 28 ].  

   Pathogenesis 

 Fetal lungs produce fl uid in utero, and obstruction of the tra-
chea or larynx causes fl uid to accumulate in the lungs and 
lower airways. This leads to expansion of the lungs with 
resultant compression of the heart and inversion of the dia-
phragm. Expansion of the lungs may impede fetal swallow-
ing, contributing to polyhydramnios [ 29 ]. 

 If tracheal atresia is accompanied by tracheo-esophageal 
fi stula, classic signs may not be present, as the esophagus 
and pharynx provide an escape route for the lung fl uid. 
Similarly, patients with oropharyngeal teratomas or other 
obstructing masses may not exhibit all the signs of CHAOS, 
as some fl uid is typically able to pass around the mass and 
out of the lungs.  

   Clinical Presentation 

 Patients present in the neonatal period with ultrasound fi nd-
ings detailed in Fig.  6 , or at birth with immediate cyanosis 
and inability to establish ventilation.

      Diagnosis and Management 

 Diagnosis is typically made in the prenatal period when a 
specifi c constellation of ultrasound fi ndings is noted (Fig.  6 ). 
If there is concern for CHAOS on ultrasound, confi rmatory 
testing with 3D ultrasound or fetal MRI is frequently 
performed. 

 When diagnosis is made in the prenatal period, patients 
should be referred to a center capable of performing ex-utero 
intrapartum treatment (EXIT). During an EXIT procedure, 
the fetus is partially delivered by cesarean section while 
materno-fetal circulation is maintained by the placenta. 
Tracheotomy or a procedure to remove the obstructing lesion 
can then be performed in a controlled fashion. Should the 
patient present without prenatal diagnosis, rapid tracheot-
omy is the only treatment option. Even when appropriate 
prenatal diagnosis is made, risk of fetal demise remains high 
due to other coincident anomalies and risk for preterm birth 
due to polyhydramnios. 

Guidelines for candidacy for open airway reconstruction
O2 requirement £ 35%
No ventilatory support in preceding 1-2 months
No congestive heart failure in preceding 1 month
Absence of, or good control over, other aerodigestive pathology (gastro-
esophageal reflux, reactive airway disease)
Weight ³ 1500g
No evidence of active respiratory infection

*Adapted from Silver et. al29

  Fig. 5    Guidelines for 
Airway Reconstruction          
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 Long-term management in CHAOS and laryngeal atresia 
typically requires CTR or segmental tracheal resection. This 
has not been reported in neonates or infants, likely due to 
coexisting pulmonary abnormalities.  

   Multidisciplinary Considerations in CHAOS 
Management 

 Effective management of patients with CHAOS requires 
coordination of multiple practitioners and treatment teams, 
including maternal-fetal medicine, surgery, otolaryngology, 
and neonatology. Dedicated surgical and anesthesia teams 
are often employed, so that all members of the treatment 
team are familiar with caring for simultaneous patients. 

 Once an initial airway has been established, surgical and 
medical teams must work closely with respiratory care pro-
viders and speech pathologists to ensure that a safe and stim-
ulating environment is maintained while preparation for 
defi nitive airway reconstruction (if possible) is underway.  

   Future Directions 

 As prenatal diagnostics technologies improve, there is hope 
that more patients with CHAOS will be identifi ed in utero. 
Timely diagnosis will allow for better characterization of the 
natural history of the disease during both the gestational and 
post-natal periods, with the ultimate goal of identifying early 
predictors of viability. Advances in fetal surgery may also 
allow for earlier intervention, thereby reducing the incidence 
of polyhydramnios and unexpected preterm delivery.      
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           Introduction 

 The neonatal glottic apparatus is responsible for three main 
functions: respiration, protection from aspiration, and sound 
vocalization. Complex and coordinated actions, along with 
specialized mechanical properties, govern normal glottic 
physiology. A complete understanding of the physiology of 
the neonatal glottis is far from being achieved, and relatively 
few investigations have been focused in this area. Because of 
the complexities and variability in the development of neuro-
muscular pathways and the maturation of laryngeal refl exes, 
we have relatively little knowledge concerning the etiology 
of neonatal glottic disorders and many of our diagnostic and 
treatment approaches are extrapolated from experiences in 
older children and adults. As the subspecialty area of pedi-
atric laryngology matures, our understanding and ability to 
diagnose, prognosticate, and treat congenital and acquired 
neonatal airway disorders will continue to evolve.  

   Embryology and Anatomy 

 Understanding the structure and function of the vocal folds is 
essential in the evaluation and management of glottic pathol-
ogy. At birth, many different organ systems including the neo-
natal larynx are immature and undergo signifi cant histologic 
and morphologic changes. The classic model of the mature 

vocal fold includes a composition of three distinct layers: a 
non-keratinizing stratifi ed squamous layer, lamina propria, 
and the vocalis muscle, from superfi cial to deep, respectively. 
The lamina propria is further composed of three histologically 
separate layers—superfi cial, middle, and deep—which are 
believed to play a signifi cant role in the pathophysiology of 
the fi brovascular and viscoelastic properties of the vocal folds. 
The middle and deep layers of the lamina propria are inti-
mately related and make up the vocal ligament, which in neo-
nates comprises approximately half the length of the vocal 
cord, as opposed to in adults, where the vocal ligament is 
about one-third the length of the vocal fold [ 6 ]. 

 The currently accepted fundamentals of microlaryngeal 
phonosurgery describe the importance of the relationship 
between the superfi cial lamina propria and the vocal 
 ligament. The superfi cial lamina propria plays an important 
role in the normal viscoelastic properties and forms the 
interface that promotes the normal fl uid movement between 
the superfi cial epithelial layer and the vocal ligament. 
During the immediate neonatal period, this normal adult 
composition of the vocal folds has not yet matured. 
Histologic examination of neonatal larynges reveals the 
appearance of vocal folds lacking apparent layers within the 
lamina propria. Immediately after birth the lamina propria 
consists of a relative hypercellular monolayer, and is thought 
to begin maturation by 27 weeks gestation [ 3 ]. Within this 
monolayer, there is a uniform, histologic appearance 
throughout, with an even distribution of hyaluronic acid, 
which is the primary determinant of vocal cord viscosity 
and water content [ 17 ]. Given this immature arrangement 
within the neonatal lamina propria, it is thought that the col-
lagen fi ber arrangement within the lamina propria in the 
developing fetus may be important for vocalization at birth 
[ 4 ]. The lamina propria transitions to a bilayer by 5 months, 
but the mature lamina propria is not yet present until around 
the time of adolescence [ 15 ]. 

 Due to the immaturity of the neonatal vocal fold structure, 
the incidence and types of vocal fold pathology are sig-
nifi cantly different in neonates compared to older children 
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and adults. Therefore, traditional microlaryngeal surgical 
techniques and principles that are performed in adults may 
not apply in this age group. In this chapter, we aim to 
describe the clinical presentation, endoscopic fi ndings, and 
management strategies of congenital and acquired disorders 
of the neonatal vocal folds.  

   Vocal Fold Immobility 

   Etiology 

 Abnormal mobility of the true vocal folds in a neonate may 
be complete or incomplete. The etiology for absent or 
abnormal vocal fold motion may be secondary to an under-
lying mechanical or neural pathology, which may be eluci-
dated through the patient’s clinical history, physical exam, 
radiographic studies, endoscopic, and/or electrodiagnostic 
evaluations. A differential diagnosis for vocal fold immobility 
can be found in Table  1 . Acquired etiologies may be related 
to iatrogenic causes, such as cervical or thoracic surgical 
procedures or trauma. A history of an instrument-assisted 
delivery may raise the suspicion for intracranial or cervical 
trauma. In rare cases, intracranial hemorrhage may be asso-
ciated with vocal fold motion impairment. Neonates should 
be evaluated and monitored for vocal fold mobility issues if 
they have respiratory diffi culty after common cervical or 
thoracic procedures such as patent ductus arteriosus (PDA) 
ligation and esophageal atresia or tracheoesophageal atresia 
repair. Factors beyond the surgical procedure, such as anas-
tomic leakage after esophageal reconstruction, may also 
contribute to the immediate or delayed onset in the diagnosis 
or recognition of vocal fold paralysis.

   Mechanical etiologies for neonatal vocal fold immobility 
are rare and may result from posterior glottic stenosis, a mass 
or arytenoid dislocation [ 14 ]. 

 Neurogenic causes of unilateral or bilateral vocal fold 
immobility in neonates can be due to pathology anywhere 
along the neural pathway from the nucleus ambiguus to 
the motor endplates of the intrinsic laryngeal musculature. 
The etiology may be congenital or acquired. Congenital 
causes of vocal fold immobility include central nervous 
system (CNS) or neuromuscular abnormalities, Chiari 
malformation, infectious, or idiopathic. One rare cause is 
congenital myasthenic syndrome (CMS) and has been attrib-
uted to mutations in the DOK7 gene [ 7 ]. In other rare cases, 
the cause may be familial, and a genetics consultation may 
be helpful if there is a family history of bilateral vocal fold 
paralysis. A locus on chromosome 6 has been implicated in 
the autosomal dominant transmission of bilateral vocal cord 
paralysis [ 8 ]. A few cases of X-linked mode of inheritance 
have also been described and may occur with or without 

associated mental disabilities, musculoskeletal abnormalities, 
or neurologic anomalies [ 11 ].  

   Epidemiology 

 Vocal fold immobility in neonates is the second most 
common cause of congenital stridor; it can be congenital or 
acquired, unilateral or bilateral. Premature and extremely 
low-birth weight neonates have a higher risk of left vocal 
cord paralysis after PDA ligation (up to 40 %), and in these 
children the associated morbidity is signifi cantly higher with 
increased risks for bronchopulmonary dysplasia, reactive 
airway disease, and need for gastrostomy tube placement [ 2 ]. 
Neonates undergoing a PDA ligation may not present with 
respiratory symptoms despite the presence of a vocal fold 
paralysis, and up to 14 % of neonates may have this diag-
nosis missed without a scheduled post-extubation fi beroptic 
laryngoscopy [ 17 ]. Prospective efforts to assess vocal fold 
mobility after this procedure are being studied in high-risk, 
extremely low-birth weight/premature neonates. For all other 
cardiac surgery in neonates via a median sternotomy, the 
reported incidence for vocal fold paresis is between 1.7 and 
67 %, depending on the type of surgery and the weight of the 
patient at the time of surgery [ 5 ]. On average, one in fi ve 
neonates undergoing cardiac surgery may encounter vocal 
fold mobility issues postoperatively. Neonatal cardiac sur-
gery that involves manipulation of the aortic arch may result 
in a higher incidence of immobility and longer 
hospitalizations.  

   Clinical Presentation 

 Vocal fold mobility disorders may have a greater negative 
impact on the neonate compared to older children or adults. 
While older patients may be asymptomatic due to compen-
sation from the contralateral vocal fold, or present with 

   Table 1    Differential diagnosis for congenital or acquired vocal fold 
immobility   

 Congenital  Acquired 

 Chiari malformation, 
intraventricular hemorrhage (IVH), 
or other CNS pathology 

 Iatrogenic (patent ductus 
arteriosus ligation, cervical or 
cardiothoracic surgery, traumatic 
delivery) 

 Congenital myasthenic syndrome 
(CMS) 

 Arytenoid dislocation 

 Familial inheritance  Posterior glottic stenosis 

 Infectious 
 Congenital heart disease with 
cardiomegaly 
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dysphonia and a breathy voice, neonates with unilateral or 
bilateral vocal fold immobility often present with a weak cry, 
stridor, respiratory distress, and/or feeding diffi culties. 
Neonates with bilateral vocal fold immobility present with 
more signifi cant respiratory diffi culties and may require 
endotracheal intubation or eventual tracheotomy placement 
in about 50 % of cases.  

   Diagnosis 

 Diagnostic consultation is often requested in neonates who 
present with dysphonia, stridor, and/or respiratory distress. 
A complete and thorough history and physical examination 
can often elucidate the etiology. In neonates with complex 
coexisting and comorbid medical and neurologic pathology, 
input from neonatal intensivists and pediatric neurologists 
may aid in the diagnostic considerations and workup, pro-
viding valuable information relating to the patient’s overall 
prognosis. 

 Bedside fi beroptic laryngoscopy has become more 
readily available and is the primary diagnostic tool to assess 
vocal fold mobility. This nonsedated, awake endoscopic 
examination of the neonatal larynx will give the examiner 
the best opportunity to evaluate vocal fold mobility and 
dynamics. This evaluation may be more technically chal-
lenging than in the older patients as these infants have poorer 
pulmonary reserve and may have complicating, comorbid 
conditions. Inability to tolerate secretions, lack of patient 
cooperation, crowding of the nasopharyngeal, oropharyn-
geal, and supraglottic tissues, and enteric feeding tubes may 
interfere with introducing the equipment and visualization 
of the neonatal larynx. Recent extubation or signifi cant 
laryngopharyngeal refl ux can cause edema and erythema, 
which makes the examination even more challenging. 
Laryngomalacia, or fl oppiness of the supraglottic structures, 
may prohibit adequate visualization of the true vocal folds. 
Caution should be advised when performing bedside fi ber-
optic laryngoscopy, especially in the cardiac population, and 
advanced resuscitation equipment should be readily avail-
able when indicated in the unstable patient. 

 Given these limitations, an assessment of neonates vocal 
fold mobility can often be diffi cult, and careful attention 
should be placed on examining for adduction and abduction 
of the arytenoid cartilages which often serve as surrogate 
markers for vocal fold mobility. If there is a history of cardio-
thoracic surgery and symptoms of a hoarse cry and/or 
stridor, vocal cord immobility is often discovered. It is also 
important to rule out a subglottic pathology, as these patients 
have a history of intubation, which may lead to similar symp-
toms. Additionally, an initial assessment of pooling of 
secretions or the neonate’s ability to handle secretions is 
important to help determine the patient’s risk for aspiration 
and potential for oral feeding. Assessment for obvious 

masses or lesions in the supraglottic larynx should be 
undertaken. A detailed endoscopic view of the neonatal 
vocal folds, however, with current fi beroptic technology is 
limited. Large cysts or nodules should be readily visualized, 
but subtle nodules or submucosal lesions/scars will not be 
obvious in this age group. Accurate assessment of the 
subglottis is also not feasible with the bedside fl exible 
laryngoscope. 

 Congenital infectious causes for vocal fold paralysis 
include varicella, for which the diagnosis may be confi rmed 
by retinal imaging by the ophthalmologists [ 13 ]. 

 The modifi ed barium swallow (MBS) may be needed to 
be performed in order to assess the safety of oral feeding and 
the appropriateness of a particular diet under the guidance 
and supervision of a speech-language pathologist (SLP) and 
radiologist. The primary drawback to pursuing this study is 
the exposure of the neonate to ionizing radiation. The study, 
however, does provide some additional clinical information 
that may be useful in management and decision-making, as 
the managing team is also provided diagnostic radiographic 
images that may help to further delineate airway pathology 
and help protect the child from pulmonary soiling in cases of 
silent aspiration. 

 Cross-sectional imaging may be useful to help elucidate 
the etiology of vocal fold immobility. The choice is often 
between magnetic resonance imaging (MRI) and computed 
tomography (CT). The use of CT is often reserved for cases 
in which MRI cannot be performed or if there is a specifi c 
clinical indication. There is a growing body of literature 
cautioning the use of CT because of the potential effects of 
ionizing radiation, especially in young children [ 1 ]. MRI 
provides excellent, high resolution and high fi delity images 
evaluating for causes of vocal fold mobility disorders in 
neonates—Arnold Chiari malformation, central nervous 
system (CNS) abnormalities or malformations, intracranial 
hemorrhage, and neck or chest soft tissue lesions or vascular 
malformations. CT is often helpful in older patients to help 
detect arytenoid dislocation but is limited in neonates 
because of the lack of calcifi cation of the maturing, laryngeal 
framework, which may make the pathology diffi cult to iden-
tify. MRI, when available, is probably the best choice for 
cross-sectional imaging in evaluating neonatal vocal fold 
paralysis. Small intracranial hemorrhages may be missed on 
CT. Evaluation and diagnosis of Chiari malformation almost 
always includes imaging with MRI. Detection of a Chiari 
malformation signifi cantly impacts the clinical management 
of the child and necessitates neurosurgical consultation.   

   Management 

 The treatment of vocal fold immobility in neonates is 
primarily guided by the clinical severity of the affected patient. 
Often this is related to whether the vocal fold immobility is 
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unilateral or bilateral. Unilateral vocal fold immobility in 
neonates is often managed conservatively, rarely causing 
signifi cant enough respiratory symptoms to warrant trache-
ostomy placement. In these cases, medical management for 
feeding and refl ux is often all that is required until further 
assessments can be made when the patient is older, and their 
needs can be better evaluated. 

 The most important aspects of the triage of unilateral 
vocal fold immobility are the respiratory status and the aspi-
ration risk. Often, affected neonates demonstrate a hoarse 
cry but rarely any signifi cant respiratory distress. Speech- 
language pathology consultation should be requested and 
assessment of the safety for oral intake made. Potential 
recovery may occur, and therefore, it is prudent to try to 
delay any permanent intervention for at least 12 months and 
often longer. If swallowing issues fail to be controlled, or 
handling of saliva and feeds is not remedied, then a sooner 
intervention may be needed to protect the lungs. 

 In rare cases of neonatal arytenoid dislocation there will 
be a history of stridor after extubation. Laryngoscopy will 
reveal unilateral immobility of the vocal fold, mimicking 
paralysis with an anterior and medial displacement of the 
ipsilateral arytenoid. Neonatal arytenoid dislocation may 
cause edema and mass effect, making intubation more 
challenging. In the neonate, management of the airway in 
such cases must be judicious and is rarely needed. The 
surgical approach would most likely involve a closed reduc-
tion with splinting of the cricoarytenoid joint with an endo-
tracheal tube. 

 Bilateral vocal fold immobility usually presents with 
signifi cantly more pronounced respiratory compromise 
necessitating early intervention. The primary management 
hinges upon the degree of respiratory symptoms, with 50 % 
of patients requiring tracheostomy placement. The goal is 
often to provide a safe temporary airway to bypass the glottic 
obstruction, and provide time for diagnostic evaluations, 
treatment options to be attempted, or to await spontaneous 
recovery. 

 When a neurologic etiology for bilateral vocal fold paral-
ysis is established, such as in the case of a Chiari malfor-
mation, intraventricular hemorrhage, and/or neuraxial 
malformation, neurology and neurosurgical consultations 
are recommended. If the lesion is surgically correctable, 
repair of a central nervous system anomaly has the potential 
to reverse the paralysis. 

 Other surgical options include endoscopic or open airway 
procedures. These types of procedures are more established 
in infants and children with limited reports of outcomes in 
neonates. Partial cordotomy has been described to be safe 
and successful in avoiding tracheostomy placement or aiding 
in decannulation in a limited number of infants. The tech-
nique has not been reported to be associated with a signifi -
cant risk for functional respiratory or feeding complications 
but may contribute to more dysphonia as the child grows, 

and often does not lead to a long-term benefi t. This is anec-
dotal and not currently supported by substantial literature. 

 Laryngotracheal augmentation with placement of a poste-
rior cricoid costal cartilage graft has been utilized for 
decannulating children with a tracheostomy in place or in 
management of airway compromise secondary to bilateral 
fold paralysis in older patients who have managed to avoid a 
tracheostomy tube placement at a younger age. This proce-
dure is not well established in neonates as an alternative 
to placement of a tracheostomy placement in the acute 
situation. 

 A recent report of several patients who have undergone an 
endoscopic anterior–posterior cricoid split with balloon 
dilation and stenting with an indwelling endotracheal tube 
shows some promise in neonates who are symptomatic from 
bilateral vocal fold immobility [ 15 ]. Long-term results 
(>2 years) are not well known, but those patients were able 
to avoid placement of a tracheostomy tube in the critical 
period when one would be considered. 

 The neonate who presents with stridor, hoarseness, and/or 
feeding diffi culties and is found to have a vocal fold mobility 
issue should undergo a clinical assessment for feeding. 
Performing a functional endoscopic evaluation of  swallowing 
(FEES) in the infant is feasible, but may provide limited 
information in this age group. Clinical assessment by a 
speech-language pathologist is often more appropriate. 
Safety and prevention of aspiration are of the utmost impor-
tance. Often, when there is vocal fold immobility, the ability 
of the neonatal larynx to compensate and provide protection 
from aspiration is impaired, especially when compared to 
adults. The degree to which neonates are affected by vocal 
fold immobility can vary, but in very low-birth weight 
patients who develop left vocal cord paralysis after PDA 
ligation have been shown to have signifi cant feeding diffi cul-
ties and high rates of gastrostomy tube placement.  

   Multidisciplinary Considerations 

 The diagnosis and management of vocal fold immobility in 
neonates requires a multidisciplinary approach. The team of 
specialists may include otolaryngologists, speech-language 
pathologists, neurologists, neurosurgeons, ophthalmologists, 
and geneticists. The neonatal intensivist is vital in coordi-
nating the appropriate services that need to be involved based 
on clinical assessment and the needs of the patient.  

   Future Considerations 

 One of the potentially promising future management options 
for bilateral vocal fold motion impairment is bilateral selec-
tive recurrent laryngeal nerve reinnervation. The champion 
of this procedure, Dr. Jean Paul Marie from Rouen, France, 
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has been diligently studying this intricate procedure in 
adults and has performed a few cases in young children. The 
long- term effects are yet to be known, however a sizeable 
group of adult patients have done well following this inter-
vention. This procedure requires a temporary tracheostomy 
tube due to the predicted synkinetic motion that occurs 
early during the reinnervation period. This leads to para-
doxical vocal fold motion and respiratory distress. The 
appropriateness in children is yet to be determined. 

 Laryngeal electromyography (LEMG) is a useful diag-
nostic technology in adults for unilateral and bilateral 
vocal fold immobility. It can be used to aid in diagnosis, 
management, and prognosis for recovery of vocal fold 
motion impairment. In children, LEMG is used in a limited 
fashion since it requires a general anesthetic to allow for 
electrode placement in the larynx. Little data exists in 
the literature regarding the benefi t of utilizing this tool in 
the infant, as it is rarely done in this age group. Treatment 
options may be guided by information obtained from the 
LEMG, as this study can provide prognostic data for 
recovery of vocal fold function. This should be an area for 
further study.  

   Glottic Webs 

   Etiology 

 Congenital glottic webs occur along the spectrum of laryn-
geal atresias. These are partial laryngeal atresias located in 
the area of the anterior commissure, across the anterior one- 
third of the true vocal folds, and may have a subglottic 
component that extends to the level of the cricoid. Rarely, a 
very thin glottic web may be present only at the level of 
the true vocal folds in the anterior commissure. These are the 
result of an embryologic failure of recanalization of the 
primitive larynx during the 10th week of embryogenesis. 

 Acquired glottic webs or synechiae can also be found 
after prolonged intubation or traumatic intubation. In these 
cases, opposing demucosalized and exposed deep layers of 
the true vocal folds may form scar bands, which limit abduc-
tion or mechanically restrict full vocal fold mobility. 
Infectious causes may also result in web formation, such as 
 Corynebacterium diphtheriae  or  Bacillus cereus .  

   Epidemiology 

 In general, these are uncommon lesions of the neonatal vocal 
folds. However, 65 % of patients who have yet to be diag-
nosed with a 22q11 microdeletion syndrome may test posi-
tive for this genetic defect if an anterior glottic web is 

discovered. Nearly half of these patients may only present 
with a subtle clinical manifestation of velo-cardio-facial 
syndrome (VCFS), so a high-index of suspicion must be 
maintained [ 10 ].  

   Clinical Presentation 

 Older children may present with dysphonia more so than 
respiratory distress. However, due to the limited reserve in 
neonates, they may present with an abnormally weak, soft, 
husky, or absent cry. Stridor, usually biphasic, or respiratory 
distress may also be found.  

   Diagnosis 

 Bedside fl exible laryngoscopy may allow identifi cation of 
this pathology, but rigid microlaryngoscopy and bronchos-
copy (MLB) should be pursued in order to make a defi nitive 
diagnosis. The initial diagnostic evaluation should have 
several primary objectives: (1) confi rm the presence of a 
glottic web and attempt to determine if it is congenital or 
acquired; (2) initiate consultation and genetics evaluation for 
other associated anomalies; (3) accurately stage and defi ne 
the extent of the web in order to guide optimal surgical and 
anesthetic options for reconstruction (Fig.  1    ).

   During the general physical examination, special attention 
should be paid to the soft palate, looking for a submucous or 

  Fig. 1    Congenital laryngeal atresia with near-total fusion of the true 
vocal folds. Note the small glottis airway posteriorly       
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open cleft; medialization of the internal carotid arteries with 
prominent pulsations along the posterior pharyngeal wall 
should also be noted. These are stigmata that can be seen in 
patients with Deletion 22Q. An abnormally shaped antihelix 
may also be seen in these patients. 

 Patients diagnosed with a laryngeal web should undergo 
fl uorescent in situ hybridization (FISH) evaluation for the 
22q11 microdeletion and other associated syndromes. 
A genetics evaluation is also recommended, as basic FISH 
testing may not rule out VCF syndrome. Depending on the 
clinical fi ndings and genetics assessment, cardiology workup 
may be indicated in order to rule out or manage associated 
cardiac pathology.  

   Management 

 The treatment of glottic webs is challenging. The primary 
concern is for recurrence of anterior glottis scarring, and 
early intervention may result in persistent dysphonia or 
respiratory symptoms after treatment due to the small caliber 
of the infant larynx. Further evaluation may uncover other 
congenital defects and chromosomal abnormalities as previ-
ously discussed. 

 It may be advised to await and defer defi nitive manage-
ment until beyond the neonatal period. However, in some 
cases, intervention may be warranted depending on the 
clinical severity of the patient’s symptoms. Tracheostomy 
may also be an option for complex lesions with associated 
medical comorbidities that may make endoscopic or limited 
open procedures less likely to be successful in the neonatal 
period. Delayed, defi nitive treatment can be planned after 
tracheostomy placement. 

 When surgical intervention is entertained, the type of pro-
cedure will be guided by the severity of the lesion. With 
advancing surgical technologies, the goals of surgical inter-
vention are to (1) resolve the airway obstruction and (2) 
preserve function while maintaining a serviceable voice. For 
simple thin anterior webs with normal respiration and voice, 
observation is recommended. In infants who are symptom-
atic, division with cold instrumentation and a short period of 
endotracheal intubation may resolve the problem. If the 
lesion is thicker, endoscopic or open division of the web and 
placement of a keel may be utilized to stent the anterior 
commissure in an attempt to prevent reformation. When an 
obstructing stent or keel is used, tracheostomy is required at 
least for the duration of stent placement. Realistically, infants 
who require a tracheostomy tube will likely not get decan-
nulated in the fi rst year of life. For the most involved lesions 
with subglottic extension, open laryngotracheal reconstruc-
tion with anterior cartilage grafting may be required at a 
later age.  

   Multidisciplinary Considerations 

 If a laryngeal abnormality, such as a glottic web, is encoun-
tered in a neonate and facial dysmorphism or cardiac anom-
alies are present, a genetics consultation is warranted to 
evaluate for a deletion 22Q. If present, patients with VCF 
will require multiple specialists and may be better served 
with referral to a center or institution with an established 
program or services to manage them. At the minimum, pedi-
atric specialty services from pulmonary, cardiology, speech 
pathology, and genetics should be involved in the initial 
comprehensive evaluation of the patient. 

 Patients with 22Q deletion may have velopharyngeal 
insuffi ciency (VPI), which affects articulation and occasion-
ally impacts vocal quality due to straining. The vocal quality 
may be independent of a history of laryngeal web and can 
occur without a history of one. A laryngeal evaluation of the 
velopharynx and the larynx should be performed to assess 
the cause of hoarseness in such patients. Depending on the 
institution, correction of VPI is addressed by the plastic 
surgery or otolaryngology service(s) in conjunction with a 
speech therapist.  

   Future Considerations 

 As airway reconstructive techniques advance, potentially 
more cases will be treatable endoscopically. Further study is 
required to investigate short and long-term voice outcomes 
and voice rehabilitative options for these patients. The type 
of stent/keel used to prevent re-webbing during the recon-
structive procedure may impact the voice outcome postop-
eratively. Hopefully, advances in technology can assist in 
more customized stenting of the neonatal airway to improve 
the results of this procedure.   

   Granulomas 

   Etiology 

 The vocal process refers to the base of the arytenoid cartilage 
where the vocal ligament attaches. Granulomas of the vocal 
folds are found in this location and are referred to as vocal 
process granulomas. This pathology is commonly encoun-
tered in adults, usually as a result of trauma or related to endo-
tracheal intubation for general anesthesia. As discussed earlier, 
the structure and composition of the neonatal vocal fold is 
different than in adults, with a higher portion of the vocal fold 
taken up by the vocal ligament. However, we do not have an 
understanding of how this relationship affects the suscepti-
bility or protects neonates from vocal process granulomas.  
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   Epidemiology 

 Even though prolonged or multiple episodes of endotracheal 
intubation commonly occur in neonates, vocal process granu-
lomas are relatively rare in this age group. Little has been pub-
lished on the management of this pathology for this age cohort. 
Only several cases have ever been reported in the literature [ 7 ,  8 ].  

   Clinical Presentation 

 Vocal process granulomas in neonates are associated with a 
history of endotracheal intubation with post-extubation 
stridor, dysphonia, or multiple failed extubation attempts.  

   Diagnosis 

 The diagnosis can be made with fl exible, fi beroptic bedside 
laryngoscopy and/or rigid laryngoscopy. These lesions are 
exophytic, usually unilateral, affecting the posterior portion 
of the vocal cord, just anterior to the arytenoid on the vocal 
process (Fig.  2 ).

      Management 

 The treatment recommendation for granulomas is a conser-
vative approach. Management of potential insults such as 
gastroesophageal refl ux, voice abuse, and removing a source 

of irritation such as an endotracheal tube are advocated. 
Systemic steroids may be helpful in reducing infl ammation. 
For small nonobstructing lesions, it is recommended to avoid 
a surgical intervention, as surgical excision of a granuloma 
will likely result in regrowth of the lesion. Medical manage-
ment is advised, and use of oral antibiotics is often employed 
as well, as an infectious process is often involved in the 
generation of a granuloma. For obstructing lesions, conser-
vative observation may not be feasible. In these cases, micro-
laryngeal surgery is indicated for removal of the granuloma 
in conjunction with an intralesional steroid injection. This is 
done in order to avoid regrowth of the lesion. Avoidance of 
further laryngeal intubation and control of gastroesophageal 
refl ux are recommended when possible.   

   Trauma 

   Etiology 

 Trauma of the larynx, albeit extremely rare in the neonatal 
group, is commonly the result of an injury related to airway 
management. Other modes of injury have not been described 
or reported in the literature. Traumatic intubation in neonates 
can be encountered with potentially devastating conse-
quences. This may result in vocal fold avulsion injuries or 
disruption of the normal glottic architecture and passage into 
a false lumen (Fig.  3    ) [ 19 ].

   Styletted endotracheal tubes, if not carefully placed, may 
predispose the neonatal vocal folds to injury because of 
the delicate nature of this structure. Caution should be 
exercised when using a stylette to aid in placement of an 
endotracheal tube.  

  Fig. 2    Right sided vocal cord granuloma in a neonate (Reprinted from 
[ 8 ], copyright © 1996, Reprint by Permission of SAGE Publications)       

  Fig. 3    Traumatic left vocal fold avulsion injury (Reprinted from [ 19 ], 
copyright © 1996, with permission from Elsevier, Ltd.)       
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   Epidemiology 

 This is a rarely encountered complication in the neonatal 
age group with only sporadic case reports in the literature.  

   Clinical Presentation 

 During evaluation of post-extubation stridor, traumatic 
vocal cord avulsion should be considered in the differential 
diagnosis.  

   Diagnosis 

 The history will reveal the nature of the glottic injury. Endo-
scopic visualization can be utilized to assess the extent.  

   Management 

 The choice of therapy is dependent on the extent of the injury 
and the health of the neonate. Some traumatic events 
involving the neonatal vocal folds are unrepairable and have 
resulted in irreversibly poor outcomes. If the airway is 
impacted, a tracheostomy tube may be necessary to bypass 
the area of injury and to allow for healing or reconstruction. 
However, if the injury is mild, then conservative manage-
ment strategies should be entertained, including observation 
with or without medical management of refl ux. If an avul-
sion injury is encountered, anatomic realignment of the 
injured vocal musculature and mucosal covering may be 
pursued. This is followed by a short period of intubation, 
with the endotracheal tube serving as a stent. Reparative 
granulomas can occur, and may need to be addressed if 
large and impacting the airway (see previous section on 
Granulomas).   

   Conclusion 

 The vocal needs and abilities of neonates are unique and 
signifi cantly different than at any other period of time in their 
life. The impact of the voice on the child’s development is 
impossible to predict at such a young age. Therefore, conser-
vative management and assurance of airway safety are the 
most important aspects of the management of the neonatal 
larynx. Awareness of associated dysphagia and aspiration is 
imperative in order to avoid soiling of the lungs. A multidis-
ciplinary approach to the evaluation and management of 

these disorders is important, as the larynx is the gateway to 
respiration, phonation, and swallowing.     
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           Etiology 

 A laryngeal cleft is a rare congenital anomaly of the upper 
aerodigestive tract characterized by a slit defect of the wall 
separating the laryngotracheal complex and the pharyngo-
esophageal complex. A laryngeal cleft (LC) is a defect lim-
ited to the posterior larynx, including the interarytenoid 
region with or without extension into the posterior cricoid 
plate, allowing communication between the larynx anteriorly 
and the hypopharynx posteriorly. A laryngotracheoesopha-
geal cleft (LTEC) is a defect extending into the cervical or 
thoracic trachea, allowing communication between the lar-
ynx and trachea anteriorly and the hypopharynx and esopha-
gus posteriorly. Although the anomaly has been described as 
far as back as 1792, its diagnosis was not defi nitively con-
fi rmed and published until an autopsy report in 1949 [ 1 ,  2 ]. 
While the diagnosis and treatment of LCs has developed sub-
stantially since then, the understanding and management of 
clefts continue to evolve today.  

   Epidemiology 

 Laryngeal clefts are very uncommon, representing approxi-
mately 0.5–1.5 % of congenital laryngeal anomalies [ 3 ]. The 
reported incidence varies widely by series from 1 in 2,000 to 
1 in 20,000 live births [ 4 – 7 ]. However, many investigators 
believe that LCs are more common than previously thought, 
and in recent years the reported incidence has increased. 
Minor cases that may have been overlooked in the past 
appear to be diagnosed with increasing frequency, most 
likely due to an improved understanding of the pathology 
among practitioners, improved diagnostic methods, and the 

development of tertiary airway centers with experienced 
 clinicians. Among patients evaluated operatively for related 
symptoms, the incidence is as high as 6–8 % with a slight 
male predominance [ 8 – 10 ]. Most cases are sporadic, though 
various inheritance patterns have been described [ 11 ].  

   Pathogenesis 

 The embryology of LCs is controversial and incompletely 
described. The trachea and esophagus share a common 
lumen until they are separated by a septum in the fi fth to 
sixth week of gestation. The abnormal development of the 
septum may result in a spectrum of congenital aerodigestive 
anomalies including esophageal atresia, tracheoesophageal 
fi stulae, and clefts [ 12 ]. Risk factors include prematurity, 
polyhydramnios, and intrauterine exposure to drugs and 
alcohol, although the exact pathogenesis remains unclear 
[ 11 ,  13 ,  14 ]. 

 Various theories exist to explain the normal embryologi-
cal development of the aerodigestive system. The endoderm 
of the foregut develops from the fourth and sixth branchial 
arches, and the cricoid cartilage from the mesenchyme of the 
sixth arch [ 15 ]. Some investigators have suggested that, as 
the bilateral branchial complexes form the aerodigestive 
structures, lateral ridges arise into the common lumen and 
fuse in the midline to form a septum in a caudal to cranial 
direction between the ventral laryngotracheal complex and 
the dorsal pharyngoesophageal complex [ 16 ]. Therefore, an 
earlier arrest of septum development results in a longer 
defect and subsequently more severe congenital cleft [ 17 ]. 
However, some authors question the existence of lateral 
ridges as they have not been identifi ed in animal studies, and 
suggest that the respiratory diverticulum develops from a 
stalk from the ventral aspect of the foregut and elongates to 
form the defi nitive airway, while the ventral foregut mesen-
chyme develops into the tracheoesophageal septum [ 18 ]. 
Still others have posited that apoptotic mechanisms may play 
a role in the developmental anatomy [ 19 ]. 
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 There are several structural and cellular models to explain 
the potential mechanisms for the failure of normal tracheo-
esophageal development. The intraembryonic pressure the-
ory suggests that the development of the heart and the 
curvature of the cervical spine may lead to tension and dis-
traction of the esophageal structures, resulting in failure of 
septum development. The epithelial occlusion theory states 
that the abnormal recanalization of the esophagus from its 
initial solid stage results in abnormal septum development. 
The vascular occlusion theory suggests that an aberrant ves-
sel leads to vascular insuffi ciency and secondary failure of 
normal tissue development. Lastly, the differential cell 
growth theory suggests that the septum fails to develop due 
to abnormal cellular differentiation in that region [ 3 ,  18 ]. 

 Various classifi cation schemes have been published to 
distinguish laryngeal clefts based on their size and severity. 
The Benjamin and Inglis classifi cation remains the most 
widely recognized (Fig.  1 ). The  Type I LC  is a supraglottic 
interarytenoid cleft, above the level of the vocal cords. The 
 Type II LC  extends into the cricoid cartilage beyond the 
level of the vocal cords. The  Type III LTEC  extends beyond 
the cricoid cartilage into the cervical trachea. And the  Type 
IV LTEC  extends beyond the thoracic inlet into the intratho-
racic trachea and esophagus and occasionally into a main-
stem bronchus [ 12 ]. Additional modifi cations have been 
made to the classifi cation scheme for the purposes of report-
ing surgical technique, including description of a submuco-
sal or occult laryngeal cleft, which may have functional 
consequences albeit without obvious anatomic abnormality 
[ 7 ,  20 ] In addition to the abnormal conduit between the 

respiratory and digestive tracts seen in LCs, there is fre-
quently redundant mucosa along the cleft margin which 
 contributes to airway obstruction [ 16 ].

      Clinical Presentation 

 Respiratory and feeding diffi culties are the hallmark symp-
toms of LCs, though they are generally nonspecifi c. The 
clinical presentation and severity of symptoms correlate to 
the extent of the cleft, and the acuity of presentation may 
range from incidental diagnosis of an asymptomatic cleft to 
neonatal life-threatening respiratory distress. 

 Type I and some Type II LCs can be asymptomatic or pres-
ent with stridor, persistent coughing or choking with feeds, 
regurgitation, hoarseness, failure to thrive, stridor, shortness 
of breath, and recurrent aspiration pneumonia. Type II LCs 
and Type III LTECs tend to present with the same symptoms 
but worse in frequency and severity. Cyanosis with feeds, 
chronic aspiration pneumonia, and increased airway obstruc-
tion with stridor may be seen; noninvasive airway support 
with positive pressure or oxygen supplementation may be 
required. Type IV LTECs are marked by early respiratory 
distress and require emergent intervention. 

 Over 50 % of patients with LCs have an associated syn-
dromic or nonsyndromic congenital abnormality, and the 
severity of the cleft may correspond with the incidence of 
concurrent anomalies [ 3 ,  6 ,  21 ,  22 ]. The most frequently 
identifi ed concurrent pathologies are related to the aerodiges-
tive system and include tracheomalacia, tracheoesophageal 

  Fig. 1    The Benjamin and Inglis 
cleft classifi cation       
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fi stula, laryngomalacia, and gastroesophageal refl ux. Other 
reported malformations include gastrointestinal (esophageal 
atresia, microgastria, imperforate anus), genitourinary (hypo-
spadias, kidney anomalies), craniofacial (Pierre Robin 
sequence, cleft lip with or without cleft palate, choanal atre-
sia), and cardiac and cardiovascular disorders (ventricular 
septal defect, aorta anomalies) [ 3 ,  15 ,  23 ]. 

 Laryngeal clefts have been identifi ed as part of several 
well-described syndromes, including Opitz-Frias Syndrome 
(cleft lip, cleft palate, hypospadias, external ear anomalies, 
and hypertelorism) and Pallister-Hall syndrome (central neu-
rologic system anomalies, imperforate anus, cardiac, pulmo-
nary, renal, and distal extremity abnormalities). LCs may also 
be seen with CHARGE syndrome (coloboma, heart defects, 
atresia of the nasal choanae, retardation of growth, genitouri-
nary defects, and ear defects), Down Syndrome, and the spec-
trum of 22q11 deletion syndromes. Additionally, LCs have 
been identifi ed as part of the congenital VACTERL associa-
tion (vertebral anomalies, anal atresia, cardiac anomalies, 
tracheoesophageal fi stulae, ear, renal, and limb anomalies).  

   Diagnosis 

 As the symptoms of a LC are nonspecifi c, the differential diag-
nosis is broad and includes laryngomalacia, tracheomalacia, 
tracheoesophageal fi stula, gastroesophageal refl ux, neuromus-
cular dysphagia, esophageal stricture, cricopharyngeal spasm, 
and unilateral or bilateral vocal cord paralysis. Even when the 
presentation is subtle, early defi nitive diagnosis is critical to an 
optimal outcome since chronic aspiration can lead to failure to 
thrive and chronic interstitial lung damage [ 22 ]. 

 As with most pediatric airway pathology, endoscopic 
operative evaluation with microlaryngoscopy and rigid bron-
choscopy is the mainstay of diagnosis and should be per-
formed in any patient with persistent coughing, choking with 
feeds, stridor, respiratory distress, hoarseness, or recurrent 
aspiration pneumonia. The diagnosis of LC must be kept in 
mind during evaluation, as it can be easily missed when 
redundant mucosa prolapses into the cleft. The endoscopy is 
generally performed under general anesthesia with spontane-
ous ventilation, as endotracheal intubation would preclude 
an adequate exam. Several operative techniques have been 
described to examine the posterior laryngotracheal complex. 
Regardless of preferred technique, the interarytenoid space 
must be carefully examined and palpated to determine the 
presence and extent of a LC. Since fl exible laryngoscopy and 
fl exible bronchoscopy lack the required exposure and access 
for palpation, rigid endoscopy is the gold standard when 
evaluating for a LC (Fig.  2 ). Over one third of patients with 
a LC may also have a tracheoesophageal fi stula; therefore, 
the initial identifi cation of a cleft must not obviate the 
 completion of a thorough bronchoscopic evaluation [ 6 ,  24 ]. 

The diagnosis of the Type I LC can be particularly challenging, 
as the symptoms are mild and the clefts subtle [ 8 ,  9 ,  21 ].

   Several ancillary tests have proven useful in conjunction 
with endoscopy. Flexible fi beroptic laryngoscopy with the 
patient awake should be performed to determine vocal cord 
function and the presence and severity of potential concur-
rent laryngomalacia. A modifi ed barium swallow and FEES 
(fi beroptic endoscopic examination of swallowing) examina-
tion are valuable for diagnosing and quantifying aspiration. 
It should be noted, however, that aspiration is a nonspecifi c 
fi nding for a LC and that normal swallow studies do not rule 
out the diagnosis of a cleft. Chest radiography can demon-
strate fi ndings of aspiration pneumonia and the development 
of interstitial lung disease. Finally, fl exible bronchoscopy 
and bronchoalveolar lavage for lipid laden macrophages may 
quantify the severity of aspiration and help to predict which 
patients will benefi t most from early surgical therapy [ 5 ]. 
When a LC is identifi ed, a systemic evaluation is required to 
rule out concurrent congenital anomalies, including genetic, 
cardiothoracic, genitourinary, gastrointestinal, vertebral, and 
neurologic assessment.  

   Management 

 The treatment of LCs varies based on the extent of the cleft 
and the severity of the symptoms, but the underlying manage-
ment principles are consistent. Airway protection is always 
the immediate concern and must be addressed fi rst. When 
required, respiratory support should be delivered by noninva-
sive means if possible, such as nasal continuous or biphasic 
positive airway pressure, rather than prolonged endotracheal 
intubation. Intubation may lead to additional trauma and 
infl ammation of the planned surgical site. When tracheotomy 
is required for severe clefts or due to associated tracheomala-
cia, it is ideally placed distal to the caudal end of the cleft to 
minimize contact of the tracheostomy tube with the surgical 
site. For severe Type IV LTECs, mainstem bronchus intuba-
tion may be emergently required to secure the airway. 

   Medical Management 

 Type I and some Type II LCs are often approached fi rst with 
medical management, frequently initiated by a primary care 
physician, gastroenterologist, or pulmonologist prior to 
 otolaryngology referral for endoscopic evaluation. Control of 
gastroesophageal refl ux is the cornerstone of medical therapy. 
Proton-pump inhibitors, thickened feeds, upright positioning 
during feeds, and a speech and swallow evaluation may all be 
required for optimal refl ux control, although it is not uncom-
mon for patients with severe clefts to require ultimately 
 gastrostomy tubes with or without Nissen fundoplication. 

Laryngeal and Tracheal Clefts



78

 Medical management alone may be suffi cient for Type I 
and some Type II LCs. Furthermore, aggressive control of 
refl ux has the added benefi t of minimizing infl ammatory 
changes to the cleft tissue and thus optimizing outcomes of 
surgery if required, as refl ux is a risk factor for failure of cleft 
repair [ 25 ]. In patients whose symptoms persist despite med-
ical therapy, early surgery has long been advocated [ 10 ]. 
Controversy remains regarding the regimen and time course 
of maximal medical therapy, and data confl ict as to how 
many of such patients will ultimately require surgical inter-
vention [ 8 ,  9 ,  21 ,  22 ].  

   Endoscopic Repair 

 With advances in endoscopic techniques in recent years, the 
endoscopic surgical approach has been widely applied to 
Type I LCs, Type II LCs, and some Type III LTECs. The 
endoscopic approach has several advantages: avoidance of 
an anterior cervical incision; reduced risk of laryngeal desta-
bilization from an anterior laryngofi ssure in the setting of a 
known posterior cricoid defi ciency; reduced need for postop-
erative intubation or tracheotomy; reduced risk of recurrent 
laryngeal nerve injury; and reduced risk of wound infection, 
breakdown, or fi stula [ 7 ]. 

 Prior to endoscopic or open surgery for laryngeal clefts, 
any other major congenital anomalies that might complicate 
surgery or anesthesia, such as cardiothoracic pathology, 
should be addressed fi rst if possible. Laryngeal cleft surgery 
is ideally performed under general anesthesia with spontane-
ous ventilation. Inhalation anesthetic agent with judicious 
oxygen supplementation can be administered via an endotra-
cheal tube placed in the hypopharyx above the larynx. The 
patient can then be intubated readily for desaturation or 
decompensation. Alternatively, the use of total intravenous 
anesthesia without an inhalation agent has also been 
described, with jet ventilation used intermittently when nec-
essary [ 26 ]. The procedure can be performed with the patient 
intubated when necessary, but exposure is limited and the 
endotracheal tube can lead to excessive pressure on the sur-
gical wound. In these settings, the smallest endotracheal tube 
to provide adequate ventilation should be used. The largest 
laryngoscope that can be accommodated is suspended to 
maximize surgical exposure. 

 Since the fi rst report of laryngeal cleft surgery in 1955, the 
two-layer closure has been advocated and remains the funda-
mental principle of endoscopic or open surgical repair [ 27 ]. 
Using carbon dioxide laser or cold steel microlaryngeal 
instruments, two distinct mucosal planes are dissected into the 
cleft margin: an anterior laryngotracheal mucosal plane and a 

  Fig. 2    ( a ) Type 1, ( b ) Type 2, ( c ) Type 3, ( d ) postmortem specimen of a Type 4 LTEC       
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posterior pharyngoesophageal mucosal plane. Interrupted 
absorbable sutures are then placed in a caudal to cranial direc-
tion, usually posteriorly and then anteriorly for maximal 
access. Various methods of suturing and knot-tying have been 
described, and satisfactory results can be achieved using sim-
ple or mattress sutures, with either buried or extramucosal 
knots. Additionally, for Type I LCs, success has also been 
reported with endoscopic injection laryngoplasty with absorb-
able gelatin or calcium hydroxylapatite [ 23 ].  

   Open Repair 

 Open surgery is recommended for some Type III LTECs, Type 
IV LTECs, and some revision cleft surgery [ 28 ]. As these 
patients may have severe airway compromise, once the airway 
is secure the procedure may begin with a tracheostomy. Other 
practitioners have advocated using extracorporeal membrane 
oxygenation or intraoperative cardiopulmonary bypass to 
avoid the risks of the endotracheal or tracheostomy tube 
against the surgical site [ 17 ,  29 ]. Several surgical approaches 
to the cleft have been described, including an anterior cervical 
approach with laryngotracheal fi ssure, an anterior cervicotho-
racic approach, and a lateral pharyngotomy. The infant trachea 
is approximately 5 cm from subglottis to carina; therefore, 
even some Type IV LTECs with low intrathoracic extension 
can at times be repaired with an anterior cervical approach and 
no sternotomy or thoracotomy [ 17 ,  30 ]. A novel anterior cervi-
cal approach to the Type IV LTEC has recently been described, 
whereby a cricotracheal separation is performed to refl ect the 
trachea anteriorly and expose the cleft [ 31 ]. 

 Regardless of approach, the principle of a multilayer clo-
sure remains important. On one side of the cleft, a mucosal 
incision and submucosal dissection into the tracheal surface 
is performed 4–5 mm from the cleft margin. On the other 
side of the cleft, a mucosal incision and submucosal dissec-
tion into the esophageal mucosa is performed 4–5 mm from 
the cleft margin. Thus, with the creation of two distinct 
planes on either side of the cleft, the anterior mucosal planes 
and posterior mucosal planes can be opposed and repaired 
with longitudinal suture lines slightly offset rather than 
directly overlying one another. The posterior pharyngo-
esophageal closure is performed fi rst with interrupted absorb-
able suture. A costal cartilage graft may be placed in the cleft 
of the posterior cricoid cartilage plate in a manner similar to 
laryngotracheal reconstructive surgery. Usually an autolo-
gous fascial graft is interposed between the two layers for 
added reinforcement. Various grafts have been described for 
this purpose, including tibial periosteum, sternal periosteum, 
pericardium, strap muscles, and temporalis fascia [ 15 ,  17 ,  28 ]. 
The anterior laryngotracheal mucosa is closed last.  

   Outcomes and Complications 

 With advances in diagnostic and therapeutic techniques, 
complications of LCs have fortunately reduced. The success 
of Type I LC and Type II LC management as measured by 
clinical cough, aspiration, and feeding diffi culty may be as 
high as 80–90 %. The prognosis depends signifi cantly on the 
extent of the cleft and presence of associated anomalies or 
comorbidities [ 14 ]. 

 For more severe LCs, tracheobronchomalacia may remain 
a signifi cant issue, sometimes resulting in the need for tra-
cheostomy even after successful operation and perioperative 
period [ 32 ]. Persistent aspiration or dysphagia may also be 
seen, which likely refl ects neuromuscular dysphagia, 
 persistent structural pathology, or postoperative esophageal 
dysmotility. Breakdown of the repair may occur in up to 
15 % of open approaches [ 28 ]. The presence of severe refl ux 
and concurrent tracheoesophageal fi stula both appear to be 
risk factors for wound breakdown [ 25 ,  33 ]. When breakdown 
of the repair occurs, revision surgery almost always requires 
an open approach with laryngotracheal fi ssure, as an intact 
closure at the cephalad end of the cleft would limit endo-
scopic access to the area of dehiscence. 

 Mortality of clefts overall has reduced substantially 
from approximately 46 % down to 6–25 % [ 4 ,  16 ]. A Type 
IV LTEC remains a life-threatening emergency with high 
mortality, although it too has reduced from 93 % or higher 
to approximately 50 % [ 4 ,  29 ,  32 ,  34 ,  35 ]. However, 
in over half of deaths in patients with LCs, the death is 
secondary to an associated anomaly and not the cleft itself 
[ 6 ,  28 ].   

   Multidisciplinary Considerations 

 Pediatric airway pathology is best served with a multidisci-
plinary approach. For LCs and LTECs, specialists to  optimize 
patient care and outcomes include: otolaryngology, anesthe-
siology, neonatology, pediatric intensive care, pulmonology, 
gastroenterology, general surgery, cardiothoracic surgery, 
genetics, nutrition therapy, speech therapy, and intensive 
care level nursing.  

   Future Considerations 

 As the diagnosis becomes considered and identifi ed more 
frequently, airway centers may be able to amass greater 
series of patients for better study of management consider-
ations with the hope of reducing the rate of complications 
and mortality.     
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           Overview 

 Compromised tracheal airfl ow in neonates is a rare but 
potentially life-threatening occurrence. Management of 
these infants is always subservient to the etiology of the 
tracheal compromise, and this compromise may be a conse-
quence of any one of the following clinical scenarios: (1) 
extrinsic compression of the trachea (e.g., vascular 
 compression); (2) a problem of the tracheal exoskeleton 
without the presence of stenosis (e.g., tracheomalacia); 
(3) a problem of the tracheal exoskeleton with stenosis 
(e.g., complete tracheal rings (CTRs), sleeve trachea, 
absent tracheal rings); and (4) an intraluminal obstruction 
with an adequate exoskeleton (e.g., congenital tracheal 
web). We will limit our discussion to an overview of the 
etiology, clinical presentation, and management of the 
three conditions that fall within the classifi cation of prob-
lems of the tracheal exoskeleton with stenosis. We will also 
present a detailed description of the slide tracheoplasty pro-
cedure, which is now considered the operation of choice for 
the management of these conditions.  

   Epidemiology, Etiology, and Pathogenesis 

 Congenital tracheal stenosis encompasses a wide range of 
anomalies resulting from aberrant embryogenesis of the 
respiratory system. It is infrequently seen and has an esti-
mated incidence of 1 in 64,500 births [ 1 ]—representing only 
0.3–1 % of all laryngotracheal stenoses [ 2 ]. A frequently 
cited article by Hoffer et al. [ 3 ] describes the associated 
embryologic processes and timing of the developmental 
aberrations that lead to the various manifestations of tracheal 
narrowing. As these authors point out, lung development 
begins during weeks 3 and 4 of gestation. The developing 
lung buds give rise to the trachea, infraglottis, and the glottic 
opening. By week 8 of gestation, the mesenchymal rudi-
ments of the tracheal cartilages are present. During weeks 9 
and 10, the cartilages form fi broelastic tissue, and smooth 
muscle is incorporated into the trachea. Hoffer and his col-
leagues postulate that (1) aberrant development in week 4 of 
gestation affects the developing respiratory and hepatic 
 primordia and cause the more severe forms of the disease, 
which are associated with anomalies such as heart and skel-
etal malformations and that (2) aberrant development 
between gestational weeks 8 and 10 is confi ned to the devel-
oping cartilages and their supporting tissues. Abnormalities 
during this second critical time point likely result in less 
severe stenosis with fewer associated anomalies.  

   Clinical Presentation 

 Infants with compromised tracheal airfl ow classically  present 
with biphasic stridor within the fi rst weeks of life. Over the fi rst 
few months of life, symptoms exacerbate, with retractions, 
dying spells, and severe deterioration occurring during inter-
current upper respiratory tract infections. Children with distal 
tracheal stenosis usually have a characteristic biphasic wet-
sounding breathing pattern that transiently clears with cough-
ing; this pattern is referred to as “washing machine breathing.” 
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Because the growth of the trachea is not  commensurate with 
the growth of the infant over the fi rst few months of life, 
decompensation frequently occurs around 4 months of 
age [ 4 ]. Important to note, however, even a neonate with a 
life-threatening tracheal stenosis may have surprisingly few 
symptoms. 

   Complete Tracheal Rings 

 CTRs are the most common etiology of congenital tracheal 
stenosis. In a normal trachea, luminal support is provided by 
C-shaped cartilaginous rings with a posterior sheet of muscle 
(the trachealis) completing the ring (Fig.  1a–c ). In the infant 
with CTRs, the cartilaginous rings are circular and may 
affect varying lengths of the trachea. In addition, the trachea-
lis muscle is absent. The diameter of the affected tracheal 
segment is always smaller than the trachea above that seg-
ment; however, the degree of stenosis may range from mild 
to severe. A classifi cation system developed by Speggiorin 
et al. [ 5 ] delineates a number of recognizable morphological 
patterns. Of these patterns, the most frequently seen are: 
(1) CTRs that are of reasonable size proximally, but that 
cone down to a small distal ring close to the carina; (2) the 
“stovepipe” airway with a long segment of CTRs of similar 
diameter; (3) a short-segment stenosis, often in the mid- 
trachea; and (4) CTRs associated with a high tracheal 
(or pig) bronchus. More than 75 % of patients also have other 
congenital anomalies that may be severe. A relatively recent 
study conducted at Cincinnati Children’s Hospital indicated 
that 60 % of patients with CTRs had cardiovascular abnor-
malities, particularly a pulmonary artery sling (21 %) [ 6 ].

     Diagnostic Workup 
 The initial evaluation should include plain airway fi lms, as 
these may indicate that congenital tracheal narrowing is 
present. Although imaging studies may be very useful, bron-
choscopic evaluation remains the gold standard for defi nitive 

assessment. This should be performed with extreme care, as 
instrumentation in an area of stenosis may cause enough 
swelling to convert a narrow airway to a critical airway, 
necessitating abrupt intervention. If the smallest broncho-
scope available (whether rigid or fl exible), cannot be easily 
passed through the area of stenosis, it is better to identify the 
proximal extent of the stenosis without fully evaluating the 
distal airway. Good communication with anesthesia col-
leagues is essential, and to facilitate the bronchoscopy, the 
child should be spontaneously breathing. We recommend the 
use of sevofl urane and propofol; steroid administration is 
also advisable. The trachea is then suctioned with a soft 6 Fr 
catheter and the patient is preoxygenated. Next, a further 
propofol bolus is delivered to temporarily halt respiratory 
efforts during the bronchoscopy. 

 Ideally, the aims of endoscopic evaluation are: to confi rm 
the diagnosis of tracheal stenosis; establish whether this is 
due to CTRs; estimate the size of the smallest ring; estimate 
the percentage of the airway involved with CTRs as well as 
the position of the rings within the trachea; and evaluate the 
bronchial anatomy. 

 In patients with distal tracheal stenosis, an adequate eval-
uation cannot be made with a ventilating bronchoscope, as 
even the smallest ventilating bronchoscope is too large for 
most complete rings. The Hopkins rod telescope (removed 
from the bronchoscope) should thus be introduced into the 
airway to assess the stenosis. The initial bronchoscopic view 
is often suffi cient to establish the diagnosis, thereby avoiding 
the risk of airway edema. 

 Estimating the size of the airway is valuable. In a normal 
full-term neonate, the narrowest point of the airway is at the 
cricoid, and this should measure 4.5–5.5 mm. Subglottic ste-
nosis is defi ned as an airway diameter of <4.0 mm (by com-
parison, a 2.5 mm endotracheal tube has an outer diameter of 
3.6 mm). Although the trachea should be of greater capacity 
than the cricoid, the airway in patients with CTRs may be too 
small to easily permit safe passage of any form of instrumen-
tation. For comparative purposes, the smallest Storz 2.5 

  Fig. 1    Endoscopic views of a child with long-segment complete tracheal rings. ( a ) View showing beginning of rings; ( b ) view showing mid- 
section of rings; ( c ) view showing distal segment of rings       
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 ventilating bronchoscope has an outer diameter (OD) of 
3.7 mm. The smallest 20017 Hopkins rod telescope (as found 
in the Storz 2.5 ventilating bronchoscope) has an OD of 
1.9 mm. 

 Because 50 % of children with CTRs have a tracheal 
inner diameter of approximately 2 mm at the time of diagno-
sis, the standard interventions for managing a compromised 
airway are not applicable. More specifi cally, the smallest 
endotracheal tube (2.0 mm inner diameter [ID]; 2.9 mm OD) 
and the smallest tracheotomy tube (2.5 mm ID; 3.9 mm OD) 
cannot pass through the stenotic segment without severe 
damage to mucosa or tracheal rupture. As the stenosis usu-
ally extends to the carina, bypassing the stenosis risks bron-
chial intubation. This may leave extracorporeal membrane 
oxygenation (ECMO) as the only viable alternative for stabi-
lizing the child in the event of decompensation following 
bronchoscopy. In an effort to avoid ECMO in a child who is 
decompensating and poorly ventilating, intubation proximal 
to the complete rings is preferable. The endotracheal tube 
should be sized to the cricoid, with the Murphy eye just 
below vocal fold level. Given that it is unusual for the proxi-
mal two tracheal rings to be complete, shallow intubation is 
achievable in most children with CTRs. A nasal intubation to 
allow tube stabilization (as it is so shallow) is advisable. 
Ventilation requires a long inspiratory phase and an even lon-
ger expiratory phase to allow air to pass the stenosis. Higher 
than typical ventilator pressures may be tolerated, as the ste-
nosis ensures that the lungs are not exposed to the same pres-
sures as the subglottis. Maintenance of high humidity levels 
is crucial, as mucus accumulation may be lethal and is often 
heralded by rising CO 2  rather than low oxygen saturation. In 
a crisis, 1 mL of 1:10,000 epinephrine delivered down the 
endotracheal tube may assist ventilation. If possible, extuba-
tion is desirable, as most children with CTRs maintain venti-
lation more effectively themselves than on a ventilator. To 
prevent mucus accumulation, saline may be regularly nebu-
lized if required. 

 In view of the high proportion of patients with other con-
genital anomalies, a thorough diagnostic investigation should 
include a contrast-enhanced computed tomography (CT) 
scan of the chest with three-dimensional reconstruction, and 
an echocardiogram. These tests will identify any coexisting 
cardiovascular pathology, which should be repaired concur-
rently with the tracheal repair. As mentioned earlier in this 
chapter, our clinical experience indicates that a pulmonary 
artery sling is the most common cardiovascular anomaly; 
intracardiac anomalies and the presence of a persistent left 
superior vena cava draining to the coronary sinus, with 
absence of the innominate vein are, however, also frequently 
seen. Other anomalies may be incidental (e.g., limb or central 
nervous system anomalies) or also affect the airway. Nearly 
one third of children with CTRs have a tracheal (or pig) bron-
chus, and subglottic stenosis is present in approximately 

20 % [ 6 ]. Rarely, CTRs may coexist with a tracheoesophageal 
fi stula or laryngeal cleft. Pulmonary anomalies may also 
occur, with subsegmental branching patterns almost univer-
sally aberrant, though of limited signifi cance. Pulmonary 
hypoplasia or agenesis, more commonly affecting the right 
lung, is more signifi cant, as it may cause mediastinal shift 
and aortic compression of the already stenotic trachea. 

 Although most children with CTRs require early tracheal 
reconstruction, some (10–15 %) have suffi cient tracheal 
growth to avoid the need for reconstruction. A further 
10–15 % eventually outgrows their trachea and requires late 
repair. The recommended surgical technique is the slide tra-
cheoplasty (discussed later in this chapter). This approach 
yields signifi cantly better results than any other tracheal 
reconstruction technique and is applicable to all anatomic 
variants of CTRs [ 6 ,  7 ]. 

 Most children with CTRs have distal tracheal involve-
ment. If the distal one-third of the trachea is involved or if 
there are coexistent cardiovascular anomalies that require 
repair, we recommend repair utilizing cardiopulmonary 
bypass. More than 90 % of children requiring slide tracheo-
plasty for CTRs fall into this category. If only the upper or 
mid-trachea is involved, repair may be performed with rou-
tine anesthesia through a cervical approach. Hyperextension 
of an infant’s neck over a shoulder roll allows good access to 
the upper two thirds of the trachea through a cervical 
approach. Exposure can be further enhanced through a 
 limited upper sternotomy if required.   

   Sleeve Trachea 

 Albeit extremely rare, tracheal sleeve is the second most 
common condition falling within the general classifi cation of 
problems involving the tracheal exoskeleton with stenosis. 
In infants with this condition, the trachea consists of a single 
sheet of cartilage rather than 15–20 separate tracheal rings; 
this cartilaginous sheet may extend proximally into the 
 cricoid and distally into the bronchi. Sleeve trachea is univer-
sally associated with a craniosynostosis syndrome, with 
Pfeiffer, Crouzon, and Apert syndromes, represented in that 
order [ 8 ]. Nonetheless, only a small number of patients with 
craniosynostoses have a sleeve trachea, and even fewer have 
associated tracheal obstruction with the posterior aspects of 
the tracheal cartilage overlapping, effacing the trachealis 
muscle (Fig.  2 ). In these cases, a slide tracheoplasty is still an 
effective reconstructive option, although technically more 
challenging than a straightforward repair of CTRs. Of note, 
most children with sleeve trachea have multiple levels of air-
way obstruction from the choana to the bronchi. Although a 
slide tracheoplasty may therefore not prevent the need for 
a tracheotomy, in some children, it does, however, allow 
for the safe placement of a tracheotomy.
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      Absent Tracheal Rings 

 Although compromised tracheal airfl ow in exoskeletal 
 problems with stenosis usually results from abnormalities in 
cartilage structure, an infant may also present with stenosis 
or collapse resulting from an absence of cartilage [ 9 ]. .  This 
extremely rare condition generally presents in an otherwise 
normal child as an isolated segment of trachea (usually just 
proximal to the carina) that is missing cartilage in a two- to 
three-ring segment (Fig.  3a, b ). Clinical presentation is simi-
lar to that in infants with complete tracheal rings; however, 
bronchoscopically the stenotic segment lacks cartilage and is 
therefore distensible. While most affected children are other-
wise normal, we have seen associated congenital left vocal 
fold paralysis as well as esophageal atresia.

       Management 

 Endoscopic techniques such as balloon dilation rarely have a 
role in the treatment of congenital tracheal stenosis. More spe-
cifi cally, they are contraindicated in the management of CTRs, 

as the risk of tracheal rupture is high. Balloon dilation may, 
however, have a role after reconstruction if restenosis occurs. 

 Although a number of approaches for repairing congenital 
tracheal stenosis have historically been used (i.e., pericardial 
patch, cartilage grafts, resection, and autografts), these 
approaches have been replaced by the slide tracheoplasty. 
This operation marks a clear turning point in the management 
of tracheal stenosis, as outcomes have dramatically improved 
since its inception. Although three decades ago the diagnosis 
of tracheal stenosis carried a mortality rate of 50–80 %, the 
survival rate currently exceeds 90 %. In essence, a patient’s 
prognosis is now less about the compromised  tracheal airway 
than about concomitant congenital anomalies. 

   Slide Tracheoplasty 

 Conceived by Goldstraw [ 10 ] in the 1980s and popularized 
by Grillo [ 11 ] in the 1990s, the slide tracheoplasty was origi-
nally designed as an operation to repair congenital tracheal 
stenosis caused by CTRs. Although this procedure may be 
performed using ECMO or jet ventilation, we prefer to use 
cardiopulmonary bypass to facilitate the repair [ 6 ,  7 ,  12 ]. 
Aside from the advantage of not requiring ventilation during 
the procedure, access is also enhanced, as the lungs and heart 
may be relatively “defl ated.” Typically, a sternotomy allows 
for exposure of the trachea, placement of atrial and aortic 
cannulae, and repair of any coexisting cardiovascular anom-
alies. Removal of the carinal lymph nodes facilitates tracheal 
exposure and mobilization. The extent of the tracheal steno-
sis is then assessed. The assessment usually requires bron-
choscopic examination of the airway while a 30-gauge 
needle is placed into the trachea from the mediastinal side; 
this allows the proximal and distal extent of the stenosis to be 
precisely identifi ed within the chest. The length of the steno-
sis is then measured and its midpoint is marked. Next, the 
trachea is transected at or just proximal to the midpoint of the 
stenosis, with the transection being slightly bevelled (ante-
rior proximal to posterior distal). The transected trachea is   Fig. 2    Endoscopic view of sleeve trachea       

  Fig. 3    Pre- and postoperative views of absent cartilage. ( a ) preoperative view; ( b ) postoperative view       
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mobilized by dissecting free the soft tissue attachments 
between the trachea and the esophagus of both the proximal 
and distal segments. Care is taken to preserve some lateral 
attachments to maintain a blood supply as well as to protect 
the vagus and recurrent laryngeal nerves. The distal segment 
is split posteriorly through all complete rings (to carina or 
down a bronchus if required) and the proximal segment is 
split anteriorly through the area of stenosis and into normal 
trachea. At the split, the trachea may be trimmed to round off 
either end at the transection margins to facilitate the closure. 
The anastomosis is commenced from distal posterior (cari-
nal) in a running fashion using appropriately sized double- 
armed PDS sutures (usually 6–0 PDS in infants). Four to six 
throws of the suture are generally placed at the carina and 
tightened with a nerve hook. The anastomosis is then contin-
ued up the left and right sides of the trachea, with the sutures 
placed through cartilage and mucosa, therefore being 
exposed intraluminally. An effort is made to evert the lateral 
sides of the anastomosis to prevent internal bunching of the 
anastomotic lines (a “fi gure 8” trachea). Before the anasto-
motic suture lines rejoin in the midline at the proximal ante-
rior aspect of the repair, the trachea is suctioned clear. The 
anastomosis is completed with a single proximal knot being 
thrown, leak tested (to 35 cm water pressure), and marked 
with Ligaclips applied to the proximal and distal ends of the 
anastomosis (for aid in radiographic positioning of the endo-
tracheal tube). Fibrin glue is then applied to the anastomosis. 
The patient is reintubated and taken off cardiopulmonary 
bypass, and the chest is closed. At completion of the proce-
dure, the airway is re-evaluated with a fl exible bronchoscope 
to ensure that the repair is adequate and that blood and secre-
tions are suctioned. A 2.8 mm fl exible bronchoscope with a 
suction port can be placed into a 3.5 mm endotracheal tube 
and still allow for ventilation during the evaluation. If the 
patient’s cardiovascular status permits, extubation is usually 
achieved within 24 h [ 12 ]. 

 The slide tracheoplasty is an extremely versatile proce-
dure [ 6 ]. If necessary, it is possible to slide: the entire length 
of the trachea; own a bronchus; into the anterior cricoid; or 
past a tracheal (pig) bronchus. The intrathoracic slide tra-
cheoplasty may also be used to repair stenosis associated 
with absent tracheal rings, a sleeve trachea, or distal tracheo-
esophageal fi stula repair. In addition, it may be used to repair 
an acquired tracheal stenosis. 

 The success of the intrathoracic slide tracheoplasty for 
long- or short-segment tracheal stenosis prompted us to use 
this technique to manage tracheal stenosis involving the 
more proximal trachea [ 13 ]. The upper half to two thirds of 
the trachea is accessible through a cervical approach, and the 
slide tracheoplasty is an effective method of repairing 
acquired upper tracheal stenosis, often in conjunction with 
partial resection of the most severely stenotic tracheal segment. 
The technique is similar to the intrathoracic slide, with the 

 anastomosis commencing at the distal posterior aspect of the 
repair. In older children with a more proximal stenosis, 
the risk of developing a “fi gure 8” trachea is higher, and a 
temporary intrathoracic silicone stent may be placed for 
a  week or more if required. 

 A child is typically extubated 24–96 h postoperatively. 
During this time we try to minimize positive pressure venti-
lation so as not to endanger the anastomosis. Chest drains are 
ideally left in place until after the extubation. Preoperatively, 
some children may present unstable and ventilated; rarely, 
some may be on ECMO support. In these circumstances, 
postoperative ECMO may be required. The aim is to estab-
lish endotracheal ventilation and remove the child from 
ECMO as rapidly as possible. 

 Most complications associated with the slide tracheo-
plasty have no long-term consequence. The “fi gure 8” 
 trachea (lateral bunching of the anastomosis) seen in the 
majority of patients tends to spontaneously resolve over 
 subsequent months and rarely causes obstruction or requires 
intervention. Although recurrent laryngeal nerve palsy 
occurs in less than 20 % of patients, it is usually unilateral 
and transient. Restenosis is rare, as is anastomotic  dehiscence. 
Restenosis is more likely to occur at the proximal end of a 
slide tracheoplasty when a tracheal bronchus is present at 
this apex; it may be prevented by extending the slide two or 
three rings higher, proximal to the tracheal bronchus, into 
normal trachea.   

   Multidisciplinary Considerations 

 In view of the complexity of infants with the conditions 
described above and the likelihood that they may have serious 
coexisting conditions, syndromes, and/or anomalies 
(e.g., bronchial stenosis, lung agenesis or hypoplasia, cranio-
synostosis, cardiac disease), we cannot overemphasize the 
importance of a multidisciplinary team approach to manage-
ment. The success rate at our own institution refl ects the close 
 collaborative efforts of a team comprising experienced pedi-
atric subspecialists in otolaryngology, anesthesiology, pulm-
onology, critical care, and cardiothoracic surgery. The slide 
tracheoplasty is an operation with a steep learning curve, and 
research clearly shows that optimal outcomes are achieved 
through a team approach at a center of excellence [ 6 ,  14 ].  

   Future Considerations 

 Although slide tracheoplasty has markedly improved 
 outcomes for children with congenital stenosis, there are 
 circumstances in which this procedure does not provide a 
stable, viable, long-term solution. The two most common 
 circumstances are (1) children with partial or total tracheal 
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agenesis and (2) children in whom previous tracheal 
 reconstruction has failed, with resultant damage to the 
 tracheal exoskeleton that may be caused by infection. 
In these clinical scenarios, the ideal solution is to replace the 
trachea. 

 Historically, tracheal homografting was fraught with 
 problems, frequently related to long-segment grafts with 
delayed reepithelialization. Tracheal homografting with 
 pre- epithelialized or pre-vascularized segments of homo-
graft trachea, zenograft trachea, or synthetic biologic scaf-
folds seeded with a patient’s own respiratory epithelium 
does, however, offer promise. Pre-epithelialized homograft 
tracheal replacement remains an area of research that is 
being refi ned. Despite highly publicized cases, this is not 
yet a reality.     
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           Etiology 

 Malacia is a term derived from the Greek word “malakia,” 
meaning soft. Tracheomalacia and bronchomalacia, there-
fore, refer to softening of the trachea and bronchi, respec-
tively. This anatomic softening of the cartilaginous airway 
elements, atrophy of the longitudinal elastic fi bers of the 
posterior wall (pars membranacea), and/or decreased tone of 
myoelastic elements prevent the trachea from maintaining 
its shape through the stress of the respiratory cycle leading 
to collapse and intermittent airway obstruction [ 16 ,  39 ]. 
Tracheomalacia (TM) may be localized to a small portion of 
the trachea or may involve it entirely, and when the main-
stem bronchi are involved the term tracheobronchomalacia 
(TBM) is used.  

   Epidemiology 

 Tracheomalacia is the most common congenital disorder of 
the trachea [ 28 ]. It was fi rst described by Holinger et al. [ 29 ], 
and later defi ned by Baxter and Dunbar [ 5 ] as a condition in 
which the tracheal walls are weak from softening of carti-
lage and hypotonia of supporting myoelastic fi bers [ 5 ,  29 ]. 
Tracheomalacia may be found in healthy infants, but is more 
commonly seen in premature infants [ 30 ]. Pediatric broncho-
scopic series have noted observed rates of airway malacia 

between 15 and 57 % [ 17 ,  23 ,  30 ,  35 ,  43 ]. The incidence 
of primary malacia, that is airway malacia in otherwise 
normal infants without extrinsic vascular compression or 
other causative pathology, has been estimated to be at least 
1 in 1,445–2,100 children [ 12 ,  15 ]. Masters et al. noted a 
higher incidence in males, with a male to female ratio of 
roughly 2:1 [ 35 ]. 

 Tracheomalacia is often associated with additional malacic 
sites as well as other abnormalities. Masters et al. evaluated a 
series of 299 patients with airway malacia in order to deter-
mine the frequency of isolated versus multi-site involvement. 
The group noted isolated tracheomalacia in 26.7 % of patients, 
isolated bronchomalacia in 34.4 % of patients, and some 
combination of tracheobronchomalacia in 48 %. When pres-
ent, bronchomalacia was most commonly left-sided, with a 
ratio of left- to right-sided lesions of 1.6:1 (Fig.  1 ).

   Other abnormalities associated with tracheomalacia 
include a variety of syndromes and additional aerodiges-
tive, cardiac, and neurologic anomalies (Table  1 ). In their 
series, Masters et al. found that tracheomalacia was associ-
ated with tracheoesophageal fi stula (TEF) in 9.7 %. Eight 
percent of patients had defi ned syndromes [ 35 ]. Studies 
have found cardiovascular anomalies in 14–58 % of patients 
with TM, including patent ductus arteriosus, atrial or 
ventricular septal defects, vascular ring anomalies such as 
double aortic arch or pulmonary artery sling, hypoplastic 
left or right heart, Tetralogy of Fallot and other conotruncal 
cardiac disorders (affecting the cardiac outfl ow tract), dextro-
cardia, and valvular stenosis [ 10 ,  33 ,  35 ]. Bronchopulmonary 
dysplasia may be seen in up to 52 % of infants with TM, and 
gastroesophageal refl ux disease is seen in about half of 
such patients. Subglottic stenosis, laryngomalacia, vocal 
cord paralysis, neurologic impairment, and overall develop-
mental delay may also occur in association with TM [ 16 ]. 
Interestingly, 24 % of patients with laryngomalacia, a much 
more common condition, have also been found to have 
more distal airway malacia involving the trachea and/or 
mainstem bronchi [ 35 ].

      Tracheobronchomalacia 
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      Pathogenesis 

 In order to fully understand the clinical presentation of a 
patient with tracheobronchomalacia, a brief review of the 
physical mechanics of the respiratory cycle is in order. 
In isolation, the natural tendency of the chest wall is to 
expand. Conversely, the natural tendency of the lungs is 
to collapse. In order to maintain infl ation of the lungs, intra-
thoracic pressure must therefore be negative. With inspira-
tion, the diaphragm contracts and descends and the chest 

wall expands, increasing thoracic volume and making 
intrathoracic pressure more negative. The lungs expand, and 
a gradient for airfl ow into the lungs is established. With 
expiration, the opposite occurs, and the lungs defl ate until 
the gradient for airfl ow no longer exists. 

 Key to this model of normal pulmonary dynamics is that 
the trachea and bronchi maintain their shape in the face of fl uc-
tuating intrathoracic pressures. During inspiration, both intra-
thoracic pressure and intraluminal airway pressure are negative. 
During expiration, however, intrathoracic pressure becomes 
positive in relation to intraluminal airway pressure, and the 
cartilaginous rings of the normal trachea and bronchi serve to 
provide the necessary rigidity to resist the external force and 
prevent airway collapse (Fig.  2 ). If these cartilaginous elements 
fail to provide such support, as in tracheobronchomalacia, the 
airway collapses and obstruction occurs (Fig.  3 ).

  Fig. 1    Normal trachea with rigid cartilaginous support       

    Table 1    Diseases associated with tracheobronchomalacia (adapted 
from [ 16 ])   

 Congenital (primary)  Acquired (secondary) 

  Normal infants  ( idiopathic )   Prolonged intubation  
  Prematurity    Tracheotomy  
  Pulsatile collapse with normal 
innominate artery  

  Severe tracheobronchitis  

  Congenital cartilage abnormalities    Compressive  
 Dyschondroplasia, chondromalacia, 
chondrodysplasia, polychondritis, 
Ehlers–Danlos syndrome 

 Vascular, cardiac, skeletal, 
tumors and cysts, infection, 
post-traumatic 

  Congenital syndromes associated 
with TBM  
 Mucopolysaccharidosis (Hurler 
syndrome, Hunter syndrome), CHARGE 
syndrome, VATER anomaly, trisomy 9, 
trisomy 21, 22q11 deletion, DiGeorge 
syndrome, Pierre-Robin sequence, 
Pfi effer syndrome, Larsen syndrome 
  Congenital anomalies associated 
with TBM  
 Tracheoesophageal fi stula, esophageal 
atresia with/without laryngeal cleft, 
bronchopulmonary dysplasia 

  Fig. 2    Primary tracheomalacia with soft, collapsible cartilaginous 
support proximal to the carina       

  Fig. 3    Isolated left mainstem bronchomalacia       
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    Baxter and Dunbar were the fi rst to divide tracheomalacia 
into primary and secondary forms. Primary airway malacia 
was subsequently defi ned by Benjamin as isolated airway 
malacia in otherwise normal infants. Secondary airway 
malacia was defi ned as acquired malacia associated with 
TEF, esophageal atresia (EA), VATER/VACTERL associa-
tion, vascular or external compression of the airways, or 
specifi c syndromes [ 6 ]. Disease processes that result in the 
formation of an abnormal cartilaginous matrix such as poly-
chondritis and chondromalacia have since been included 
as primary forms, as have mucopolysaccharidoses such as 
Hunter syndrome and Hurler syndrome and other genetic 
syndromes [ 16 ]. 

 Some controversy exists over the grouping of TM associ-
ated with TEF (Fig.  4 ) as an acquired rather than a con-
genital form of disease as there is inherent weakness of the 
involved portion of the trachea [ 16 ]. In 75 % of infants with 
TEF and EA, the trachea is more easily collapsible due to 
reduced circumference of tracheal cartilage and widening of 
the membranous trachea [ 50 ]. Blair and colleagues identifi ed 
esophageal muscle in the histologic specimens taken from 
the posterior wall of the trachea in infants with TEF and/or 
EA. They subsequently proposed that idiopathic primary TM 
is actually the result of a defect in foregut division resulting 
in inherent tracheal weakness, just not severe enough to 
cause TEF or EA [ 10 ]. Others have supported the theory that 
congenital TM is due to faulty embryologic division of the 
foregut into the trachea and esophagus, suggesting that the 
trachea receives redundant tissue during separation with a 
subsequent decrease in structural integrity [ 33 ]. As a result of 
such fi ndings, current classifi cation schemes class TM asso-
ciated with TEF under a primary, or congenital, form of 
disease (Table  1 ).

   With such debate, Mair and Parsons were careful to 
reserve the term “tracheomalacia” for specifi c cases in which 

the posterior membranous wall of the trachea is widened. 
They noted a normal trachea to have a ratio of cartilage to 
posterior membrane of approximately 4–5:1, while in tra-
cheomalacia this ratio approaches 2:1 [ 33 ].    In order to    
accommodate the entire spectrum of disease, they preferred 
to use the more encompassing term “major airway collapse” 
(MAC). They proposed a MAC classifi cation system that 
includes three types. MAC Type I lesions represent congeni-
tal tracheal collapse due to abnormal cartilaginous develop-
ment, including that seen in premature infants and those 
with EA, TEF, mucopolysaccharidoses, and Larsen syn-
drome. MAC type II lesions consist of tracheal collapse due 
to extrinsic compression alone. MAC type III lesions are 
acquired lesions, generally due to infl ammatory stimuli such 
as severe or recurrent tracheobronchitis, gastroesophageal 
refl ux disease, and intubation [ 33 ,  42 ]. 

 Acquired TM is a result of the degeneration of normal 
cartilaginous support from a variety of causes and is slightly 
more common than congenital disease. MAC type III infl am-
matory lesions are the most common acquired lesion and are 
most often associated with prolonged endotracheal intuba-
tion with associated increases in airway pressure, oxygen 
toxicity, and recurrent infections [ 52 ]. Premature infants 
with respiratory distress syndrome are most commonly 
predisposed to the condition. One study of 50 infants with 
TM found that 52 % had “secondary” TM, and 96 % of these 
were premature infants with respiratory distress syndrome 
and a history of prolonged mechanical ventilation [ 30 ]. 
It should be noted, however, that it could be diffi cult to 
differentiate whether TM is truly a result of endotracheal 
intubation or a contributing factor in the need for endotra-
cheal intubation from the outset [ 20 ,  30 ]. Tracheotomy also 
predisposes to TM, so a tracheotomy performed to help in 
management of primary TBM at one site may predispose to 
secondary tracheomalacia at the surgical site. Tracheotomy 
requires surgical interruption of the integrity of the tracheal 
rings, and over time the tube’s presence may lead to cellular 
hypoxia and pressure necrosis due to impaired blood supply, 
tracheitis, and frictional mucosal damage [ 4 ,  22 ]. Finally, the 
role of gastroesophageal refl ux as an infl ammatory stimulus 
in the exacerbation and/or development of tracheomalacia 
may also be signifi cant as it is more prevalent in children 
with large-airway malacia [ 9 ]. 

 MAC type II lesions due to external tracheal compression 
present a less common form of acquired TM. Compression 
affects the integrity of the tracheal wall, at times severe 
enough to cause chronic obstruction but often only leading to 
transient collapse as intrathoracic pressure increases. 
Implicated structures and anomalies include double aortic 
arch (Fig.  5 ), abnormal branching of the innominate artery 
(Fig.  6 ), anomalous left pulmonary artery, right aortic arch 
with left ligamentum arteriosum, left atrial hypertrophy, and 
other vascular rings. Skeletal disorders such as scoliosis and 

  Fig. 4    Tracheomalacia in association with tracheoesophageal fi stula       

 

Tracheobronchomalacia



90

pectus excavatum may contribute as well. Mass lesions such 
as thymus enlargement, hemangiomas, lymphatic malforma-
tions, teratomas, other tumors, abscesses, cysts, and thyroid 
goiters are also implicated. Importantly, even after surgical 
relief of the compression, tracheal weakness and collapse 
may persist and require additional treatment [ 16 ].

       Clinical Presentation 

 Since it was fi rst defi ned in the 1950s and 1960s, the signs 
and symptoms of TBM have been classically described as 
appearing slowly over the fi rst several weeks of life. A more 
recent study published in 1992, however, found that symp-
toms of primary TBM are apparent at birth in up to 95 % of 
infants [ 33 ]. Mild symptoms may include noisy breathing, 
intermittent stridor, and wheezing. More severe signs and 
symptoms include severe dyspnea, spontaneous hyperex-
tension of the neck, increased work of breathing with 
retractions, cyanosis, and respiratory insufficiency or 
failure. Symptoms are often positionally dependent, better 
when prone and worse when supine. Generally, severe cases 
are detected in the neonatal period when patients present 

with acute episodes of severe obstruction, cyanosis, and 
desaturation and at times ventilator dependency. Recurrent 
lower  airway infections and pneumonia may result from 
impaired mucociliary function as well as impaired clearance 
of secretions by the collapsed and obstructed airway lumen 
during cough [ 44 ]. 

 The most common symptoms seen in isolated tracheo-
bronchomalacia are expiratory stridor and a “brassy” or 
“barky” cough. Negative intraluminal pressure compared to 
intrathoracic pressure causes dynamic collapse of the insuf-
fi ciently supportive cartilaginous elements of the airway. 
Airway obstruction can occur at any phase of respiration but 
is most pronounced with expiration, and resultant airway 
turbulence causes the high-pitched sound of stridor. The 
majority of the trachea and the entirety of the bronchi lie 
within the thoracic cavity and respond to changes in pres-
sure accordingly. 

 While expiratory stridor is the most common presentation 
of tracheomalacia, it may be confused with the wheezing 
found in reactive airway disease or bronchiolitis. In all cases 
airway noise may worsen with activity or agitation as airfl ow 
increases. Similarly, it will generally worsen with upper 
respiratory tract infections as an already compromised air-
way becomes narrowed by edema and thicker, more abun-
dant secretions. In contrast to the high-pitched and varied 
“squeaking” heard with the wheezing of reactive airway 
disease, the stridor associated with tracheomalacia is more 
centrally located and of a more uniform, slightly lower pitch. 
In addition, symptoms generally lessen when the patient is 
prone as the gravitational pressure of the intrathoracic struc-
tures on the collapsible airway present when supine is 
reversed. Symptoms that fail to improve when the patient is 
at rest or with positioning maneuvers should raise suspicion 
of fi xed intraluminal airway obstruction or possible extrinsic 
airway compression. 

 Nevertheless, the classic presentation of tracheobroncho-
malacia as purely expiratory stridor may not always be so 
straightforward. A portion of the trachea is cervical and not 
subject to intrathoracic pressure. In addition, the underlying 
cartilaginous immaturity found in tracheomalacia is not 
uncommonly present in the larynx as well, causing laryngo-
malacia. Without the effect of negative intrathoracic pres-
sure, these cervical structures are subject only to Bernoulli’s 
principle. Briefl y, an increase in airfl ow, i.e. during inspira-
tion, causes a decrease in airway pressure. Intraluminal pres-
sure becomes negative in relation to atmospheric pressure. 
Clinically insuffi cient airway support then allows collapse of 
the cervical airway and may cause  inspiratory  airway 
collapse and  inspiratory  stridor. 

 Though respiratory symptoms are generally the most 
alarming, feeding diffi culties should not be overlooked. 
Dysphagia, regurgitation, cough, and cyanosis during 
feeding are not uncommon, particularly in association with 

  Fig. 5    Tracheomalacia in association with a double aortic arch       

  Fig. 6    Tracheomalacia in association with innominate artery compres-
sion and a large thymus       
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vascular tracheal compression. During feeding, as the 
esophagus becomes engorged it may contribute to tracheal 
collapse and obstruction. Respiratory obstruction and desat-
uration may result, inhibiting the ability of the infant to feed 
normally and gain weight appropriately. Frequent interrup-
tion of feeding has been promoted as a means of preventing 
signifi cant desaturation and cyanosis [ 10 ]. 

 Finally, while the focus of this chapter is tracheobroncho-
malacia during the neonatal period, it should be noted that 
children with mild airway malacia may not present until after 
the neonatal period and will often have nonspecifi c symp-
toms such as rattling, wheeze, stridor, exercise intolerance, 
cough, and recurrent lower airway infections. In such patients 
it may be misdiagnosed as asthma, and due to its expected 
lack of response to standard asthma treatment may be fur-
ther misdiagnosed as severe-persistent or therapy-resistant 
asthma [ 12 ].  

   Diagnosis 

 A thorough history and physical examination are critical as 
diagnosis is initially based upon the clinical presentation 
outlined above. As noted, TBM must be differentiated from 
asthma and other causes of intraluminal obstruction, and a 
high degree of suspicion is often necessary for accurate 
diagnosis. Reviews have demonstrated a mean delay from 
symptom onset to accurate diagnosis of 6–9 months [ 33 ,  47 ]. 
In mild cases with benign, intermittent noisy breathing that 
resolves at rest and with prone positioning and no evidence 
of clinically signifi cant obstruction or increased work of 
breathing, clinical diagnosis may be suffi cient. In cases 
where the diagnosis is in question, or when clinically appar-
ent respiratory obstruction, increased work of breathing, 
and/or oxygen desaturation occurs, further diagnostic studies 
should be pursued. 

 The gold standard of diagnosis is operative bronchoscopy 
by an experienced airway endoscopist and anesthesia team. 
Communication between the surgeon and anesthesiologist is 
critical, as spontaneous ventilation is vital to achieving an 
accurate diagnosis. Only when the patient is breathing spon-
taneously, i.e. without positive-pressure support from the 
ventilator, can the dynamic airway collapse of tracheobron-
chomalacia be clearly seen. Therefore general inhalational 
anesthesia is necessary to avoid paralysis, heavy sedation, 
and positive-pressure ventilation that may impair recognition 
of dynamic airway collapse. 

 Based upon studies conducted in the 1960s by Wittenborg 
et al., a visualized decrease in airway diameter of >50 % is 
considered abnormal [ 54 ]. Most infants with TM will have 
>75 % collapse with complete collapse in up to 33 % of 
infants [ 54 ]. Collapse typically occurs in an anterior–posterior 
direction. Vascular compression may be appreciated with 

pulsatile collapse, and the level of collapse may help predict 
which vessel is likely to be the source of compression. 
A high riding innominate artery causes pulsatile compres-
sion of the anterior trachea a few centimeters above the 
carina, and compression of the mass with the bronchoscope 
will result in loss of the right upper extremity pulses. A double 
aortic arch, as the only complete vascular ring, will cause 
more pronounced pulsatile compression than other rings 
such as a right aortic arch with a left ligamentum arteriosum 
and aberrant left subclavian artery [ 46 ]. A pulmonary artery 
sling is classically associated with a “saber-shaped” tracheal 
stenosis and right middle segment bronchomalacia as the 
left pulmonary artery arises off of the right pulmonary 
artery and encircles the right mainstem bronchus and trachea 
as it courses between the trachea and esophagus towards 
the left lung [ 35 ]. 

 Rigid bronchoscopy offers superior optics and, therefore 
better assessment of the tracheal mucosa and structure, with 
tracheal rings often distinct on visual inspection. It may be 
limited in its ability to assess past the level of the mainstem 
bronchi, however. Flexible bronchoscopy provides inferior 
image detail but may provide a more accurate picture of 
dynamic airway movement as less laryngeal manipulation is 
required to access the airway. Flexible bronchoscopy is also 
useful for assessing the distal bronchi for malacic change. 

 Tracheobronchomalacia’s association with congenital 
heart lesions, especially conotruncal lesions, warrants con-
sideration of a full cardiac evaluation when a diagnosis is 
made. Conotruncal heart defects as well as vascular rings 
have been described in association with 22q11 chromosomal 
defects such as DiGeorge syndrome and velocardiofacial 
syndrome, so providers should consider genetic and immu-
nologic assessment for associated defects [ 35 ]. 

 Nonoperative investigation is often invaluable in the 
evaluation and diagnosis of TBM and can be divided into 
static imaging, dynamic imaging, and spirometry. Static 
imaging includes plain fi lms of the chest, chest CT, and chest 
MRI. Dynamic imaging generally includes airway fl uoros-
copy and esophagram, though development continues in 
using dynamic MRI and cine-CT as dynamic modalities. 
Diagnostic chest radiographs, as the most basic form of static 
imaging, include inspiratory and expiratory views. Tracheal 
narrowing may be seen on an expiratory fi lm, and lung fi elds 
may demonstrate parenchymal abnormalities consistent with 
airway collapse and consolidation [ 35 ]. However, when 
compared to microlaryngoscopy and bronchoscopy, the 
sensitivity of plain fi lms in diagnosing TM is only 62 % [ 51 ]. 

 Airway fl uoroscopy has been utilized in the evaluation of 
suspected TBM. Strauss et al. reported airway fl uoroscopy to 
be as good as or even superior to bronchoscopy in the diag-
nosis of patients with combined stenosis and tracheomalacia 
[ 48 ]. A more recent study compared airway fl uoroscopy to 
the gold standard of operative bronchoscopy and confi rmed 
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a specifi city of 94 % for a diagnosis of tracheomalacia 
achieved by airway fl uoroscopy. However, its sensitivity 
was only 20 % in detecting tracheomalacia, so its role as a 
screening study may be limited and further investigation is 
certainly warranted if clinical suspicion exists [ 7 ]. Barium 
esophagography may be useful when concern for associated 
TEF, EA, or refl ux exists. It may also demonstrate esopha-
geal compression due to a double aortic arch. 

 Computed tomography is a rapid and noninvasive diag-
nostic modality, often requiring no sedation that has demon-
strated sensitivity of roughly 85 % in diagnosing airway 
lesions in children [ 24 ]. Advances in helical CT imaging 
have allowed images obtained at end-inspiration and during 
dynamic breathing to provide a noninvasive method for 
assessing tracheomalacia with studies demonstrating strong 
correlation between radiologic fi ndings and bronchoscopy 
[ 11 ]. CT tracheobronchography gives three-dimensional 
airway renderings that depict the relationship of the external 
surface of the airway to adjacent structures, potentially valu-
able information in the assessment of complex airway 
abnormalities and specifi cally MAC type II compressive 
tracheomalacia [ 11 ]. Three-dimensional reconstruction also 
allows “virtual bronchoscopy,” however, its utility in pediat-
ric and especially neonatal populations has yet to be defi ned. 
The biggest limiting factor in the application of computed 
tomography in the evaluation of suspected TBM is exposure 
to ionizing radiation as well as iodinated contrast material 
when assessment of mediastinal vascular structures is 
desired. An increasing body of literature supports judicious 
use of CT and other studies involving ionizing radiation in 
children, even with pediatric dose reduction protocols, due 
to lifetime cancer risk [ 13 ,  25 ,  40 ]. 

 Conversely, magnetic resonance imaging does not involve 
ionizing radiation. It is therefore the preferred modality for 
assessing paratracheal extrinsic airway abnormalities in chil-
dren. Specifi cally, it is ideal for evaluating suspected MAC 
type II lesions such as vascular rings without the need for 
iodinated contrast agents. The primary disadvantage of MRI 
is that it requires either sedation, which may not be safe in 
patients prone to airway collapse, or intubation due to the 
length of the study. Dynamic MRI to avoid this has been 
evaluated in older populations [ 11 ]. From a practical stand-
point, however, the inability of neonates and small infants to 
cooperate with breathing instructions will continue to limit 
the applicability of dynamic MRI and computed tomography 
techniques in this patient population. 

 Spirometry and fl ow-volume loops are noninvasive and 
repeatable methods to measure airfl ow and response to treat-
ment. While other diagnostic modalities are useful for 
structural information, spirometry provides a functional 
assessment. In TBM the fl ow-volume loop may be fl attened 
on expiration [ 19 ]. One can expect lower-than-expected values 
for mean peak expiratory fl ow, FEV1 and FEV1/FVC [ 12 ]. 

Unlike in asthma, these measures do not improve with 
bronchodilator therapy. Nevertheless, while its role in the 
evaluation and management of cooperative children is 
signifi cant, pulmonary function testing is diffi cult and not 
routinely available for neonatal patients.  

   Management 

 Management is generally conservative, as the condition is 
benign and self-limiting in the majority of patients. 
Cartilaginous structures mature with age and provide better 
airway support. Conservative management may consist of 
simple observation with appropriate treatment of respiratory 
infections or may incorporate humidifi ed air or oxygen and 
pulmonary physiotherapy as needed. Appropriate manage-
ment of coexisting and possibly exacerbating conditions 
such as gastroesophageal refl ux should be employed. 

 Historically, tracheotomy with long-term positive- 
pressure ventilation is the defi nitive treatment in those 
patients who fail to respond to conservative management. 
Jacobs et al reviewed 50 cases of TM in 1994 and found 
that 75 % of premature infants and 39 % of full-term infants 
required tracheotomy, with 71 % undergoing decannulation 
without further intervention at an average age of 30 months 
[ 30 ]. Other studies have reported the need for tracheotomy 
in infants with tracheomalacia to be anywhere from 12 to 
62 % of infants [ 1 ,  2 ,  26 ,  33 ]. Even this “defi nitive” measure 
is not always suffi cient, however, as custom tracheotomy 
tubes are often necessary to appropriately stent the diseased 
airway segment(s). Further complications include the risk of 
recurrent infections, as well as tracheal injury and scarring 
from the procedure and tube themselves. Frequent bronchos-
copy and adjustment of tube length may be required as the 
child grows, and the presence of the tube may increase the 
risk of bronchospasm. Appropriate assessment of the 
ability to tolerate decannulation may also prove diffi cult. 
In a non- violated airway, positive intratracheal pressure that 
may help stent malacic segments can be generated against a 
closed glottis. With a tracheotomy present, the ability to 
generate this pressure is lost and true airway integrity 
becomes more diffi cult to evaluate. Assessment of the airway 
with a capped tracheotomy tube prior to decannulation is 
therefore essential [ 34 ]. 

 Continuous positive airway pressure (CPAP), adminis-
tered via nasal prongs, facemask, or tracheotomy is an effec-
tive treatment for TBM that prevents airway collapse by 
essentially creating a pneumatic stent [ 16 ]. Bronchoscopy 
[ 32 ,  36 ] and fl uoroscopic evaluation [ 47 ] have confi rmed the 
ability of CPAP to maintain airway patency during tidal 
respirations. The CPAP level can be adjusted based upon 
changing fl ow-volume measurements; however, more com-
monly it is adjusted based upon clinical response alone [ 16 ]. 
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In their series, Jacobs et al. reported that CPAP was required 
for an average of 21.4 months in premature infants and 22.0 
months in full-term infants [ 30 ]. In spite of its demonstrated 
effi cacy, however, CPAP is not without its disadvantages, 
including delay in oral feeding, speech and language 
development, and the potential for overall developmental 
delay [ 30 ,  53 ]. 

 Particularly within the fi rst 6 months of life, airway 
smooth muscle plays a critical role in modulating the 
mechanical properties and dynamic behavior of the trachea 
[ 19 ]. Medical management with cholinergic agents (para-
sympathetic agonists) like bethanechol may help to support a 
malacic tracheobronchial tree by increasing smooth muscle 
tone. Panitch et al. demonstrated improvement in fl ow- 
volume curves following the administration of inhaled 
methacholine and oral bethanechol. Conversely, bronchodi-
lation and relaxation of airway smooth muscle after albuterol 
administration had the opposite effect [ 39 ]. Ipratropium 
bromide has been utilized based on its similar mechanism of 
action. Neither has been widely studied in a prospective 
fashion. 

 In severe cases with recurrent infection, with dying spells, 
that do not respond to tracheotomy and positive pressure, 
or in whom tracheotomy and positive pressure ventilation 
somehow cannot be performed, more defi nitive surgical 
interventions such as stenting or thoracic surgery may be 
considered. It should fi rst be noted, however, that patients 
with airway malacia deserve special consideration from an 
anesthetic standpoint. Like the intensive care team, the anes-
thesiologist must work to vigilantly minimize coughing and 
to prevent airway collapse and air trapping by judicious use 
of positive end-expiratory pressure [ 3 ]. 

 Internal tracheal stenting is advantageous in that it is a 
less invasive approach, achieved endoscopically and with 
decreased surgical recovery time. Montgomery was the fi rst 
to describe internal tracheal stent placement in 1965 [ 37 ]. 
He utilized a silicone stent, and since then a wide array of 
silicone and metal stents has been deployed. Metal stents are 
thinner with a wider intraluminal diameter and are more 
easily deployed overall. Silicone stents are more easily 
removed as the child outgrows the disease or requires larger 
stent placement. Both may cause signifi cant complications, 
however, including airway obstruction from granulation 
tissue formation and stent migration. Granulation tissue is 
generally more problematic when metallic stents are utilized, 
so much so that endoscopic stent removal may be precluded 
and transthoracic approaches may be required. Currently, 
internal stents are only utilized for palliation and in situa-
tions in which more conventional therapies have failed. 
Resorbable biopolymer stents are in development and may 
have promise in overcoming current limitations [ 45 ]. 

 Aortopexy has become a valuable procedure in the 
management of severe tracheomalacia and is considered the 

“gold standard” for surgical management, especially in 
cases caused by a vascular anomaly [ 49 ]. First described by 
Gross and Neuhauser in 1948, the procedure consists of a 
 thoracotomy approach to the ascending aorta and placement 
of traction sutures from the adventitial layer of the aorta 
itself to the internal surface of the sternum [ 27 ]. By fi xating 
the aorta anteriorly, the anterior–posterior dimension of the 
trachea is widened and the potential for clinically signifi cant 
collapse is decreased. In a comparative study between intra-
luminal stents and aortopexy, Valerie et al. concluded that 
both treatment modalities are effi cacious in severe cases. 
They did note, however, that although aortopexy has a higher 
perioperative complication rate, stents are more prone to 
long-term failure and morbidity and mortality [ 49 ]. Similarly, 
pexy of other compressive vessels may also be employed. 

 The fl accid trachea has been rigidly supported by external 
splinting using a variety of materials, including autologous 
costal cartilage along with a variety of prosthetic synthetics 
[ 16 ]. The supporting material is sutured directly to the 
trachea via a thoracotomy, cervical, or sternotomy approach 
depending upon the site of collapse. More recently the 
application of resorbable microplates to the lateral trachea 
has been described to support malacic segments [ 31 ]. Animal 
[ 14 ] and human studies [ 38 ], though limited, have not 
shown subsequent limitation of tracheal growth. While it 
may serve a valuable role in the care of patients with tracheo-
malacia, one must bear in mind that external tracheal stenting 
is not likely to adequately treat distal tracheal or bronchial 
malacia. 

 Additional surgical approaches have been reported with 
varied degrees of success, including tracheopexy, broncho-
pexy, segmental tracheal resection, and tracheal reconstruc-
tion [ 16 ]. Tracheal resection and primary anastomosis is 
effi cacious in patients with short, focal malacic segments, 
however, this group represents only a small minority of 
affected patients overall [ 55 ]. Unfortunately, no perfect 
medical or surgical treatment exists for TBM and care must 
always be tailored to the individual patient. 

 Discussion of surgical interventions for TEF/EA and 
specifi c vascular anomalies associated with TM will be 
discussed elsewhere in this book.  

   Prognosis 

 In the majority of healthy and even premature infants, 
tracheobronchomalacia is generally a benign and self-
limited condition associated with intermittent “noisy breathing” 
but without clinically signifi cant obstruction or increased 
work of breathing. As a patient ages and airway struc-
tures mature, dynamic airway collapse no longer occurs. 
Conservative supportive care is generally all that is needed, 
including chest physiotherapy, humidifi ed oxygen as 
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needed, and treatment of infections. Symptomatic improve-
ment is generally seen between 6 months and 1 year of age, 
and symptoms generally resolve by around 1–2 years of 
age [ 16 ]. As previously noted, there is a relatively higher 
incidence of respiratory illness due to poor mucociliary func-
tion and impaired ability to clear mucus and secretions past 
an obstructed tracheal lumen. When infl ammatory or infec-
tious respiratory illness occurs in patients with tracheoma-
lacia, symptoms are often more pronounced and a more 
protracted course of illness can be expected. 

 A clinical severity scale has been described in which 
“mild” cases have respiratory diffi culties only in association 
with infectious processes affecting the mucosa of the lower 
airway such as bronchitis or croup. “Moderate” cases present 
with stridor, wheezing, recurrent respiratory infections, and 
cyanosis with agitation, and other exacerbating factors. 
“Severe” cases are those in which children have stridor with 
normal respiration, signifi cant diffi culty with retained secre-
tions, upper airway obstruction, refl ex apnea, and in the most 
severe cases, cardiac arrest [ 18 ]. Refl ex apnea, variably 
referred to as “death attacks,” “dying spells,” and “apneic 
spells,” refers to refl exive respiratory arrest triggered by 
tracheal stimulation with secretions or compression by an 
engorged esophagus. It is felt to be the same mechanism by 
which infants may cease breathing during bronchoscopy, and 
may lead to cardiac arrest secondary to refl ex apnea [ 33 ]. 

 Patients with a more severe course of disease may also 
demonstrate increased work of breathing, oxygen desatura-
tion, failure to thrive, and delayed development. Periodic 
episodes of apnea, cyanosis, and respiratory arrest (“death 
spells”) may occur with ventilation-perfusion mismatch. 
Compression of the trachea by a full esophagus may cause 
periodic respiratory obstruction and oxygen desaturation. 
Failure to recognize or appropriately treat the condition may 
lead to signifi cant morbidity and even mortality due to respi-
ratory or cardiac arrest. 

 The mortality rate of patients with severe TM has been 
reported to be as high as 80 % [ 41 ]. Patients with connective 
tissue disorders and congenital syndromes are at even greater 
risk of more diffi cult disease course and poor outcomes. 
The prognosis of patients with TM secondary to a vascular 
ring should be considered distinct, however, with approxi-
mately 95 % long-term survival and nearly universal symp-
tom relief after surgical correction. Further, while vocal cord 
paralysis is a known risk of surgery, the operation carries 
essentially no mortality in patients without coexisting 
cardiac defects [ 8 ].  

   Multidisciplinary Considerations 

 Tracheobronchomalacia may occur in isolation or in asso-
ciation with other anatomic abnormalities and syndromes. 
As noted, defi nitive diagnosis generally requires bronchoscopy 

by an appropriately trained endoscopist. Depending on the 
severity of disease, care may be managed by the pediatrician, 
neonatologist, or pediatric intensivist alone but will often 
require involvement of an otolaryngologist, pulmonologist, 
and cardiothoracic surgeon. When syndromes and associated 
anomalies are noted, a geneticist and additional services may 
be involved in care as appropriate.  

   Future Considerations 

 Management will continue to be patient-specifi c based upon 
observed symptomatology. In more severe cases requiring 
intervention, continued investigation into internal tracheal 
stenting and in particular stents composed of resorbable 
materials may provide a minimally invasive means of treat-
ment without the problems of granulation and scar tissue 
previously noted with silicone and metallic stents. Research 
is ongoing [ 21 ,  45 ].     
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           Introduction 

    In 1982, Mulliken and Glowacki proposed a biological 
 classifi cation of vascular anomalies [ 1 ]. These authors 
described two major categories of vascular anomalies based 
on their clinical behavior, natural history, and cellular kinet-
ics:   vascular tumors , which are lesions characterized by 
endothelial proliferation, and  vascular malformations , 
which result from errors in vascular morphogenesis while 
exhibiting normal endothelial turnover [ 1 – 3 ]. The modifi ca-
tion of this classifi cation accepted by the International 
Society for the Study of Vascular Anomalies (ISSVA) in 
1996 [ 2 ] is shown in Table  1 .

   The most common vascular anomalies of the neonatal air-
way are infantile hemangiomas, lymphatic malformations, 
and venous malformations. Infantile hemangiomas, which 
are among the vascular tumors, have a predilection for the 
subglottic airway. In contrast, lymphatic and venous vascular 
malformations are typically pharyngeal and supraglottic and 
cause obstruction in higher regions of the airway [ 4 ].  

   Infantile Hemangioma of the Airway 

 Infantile hemangiomas (IHs) are benign tumors of the vascu-
lar endothelium. The most common tumors of infancy, IHs 
have the unique ability to involute after a period of rapid 

 proliferation. Most IHs involve the skin, while only a small 
percentage involve the mucosa or the viscera. 

 IHs of the neonatal airway are relatively uncommon. Also 
known as “subglottic” hemangiomas, these lesions have a 
tendency to affect the narrowest portion of the pediatric 
 airway, and therefore present with symptoms of stridor and 
cough. Growth of the tumor may result in airway compro-
mise and severe respiratory distress. 

   Epidemiology 

 The incidence of IH in general has been estimated at 4–5 % 
based on retrospective and cross-sectional data [ 5 ], although 
other studies suggest rates of 1–3 % among newborns [ 6 ,  7 ], 
and 2.6–9.9 % among older children. [ 8 ,  9 ]. IHs occur more 
commonly among female infants at rate of about 3:1 [ 9 ,  10 ], 
and most studies report a signifi cantly higher incidence in 
Caucasian infants [ 9 – 11 ]. The incidence of IH is increased 
among preterm infants, affecting 22–30 % of babies weigh-
ing less than 1 kg [ 10 ,  12 ]. Low birth weight has been impli-
cated as the causal reason, with a 25 % increase in risk of IH 
development for every 500 g reduction in birth weight [ 13 ]. 

 In a 1967 series, IHs of the airway accounted for 1.5 % of 
congenital laryngeal anomalies [ 14 ]. However, the actual inci-
dence of IHs has not been determined in any formal study. An 
analysis of the 37-hospital Pediatric Health Information 
System (PHIS) database over the 5-year period from 2001 to 
2005 found that of 2,890 admissions for a primary or second-
ary diagnosis of IH, 337 (12 %) underwent an airway proce-
dure during at least one admission [ 15 ]. Thus, on average, 
pediatric hospitals in this cohort likely treated fewer than three 
symptomatic airway IHs each year. As with IH in general, air-
way IH of the subglottis have been reported more frequently in 
females, but with a 2:1 female to male preponderance [ 16 – 20 ]. 
It is unknown if the other risk factors associated with IH in 
general apply equally to the subset of IHs of the airway.  
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   Etiology and Pathogenesis 

 The etiology and pathogenesis of IH remain theories that are 
incompletely proven. The endothelial progenitor cell theory 
suggests that IHs develop from clonal expansion of circulat-
ing endothelial progenitor cells (EPCs), resulting in vasculo-
genesis, or the de novo formation of new blood vessels. 
[ 21 ,  22 ]. The proposed stimulus for division of EPCs is a 
somatic mutation or abnormal signals from local tissues. The 
theory of placental origin suggests that fetal progenitor cells 
arise from disruption of the placenta during gestation or 
birth. This concept derived from research demonstrating that 
molecular markers unique to placental tissue were also pres-
ent in IHs [ 23 – 25 ]. Clinical evidence for this theory is sug-
gested by studies demonstrating an increased incidence of 
IH in association with chorionic villus sampling, placenta 
previa, and preeclampsia. 

 A unifying theory suggests that circulating EPCs fi nd 
their way to certain locations that provide conditions favor-
able for growth into placenta-like tissues. In such tissues as 
the skin and liver, progenitor cells may encounter cellular 
signals and local tissue factors that stimulate their develop-
ment. Such factors may include angiogenic and vasculogenic 
factors within the IH [ 26 – 28 ]. It is also theorized that distur-
bances causing placental hypoxia trigger a vascular response 
that increases the likelihood of IH [ 29 – 31 ]. Such distur-
bances include maternal chorionic villus sampling (CVS) or 
amniocentesis [[ 10 ,  32 ,  33 ], and placental anomalies such as 
retroplacental hematoma, infarction, and dilated vascular 
communications [ 29 ]. In utero hypoxia is also the most 
 common cause of low birth weight and may explain the asso-
ciation seen with premature delivery.  

   Clinical Presentation 

 Although considered congenital lesions, airway IHs are not 
generally symptomatic at birth. However, like cutaneous 
IH, they typically exhibit a characteristic life cycle consist-
ing of proliferation and involution. Proliferation occurs 
during early infancy, while gradual spontaneous involution 
or regression starts by 1 year of age [ 34 – 41 ]. Symptoms 
usually manifest during the early proliferative phase; 
accordingly, some airway IHs will become symptomatic 
during the neonatal period. 80–90 % of affected babies will 
present within the fi rst 6 months with a mean age of 
3.6 months at diagnosis [ 16 ,  42 ]. Symptoms are often pres-
ent for several weeks before a defi nitive diagnosis is made. 
An intermediate period between proliferation and involu-
tion during mid-to-late infancy, often referred to as the 
“plateau” phase, more likely represents a period of tempo-
rary balance between individual cells that are proliferating 
and those undergoing involution and apoptosis [ 34 – 41 ]. 
The process of involution takes several years and varies in 
duration. 

 Most  symptomatic  airway IHs involve the subglottic lar-
ynx and, as a result, authors have traditionally referred to 
these lesions as “subglottic hemangiomas.” In fact, many 
such IHs have been demonstrated to have transglottic or 
paratracheal extension [ 43 ]. Nevertheless, their associated 
symptom complex is consistent, including biphasic stridor 
and barky cough, usually in the absence of dysphonia. The 
symptoms are often mistaken for those of infectious or 
infl ammatory croup, especially since the symptoms typically 
worsen in the presence of upper respiratory illness. 
Furthermore, IHs respond to many of the same treatments 
used for croup, including racemic epinephrine and nebulized 
and systemic steroids. As a result, recurrent croup-like symp-
toms and gradual worsening of stridor during early infancy 
are suggestive of airway IH and should be investigated 
 further. Swallowing is usually normal; however feeding may 
be affected as the infant tries to coordinate sucking with 
breathing. 

 About one half of infants diagnosed with an airway IH 
also will have a cutaneous IH, although only 1–2 % of 
 children with cutaneous IHs also have airway IHs [ 17 ,  44 ]. 
Even in asymptomatic children, the presence of cutaneous 
IH in the “beard distribution” (parotid area, lips, chin, neck) 
may be a predictor of IH in the airway (Fig.  1 ) [ 45 ]. Such 
cases likely represent “segmental” IHs [ 43 ,  46 ].

   Once the proliferative phase is completed (9–12 months 
of age), respiratory symptoms tend to slowly resolve. 
Although the lesion itself may not involute completely or 
even signifi cantly for many months, growth of the child over 
time allows the airway to better accommodate the IH, result-
ing in diminished stridor and cough.  

   Table 1    Classifi cation of cutaneous vascular anomalies (Modifi ed from 
issva.org/classifi cation, updated 2014)   

  Vascular malformations  
 Venous 
 Lymphatic 
 Capillary 
 Arterial and arteriovenous 
 Mixed (combined) 

  Vascular neoplasms  
 Infantile hemangioma (IH) 
 Congenital hemangioma (CH) 

 Rapidly involuting (RICH) 
 Non-involuting (NICH) 

 Others 
 Kaposiform hemangioendothelioma (KHE) 
 Tufted angioma (TA) 
 Lobulated capillary hemangiomas (LCH) (pyogenic granuloma) a  

   Notes :  a  considered cutaneous hyperplasia   
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   Diagnosis 

 Diagnosis of airway IH begins with a high index of suspi-
cion, since many congenital and infl ammatory processes of 
the airway can mimic IH during the early months of infancy. 
The presence of cutaneous lesions and the persistence or 

recurrence of croup-like symptoms are important clues. 
When airway IH is suspected, the diagnosis may be con-
fi rmed by performing an imaging study or proceeding 
directly to laryngoscopy and bronchoscopy. In most cases, 
the uncertainty of the diagnosis or the severity of symptoms 
necessitates a trip to the operating room, where the pathol-
ogy may be visualized directly and treated surgically if nec-
essary. This approach avoids the risks associated with 
radiation exposure during infancy. Advocates of imaging, 
conversely, prefer to make a presumptive diagnosis based on 
fl exible airway endoscopy, and confi rm the diagnosis and 
assess the extent of the lesion by CT (computerized tomog-
raphy) scan with angiography (“CT angio”) [ 47 ]. This 
approach avoids the need for general anesthesia, especially 
given the recent trend to treat such lesions initially with 
medical therapy rather than surgery. 

 When endoscopy is performed, symptomatic airway IHs 
are usually found to involve the subglottis, but bulk and 
blush may be present at adjacent and distant sites as well. 
The bulky lesion is smooth, submucosal, compressible, and 
pink or blue in color (Fig.  2 ). A left-sided predominance has 
been reported, but IHs may be bilateral, circumferential, or 
multiple. Biopsy is not usually necessary to establish the 
diagnosis; however when the diagnosis is in doubt, speci-
mens from true IHs will stain positively for GLUT1 (glucose 
transporter protein isoform 1) [ 24 ,  48 ]. The most useful and 
widely used immunohistochemical marker for the diagnosis 
of IH, GLUT1 is strongly expressed by IH endothelial cells 
and not by other benign vascular anomalies, and has been 
validated for the identifi cation of IHs of the airway [ 49 ].

   On CT imaging, IHs will demonstrate an intensely stain-
ing, well-circumscribed mass with lobular architecture. 
MRI, although often diagnostic, is less advantageous since 
the duration of the study generally requires general anesthe-
sia, often with endotracheal intubation. Fluoroscopy or 
anterior- posterior radiographs of the neck may demonstrate 
an asymmetric subglottic narrowing; however these studies 
do not defi nitively establish the diagnosis. 

 A staging system for airway IHs has been proposed by 
Perkins et al. [ 47 ]. IH stage is determined from CT angiogra-
phy based on location, percentage of laryngeal airway 
obstruction, and estimated total volume of the IH (Table  2 ).

  Fig. 1    Subsites of IHs in beard distribution, denoted by asterisks 
(Reprinted from [ 45 ], copyright © 1997, with permission from 
Elsevier, Ltd)       

  Fig. 2    Hemangioma on posterior wall of glottic and subglottis       

   Table 2    Proposed airway IH staging system and treatment protocol   

 Stage a  
 Unilateral airway 
hemangioma 

 Circumferential or bilateral 
airway hemangioma 

 Percent laryngeal airway 
obstruction 

 CTA or MRI extralaryngeal 
hemangioma volume (mm 3 ) 

 1  Yes  No  ≤50  <4,000 
 2  Yes  Yes  >50–90  4,001–10,000 
 3  No  Yes  >90  >10,000 

   CTA  CT angiography,  IH  infantile hemangioma 
  a Stage based on lowest stage in a row with two or more positive fi ndings 
 From Perkins et al. [ 47 ]  
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      Management 

 Once the diagnosis of airway IH has been established, the 
need for and type of intervention is determined by several 
factors, including the degree of airway obstruction, the extent 
of extralaryngeal IH, the location of the patient at the time of 
diagnosis, the experience of the treating physician, and the 
preferences of the caretaker. 

 Since involution is the ultimate fate of nearly all infantile 
IHs, “watchful waiting” is reasonable in cases involving 
minimal symptomatology. For those patients with symptom-
atic IHs whose caretakers prefer no intervention for the 
lesion itself, tracheotomy with observation is highly success-
ful [ 18 ]. This approach, however, requires a high level of 
maintenance to avoid tube occlusion, accidental decannula-
tion, and exposure of the airway to water over a long period 
of time. As a result, in most cases, some sort of intervention 
for the IH itself is more desirable. 

   Pharmacotherapy 
 In a landmark 2008 publication by Léauté-Labrèze et al., the 
authors described their serendipitous observation that involu-
tion of IHs may be accelerated with the administration of pro-
pranolol [ 50 ]. At doses of 2–3 mg/kg/day used to treat cardiac 
complications of their IHs, two children experienced marked 
and rapid involution of their IHs. These results were repli-
cated in a case series reported by the same authors [ 51 ] and in 
publications by a number of other investigators [ 52 – 62 ]. 

 Several mechanisms have been proposed to explain the 
mechanism by which propranolol inhibits IH growth, includ-
ing vasoconstriction due to decreased release of nitric oxide, 
blocking of proangiogenic signals (vascular endothelial 
growth factor, basic fi broblast growth factor, matrix metallo-
proteinases 2 and 9), and induction of apoptosis in proliferat-
ing endothelial cells [ 51 ,  62 – 64 ]. It has also been suggested 
that propranolol may prevent the differentiation of IH stem 
cells into endothelial cells or pericytes [ 65 ], or that it may has-
ten the differentiation of progenitor cells into adipocytes [ 51 ]. 

 Several clinicians have reported success using proprano-
lol in the management of airway IHs [ 66 – 76 ], but response is 
not universal [ 77 ]. The pretreatment assessment, optimal 
dose, and appropriate duration of therapy vary considerably 
in the literature. After considering contraindications such as 
cardiogenic shock, sinus bradycardia, hypotension, heart 
block greater than fi rst-degree, heart failure, bronchial 
asthma, and known hypersensitivity to the drug, most clini-
cians will perform a cardiac evaluation, including at least an 
examination and a pretreatment electrocardiogram. In most 
series, the drug is started at a dose of 1 mg/kg/day divided 
two to three times a day, and then increased over several days 
to a week to 2–3 mg/kg/day. Heart rate and blood pressure 
are checked each hour for the fi rst 2–3 h after the initial dose 
and with each dosage increase. The drug is administered 

throughout most of the fi rst year of life. Although protocols 
for propranolol initiation do appear in the otolaryngology lit-
erature [ 78 ,  79 ], a consensus multidisciplinary protocol has 
also been published [ 62 ]. 

 Propranolol has a well-established safety profi le based on 
years of use at higher doses for control of high blood pres-
sure and cardiac pathology. Potential side effects and com-
plications include sinus bradycardia, hypotension, reactive 
airways, hypoglycemia with secondary seizures, diarrhea, 
and cool extremities. Patients should be monitored for evi-
dence of bradycardia, hypotension and/or hypoglycemia [ 62 , 
 65 ,  80 ]. However, such complications are reported rarely, 
and it has been suggested that propranolol should become 
the standard for initial management of all airway IHs [ 81 ]. 

 Although propranolol has largely supplanted systemic 
corticosteroids as fi rst line pharmacotherapy, the latter are 
occasionally useful in refractory cases. Steroid medications 
inhibit growth of the lesion during the proliferative phase, 
losing their effectiveness once involution begins [ 82 ]. Doses 
of prednisolone at 2–3 mg/kg/day are generally necessary to 
control growth of the mass and should be maintained for 1–2 
weeks before starting a 2–4 week taper. Response rates 
reported in the literature vary between 30 and 93 %, although 
there is little consistency among dosing regimens [ 82 ,  83 ]. 
Long-term management on steroids carries a signifi cant risk 
of complications, including gastroesophageal refl ux, gastri-
tis, immune suppression, cushingoid changes, hyperglyce-
mia and glycosuria, hypertension, fl uid and electrolyte 
disturbances, and growth retardation [ 82 ]. IH patients on 
maintenance steroids should concomitantly receive courses 
of H 2  receptor blockers and trimethoprim-sulfamethoxasole 
as prophylaxis against gastritis and pneumocystis carinii 
infection, respectively. Live vaccinations should also be 
avoided while a child is taking high-dose steroids. 

 Interferon α-2A has been used with success in treating 
IHs, but should only be considered when all other traditional 
modalities fail [ 84 – 87 ]. Potential side effects are associated 
with this therapy, including fever, myalgia, transient eleva-
tion of hepatic transaminase levels, transient neutropenia, 
anemia, and spastic diplegia [ 88 ,  89 ].  

   Surgical Intervention 
 Indications for surgical management of airway IH have 
become few since the effi cacy of propranolol was estab-
lished. Surgery is a reasonable consideration when (1) the 
obstruction found at operative endoscopy is severe and will 
likely require a lengthy intubation while medical therapy is 
initiated, and (2) the patient remains severely symptomatic 
despite an adequate trial of medical therapy. 

 Operative intervention may include intralesional injection 
of corticosteroids and/or partial ablation of the IH, or 
 complete surgical excision the portion of the lesion within 
the airway. In most cases, the patients will remain on 
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 medical therapy postoperatively to reduce the likelihood of 
 recurrence. This is of particular importance in “segmental” 
airway lesions with known extension outside of the airway. 

 Intralesional steroids should be considered for patients 
whose IHs have necessitated a trip to the operating room for 
endoscopy or endoscopic resection. While repeated injec-
tions are usually necessary as single modality therapy [ 90 ], 
these medications may be effective adjuvant therapy for 
patients whose lesions are being observed, treated pharma-
cologically, or partially resected. In most cases, triamcino-
lone 40 mg/cm 3  is administered at a dose of 3–5 mg/kg either 
alone or supplemented by betamethasone 6 mg/cm 3  dosed at 
0.5–1.0 mg/kg (Fig.  3 ) [ 82 ]. Total volume delivered may be 
limited by the size of the lesion, and care must be taken to 
avoid depositing the steroid medication deep enough to 
affect the underlying cartilage. Patients will usually require 
at least overnight intubation due to the increased volume of 
the lesion after injection. Cure rates of 77–87 % using intra-
lesional steroids have been reported [ 42 ,  90 ].

   Airway IHs causing focal obstruction may be addressed sur-
gically by a subtotal endoscopic approach using a microscope 
or telescope, or by total excision through an open approach, 
dividing the thyroid and cricoid cartilages in the midline. 
Subtotal resection, more often than total excision, carries the 
risk of growth of the residual lesion during the proliferative 
phase, potentially resulting in additional surgical procedures 
unless combined with pharmacologic therapy. Endoscopic 
excision is usually performed using an apneic anesthesia tech-
nique, intermittently interrupting the surgery for reinsertion of 
the tube and ventilation of the patient. Alternatively, the proce-
dure may be performed under spontaneous ventilation with 
anesthetic insuffl ation or Venturi jet ventilation. 

 The laser has been the most popular endoscopic surgical 
modality [ 42 ], with the carbon dioxide (CO 2 ) [ 17 ,  19 ,  44 ,  91 , 
 92 ] potassium titanyl phosphate (KTP) [ 93 ,  94 ], and 
neodymium:yttrium-aluminum-garnet (Nd:YAG) [ 95 ,  96 ] 
lasers all demonstrating some effectiveness. All of these 
lasers are currently available for airway use through fi ber 
delivery systems, however only CO 2  is used by direct beam. 
CO 2  lasers are preferentially absorbed by water, while KTP 
and Nd:YAG lasers take advantage of absorption peaks that 
approximate those of hemoglobin and are thought to pene-
trate more deeply. However, all of these lasers cause destruc-
tion by ablation rather than selective photothermolysis. As a 
result, in addition to the risk of recurrence, laser treatment 
carries a risk of subglottic stenosis of 5–25 % that is likely 
greatest with deeper resections and in cases of bilateral or 
circumferential disease [ 19 ,  44 ,  89 ,  97 ]. Debulking of the 
lesion using rotary powered instrumentation (microdebrider 
or “shaver”) has also been reported [ 98 ,  99 ]. Postoperatively, 
patients are observed in an intensive care setting. Some clini-
cians recommend face tent humidifi cation to prevent airway 
obstruction due to eschar formation. 

 Although the fi rst open surgical excision of a focally 
obstructing airway IH was reported in 1949, the procedure 
did not gain popularity until the 1990s, after complications 
of laser therapy became increasingly apparent [ 100 – 105 ]. 
Over the 15 years prior to the discovery of effects of pro-
pranolol, open resection appeared to be emerging as the 
intervention of choice for airway IHs. The procedure is of 
greatest advantage in patients with bilateral or circumferen-
tial lesions that may otherwise been at risk for postoperative 
stenosis, recurrence, or tracheotomy. However, open surgical 
excision may be more diffi cult in cases involving signifi cant 
extra-laryngeal extension, and the procedure may potentially 
result in some degree of dysphonia. 

 After initial intubation through the obstructed portion of 
the airway, the lesion is approached through the anterior 
neck via laryngofi ssure. After the tube has been relocated to 
the inferior aspect of the incision, the IH is removed submu-
cosally under the operating microscope. At the conclusion of 
the dissection, the patient is intubated; in some cases a thy-
roid cartilage graft may be placed to enlarge the subglottic 
laryngeal framework. After the neck is closed, the patient is 
transported to the intensive care unit where intubation is 
maintained for 3–7 days.   

   Multidisciplinary Considerations 

 Management of airway IH requires good communication 
among pediatric specialists, both in terms of diagnosis of the 
lesion as well as management after the diagnosis has been 
made. It is estimated that some 50 % of patients with airway 

  Fig. 3    Triamcinolone/betametasone steroid injection with needle in 
left side of subglottic hemangioma       
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IHs have cutaneous lesions as well, many with problematic 
segmental involvement in the “beard” distribution. In addition, 
there is an important association of airway IH with PHACE(S) 
syndrome, including  P osterior fossa defects,  H emangiomas, 
cerebrovascular  A rterial anomalies,  C ardiovascular anoma-
lies including  C oarctation of the aorta,  E ye anomalies, and 
 S ternal cleft and/or  S upraumbilical raphe (OMIM 606519) 
[ 106 ]. In one study of 23 PHACE patients, 52 % were found 
to have airway IH, many of whom required treatment for 
 stridor [ 107 ]. Another study found eight patients (42 %) 
meeting the criteria for PHACE among 17 with large “beard” 
distribution IHs and airway IHs [ 108 ]. In such cases, early 
consultations with pediatric dermatology and genetics are 
advisable. 

 During diagnostic endoscopy, as with all lesions of the 
airway, moment-to-moment communication between the 
otolaryngologist and the anesthesiologist is critical to suc-
cessful management. Since in most cases a subglottic lesion 
is predictable based on symptoms, the two clinicians should 
have a game plan in place for intubation, management of the 
airway during any intervention, and emergency contingen-
cies, and the two should agree on a plan for airway manage-
ment in the immediate postoperative period. 

 Postoperatively, the otolaryngologist must continue to 
coordinate the airway management plan with the pediatric 
intensivists and hospitalists that will administer care to 
patients with airway IH while they recover from endoscopy 
and start on medical therapy. Such care includes the duration 
of intubation (if any), management of medical therapy for 
the IH and for refl ux if indicated, and use of adjunctive race-
mic epinephrine and/or steroids to control exacerbations of 
stridor. In most cases, consultation with a pediatric cardiolo-
gist is advisable prior to starting propranolol therapy while 
the child is still hospitalized.  

   Future Considerations 

 There are still several important unanswered questions in the 
diagnosis and management of IH of the airway. One key 
issue in pathogenesis is the predilection of IH to involve the 
subglottis as opposed to other areas of the airway. As the 
etiology of IH in general becomes clearer, it may be possible 
to theorize plausible reasons for this clinical observation. 
It is also not yet clear if there is some subset of patients with 
a presentation of cutaneous IH that should undergo endos-
copy prior to the development of symptomatic airway 
obstruction. Finally, in terms of therapeutic intervention, 
propranolol therapy is a relatively new tool in the manage-
ment of airway IH, and additional research will be required 
to determine optimal administration, including dosage, 
 frequency, and duration of therapy.   

   Vascular Malformations of the Neonatal 
Airway 

 Vascular malformations are congenital disorders of vasculo-
genesis with ectatic vascular networks and the propensity for 
relentless expansion and recruitment of new vessels. Unlike 
hemangiomas, vascular malformations do not experience a 
cycle of growth and involution. They are present at birth and 
grow commensurate with the child until periods of rapid 
expansion lead to functional and aesthetic compromise. 
Trauma, infection, and hormonal fl uctuation have been associ-
ated with acute growth of these vascular anomalies [ 109 ,  110 ]. 

 Vascular malformations may be composed of any blood 
vessel type and they are named accordingly, including capil-
lary malformations (port wine stains), venous malforma-
tions, lymphatic malformations, and arteriovenous 
malformations. The most common vascular malformations 
affecting the neonatal airway are lymphatic and venous mal-
formations [ 111 – 113 ]. Relative to subglottic hemangiomas 
and other disorders of the newborn airway, these malforma-
tions are rare. Although they may occur in isolation, neonatal 
vascular malformations of the airway are more commonly 
associated with diffuse cervicofacial lesions [ 114 ,  115 ]. 
Diffuse involvement of the head and neck will commonly 
affect the aerodigestive tract mucosa to include the oral 
 cavity, tongue, hypopharynx and larynx (Fig.  4 ) [ 113 ]. 
Vascular malformations typically experience slow growth 
but airway involvement may necessitate urgent intervention, 
especially in the setting of acute or chronic obstruction.

      Lymphatic Malformations 

   Epidemiology 

 Lymphatic malformations are believed to occur in 1 in 500 
live births and comprise about 12 % of vascular cases referred 
to a vascular center [ 116 ]. Within the head and neck, lym-
phatic malformations occur at a rate of between 1 in 2,000 
and 1 in 4,000 [ 117 ]. Fifty percent of cases present after birth 
and 80–90 % by 2 years of age. There does not appear to be 
a gender or race predilection for LMs.  

   Etiology and Pathogenesis 

 Lymphatic malformations (LMs) are slow fl ow vascular 
 malformations composed of dilated ectatic lymphatic chan-
nels. They are thought to arise from disruptions in embryonic 
lymphangiogenesis but their etiology and pathogenesis 
remain unclear. Lymphatic malformations are present at 
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birth but may not be detectible until later in life. The majority 
of LMs occur in the head and neck, making them the second 
most common congenital mass found at these sites [ 118 ,  119 ]. 
Exacerbated by infection, cervicofacial LMs may expand in 
infancy or early childhood when the rate of ear and upper 
respiratory infections are at their peak. Diffuse lesions are 
more likely to progress than those that are localized. If left 
untreated, the likelihood of progression is signifi cantly 
higher in adolescence than childhood [ 120 ]. The earlier 
intervention may thus be warranted in many cases.  

   Clinical Presentation 

 Based upon their response to treatment, LMs have been cat-
egorized by the size of the fl uid fi lled lymphatic cysts pres-
ent. In particular, cysts greater than 1–2 cm in diameter are 
considered macrocysts, while microcysts are those 1–2 cm in 
diameter or less [ 121 ]. While LMs may be predominantly 
macrocystic or microcystic, most LMs of the head and neck 
region are mixed lesions. Venous malformations may also be 
present within extensive cervicofacial LMs. 

 Macrocystic and microcystic LMs have different clinical 
courses. Macrocystic LMs grow by accumulated lymphatic 
fl uid and expansion of the cysts into areas of least resistance. 
They have a tendency to encompass and compress surround-
ing architecture. In the neonate, they can affect the larynx 
and trachea by direct or indirect compression of these struc-
tures. Stridor, grunting, or symptoms consistent with obstruc-
tive sleep apnea may be present when the larynx, trachea, or 
pharynx are involved, respectively. With rapid expansion or 

internal bleeding, macrocystic LMs may cause acute 
 compromise of vital structures. Chronic expansion in the 
head and neck frequently leads to upper aerodigestive symp-
toms such as dysphagia and gradual airway obstruction, 
especially during recumbence. 

 Unlike macrocystic LMs, microcystic LMs are infi ltrative 
in nature. In this condition, small microcystic vesicles pene-
trate soft tissue including skin, muscle, and mucosa [ 122 , 
 123 ]. Non-descript soft tissue swelling and the emergence of 
weeping vesicles in the skin or mucosa often note its pres-
ence. Isolated disease commonly occurs in the tongue, upper 
lip, and larynx (Fig.  5 ). When associated with mixed cervi-
cofacial lesions, microcysts in the tongue and larynx can 
cause acute life-threatening airway obstruction upon deliv-
ery, shortly after birth, or during periods of acute infection 
and swelling (Fig.  6 ) [ 124 ].

    Isolated microcystic LMs rarely cause respiratory obstruc-
tion in the newborn period. However, in the presence of 
 massive cervicofacial disease of mixed or microcystic LM, 
rapid airway compromise may occur, especially during peri-
ods of acute edema [ 124 ]. Upper airway obstruction is exac-
erbated by infi ltrating disease of the tongue and fl oor of 
mouth (Fig.  6 ) [ 123 ,  125 – 127 ]. Laryngeal involvement will 
exacerbate symptoms.  

   Diagnosis 

 Airway endoscopy with offi ce-based fl exible laryngoscopy, 
followed by rigid microlaryngoscopy and bronchoscopy, 
will provide best evidence of the extent of obstruction and its 

  Fig. 4    Infant with venous malformation of facial soft tissue and larynx. The malformation is characterized by blue cutaneous staining (left) and 
enhancing lesion of supraglottis on MRI (right)       
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effect on the airway. Distinct margins of macrocystic LMs 
may also be detected on physical exam and on magnetic res-
onance imaging (MRI), the diagnostic study of choice for 
LMs. An MRI of the head and neck will demonstrate the 
depth of disease and differentiate macrocystic LM from 
more common conditions of the pediatric head and neck. 
Hyperintense lesion on T2 weighted images and air-fl uid 
levels within the lesion are hallmark MRI fi ndings for mac-
rocystic LM [ 128 ]. Frequently mixed lesions are discovered. 
Microcystic and macrocystic lymphatic malformations may 
coexist with deep neck space venous malformations which 
will also be evident on MRI.  

   Management and Multidisciplinary 
Considerations 

 Except in rare cases, LMs ultimately need intervention to 
control symptoms associated with their accumulated lifetime 
growth. Timing of intervention for LMs in infants is depen-
dent upon the acuity of symptoms and dictated by the pres-
ence, or risk of, acute and chronic upper aerodigestive 
dysfunction or pain due to infl ammation. Acute airway 
obstruction, sleep apnea, and dysphagia are the most common 
reasons for intervention in these patients [ 113 ,  118 ,  126 ]. 
Sclerotherapy and surgery constitute the therapeutic approach 
to lymphatic malformations and is typically conducted in a 
multidisciplinary fashion. However, symptom control may 
be best achieved acutely with oral steroids and antibiotics 
that reduce the infl ammation, lymph accumulation, and 
expansion of LMs. 

   Macrocystic Disease 
 A small percentage of isolated macrocystic LMs have been 
reported to spontaneously resolve [ 129 ,  130 ]. Because these 
isolated lesions usually occur in the neck, they rarely cause 
signifi cant dysfunction in the newborn and can be observed 
into early childhood before treatment is considered. 

 Most macrocystic LMs compressing the neonatal airway 
require treatment. In acute situations, needle aspiration of 
the responsible cyst or cysts may alleviate the airway com-
promise until more defi nitive management with either surgi-
cal excision or sclerotherapy is possible. Sclerotherapy is the 
direct injection of agents that cause epithelial damage and 

  Fig. 5    Isolated lymphatic malformation of the supraglottic larynx. 
Lymphatic vesicles are seen on the left pharyngeal wall and vallecula       

  Fig. 6    Cervicofacial microcystic lymphatic malformation with multiple levels of airway obstruction leading to early tracheostomy       
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subsequent disruption of the LM channels. Various materials 
have been employed with equal success including doxycy-
cline, ethanol, sodium tetradodecyl, and OK-432, an immu-
nostimulant derived from Group A streptococci [ 131 – 135 ]. 
With these therapies, dissolution occurs as the result of intra-
vascular injury and luminal absorption by the body. Multiple 
treatment sessions, under radiographic fl uoroscopy, may be 
required for signifi cant reduction in volume using this tech-
nique. Postoperative edema with potentially worsening com-
pression may occur following sclerotherapy. Expectant 
airway management with intubation or intensive care obser-
vation is necessary when treating compressive lesions of the 
neonatal airway. Risk to adjacent nerves ranges from 5 to 
10 % with temporary dysfunction being more common than 
complete injury [ 134 ]. 

 Surgical excision can provide immediate relief of airway 
obstruction caused by macrocystic cervical LMs. The risk of 
injury to important neurovascular structures in the neck is 
real but fortunately rare in experienced hands. Coexistent 
venous malformations may be found during surgical exci-
sion of deep neck LMs. Recurrence, persistent lymphatic 
drainage, and postoperative scarring often occur following 
excision [ 136 ]. These risks are minimized by removing as 
much disease as possible, placing perioperative drains, and 
hiding incisions in natural creases of the neck. 

 Outcomes of surgical excision are not affected by age 
with successful management of head and neck macrocystic 
LMs in the newborn. Small recurrent LMs or seromas that 
occur following excision are best managed with symptom- 
directed sclerotherapy. Routine use of intraoperative intrave-
nous dexamethasone and a short course of postoperative 
systemic steroids are recommended to prevent acute and dra-
matic lymphatic drainage and soft tissue edema that occurs 
following any intervention for LMs. 

 When venous malformations are found in mixed LMs, 
patients need to be screened for local intravascular coagula-
tion. Elevated  D -dimers and low fi brinogen levels indicate a 
coagulation disturbance and may be found in these patients 
prior to intervention. Perioperative management with low- 
molecular weight heparin can reduce the risk of intraopera-
tive disseminated intravascular coagulation and perioperative 
thrombi in patients when these coagulation factors are 
abnormal. 

 Congenital high airway resistance syndrome (CHAOS) 
may occur in the presence of complex cervicofacial LMs at 
birth. If detected during ultrasonography and confi rmed by 
fetal MRI, massive LMs that are expected to obstruct the 
newborn airway at delivery can be managed with ex utero 
intrapartum treatment, also known as the EXIT procedure 
[ 124 ]. This is a specialized surgical delivery of the newborn 
by a multidisciplinary team to manage potentially immediate 
life-threatening conditions at birth [ 137 ]. The newborn is 
delivered by cesarean section with the umbilical cord and 

placenta attached with the goal to deliver oxygen as urgent 
interventions are performed. The team has 1–1.5 h to stabi-
lize the airway and establish adequate respiration to the baby. 
This may require intubation or tracheostomy. Fortunately, 
most infants with macrocystic LMs do not require an EXIT 
procedure as expansion of the lesion is primarily external 
and not towards the airway (Fig.  7 ). If necessary, intubation 
can be performed by an airway specialist. The larynges of 
such patients are typically easy to access. Bilateral mixed or 
microcystic LMs may be more diffi cult when other compres-
sive components are present.

      Microcystic Disease 
 The infi ltrative nature and protracted course of microcystic 
LM make them particularly diffi cult to manage, especially 
when the upper aerodigestive tract is involved. In these 
patients urgent tracheostomy may be required as an infant 
that is thereby followed by periodic and staged treatments. 
Management of the neck, tongue, pharynx, and larynx is 
often necessary to ultimately relieve chronic obstruction. 
Unfortunately, microcystic disease is poorly responsive to 
sclerotherapy, due to the limited retention of sclerosing 
agents in the small cysts. Excision requires desiccation of 
normal tissue since this condition integrates into surrounding 
structures. Unfortunately, high rates of recurrence 
(90–100 %) are also experienced following excision of 
microcystic LM [ 125 ,  138 ]. 

 Nonetheless, the tongue may be addressed with local 
ablative therapy. Infi ltrative disease of the deep musculature 
of the tongue is best controlled by excision or coblation, 
which can reduce signifi cant bulk and relieve obstruction. 

  Fig. 7    Macrocystic lymphatic malformation of neck and chest in an 
infant. The malformation extends externally, but the airway is not 
compromised       

 

Vascular Anomalies of the Neonatal Airway



106

 Early studies using intralesional bleomycin and 
 doxycycline therapy in the management microcystic lym-
phatic disease have demonstrated promising results [ 138 , 
 139 ]. Direct injections of bleomycin within the involved tis-
sue have led to disease control and symptom improvement in 
some studies [ 139 ]. The risks of these agents are equivalent 
to those with other sclerotherapy tools, including nerve 
injury, pain, incomplete response, and the need for numerous 
treatments. There is theoretically an added risk of pulmonary 
fi brosis when using bleomycin, but this does not likely occur 
at the low doses typically used. The impact of these agents 
on laryngeal disease has not been closely examined. 

 Microcystic LM of the neonatal trachea is unlikely. 
However, early disease involving the larynx may be found 
[ 140 – 142 ]. This is often associated with adjacent pharyngeal 
or hypopharyngeal involvement (Fig.  8 ). Stabilization of 
life-threatening airway symptoms in this setting may be 
 necessary as primary treatment with a tracheotomy [ 140 ]. 
A staging system for laryngeal disease demonstrates the fre-
quent need of tracheotomy in these patients [ 143 ].

   Surgical management of microcystic laryngeal disease 
must be performed in a staged fashion. The carbon dioxide 
(CO 2 ) laser may be used to ablate weeping or bleeding muco-
sal vesicles of the oral cavity, tongue, or pharynx. However, 
precise excision of involved laryngeal tissue is performed 
using the CO 2  laser in cutting mode [ 143 ,  144 ]. When 
employed, the laser is directed to the larynx to remove 
unwanted and obstructive microcystic disease. Unilateral 
treatment with management of the contralateral side at a later 
date will prevent unwanted scarring and worsening obstruc-
tion. This mucosa-sparing approach with partial excision 
of involved supraglottic disease is a complicated proce-
dure and should be performed judiciously by experienced 

 otolaryngologists. Temporary intubation may be required 
postoperatively. Again perioperative steroids will reduce sig-
nifi cant edema associated with interventions directed at LMs.   

   Future Considerations 

 The management of microcystic lymphatic malformations is 
particularly diffi cult. The deep tissue penetration, small 
vesicular cysts, and high recurrence rates of microcystic 
LMs limit the therapeutic benefi t of surgery and sclerother-
apy. Pharmacologic interventions have recently been explored 
for these complicated lesions with limited benefi t. Rapamycin, 
an mTOR inhibitor, and sildenafi l, a phosphodiesterase inhibi-
tor, in particular have been tried with some early reported suc-
cess. Prospective studies are necessary to determine if these 
tools can be truly useful in the search for a cure of microcystic 
disease. Nonetheless, genetic and molecular profi ling may 
help identify new pharmacologic targets in the future.   

   Venous Malformations 

   Epidemiology 

 Due to their rarity, the actual incidence of venous malforma-
tions is unclear. However, based upon the referral pattern to 
a prominent vascular anomalies center, slow-fl ow vascular 
malformations have an incidence of about 1 in 10,000 people 
(0.01 % of population) [ 144 ]. There exists no race predilec-
tion for venous malformation but recent publications suggest 
a female predominance over males of 1.5:1 [ 145 ]. They are 
sporadic in 93 % of affected patients and usually unifocal. 
Approximately 7 % of cases of venous malformations are 
multifocal and associated with inherited forms comprised of 
cutaneomucosal venous malformations (VMCM).  

   Etiology and Pathogenesis 

 Venous malformations (VMs) are rare, low fl ow, slowly pro-
gressive vascular malformations. They are primarily composed 
of small to medium sized ectatic venous channels that coalesce 
to form a vascular mass of poorly draining veins. With time, 
gradual accumulation of blood, loss of vascular elasticity, and 
vascular expansion lead to growth of involved soft tissue. The 
etiology of VMs remains unclear although familial patterns 
and genetic links have been reported in patients with multifo-
cal disease. TIE 2 mutations causing autophosphorylation of 
an endothelial cell specifi c tyrosine kinase are believed to lead 
to cell proliferation and cause VM to intermittently develop 
throughout life [ 144 ]. A second type of inherited multifocal 

  Fig. 8    Posterior and lateral pharyngeal involvement of microcystic 
lymphatic malformation       
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form is the glomovenous malformation (GVM) secondary to a 
glomulin gene mutation and resulting in abnormal differentia-
tion of smooth muscle cells [ 144 ]. In familial cases of venous 
malformations, autosomal inheritance pattern has been 
observed and linked to the 9p locus [ 146 ]. 

 Venous malformations frequently affect the head and 
neck. However, extremity involvement is most common 
(60.9 %) followed by head and neck (32.7 %) and trunk 
(9.8 %). The majority of venous malformations involve the 
integument (skin and subcutaneous tissue) but 50 % of 
lesions invade deeper structures including fat, muscle, bone 
and viscera. In the deep venous malformations, phlebectasia 
is the most common deep venous anomaly and is seen in 
about 40–50 % of patients [ 147 ,  148 ]. 

 Sites commonly involved in the head and neck include 
the parotid gland, submandibular space, buccal space, and 
masseter muscle [ 114 ,  149 ]. Mucosal disease is the norm 
rather than the exception. Venous malformations of the 
tongue, lips, gingiva, cheek, palate, retromolar trigone, 
pharynx, hypopharynx, and larynx have been described and 
are frequently identifi ed in early childhood [ 150 – 152 ]. 
Because of the slow expansion of VMs, they are rarely found 
in the newborn. When present in the airway, they may be 
asymptomatic in the neonatal period. Discovery during 
 surveillance of disease elsewhere in the head and neck is 
common (Fig.  4 ).  

   Diagnosis and Clinical Presentation 

 Laryngeal involvement of VMs can lead to chronic upper 
airway resistance, especially during recumbence as the 
venous channels fi ll with dependency. Inspiratory stridor 
during eating, crying, and agitation may occur. Symptoms 
consistent with sleep apnea such as loud snoring, stertor, 
neck hyperextension, and restlessness are also common 
when supraglottic disease is present [ 149 ]. Acute airway 
obstruction is rare. Dysphagia may be present in infants with 
post-cricoid disease. Head and neck masses that worsen 
with Valsalva and dependency are consistent with deep cer-
vical VMs. Skin involvement will appear as blue telangiec-
tatic vessels (Fig.  4 ). The presence of extensive superfi cial 
or deep neck disease should prompt evaluation of the upper 
aerodigestive tract. 

 Endoscopic exam of the entire airway and MRI of the 
neck will provide the best evidence of mucosal involved 
VMs and their associated deep components. Pupuric to blue 
discoloration of the mucosa that expands with Valsalva or 
recumbence is consistent with venous malformations of the 
airway. Gadolinium enhancement on T1 weighted images is 
a common indicator of VMs on MRI. Focal hypolucencies 
on MRI suggest phleboliths, which are a hallmark sign of 
VMs compared to other vascular anomalies [ 128 ].  

   Management and Multidisciplinary 
Considerations 

 Early intervention for venous malformation of the airway 
includes raising the head of the bed to prevent progressive 
expansion of the venous channels during sleep. Like lym-
phatic malformations, both sclerotherapy and surgical exci-
sion can be employed for deep and superfi cial cervicofacial 
venous malformations with a high degree of success. 
However, management of upper aerodigestive and airway 
venous malformations requires a different approach. 
Sclerotherapy may injure or slough involved mucosa leading 
to profound edema, bleeding, and scarring. Excision of 
aerodigestive lesions requires the removal of involved nor-
mal tissue and can lead to functional defi cits in breathing, 
voice, or swallowing. For these reasons surgery and sclero-
therapy are secondary modalities in the management of 
 neonatal airway venous malformations. 

 An alternative and effective treatment for mucosal and air-
way disease is Nd:YAG laser therapy [ 114 ,  151 ,  152 ]. This 
technique utilizes the process of selective photothermolysis 
to target and injure small to medium sized veins while pre-
serving surrounding normal tissue. The Nd:YAG laser, with a 
wavelength of 1,064 nm, can heat and disrupt anomalous 
veins while preserving the overlying mucosa. The treatment 
is effective up to 7 mm below the mucosal surface. Immediate 
reduction in the size of involved aerodigestive lesions can be 
observed at the time of laser treatment. The reduction from a 
single treatment is often sustained for several months while 
multiple treatments spaced in 3–6 month intervals are often 
required for maximal benefi t and control of symptoms [ 153 ]. 
This approach can be particularly effective for the tongue and 
larynx with preservation of function. Airway complications 
or injury following Nd:YAG therapy have not yet been 
reported. Interstitial laser therapy, by placing the laser deep 
into the tongue musculature has also proven effective. Thus 
the ND:YAG laser therapy of the aerodigestive tract is a 
healthy alternative to excision or sclerotherapy that are at 
higher risk of untoward functional defi cits. 

 Cervicofacial venous malformations that compress the 
 airway but do not directly extend into it can be addressed with 
sclerotherapy, surgical excision, or a combination of these 
modalities. Because of slow and gradual expansion, neck dis-
ease without mucosal involvement will lead to airway obstruc-
tion predominately with recumbence and sleep. Symptoms are 
rarely acute or life threatening in this situation and planned pro-
cedures can be performed at appropriately spaced intervals.  

   Future Considerations 

 Due to their infi ltrative nature, rarely are VMs “cured.” 
Management techniques of laser, surgery, and sclerotherapy 

Vascular Anomalies of the Neonatal Airway



108

reduce disease bulk, improve symptoms, and control disease 
progression. As novel mutations are identifi ed in VMs, 
molecular targets for pharmacotherapy may become evident 
and exploited. Laser therapy and sclerotherapy may then 
selectively destroy VMs by targeted disease specifi c factors 
while reducing risk of injury to be involved and adjacent 
 normal tissue.      
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         The term vascular ring describes a group of congenital intra- 
thoracic vascular anomalies caused by abnormal regression 
and differentiation of the aortic arches during fetal development 
that result in compression of the trachea, esophagus, or both. 
Albeit rare, these vascular rings can lead to serious and at 
times life threatening respiratory compromise. Surgical 
treatment is therefore indicated in all symptomatic patients. 

   Classifi cation 

 Vascular rings have previously been classifi ed as complete or 
incomplete based upon whether the vascular encirclement around 
the trachea and esophagus is complete or partial. More recently, 
the International Congenital Heart Surgery Nomenclature and 
Database Committee has proposed a classifi cation system based 
on the anatomic confi guration of the ring [ 1 ] (Table  1 ).

   Double aortic arches are further subgrouped based upon 
arch dominance (right dominant, left dominant, or balanced). 
Those vascular rings associated with a right arch are classifi ed 
as right arch with mirror image branching, right arch with retro 
esophageal left subclavian artery, or circumfl ex aorta which 
denotes a right arch but a left-sided descending thoracic aorta. 
This can be associated with aortic arch hypoplasia.  

   Embryology 

 In a human embryo, there are six paired pharyngeal (aortic) 
arches. They arise from the aortic sac and course posteriorly 
to connect to the right and left dorsal aorta, respectively. 
After a series of regression and differentiation events, this 
embryonic arch system ultimately gives rise to the adult 
aortic arch, its branches, and the pulmonary arteries. A brief 
understanding of this embryonic process is helpful to appre-
ciate the anatomy of these vascular rings and for the interpre-
tation of radiological images. 

 Arches 1 and 2 regress and give rise to maxillary and sta-
pedial arteries. In humans, the fi fth arch does not form to any 
signifi cant degree. The third arch forms the common carotid 
arteries bilaterally. The sixth arch forms the left and right 
pulmonary arteries respectively along with the patent ductus 
arteriosus. Normally, the left fourth pharyngeal arch will 
form a portion of the adult aortic arch (between the left 
carotid and left subclavian arteries) whereas the right fourth 
arch will regress and form the right subclavian artery. A right 
aortic arch results when this pattern of normal regression is 
reversed. Similarly, persistence of both right and left fourth 
arches will form a double aortic arch.

     Clinical Presentation and Diagnosis 

 Depending on the severity of compression of both the esopha-
gus and trachea due to a vascular ring, patients may have 
symptoms within the fi rst few months of life. However, it is 
not unusual to see patients that present with signifi cant symp-
toms at a much later date, even in adulthood. Presentation is 
generally dependent upon the severity of obstruction based 
upon the “tightness” of the ring itself. Tighter lesions, like the 
double aortic arch and pulmonary artery slings, usually pres-
ent earlier (within 3 months of age) relative to those that are 
loose such as aberrant right subclavian artery that typically 
present at greater than 6 months of age [ 2 ]. 

      Vascular Rings and Pulmonary Artery 
Slings 

                 Aseem     Srivastava     ,     Matt     Harrison     , and     Stephanie     Fuller     

        A.   Srivastava ,  M.D.    •    S.   Fuller ,  M.D.    (*)
  The Division of Cardiothoracic Surgery ,  The Children’s Hospital 
of Philadelphia ,   Philadelphia ,  PA ,  USA

University of Pennsylvania, Perelman School of Medicine, 
Philadelphia, PA, USA   
 e-mail: fullers@email.chop.edu  

    M.   Harrison ,  M.D.    
  Division of Cardiology ,  The Children’s Hospital 
of Philadelphia ,   Philadelphia ,  PA ,  USA    

mailto: fullers@email.chop.edu


114

 The most common symptoms from these vascular anoma-
lies arise from the external compression of trachea and esoph-
agus. These symptoms include inspiratory stridor, dyspnea, 
cough, wheezing, and dysphagia. In addition to obstruction of 
airfl ow, tracheal compression also impedes mucociliary clear-
ance and, as a result, many patients will also suffer with 
recurrent respiratory tract infections [ 3 ]. Since these symp-
toms are shared with many other and more prevalent child-
hood illnesses, these patients can have a signifi cant delay in 
diagnosis. Often they will receive long-term bronchodilators 
in an attempt to treat asthma and multiple courses of antibiot-
ics to treat upper respiratory infections before the actual dis-
ease is accurately diagnosed. Persistence of these symptoms, 
especially when they do not respond to routine treatment, 
should alert the pediatrician of the possibility of a vascular 
ring. Only a high index of suspicion will ensure these patients 
receive early diagnosis and appropriate therapy.  

   Diagnosis 

 With the availability of more sophisticated imaging tech-
niques, many recent publications give only historical value 
to the chest radiograph fi ndings in these patients [ 4 ]. The 
chest X-ray is usually the fi rst imaging study performed in a 
child with airway obstruction and can frequently point 
toward the presence of a vascular ring. Films should be 
assessed for the laterality of the aortic arch and for evidence 
of tracheal compression at the level of the arch, often better 
visualized on lateral fi lms. 

 Absence of an aortic knuckle on the left side suggests a 
right arch, and when present in a child with symptoms of air-
way obstruction, a vascular ring should be strongly suspected. 
A right aortic arch may be suspected if the distal  trachea is 
seen slightly deviated to the left instead of the right, because of 
the aortic arch bowing over the right main stem bronchus 
instead of the left. Similarly, a double aortic arch is likely if the 
sidedness of the arch cannot be determined on chest X-ray. 
Hyperinfl ation of the left lung with the left hilum lower than 
the right may suggest a pulmonary artery sling. The location 
of the descending aorta can usually be determined by inspect-
ing the paraspinal line and the azygoesophageal recess. 

 A barium esophagogram used to be the most extensively 
used imaging study for the diagnosis of a vascular ring. 
Contrast swallow will show a posterior indentation of the 
esophagus in all vascular anomalies except in the presence of 
a pulmonary artery sling, which will produce an anterior 
indentation on the esophagus and an increase in the space 
between the esophagus and trachea at the same level. 

 Upon bronchoscopy, vascular rings appear as an external 
compression of the trachea just above the carina. Routine 
bronchoscopy is not necessary in a symptomatic patient with 
a radiologically proven vascular ring. However, it plays an 
essential role in the diagnostic workup of an infant with air-
way obstruction and an unclear cause. Bronchoscopy may 
also reveal additional associated airway lesions, such as tra-
cheomalacia, complete tracheal rings, and tracheal stenosis, 
which may be commonly associated with vascular anomalies. 
In fact, vascular rings and innominate artery compression are 
the most common congenital cause for secondary tracheoma-
lacia [ 5 ]. The diagnosis of innominate artery compression is 
almost always based on its classical fi ndings on bronchos-
copy of anterior pulsatile compression of lower trachea. 

 Both computed tomography (CT) and magnetic resonance 
imaging (MRI) are extremely useful techniques in the diagno-
sis of a vascular compression of the airway. The greatest advan-
tage of these imaging modalities is their capability to completely 
delineate the anomaly along with their relationship to the adja-
cent structures. Both provide post- processed 3D images that 
can be very helpful in planning a surgical intervention. 
However, a limitation common to both these techniques is their 
inability to directly visualize obliterated structures. Even so, 
based on branching patterns, the laterality of the arch, and com-
pression of the airway, a diagnosis of vascular ring can usually 
be reached. There are advantages as well as disadvantages to 
both modalities. We feel that CT provides excellent tracheal 
images at a minimal risk of ionizing radiation. MRI, on the 
other hand, provides a superior assessment of cardiac anatomy 
and function in the case that additional information is helpful. 
Yet, scan times are much longer thus requiring sedation and 
anesthesia in most infants and toddlers. 

 Echocardiogram can easily identify branching patterns 
and sidedness of the arch. It can also identify a double aortic 
arch when both the arches are patent. However, it is not use-
ful to identify an obliterated lumen. It is helpful in the iden-
tifi cation of congenital heart disease commonly associated 
with vascular rings such as the association between right aor-
tic arch and tetralogy of Fallot, the incidence of which can be 
as high as 30 %. 

 Before CT and MRI were widely available, angiography 
was very frequently used to diagnose vascular rings. Since 
MRI and CT can provide essentially the same information 
noninvasively, a cardiac catheterization is now very infre-
quently utilized, unless needed for an associated cardiac 
disease.  

   Table 1    Classifi cation of vascular rings   

  Double aortic arch  
 Right arch dominant 
 Left arch dominant 
 Balanced double arch 
  Right aortic arch  
 Mirror image branching 
 Retroesophageal left subclavian artery 
 Circumfl ex aorta 
 Pulmonary artery sling 

 Innominate artery compression 
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   Double Aortic Arch 

 This is the most common symptomatic vascular ring present 
in 0.05–0.3 % of the population and results from the persis-
tence of both right and left fourth primordial arches. Two 
aortic arches arise from the ascending aorta and pass on 
either sides of trachea and esophagus to meet the descending 
aorta posteriorly, forming a complete ring. The right and left 
carotid and subclavian arteries arise from their respective 
arch. In almost 70 % patients, the right arch is larger (domi-
nant), posterior, and more cephalad than the left, in about 
25 % the left arch is dominant and in about 5 % patients both 
arches are balanced (Fig.  1 ).

   A double aortic arch will usually cause signifi cant nar-
rowing and anterior bowing of thoracic trachea, and this can 
occasionally be seen on a lateral chest radiograph. 

 The surgical treatment of a double aortic arch consists of 
division of the lesser of the two arches. 

 For most patients, the approach is through a left postero-
lateral thoracotomy. In rare circumstances, a right thoracot-
omy is utilized in patients with a dominant left arch. After 
adequate exposure via thoracotomy, the ligamentum arterio-
sum, both arches, neck vessels, and descending aorta are 
clearly identifi ed and both the ligamentum as well as the 
lesser of the two aortic arches are divided between vascular 
clamps, usually where the arch joins the descending aorta 
posteriorly. The divided ends are then oversewn using poly-
propylene sutures. Frequently, there will be an atretic seg-
ment in the lesser aortic arch in which case this site is then 
ideally suited for division. 

 Intraoperatively, it is useful to have pulse oximetry and/or 
pressure monitoring available for both upper and lower limbs. 
With balanced arches, blood pressure is checked in the lower 
limbs, while the clamps are alternately applied to each arch. The 
arch associated with a lesser fall in blood pressure in the lower 
limbs is then divided. If no appreciable difference is noted, it is 
preferable to divide the right arch, as its anatomical location 
poses a higher risk of continued compression of the trachea.  

   Right Arch 

 As previously mentioned, a right aortic arch will form if the 
left fourth arch regresses. Different confi gurations of vascu-
lar rings result depending upon the site of regression. 

  Right arch and retroesophageal left subclavian artery . This 
is the most common (65 %) type of right arch seen [ 10 ] and 
results from the involution of the left fourth arch between the 
left common carotid and left subclavian arteries. As a result, 
the left subclavian now arises from the descending aorta and 
passes behind the esophagus to reach the left arm. The liga-
mentum connects the descending aorta to the left pulmonary 
artery and, in doing so, completes the ring. 

 Occasionally, the origin of the aberrant left subclavian 
will have a bulb like dilation, known as Kommerell’s diver-
ticulum (Fig.  2 ).

   This represents the remnant of fourth embryonic arch. 
When present, it implies a left ligamentum arteriosum and 
denotes the presence of a ring. Additionally, Kommerell’s 
diverticulum may dilate over time and can compress the 
 trachea and/or esophagus, leading to a recurrence of 
symptoms. 

 Surgical approach to these patients is again through a left 
posterolateral thoracotomy. With careful dissection, the liga-
mentum, aortic arch, brachiocephalic vessels, and descend-

  Fig. 1    Magnetic resonance angiogram of an unobstructed double aortic 
arch viewed from right posterior oblique with cranial angulation. Note 
that the right aortic arch is slightly larger. Descending Aorta (DAO), 
Left-Sided Arch (L Arch), Left Common Carotid Artery (LCCA), Left 
Subclavian Artery (LSCA), Right-Sided Arch (R Arch), Right Common 
Carotid Artery (RCCA), Right Subclavian Artery (RSCA)          
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ing aorta are clearly identifi ed. The ligamentum is then 
divided and its stumps are oversewn. 

 When a Kommerell’s diverticulum is present, controversy 
exists whether or not it should be resected, or whether the 
left subclavian artery should be transferred to the left carotid 
artery. Division of the ligamentum and pexy of the diverticu-
lum may be associated with late dilation of the diverticulum 
and recurrence of symptoms [ 6 – 8 ]. 

  Right arch mirror image branching . A right aortic arch with 
mirror image branching occurs when the left fourth arch 
regresses between the subclavian artery and the descending 
aorta. As a result, the branching pattern resembles a “mir-
ror image” of the normal left arch. A vascular ring may 
form if the ligamentum arises from the descending thoracic 
aorta. However, it most commonly originates from the 
innominate artery and therefore does not form a compres-
sive vascular ring. 

  Right aortic arch with left descending aorta (circumfl ex 
aorta) . This is a rare variant of right aortic arch, where the 
transverse arch courses posterior to the esophagus and con-

tinues as a left descending aorta. A vascular ring is formed in 
the setting of a left ligamentum (Figs.  3  and  4 ).

    Optimal surgical treatment for this anomaly is known as 
an “Aortic Uncrossing” and is a more complicated opera-
tion, requiring a median sternotomy, the use of cardiopul-
monary bypass and deep hypothermic circulatory arrest. 
The arch along with its branches is extensively mobilized 
and then divided at a point where it hooks around the esoph-
agus. The proximal end of the arch may be oversewn while 
the distal retro esophageal segment is brought anteriorly and 
anastomosed to a counter-incision on the left lateral side of 
the ascending aorta. Alternatively, both sides of the arch are 
mobilized anterior to the trachea with great care not to injure 
both recurrent laryngeal nerves. This lesion may occur in 
conjunction with severe long segment coarctation of the 
retro esophageal and descending aorta. In these rare cases, 
the coarctation requires augmentation using a patch 
material.  

  Fig. 2    Magnetic resonance angiogram viewed from left posterior 
oblique demonstrates a right aortic arch with an aberrant left subclavian 
artery originating from a retroesophageal diverticulum (diverticulum of 
Kommerell). The location of the left-sided ligamentum arteriosum 
( arrowhead ), though not directly observed, is implied by the regionally 
dilated proximal left subclavian artery (*) completing the vascular ring. 
Aberrant Left Subclavian Artery (ALSCA), Aberrant Right Subclavian 
Artery (ARSCA), Descending Aorta (DAO), Left Common Carotid 
Artery (LCCA), Right Common Carotid Artery (RCCA)       

  Fig. 3    Magnetic resonance angiogram from a direct posterior view 
demonstrates a right aortic arch with left-sided descending aorta (cir-
cumfl ex aortic arch). The combination of right arch and left-sided tho-
racic descending aorta implies a left ligamentum which completes the 
ring. Left-Sided Descending Aorta (L DAO), Left Common Carotid 
Artery (LCCA), Left Subclavian Artery (LSCA), Right-Sided Arch (R 
Arch), Right Common Carotid Artery (RCCA), Right Subclavian 
Artery (RSCA)       
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   Pulmonary Artery Sling 

 This is a relatively uncommon vascular anomaly in which 
the left pulmonary artery arises extra-pericardially, from the 
posterior aspect of the right pulmonary artery. It then hooks 
over the right bronchus and passes between the trachea and 
esophagus to reach the left pulmonary hilum (Fig.  5 ).

   With this confi guration, the left pulmonary artery com-
presses the lower trachea leading to severe stenosis [ 9 ]. 
Additionally, this anomaly is also strongly associated with 
tracheal stenosis, due to the presence of complete tracheal 
rings, in almost 50–65 % patients (known as the ring-sling 
complex). The tracheal cartilage forms a complete circle 
with an absence of membranous trachea. 

 Repair of a pulmonary artery sling requires a median ster-
notomy and cardiopulmonary bypass [ 10 ]. The ductus or the 
ligamentum is divided. The left pulmonary artery is dissected 
circumferentially from its origin on the right pulmonary 
artery to its left hilar branches. It is then divided between 
clamps at its origin from the right pulmonary artery. It is then 
brought anterior to the bronchus, and anastomosed to a 
counter- incision on the main pulmonary artery with great 
care not to kink the vessel at its neo-origin. 

  Fig. 4    Magnetic resonance angiogram from a direct posterior view 
demonstrates a right aortic arch with left-sided descending aorta. The 
combination of right arch and left-sided thoracic descending aorta 
implies a left ligamentum which completes the ring. In this particular 
patient there is also the rare presence of coarctation of the right-sided 
aortic arch       

  Fig. 5    ( a ) Magnetic resonance angiogram demonstrating a Pulmonary 
Sling. In this disease, the left pulmonary artery originates from the 
proximal right pulmonary artery and then passes between the relatively 
anterior trachea and the relatively posterior esophagus as it heads back 
toward the left lung. This creates a sling around the trachea with a left-
ward pull typically producing severe tracheal symptoms. In contrast, 

vascular rings encompass both the trachea and the esophagus and there-
fore may cause both stridor and dysphagia. ( b ) Spin Echo Dark Blood 
Image demonstrating tracheal narrowing at the level where the left pul-
monary artery creates a sling around the trachea. Aorta (Ao), Esophagus 
(Es), Left Pulmonary Artery (LPA), Right Pulmonary Artery (RPA), 
Right Ventricle Outfl ow Tract (RV), Trachea (T)       
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  Fig. 6    ( a ) Turbo spin echo dark blood image in transverse view dem-
onstrates severe tracheal fl attening at the point where the innominate 
artery crosses anterior to the trachea. Bronchoscopy demonstrated tra-
cheomalacia of the proximal trachea associated with an anterior pulsat-

ing mass. These fi ndings are consistent with innominate artery 
compression of the trachea. ( b ) More superiorly above the thoracic 
inlet, the trachea appears round and patent       

 In the presence of complete tracheal rings, a concomitant 
repair of the trachea (slide tracheoplasty) must be performed.  

   Innominate Artery Compression 

 This results from an innominate    artery that arises a more distal 
on the aortic arch than normal and compresses the lower end 
of trachea as it crosses it anteriorly from left to right (Fig.  6 ).

   The incidence of this anomaly seems to be relatively 
high. However, only a fraction of these patients are symp-
tomatic, leading to a lot of debate on the optimal manage-
ment of these patients. 

 For those symptomatic patients with respiratory distress, 
persistent stridor and refl ex apnea should have an aggressive 
diagnostic workup followed by aortopexy [ 11 ]. 

 The diagnosis is usually made on bronchoscopy by the 
presence of a pulsatile anterior narrowing of the lower tra-
chea on a child with symptoms of airway obstruction. 
Additional radiological imaging (CT, MRI) may further sup-
port the diagnosis. 

 Aortopexy, in which the innominate artery and proximal 
arch are suspended with sutures, to the posterior surface of the 
sternum, is a simple and effective procedure for the treatment 
of this malformation. Surgical approach is typically through a 
small right anterior thoracotomy in the second intercostal 
space. The right lobe of thymus is resected, taking care to 
avoid injury to the phrenic nerve. The proximal innominate 
artery and arch adjacent to its origin are suspended to the pos-
terior sternal periosteum using 3–4 pledgeted mattress sutures 
that are tied down, at times under direct bronchoscopic guid-
ance. If needed, these sutures can also be passed trans-ster-
nally, and tied on the anterior surface of the sternum. It is 
important, not to dissect the space between innominate artery 
and the trachea, as this fi brous tissue will necessary to effec-
tively pexy the anterior wall of trachea.  

   Left Aortic Arch and Aberrant Right 
Subclavian 

 When the right fourth pharyngeal arch regresses between the 
subclavian and the carotid arteries, the right subclavian 
artery will arise “aberrantly” from the descending aorta. The 
incidence of this anomaly ranges between 0.5 and 1.8 %. 
The majority of these individuals will remain asymptomatic, 
and only rarely when the ligamentum is right sided will a vas-
cular ring form.  

   Postoperative Care 

 Most patients have a relatively straightforward postopera-
tive course after surgical repair. Early extubation is recom-
mended except in those with a concomitant procedure of the 
trachea or tracheomalacia. Therapies that may prove useful 
in the early postoperative period include oxygen, humidity, 
inhaled steroids, bronchodilators, and aggressive early chest 
physiotherapy. Vocal cord paresis and/or paralysis are a 
known complication of surgical repair and should be 
watched for in the post op. Persistent airway obstruction 
after surgical repair can be due to residual compression, tra-
cheomalacia, or intrinsic lesions of the airway.  

   Results 

 Long-term results of surgical repair of vascular rings are gener-
ally good, with no reported operative mortality and a very low 
risk of recurrence as highlighted in many recent publications 
[ 11 ]. Of note, complete resolution of symptoms may not 
always be evident immediately after surgery, and this is com-
monly due to an associated tracheal lesion (malacia), and 
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improves over time. By 1 year, almost 70 % of all patients are 
expected to be symptom free [ 7 ,  12 ], and most of the remaining 
patients will have experienced a substantial improvement in 
symptoms.  

   Multidisciplinary Considerations 

 While surgical repair is performed by the cardiothoracic sur-
geon, management of vascular anomalies often involves 
multidisciplinary input from neonatology, otolaryngology, 
pulmonology, and cardiology.  

   Future Considerations 

 Over the past few years, there has been a push to expand the 
role of minimally invasive cardiac surgery in pediatric 
patients. In 1995, based on an experience with video-assisted 
interruption of the patent ductus arteriosus, Burke et al. [ 13 ] 
reported their initial results with video-assisted vascular ring 
division, and recently, robotically assisted vascular ring 
division represents a further step in this direction [ 14 ]. By 
avoiding muscle division and rib spreading, these minimally 
invasive operations decrease post-thoracotomy pain, tearing 
of intercostal ligaments, and may also improve early postop-
erative respiratory function, in addition to better cosmetic 
results. However, operative times are longer, conversion rates 
are still signifi cant, along with a much higher procedural cost. 

 Importantly, the use of these minimally invasive procedures 
is limited to relatively bigger kids, and for non-patent (atretic) 
vascular rings. Recent advances in thoracoscopic and robotic 
instruments have undoubtedly contributed to an increasing use 
of these techniques. In the present, however, the use of this 
technology for surgical correction of vascular rings is very lim-
ited and its future application will depend largely on follow-up 
studies, further advances, and improved cost-effectiveness.     
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           The Nose 

 Nasal obstruction in the neonate is often symptomatic as 
infants are preferential nasal breathers. Immediate presenta-
tion may be cyclical cyanosis relieved by crying, airway dis-
tress, and feeding diffi culties. The differential diagnosis for 
nasal obstruction includes: rhinitis/infl ammation, arhinia, piri-
form aperture stenosis, nasal septal deviation, nasolacrimal 
duct cyst (bilateral or unilateral), nasal hemangioma, and other 
rare tumors, encephalocele/glioma, choanal stenosis/atresia.
•    Piriform aperture and nasal stenosis

 ⚬    Etiology
 ▪    The nasal inlet is narrowed by overgrowth or medial 

position of the nasal process of the maxilla at the 
level of the piriform aperture bilaterally.  

 ▪   Partial obstruction of the nasal inlet, which may be 
associated with craniofacial or skull base anomalies.     

 ⚬   Epidemiology
 ▪    Rare  
 ▪   May be associated with a single central incisor or 

anterior pituitary abnormalities.     
 ⚬   Pathogenesis

 ▪    The narrowed aperture or nasal cavity leads to 
increased nasal resistance.     

 ⚬   Clinical presentation
 ▪    Diffi culty is with breathing and/or feeding.  

 ▪   Anterior rhinoscopy identifi es a narrowed nasal 
inlet, may be unable to pass 6 French catheter or 
2.2 mm scope into the nasal aperture.     

 ⚬   Diagnosis
 ▪    Clinical evaluation is complemented by non-con-

trasted CT scan of the skull and sinuses inclusive of 
the pituitary and maxillary dentition.  

 ▪   Diagnosis is made when the nasal aperture is less 
than 11 mm on axial CT scan.     

 ⚬   Medical management
 ▪    Observation if minimally symptomatic.  
 ▪   Conservative management with nasal saline or ste-

roids if moderate symptomatology.  
 ▪   Oral breathing appliance such as McGovern nipple 

or intubation for acute respiratory distress.     
 ⚬   Surgical management

 ▪    Most often required when piriform aperture width 
is <5 mm. Most common approach is sublabial with 
drill out of the piriform aperture, nasal dilation, 
with or without stent placement.     

 ⚬   Multidisciplinary considerations
 ▪    Endocrinology/Neurology: Association with anterior 

pituitary abnormalities, holoprosencephaly spectrum.  
 ▪   Dentistry/OMFS: Often associated with median 

central incisor.  
 ▪   Genetics: When syndrome suspected.        

•   Choanal atresia and stenosis (bilateral and unilateral)
 ⚬    Etiology

 ▪    Failure of recanalization of the buccal pharyngeal 
membrane during 4th–12th week of gestation leads 
to atresia (complete obstruction) or stenosis (nar-
rowing) of the posterior choanae.  

 ▪   May be unilateral or bilateral.  
 ▪   Most common abnormality is bony/membranous 

obstruction; the vomer (posterior septum) is often 
bowed.  

 ▪   May be associated with skull base or midline 
defects, especially when presenting as part of a 
syndrome.     
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 ⚬   Epidemiology
 ▪    1: 7,000 live births, female to males equal in the 

recent literature.  
 ▪   50 % associated with syndrome or additional 

anomalies.     
 ⚬   Pathogenesis

 ▪    Atresia occludes passage of air or drainage of nasal 
secretions. Stenosis increases airway resistance.     

 ⚬   Clinical presentation
 ▪    Neonate with bilateral atresia/stenosis will present 

with labored breathing, desaturations, cyclical 
cyanosis, and feeding diffi culties.  

 ▪   Unilateral stenosis often presents with unilateral rhi-
norrhea/sinusitis, rarely with respiratory distress.     

 ⚬   Diagnosis
 ▪    Failure to pass a 5/6 french catheter.  
 ▪   Nasal endoscopy revealing the atretic plate.  
 ▪   Non-contrast fi ne cut CT scan of the skull base/sinuses.     

 ⚬   Medical management
 ▪    Conservative management: Oral airway or McGovern 

nipple and side or prone positioning may help initially. 
Intubation often necessary with bilateral atresia.     

 ⚬   Surgical management
 ▪    Endoscopic approach is most common. Serves to 

dilate and or repair the membranous and bony nar-
rowing often with a posterior septectomy.  

 ▪   Bilateral atresia should be repaired once work-up is 
complete.  

 ▪   Unilateral atresia/stenosis repair can be delayed 
until childhood to allow for skull and patient.     

 ⚬   Multidisciplinary considerations
 ▪    Genetics: Associated syndromes: CHARGE.           

   The Oropharynx 

 The oropharyngeal airway may be obstructed by a prolapsing 
tongue base or a space-occupying mass. When the oropharynx 
is obstructed, air cannot pass fl uidly from the nasal cavity or 
mouth into the larynx. The differential diagnosis for oropha-
ryngeal obstruction includes: macroglossia, glossoptosis, 
nasopharyngeal mass extension, oropharyngeal mass, vallecu-
lar cyst, an undescended thyroid, or thyroglossal duct cyst.
•    Glossoptosis

 ⚬    Etiology
 ▪    Most commonly associated with Pierre Robin 

Sequence: Congenital micrognathia which leads to 
glossoptosis (tongue base obstruction of the poste-
rior pharynx) and airway distress of the neonate.  

 ▪   Most cases associated with a secondary cleft palate: 
U shaped, involving the soft palate.     

 ⚬   Epidemiology
 ▪    1 in 8,500–14,000 births.     

 ⚬   Pathogenesis
 ▪    Airway obstruction secondary to displacement of 

the tongue into the hypopharynx occluding the air-
way at the level of the epiglottis.     

 ⚬   Clinical presentation
 ▪    Airway distress in the neonate with apparent obstruc-

tion, which may be positional (worse on back), 
feeding diffi culties, including airway distress or 
desaturation during feeding.     

 ⚬   Diagnosis
 ▪    Clinical diagnosis is complemented by a modifi ed 

polysomnogram to quantify the severity of obstruction.  
 ▪   Awake fl exible nasopharyngolaryngoscopy can aid 

in assessment of the tongue base position relative to 
the posterior pharyngeal wall.  

 ▪   Imaging with plain fi lm or more commonly CT 
scan with 3D reconstructions of the face is obtained 
if considering surgical management.     

 ⚬   Medical management
 ▪    Prone or side lying positioning.  
 ▪   Nasal trumpet/nasopharyngeal airway.  
 ▪   Airway support with high fl ow nasal catheter or 

positive pressure ventilation.     
 ⚬   Surgical management

 ▪    Tongue–lip adhesion: Tongue musculature is 
sutured to that lower lip musculature to prevent pto-
sis of tongue base; the adhesion is later released.  

 ▪   Mandibular distraction: The mandible is advanced 
forward using distraction osteogenesis technique—
internal and external devices.  

 ▪   Tracheostomy: Defi nitive management in refrac-
tory or complicated cases.     

 ⚬   Multidisciplinary considerations
 ▪    Plastic surgery: May consider mandibular distrac-

tion osteogenesis (MDO) for cases associated with 
micrognathia.  

 ▪   Genetics: More than 40 associated syndromes. Most 
common: Stickler and 22q11.2 deletion syndrome.        

•   Vallecular cyst
 ⚬    Etiology

 ▪    Etiology related to either a trapped minor salivary 
gland or a variant of a thyroglossal duct cyst present 
solely in the tongue base.     

 ⚬   Epidemiology
 ▪    Congenital airway cysts occur in 1.87–3.49 cases 

per 100,000 live births.
 ▪    Vallecular cysts account for ~10.5 %.        

 ⚬   Pathogenesis
 ▪    Cyst may grow slowly or rapidly leading to a spec-

trum of airway symptoms. Most commonly pres-
ents within the fi rst 2 weeks of life.  

 ▪   Secondary laryngomalacia may occur secondary to 
the Bernoulli Effect.     
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 ⚬   Clinical presentation
 ▪    Most commonly presents with inspiratory stridor sim-

ilar to laryngomalacia. Depending on the size may 
lead to complete airway obstruction with distress.  

 ▪   Large cysts also associated with feeding diffi culties.     
 ⚬   Diagnosis

 ▪    Awake fl exible fi beroptic pharyngolaryngoscopy.  
 ▪   Microlaryngoscopy demonstrates a mucous-fi lled 

cyst in the vallecula between the tongue base and 
laryngeal surface of the epiglottis.     

 ⚬   Management
 ▪    Surgical management is the mainstay of treatment.  
 ▪   Microlaryngoscopy and bronchoscopy with endo-

scopic marsupialization or excision with micro-
laryngeal instruments, microdebrider, or laser.  

 ▪   Preservation of lingual surface of the epiglottis is 
important to prevent vallecular scarring.  

 ▪   Cyst recurrence is rare.     
 ⚬   Multidisciplinary considerations

 ▪    Speech therapy: For evaluation and management of 
aspiration, if indicated.           

   The Larynx 

 The larynx consists of the supraglottic, glottic, and sub-
glottic structures. Diffi culties at the level of the larynx are 
commonly associated with stridor or noisy breathing. Some 
congenital anomalies present immediately with airway dis-
tress while others are asymptomatic or discovered later in 
infancy or childhood as feeding and growing diffi culties arise. 

   Supraglottic Airway 

 Supraglottic anomalies affect the airway at the level of the 
epiglottis through the ventricle, which sits immediately 
superior to the vocal cords. Anomalies discussed below 
include laryngomalacia, bifi d epiglottis, saccular cyst, and 
laryngeal cleft.
•    Laryngomalacia

 ⚬    Etiology
 ▪    Most common cause of stridor in infants, resulting 

from dynamic collapse of the supraglottic struc-
tures into the laryngeal inlet during inspiration.     

 ⚬   Epidemiology
 ▪    Incidence is unknown but accounts for 70–95 % of 

all neonatal stridor.  
 ▪   Incidence of synchronous airway lesions is ~15 % 

(more frequent in severe cases).     
 ⚬   Pathogenesis

 ▪    Collapse related to: Omega-shaped epiglottis, short 
aryepiglottic folds, and/or redundant supra- 
arytenoid tissue and cuneiform cartilages.     

 ⚬   Clinical presentation
 ▪    Fluttering inspiratory stridor most pronounced 

while supine, crying, sleeping, or with feeding.  
 ▪   Obstructive sleep apnea may be present.  
 ▪   Severe cases may present with failure to thrive or 

respiratory distress.  
 ▪   High concomitant incidence of gastroesophageal 

refl ux.     
 ⚬   Diagnosis

 ▪    Awake fi beroptic laryngoscopy demonstrates an 
omega-shaped epiglottis, short aryepiglottic folds, 
and/or redundant and prolapsing soft tissue over the 
arytenoid cartilages.  

 ▪   Microlaryngoscopy and bronchoscopy may be nec-
essary to rule out signifi cant synchronous airway 
lesions.  

 ▪   Refl ux evaluation may be indicated when feeding 
or swallowing symptoms are present.     

 ⚬   Medical management
 ▪    Most cases self-resolve over 12–18 months and 

require no medical treatment.  
 ▪   Refl ux management should be considered in 

patients with feeding or respiratory concerns.     
 ⚬   Surgical management

 ▪    Consider microlaryngoscopy and bronchoscopy in 
recalcitrant cases to identify secondary airway lesions.  

 ▪   Supraglottoplasty is performed with microlaryn-
geal instruments or laser for children with failure to 
thrive, cyanotic spells, severe OSA, or recurrent 
respiratory admissions.     

 ⚬   Multidisciplinary considerations
 ▪    Pulmonary: May consider PSG to evaluate for cen-

tral and obstructive sleep apnea.  
 ▪   Speech therapy: Preoperative and postoperative 

aspiration risk.  
 ▪   Gastroenterology: If signifi cant refl ux is present 

and recalcitrant to therapy.        
•   Bifi d epiglottis

 ⚬    Etiology
 ▪    Clefted epiglottis involving at least 2/3 of the height 

of the epiglottis. The embryology is not clear 
though the epiglottis is derived from the hypobran-
chial eminence with likely involvement of the 4th 
branchial pouch.  

 ▪   Teratogen theory as hand, hypothalamus, and oral 
cavity development occurs during the same time 
period and may have associated anomalies.     

 ⚬   Epidemiology
 ▪    Usually does not present as an isolated anomaly, 

incidence not well reported.  
 ▪   Associated with Pallister–Hall syndrome.     

 ⚬   Pathogenesis
 ▪    Midline cleft within the epiglottis rendering it 

incompetent.     
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 ⚬   Clinical presentation
 ▪    Inspiratory stridor, worse with feeding.  
 ▪   Choking or gagging with feeds if aspiration.     

 ⚬   Diagnosis
 ▪    Awake fl exible laryngoscopy.  
 ▪   Consider rigid laryngoscopy and bronchoscopy to 

assess for additional anomalies.  
 ▪   Modifi ed barium swallow to assess epiglottic com-

petency and aspiration risk.     
 ⚬   Management

 ▪    Medical and genetic work-up for associated condi-
tions including: Pallister–Hall, polydactyly, con-
genital hypothyroidism, and hypothalamic 
dysfunction.  

 ▪   Surgical management is not well described.     
 ⚬   Multidisciplinary considerations

 ▪    Genetics: Commonly associated with anomalies of 
the hands/feet (most commonly syndactyly), oral 
cavity, and hypothalamus/pituitary axis.  

 ▪   Endocrine: Hypothalamus and pituitary axis 
abnormalities.  

 ▪   Speech therapy: If aspiration or feeding issues.        
•   Saccular cyst

 ⚬    Etiology
 ▪    Cystic blockage at the opening of the saccule of the 

laryngeal ventricle, which extends between the 
false and true vocal folds.  

 ▪   Originate from an obstruction of the excretory duct 
of laryngeal epithelial mucous glands.     

 ⚬   Epidemiology
 ▪    Congenital airway cysts occur in 1.87–3.49 cases 

per 100,000 live births.
 ▪    Saccular cysts account for ~25 %.        

 ⚬   Pathogenesis
 ▪    Cystic accumulation of fl uid within the laryngeal sac-

cule. May partially or complete block the laryngeal 
inlet.     

 ⚬   Clinical presentation
 ▪    May present with the spectrum of airway obstruc-

tion depending on the size and location.  
 ▪   Most commonly presents with stridor similar to 

laryngomalacia but may also be associated with 
hoarse cry or cyanotic spells and may progress to 
complete airway obstruction as the cyst enlarges.     

 ⚬   Diagnosis
 ▪    Fiberoptic laryngoscopy.  
 ▪   Anterior cysts project medially into the laryngeal 

ventricle. Lateral cysts project into the false cord, 
aryepiglottic fold, and may extend extralaryngeal.  

 ▪   MRI or CT complementary to determine origin and 
extent of cyst once identifi ed.     

 ⚬   Management
 ▪    Surgical management is the mainstay of treatment.  

 ▪   Microlaryngoscopy and bronchoscopy with endo-
scopic excision may be used for medially projecting 
lesions using cold instrumentation or laser excision/
marsupialization.  

 ▪   Lesions with extralaryngeal extent may be 
approached from an external thyrotomy.     

 ⚬   Multidisciplinary considerations
 ▪    Speech therapy: For evaluation and management of 

aspiration, if indicated.        
•   Laryngeal/interarytenoid cleft

 ⚬    Etiology
 ▪    Type I cleft defi ned as supraglottic    cleft—depth of the 

interarytenoid notch extends to the level of the vocal 
cords—diastasis of the interarytenoid musculature.  

 ▪   Type II cleft involves the superior posterior cricoid 
cartilage—incomplete fusion of the posterior 
cricoid ring.     

 ⚬   Epidemiology
 ▪    Historical incidence is 0.1–0.47 % with type I    clefts 

being most common.     
 ⚬   Pathogenesis

 ▪    Branchial anomaly: Failure of the cricoid (6th arch) 
to fuse posteriorly.     

 ⚬   Clinical presentation
 ▪    Aspiration and/or chronic cough.  
 ▪   Recurrent pneumonia.     

 ⚬   Diagnosis
 ▪    Videofl uoroscopic swallow study.  
 ▪   Microlaryngoscopy with suspension laryngoscopy 

and palpation of the interarytenoid space.     
 ⚬   Medical management

 ▪    Trial of conservative management involves anti-
refl ux therapy, a thickened liquid feeding regimen, 
and maneuvers during feeding to prevent 
aspiration.     

 ⚬   Surgical management
 ▪    Surgery is recommended if persistent symptoms 

despite medical management or if symptom sever-
ity warrants immediate treatment. Surgical inter-
vention includes interarytenoid bulking procedure 
with injection, endoscopic laryngeal cleft repair, 
and open laryngeal cleft repair through a 
laryngofi ssure.     

 ⚬   Multidisciplinary considerations
 ▪    Speech therapy: For evaluation and management of 

aspiration risk once cleft identifi ed.           

   Glottic Airway 

 Glottic anomalies affect the airway involving the vocal cords. 
Glottic anomalies lead to a dysphonic or aphonic cry and 
may also present with stridor. In the most extreme case of 
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laryngeal agenesis the laryngeal structures fail to form and 
present prenatally requiring an EXIT procedure in order to 
secure the airway. Other anomalies discussed below include 
vocal cord paralysis and laryngeal/glottic web.
•    Bilateral vocal cord paralysis

 ⚬    Etiology
 ▪    Most common etiology is idiopathic. Other causes 

secondary to medical conditions include: Arnold–
Chiari malformation, intracranial hemorrhage, 
hydrocephalus, meningocele, and myasthenia 
gravis.     

 ⚬   Epidemiology
 ▪    The second most common cause of neonatal 

stridor.  
 ▪   Incidence of 0.75 cases per million births per year.     

 ⚬   Pathogenesis
 ▪    Bilateral abductor paralysis leads to medial position 

of the vocal cords which limits glottic opening lead-
ing to stridor and increased airway resistance.     

 ⚬   Clinical presentation
 ▪    High-pitched inspiratory or biphasic stridor is the 

most common manifestation, but may also include 
dyspnea, chronic aspiration, and cyanosis. Voice 
may range from weak to normal depending on the 
site of the lesion.     

 ⚬   Diagnosis
 ▪    Fiberoptic laryngoscopy with patient awake.  
 ▪   Microlaryngoscopy and bronchoscopy with palpa-

tion of the arytenoid to rule out cricoarytenoid joint 
fi xation and posterior glottis stenosis.  

 ▪   MRI (including imaging of the posterior fossa and 
course of recurrent laryngeal nerves) to investigate 
intracranial and compressive causes is paralysis.  

 ▪   Laryngeal EMG may be used to monitor motor 
function and recovery.  

 ▪   Videofl uoroscopic swallow study (VFSS) or fi ber-
optic endoscopic evaluation of swallow (FEES) 
may be used to detect aspiration.     

 ⚬   Medical management
 ▪    Spontaneous resolution of idiopathic paralysis 

occurs in up to 70 % of patients up to 11 years later.  
 ▪   Treatment for underlying condition with VP shunt 

or posterior fossa decompression may result in 
recovery of function in secondary cases.     

 ⚬   Surgical management
 ▪    Tracheotomy is traditionally recommended for per-

sistent paralysis with respiratory distress or failure 
to thrive (up to 50 % of patients).  

 ▪   Endoscopic transverse cordotomy, arytenoidec-
tomy, arytenoid lateralization, open or endoscopic 
laryngotracheoplasty with posterior costochondral 
grafting, and laryngeal reinnervation procedures 
are options for treatment.  

 ▪   Reinnervation uses superior branch of phrenic 
anastomosed to the posterior cricoarytenoid muscle 
and ansa-hypoglossal to laryngeal adductors.     

 ⚬   Multidisciplinary considerations
 ▪    Neurology and/or neurosurgery: Evaluate central 

causes of paralysis.  
 ▪   Speech therapy: Evaluation and management for 

aspiration risk.        
•   Laryngeal/glottic web

 ⚬    Etiology
 ▪    Partial failure of laryngeal recanalization during 

gestation.     
 ⚬   Epidemiology

 ▪    Rare     
 ⚬   Pathogenesis

 ▪    Anterior glottic involvement is most common lead-
ing to voice alteration.  

 ▪   Respiratory distress can occur if there is posterior 
or inferior extension leading to increased airway 
resistance.     

 ⚬   Clinical presentation
 ▪    Hoarseness if thin, aphonia in thicker lesions.  
 ▪   Depending on length of involvement and subglottic 

extent may result in respiratory distress.  
 ▪   Rare interarytenoid webs present with stridor sec-

ondary to inability to abduct the vocal cords.     
 ⚬   Diagnosis

 ▪    Fiberoptic laryngoscopy for identifi cation, micro-
laryngoscopy and bronchoscopy to assess character 
and inferior extent of web.  

 ▪   Described according to the Cohen classifi cation:
 –    Type I: Thin glottic web without subglottic 

extension, <35 % airway obstruction  
 –   Type II: Thicker web with minimal subglottic 

extension, 35–50 % airway obstruction  
 –   Type III: Solid web with subglottic involvement, 

50–75 % airway obstruction  
 –   Type IV: Solid web with subglottic involvement 

and stenosis, 75–90 % airway obstruction        
 ⚬   Management

 ▪    Surgical management is the mainstay of 
treatment.  

 ▪   Thin webs may be managed endoscopically with 
lysis and dilation.  

 ▪   More complex webs may be treated with endo-
scopic unilateral local fl ap reconstruction.  

 ▪   Large webs with cartilaginous subglottic involve-
ment most commonly require laryngotracheo-
plasty with anterior grafting. Persistent webs can 
be managed with endoscopic or open keel inser-
tion and tracheostomy.     

 ⚬   Multidisciplinary considerations
 ▪    Genetics: Evaluation for 22q11.2 deletion.        
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•   Laryngeal agenesis/CHAOS (Complete High Airway 
Obstruction Syndrome)

 ⚬    Etiology
 ▪    Complete failure of laryngeal recanalization at 

approximately 10 weeks gestation.     
 ⚬   Epidemiology

 ▪    Rare     
 ⚬   Pathogenesis

 ▪    Congenital laryngeal atresia results in a lack of con-
nection between the upper and lower airway. The 
defect may be isolated or occur in association with 
other congenital abnormalities, notably the presence 
of a tracheoesophageal fi stula, esophageal atresia, 
and encephalocele.     

 ⚬   Clinical presentation
 ▪    Acute respiratory distress at birth.  
 ▪   Presence of polyhydramnios during gestation may 

lead to fetal diagnosis.     
 ⚬   Diagnosis

 ▪    Fetal diagnosis made using ultrasound and comple-
mented with fetal MRI. In addition to polyhydrami-
nos, fetal fi ndings include: fl at diaphragms, distal 
airway dilation, and echogenic lungs. Synchronous 
tracheoesophageal fi stula allows egress of fetal lung 
fl uid and may prevent prenatal diagnosis. Postnatal 
diagnosis results in acute respiratory failure with 
inability to ventilate.     

 ⚬   Management
 ▪    Primary management is surgical with 

tracheostomy.  
 ▪   Prenatal diagnosis warrants delivery by EXIT 

(Ex-utero Intrapartum Treatment) procedure. 
Uterotomy is performed with preservation of 
placental blood flow and recirculation of amni-
otic fluid. The head and neck of the neonate are 
delivered and the airway is secured via 
tracheostomy.  

 ▪   Postnatally diagnosed cases are managed by emer-
gent tracheostomy.  

 ▪   May consider laryngotracheoplasty in select cases 
for defi nitive management.     

 ⚬   Multidisciplinary considerations
 ▪    Special delivery unit for planned EXIT procedure.           

   Subglottic Airway 

 The subglottic airway is the area immediately below the 
vocal cords, extending to the level of the inferior edge of the 
cricoid cartilage. Narrowing of the subglottis is typically 
from a fi xed lesion and typically presents with biphasic stri-
dor. Anomalies discussed below include subglottic cysts, 
subglottic stenosis, and hemangioma.

•    Subglottic cyst
 ⚬    Etiology

 ▪    Most commonly associated with prematurity and a 
history of intubation.  

 ▪   Results from obstruction of subglottic mucous 
glands secondary to subepithelial fi brosis.     

 ⚬   Epidemiology
 ▪    Unknown.     

 ⚬   Pathogenesis
 ▪    Single or multiple cysts may occur as fi xed lesions in 

the immediate subglottis increasing airway 
resistance.     

 ⚬   Clinical presentation
 ▪    Infant with a history of prematurity and prior 

intubation who presents with biphasic stridor 
should raise clinical suspicion. May also be 
associated with apnea, recurrent croup, or feed-
ing problems.     

 ⚬   Diagnosis
 ▪    Microlaryngoscopy and bronchoscopy demonstrate 

obvious cysts or asymmetric subglottic narrowing.     
 ⚬   Medical management

 ▪    Asymptomatic cysts may be managed with obser-
vation with consideration of medical management 
of acid refl ux.     

 ⚬   Surgical management
 ▪    Endoscopic marsupialization: Technique is surgeon 

dependent, most commonly performed using 
microlaryngeal instrumentation or the CO 2  laser.  

 ▪   High recurrence rates range from 12 to 70 %.     
 ⚬   Multidisciplinary considerations

 ▪    Pulmonary: Often associated with lower airway 
pathology.  

 ▪   Gastroenterology: Acid refl ux may potentiate or 
worsen subglottic infl ammation.        

•   Subglottic stenosis
 ⚬    Etiology

 ▪    Membranous subglottic stenosis due to embryo-
logic failure of laryngeal recanalization.  

 ▪   Cartilaginous subglottic stenosis secondary to 
either cricoid cartilage deformity or entrapment of 
the fi rst tracheal ring within the cricoid cartilage.  

 ▪   Acquired in 95 % of cases, most commonly second-
ary to intubation trauma.     

 ⚬   Epidemiology
 ▪    Congenital in 5 % of cases.  
 ▪   Acquired in 95 % of cases.     

 ⚬   Pathogenesis
 ▪    Subglottic narrowing leading to increased airway 

resistance.     
 ⚬   Clinical presentation

 ▪    Biphasic stridor is most common. Depending on 
severity children may be asymptomatic, have episodes 
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of recurrent croup in mild cases, or respiratory dis-
tress in severe cases.     

 ⚬   Diagnosis
 ▪    Fiberoptic laryngoscopy may reveal evidence of subglot-

tic narrowing, but gold standard diagnosis and classifi -
cation via microlaryngoscopy and bronchoscopy.  

 ▪   Airway fi lms may demonstrate subglottic 
narrowing.  

 ▪   Degree of stenosis identifi ed using Cotton-Myer 
classifi cation (see chapter on Subglottic Stenosis).     

 ⚬   Management
 ▪    Grade I stenosis most commonly managed conser-

vatively and often outgrown with time.  
 ▪   Endoscopic procedures including lysis and dilation 

for symptomatic grade I and II membranous 
stenoses.  

 ▪   Grade III membranous stenosis may be treated with 
endoscopic techniques, but often requires open 
laryngotracheal reconstruction.  

 ▪   Symptomatic cartilaginous stenoses require airway 
expansion via laryngotracheoplasty with or without 
tracheostomy depending on degree of stenosis and 
health of the patient.  

 ▪   Grade IV stenosis requires tracheostomy and laryn-
gotracheoplasty or cricotracheal resection.     

 ⚬   Multidisciplinary considerations
 ▪    Pulmonary: Often associated with lower airway 

pathology.  
 ▪   Gastroenterology: Acid refl ux may potentiate or 

worsen stenosis.        
•   Hemangioma

 ⚬    Etiology
 ▪    Hemangiomas occur secondary to an abnormal pro-

liferation of small blood vessels.     
 ⚬   Epidemiology

 ▪    Hemangioma is the most common tumor of 
infancy.  

 ▪   Incidence of 1–2.6 % at birth and ~10 % by 1 year of 
age.  

 ▪   Female to male ratio 3:1. 60 % occur in the head 
and neck.     

 ⚬   Pathogenesis
 ▪    Benign vascular tumor involving the subglottis, 

glottis, and/or supraglottis with a natural history 
similar to cutaneous hemangiomas, including pro-
liferation and involution phases.     

 ⚬   Clinical presentation
 ▪    Inspiratory or biphasic stridor: Approximately 30 % 

of cases present at birth, with nearly all cases symp-
tomatic by 6 months. Symptoms worsen during the 
proliferative phase.  

 ▪   Natural history: Proliferative phase (fi rst 8–12 
months of life), quiescence, slow involution (begins 

at about 12 months of age and involute at variable 
rates typically over 5–8 years).     

 ⚬   Diagnosis
 ▪    80 % are noted within the fi rst month of life, typi-

cally presenting at 2–4 weeks of age.  
 ▪   Cutaneous hemangiomas are present in 50 % of 

children with subglottic hemangiomas.  
 ▪   Beard distribution facial hemangioma is more likely 

to have a synchronous airway hemangioma.  
 ▪   Airway X-ray show asymmetric subglottic 

narrowing.  
 ▪   Microlaryngoscopy and bronchoscopy reveals a com-

pressible soft tissue mass with vascular congestion.     
 ⚬   Medical management

 ▪    Small subglottic hemangiomas with resulting low- 
grade obstruction are managed with propranolol. 
Dosing escalates to a maximum of 3 mg/kg. 
Propranolol carries a risk of hypoglycemia and is 
contraindicated in children with severe asthma.  

 ▪   Moderate to large hemangiomas with respiratory 
distress can be acutely managed with intralesional 
or systemic steroids.     

 ⚬   Surgical management
 ▪    Mass is routinely soft and compressible allowing 

for intubation even in severe stenoses.  
 ▪   Hemangiomas refractory to propranolol are man-

aged with laryngotracheoplasty with open submu-
cosal resection of the lesion.     

 ⚬   Multidisciplinary considerations
 ▪    Dermatology: Evaluate patient for systemic medi-

cal therapy.            

   The Trachea 

 The trachea begins immediately below the cricoid and 
extends distally to the cricoid where the mainstem bronchi 
diverge. Tracheal anomalies often require multidisciplinary 
intervention with pediatric surgery and/or cardiothoracic sur-
gery. The timing and clinical presentation of tracheal anoma-
lies is more variable as the pathology is more heterogeneous. 
Anomalies discussed below include complete tracheal rings, 
vascular extrinsic rings, tracheal cleft, tracheoesophageal fi s-
tula, and tracheomalacia.
•    Complete tracheal rings

 ⚬    Etiology
 ▪    Abnormal development of the tracheal rings, likely 

after the 8th week of gestation.  
 ▪   The typical C-shaped cartilage is fused posteri-

orly and there is a lack of the posterior membra-
nous trachea.     

 ⚬   Epidemiology
 ▪    Incidence estimated to be 1 in 64,500.     
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 ⚬   Pathogenesis
 ▪    The posterior membranous portion of the trachea is 

absent leading to fi xed, narrowed dimension of the 
trachea. May involve a few tracheal rings or the 
entire length of the trachea (sleeve trachea).     

 ⚬   Clinical presentation
 ▪    “Washing machine” breathing; stridor may be 

inspiratory (cervical trachea) expiratory (thoracic 
trachea) or biphasic.  

 ▪   Symptoms may not be apparent until >50 % steno-
sis and may be uncovered in a setting of respiratory 
illness which exacerbates the narrowing.     

 ⚬   Diagnosis
 ▪    Plain chest fi lms may provide indication of stenosis 

by demonstrating a narrowed air column.  
 ▪   Airway fl uoroscopy can be utilized to assess nar-

rowing and associated pulmonary tree anomalies, 
which are present in up to 20 % of cases.  

 ▪   CT or MRI along with vascular studies may be used 
to further evaluate the stenosis as well as evaluate 
for vascular malformations/anomalies and extrinsic 
compression.  

 ▪   Rigid bronchoscopy remains the gold standard for 
diagnosis to assess the length of involvement.     

 ⚬   Medical management
 ▪    In select cases patients with mild symptoms may be 

monitored and respiratory illness mass require ste-
roids and close monitoring.     

 ⚬   Surgical management
 ▪    Slide tracheoplasty performed through a sternal or cer-

vical approach is the current surgical modality of 
choice.  

 ▪   Augmentation using cartilage or perichondrium has 
been used for repair with variable results.     

 ⚬   Multidisciplinary considerations
 ▪    Cardiothoracic surgery: For thoracic tracheal 

involvement, may require ECMO or temporary car-
diac bypass for surgical management. Vascular mal-
formations present in up to 50 % of cases.        

•   Vascular extrinsic rings
 ⚬    Etiology

 ▪    Abnormal development of branchial arch system.     
 ⚬   Epidemiology

 ▪    Rare, frequently associated with other cardiac 
abnormalities.     

 ⚬   Pathogenesis
 ▪    Anomalous branching pattern of the vessels origi-

nating from the aortic arch or pulmonary trunk.     
 ⚬   Clinical presentation

 ▪    Degree of respiratory problems and/or feeding dif-
fi culties varies depending on degree and site of 
compression at the trachea, the bronchi, and/or the 
esophagus.  

 ▪   Range from asymptomatic to severe respiratory 
distress.  

 ▪   May present as recurrent pulmonary infection, 
cough, stridor, and /or dysphagia.     

 ⚬   Diagnosis
 ▪    Barium esophagogram, echocardiography, computed 

tomography (CT), magnetic resonance imaging 
(MRI), and angiography aid in diagnosis.  

 ▪   Rigid bronchoscopy and esophagoscopy for defi ni-
tive evaluation and to identify synchronous tracheo-
bronchial anomalies including complete rings and 
abnormal bronchial take off.     

 ⚬   Medical management
 ▪    None     

 ⚬   Surgical management
 ▪    Heterogeneous anomalies, therefore no single sur-

gical operation defi ned.  
 ▪   Cardiothoracic surgery most common service to 

address surgical needs.  
 ▪   Most frequently managed with vessel pexy or divi-

sion with or without re-implantation.     
 ⚬   Multidisciplinary considerations

 ▪    Cardiology: Cardiac evaluation and identifi cation 
of secondary cardiac anomalies.  

 ▪   Cardiothoracic surgery: Defi nitive surgical 
management.  

 ▪   Pediatric surgery: May be involved with esophageal 
management.        

•   Tracheal cleft
 ⚬    Etiology

 ▪    Incomplete development of the tracheoesophageal 
septum.     

 ⚬   Epidemiology
 ▪    Associated syndromes include: Pallister–Hall, 

Opitz–Frias, and VACTERL.  
 ▪   Clefts are present in 6 % of patients with tracheo-

esophageal fi stulas.     
 ⚬   Pathogenesis

 ▪    Most commonly present with aspiration. As a 
result, may have respiratory distress or cyanosis 
with feeding. Severe aspiration leads to failure to 
thrive or recurrent pneumonia.  

 ▪   Excessive redundant mucosa may also cause stridor 
and airway obstruction.     

 ⚬   Clinical presentation
 ▪    High index of suspicion for this anomaly in chil-

dren with aspiration.  
 ▪   Additionally may present with diffi cult intubation 

or diffi culty ventilating secondary to a large air 
leak.     

 ⚬   Diagnosis
 ▪    Modifi ed barium swallow or FEES exam may show 

a posterior to anterior aspiration pattern.  
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 ▪   Fiberoptic laryngoscopy demonstrates the” Ram 
sign” in large clefts with redundant soft tissue 
adjacent to the arytenoids which prolapses into the 
cleft margin.  

 ▪   Formal diagnosis requires microlaryngoscopy and 
bronchoscopy with palpation of the posterior 
commissure.  

 ▪   Suspension with use of vocal cord spreaders may 
aid in diagnosis.  

 ▪   Clefts are commonly described according to the 
Benjamin–Inglis classifi cation.
 –    Type I: Involves the interarytenoid region down 

to and including the vocal cords  
 –   Type II: Extension into the cricoid cartilage  
 –   Type III: Extension through the cricoid into the 

cervical trachea  
 –   Type IV: Extension into the intrathoracic 

trachea        
 ⚬   Management

 ▪    Endoscopic management with suture approxima-
tion may be feasible with smaller clefts.  

 ▪   Open repair via a transtracheal or lateral pharyngot-
omy approach is often indicated for deeper clefts.  

 ▪   Often require ECMO or cardiopulmonary bypass 
(CPB) for repair of type IV cleft.  

 ▪   Despite repair, mortality >90 % for patients with a 
type IV cleft.     

 ⚬   Multidisciplinary considerations
 ▪    General surgery for management of esophagus and 

often gastric exclusion.
 ▪    Microgastria is a common associated fi nding        

 ▪   Pulmonology: Severe often recalcitrant tracheo-
bronchomalacia which may lead to prolonged tra-
cheostomy dependence.        

•   Tracheoesophageal fi stula and pouches
 ⚬    Etiology

 ▪    No unifying theory proposed to address this hetero-
geneous group of anomalies.  

 ▪   Likely multifactorial, 50 % associated with other 
malformations.     

 ⚬   Epidemiology
 ▪    Incidence of 1 in 2,500–4,500 live births.  
 ▪   Associated with VACTERL, CHARGE, Fanconi 

anemia, Opitz G, and Goldenhar.     
 ⚬   Pathogenesis

 ▪    Various degree of esophageal atresia with or with-
out associated fi stula.  

 ▪   Connection to the trachea prevents egress of saliva 
and feeds into stomach and provides direct connec-
tion for gastric contents to pass into the tracheo-
bronchial tree.  

 ▪   Respiratory symptoms are often exacerbated by 
associated tracheobronchomalacia.     

 ⚬   Clinical presentation
 ▪    Most patients are symptomatic within fi rst few 

hours of life.  
 ▪   Excessive saliva, pooling of secretions are often the 

fi rst noted symptoms.  
 ▪   Feeding diffi culties with coughing, regurgitation, 

cyanosis with feeds, and potentially respiratory 
distress.     

 ⚬   Diagnosis
 ▪    AP/Lateral X-ray with air or contrast to aid in delin-

eation of the pouch, coiled catheter/feeding tube 
may be seen.  

 ▪   Fluoroscopy for more detailed evaluation of the 
anomaly.  

 ▪   Microlaryngoscopy and bronchoscopy for evaluation 
of the tracheal pouch and endoscopic evalua-
tion with rubber catheter pull through.  

 ▪   Ladd and Gross classifi cation
 ▪    Type A: Esophageal atresia (EA) without fi stula 

(6 %)  
 –   Type B: EA with proximal fi stula (5 %)  
 –   Type C: EA with distal fi stula (84 %)  
 –   Type D: EA with double fi stula (1 %)  
 –   Type E: Tracheoesophageal fi stula without atre-

sia—H-type (4 %)        
 ⚬   Medical management

 ▪    Sump catheter for salivary and gastric diversion 
to prevent pneumonitis prior to surgical 
management.  

 ▪   Positioning to minimize secretion burden on lungs.  
 ▪   Antibiotics may be indicated.     

 ⚬   Surgical management
 ▪    Surgical management for repair once medically 

able.  
 ▪   The operative approach to an infant with EA 

depends greatly on the specifi c type of anomaly 
present and the occurrence of associated 
anomalies.     

 ⚬   Multidisciplinary considerations
 ▪    Pediatric surgery: Often primary team for 

management.  
 ▪   Genetics: 50 % of patients have associated 

malformations.        
•   Tracheomalacia

 ⚬    Etiology
 ▪    Primary tracheomalacia is described isolated 

weakness of the tracheal wall which leads to airway 
symptoms.  

 ▪   Secondary tracheomalacia is weakness of the 
tracheal wall that occurs as a result of extrinsic 
compression by a vascular anomaly or in associa-
tion with a tracheoesophageal fi stula or tracheal 
cleft. Secondary tracheomalacia commonly persists 
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after surgical repair of the associated tracheal 
anomalies.     

 ⚬   Epidemiology
 ▪    Rare  
 ▪   May be associated with syndromic conditions and 

other anomalies of the tracheobronchial tree.     
 ⚬   Pathogenesis

 ▪    Weakness of the cartilaginous trachea leads to vary-
ing degrees of dynamic collapse of the tracheal wall 
during expiration, which increases airway 
resistance.     

 ⚬   Clinical presentation
 ▪    Most common presentation is expiratory stridor/

wheeze.  
 ▪   Wide spectrum of respiratory symptoms rang-

ing from chronic cough to life-threatening 
recurrent apnea.     

 ⚬   Diagnosis
 ▪    Gold standard for diagnosis is bronchoscopy.  
 ▪   Radiological airway screening/fl uoroscopy, chest 

CT, MRI, or tracheobronchogram may also be uti-
lized for diagnosis.     

 ⚬   Medical management
 ▪    Mild cases should be observed.  
 ▪   Symptom management with inhaled agents, chest 

physiotherapy, positive pressure ventilation with 
CPAP or BiPAP may be indicated for more severe 
cases.     

 ⚬   Surgical management
 ▪    May require short- or long-term tracheostomy for 

positive pressure.  
 ▪   Internal airway stenting, endoscopic interventions 

are rarely indicated and controversial.  
 ▪   Management of extrinsic compression with vessel 

pexy or diversion.  
 ▪   Management of tracheoesophageal fi stula.     

 ⚬   Multidisciplinary considerations
 ▪    Pulmonology: Flexible bronchoscopy, medial man-

agement, noninvasive ventilation.  
 ▪   Cardiothoracic of pediatric surgery: Surgical man-

agement of associated conditions.              
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Overview

It has been well known in pediatric medicine that children 
are not just small adults—whether it is in response to stress, 
disease presentation, or overall anatomic and physiologic 
adaptation. It is also true that neonates are not just small chil-
dren with respect to exactly the same set of differences. The 
neonatal airway is especially different from larger children’s 
due mostly to the small size of all tubular structures, a pro-
portionally large head and occiput, and the position of all 
these structures relative to the entire airway. These factors 
generally differentiate the neonate from the older child and 
adult, however, more specific differences exist as well.

The Neonate vs. the Adult

Anatomical Differences: Overview

Non-airway anatomical differences relate to head size, tongue 
size, jaw angle, the palatal arch, overall position, and muscle 
tone. One major difference is that the narrowest point of the 
neonatal airway is at the cricoid ring not the vocal cords as in 

adults [45]. This fact may be very important in explaining why 
many neonatologists intubating small infants can pass an 
endotracheal tube past the vocal cords but not advance 
beyond. The glottis opening is higher at C-1 and more anterior 
than adults [27]. Often there is a perception that there is some 
sort of obstruction, when it is simply the level of the cricoid 
cartilage that is reached. This has been considered a factor in 
referrals to pediatric ENT in many neonatal and infant inten-
sive care units. Microscopic laryngoscopy bronchoscopy after 
referrals usually is normal in these infants, which highlights 
the importance of having bronchoscopy done at a center expe-
rienced with operating room set-up and equipment. It is very 
common that an infant referred for an airway obstruction ulti-
mately has a normal bronchoscopy, reflecting only the 
normally occurring narrowed cricoid cartilage (Fig. 1).

The Upper Airway

The airway of the younger child is very different from that of 
the older child or adult, and these pediatric features are usu-
ally present until about age 8 or 9. After this age, the airway 
becomes more adult-like in configuration, and the generalist 
emergency physician is on more familiar grounds. There are 
many levels of differences from the nose and mouth to the 
tracheal bifurcation and, generally, more malacia of struc-
tures due to a relatively greater amount of connective tissue 
and weak supraglottic tissue. In general, the segments of the 
upper airway include the nasopharynx, oropharynx, hypo-
pharynx, and larynx.

Nasopharynx
One of the most important factors in the infant’s anatomical 
differences is the nasal anatomy. It is long standing common 
knowledge amongst neonatal physicians and caregivers that 
the infant is an obligate nose breather until approximately 3–6 
months of age [32]. The obvious consequence of this fact is 
that they are reliant upon patent nares for adequate ventilation. 
Even the smallest nasal congestion is thought to potentiate 
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Fig. 1 (a) Narrowest point of 
airway: Adult vs Neonate. Note 
the more superior position of 
cricoid ring in the neonatal 
airway vs adult. (Courtesy of 
David Low, CHOP). (b) Sagittal 
View of the Adult vs Neonatal 
Airway. Note the reduced 
nasopharyngeal space and larger 
occiput of the neonate 
contributing to the tendency for 
tongue based obstruction during 
airway emergency situations. 
(Courtesy of David Low, CHOP). 
(c) Cross section of the narrowest 
point of the airway: Neonates vs 
Adults, (adapted from Wheeler 
and Shanley, et al. eds. 
Resuscitation and Stabilization of 
the Critically Ill Child). Springer, 
2009. (d) Major anatomic 
differences between infants and 
adults

Infant Adult
Head

d

Large, prominent occiput Flat occiput
Tongue Relatively larger Relatively smaller
Larynx Cephalad position

Opposite to C2–C3
Opposite to C4–C6

Epiglottis Omega-shaped & soft Flat and flexible
Vocal cords Short & concave Horizontal
Narrowest portion Cricoid ring, below cords Vocal cords
Cartilage Soft Firm
Lower airways Smaller, less developed Larger, more cartilage
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obstructive apnea. Due to a high metabolism, small lung vol-
umes, and reduced functional residual capacity, the oxygen 
reserve is relatively decreased, which can relate to rapid desat-
urations and cyanosis. Interestingly, however, recent studies 
have shown that infants can mouth breathe during both spon-
taneous breathing and nasal occlusion. [3]. The term preferen-
tial nose breathers may be a better term as, under normal 
circumstances, the infant does breathe through the nose. 
Subsequently, any decrease in airway diameter due to secre-
tions or inflammation can significantly add to the infant’s 
work of breathing. As such, rapid respiratory rate, grunting, 
and nasal flaring are key signs of respiratory distress in infants.

In considering the nasal anatomy, there are also some 
common conditions that obstruct the nasal cavity in neo-
nates. Choanal stenosis/atresia, a posterior nasal obstruc-
tion, is seen approximately one in every 5,000–7,000 births 
and increasingly diagnosed with the utilization of high defi-
nition prenatal ultrasound. Rarely, nacrimal duct cyst or 
nasal mass can present as nasal obstruction and must also be 
ruled out by CT during the evaluation process. The surgical 
outcome for choanal stenosis/atresia is largely dependent 
upon the degree of bony atresia, size of the infant, and fre-
quency of restenosis [25, 26, 42]. Congenital pyriform sinus 
aperture stenosis, also a rare condition, is a cause of nasal 
obstruction but a different entity than choanal atresia by 
 virtue of location. In this case, obstruction occurs at the ante-
rior nasal bony inlet, and the diagnosis carries genetic sig-
nificance in that it is associated with holoprosencephaly, 
 hypopituitarism and septo optic dysplasia [26, 42, 48]. 
Nonetheless, surgery is required for both conditions with 
stent placement and long hospitalization, giving rise to many 
potential airway obstructive episodes during the healing pro-
cess. Other less common causes of nasal obstruction include 
nasal encephaloceles, nasal septal deviation, and tumor of 
the nasopharyngeal cavity (Fig. 2).

Oropharynx
The oropharynx consists mostly of the tongue and palatal 
structures. Macroglossia with tongue-based obstruction is 
frequently seen in neonates with certain genetic conditions 
such as trisomy 21 and Beckwith Weidmann syndrome, 
which can require tracheostomy in extreme cases. The pala-
tal structures usually do not cause airway obstruction by 
themselves, unless congenital malformations of the palate 
occur causing complete oropharyngeal obstruction. In addi-
tion, tumors arising from the palate may be the source of 
oropharyngeal obstruction in rare cases (Fig. 3).

Mandible
Retrognathia and micrognathia cause life-threatening airway 
obstructions in neonates if either is present in a severe form. 
While retrognathia relates to a recessed position of the jaw, 
micrognathia relates to the actual size of the mandible with both 
causing tongue-based obstructions. Many genetic syndromes 
like Robin sequence and Stickler syndrome can be associated 
with these conditions and should be ruled out. Treatments such 
as tongue–lip adhesion and tracheostomy have long been the 
mainstay of treatment for tongue-based obstruction. Of particu-
lar interest, mandibular distraction osteogenesis has recently 
proven to be an effective technique in relieving the obstruction 
in a relatively short period of time (Fig. 4).

Tongue
In proportion to the adult, the infant tongue is larger and poten-
tially more obstructive [45]. Although instrumental in the 
suck-and-swallow mechanism, the tongue can compromise 
the pulmonary status of the infant by falling to the back of the 
pharynx and causing an airway obstruction. Generalized neck 
muscle or pharyngeal muscle hypotonia can exist with other 
conditions and together create a tongue- based obstruction and 
airway emergency. It is well known and obvious to those caring 

Fig. 2 (a, b) CT scan of head showing: (a) Choanal atresia and (b) pyriform aperture stenosis. Note the differences in location of these embryo-
logically different but similar clinical nasal obstructions. (Courtesy of Steve Sobol, CHOP Neonatal Airway Program)

Challenges of the Neonatal Airway



136

for sick neonates that the tongue always seems too large for 
the mouth. As such, the tongue frequently impedes intubations 
and is one of the major causes of failure to maintain a stable 
airway. Conditions such as Trisomy 21 and Beckwith-
Wiedemann syndrome are regularly associated with large 
tongues. Flexion may also provide a positional contribution to 
upper airway obstruction in these neonates. Many of these 
tongue-based obstruction syndromes are underappreciated 
and are often mistaken for central apnea, gastroesophageal 
reflux, or other cardiovascular episodes causing an unstable 
situation. During an emergency, insertion of an oral airway is 
important in maintaining a patent airway in these types of 
infants. In neonates, anything that is inserted into the nose or 
mouth can obstruct the airway further. However, in a sponta-
neously breathing infant a nasopharyngeal trumpet or a simple 
nasopharyngeal endotracheal tube is often underutilized and 
should be considered when intubation is impossible (Fig. 5).

Fig. 3 (a, b) Photographs of infants with complete oropharyngeal airway obstruction: (a) oropharyngeal teratoma and (b) Epignathus (Courtesy 
of Alan Flake MD, Children’s Hospital of Philadelphia)

Fig. 4 (a, b) Photographs of infants with severe Micrognathia (a and b), (Courtesy of Jesse Taylor MD, Children’s Hospital of Philadelphia)

Fig. 5 Photograph of infant with Beckwith-Wiedemann syndrome 
showing extreme macroglosssia (Courtesy of Ian Jacobs MD, Children’s 
Hospital of Philadelphia)
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Hypopharynx and Larynx
The hypopharynx includes the structures seen during 
 intubation such as the epiglottis and vallecula, and the larynx 
is the entrance to the airway including both the true and false 
vocal cords.

Typically described as being cone-shaped with the 
 narrowest segment at the level of the cricoid cartilage the 
infant larynx lies higher in the neck in relation to the cervical 
spine [27, 28] (Fig. 8). The larynx is also proportionally 
smaller, while the surrounding arytenoids and folds are 
larger relative to the surrounding larynx [26, 42]. The larynx 
descends as the infant grows into a child and is similar to an 
adult airway by the age of six. The most important structure, 
the epiglottis differs in infants from adults in three ways: it is 
proportionally longer, narrower, larger, less flexible, and 
often Omega- shaped. These factors may lend to airway 
obstruction under certain conditions and also make it 
extremely susceptible to trauma during intubating, suction-
ing, or examining the infant upper airway.

The supraglottic and glottic anatomy in the neonate is 
more compact and difficult to visualize for the inexperi-
enced. The aryepiglottic folds, arytenoid cartilages, and epi-
glottis can all look like one structure when secretions and 
edema obscure a clear view. Critical landmarks for exposure 
include the base of the tongue, tip of epiglottis, and vallec-
ula. When intubating with a rigid blade, knowledge of these 
landmarks is essential to successful intubation (Fig. 6).

Laryngomalacia is a major and common problem in 
 certain neonates resulting from a combination of the afore-
mentioned anatomic characteristics and the physics of air-
flow through a tube (Bernoulli’s effect of less pressure on 
tubular walls with fast flow and Venturi effect of collapse of 
these low pressure walls with inspiration) [26, 42]. Recent 
use of supraglottoplasty surgery with release of tight aryepi-
glottic folds early in neonates with severe laryngomalacia 
has allowed earlier feeding and discharge. Previously many 
of these neonates experienced repeated bouts of airway 
obstruction, some even going on to tracheostomy (Fig. 7).

Fig. 6 (a–b) Proper view during laryngoscopy of the neonate. Note the 
correct position of the blade in relation to the glottis opening. Compare 
with the detailed anatomic drawing of the neonatal airway showing all 

structures in relation to one another. (adapted from Weissman and 
Donn. Steve Donn, et al. Manual of Neonatal Respiratory Care, 3rd ed. 
Springer 2012. (c) (Courtesy of David Low, CHOP)

Fig. 7 (a–c) Photographs showing severe laryngomalacia. (Courtesy of Steve Sobol, Neonatal Airway Program, CHOP)
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The larynx is separated from the trachea by the cricoid 
 cartilage which is and is entirely composed of cartilage [26, 42].

The narrowest point in the infant airway is the cricoid car-
tilage ring (in contrast to adults—which is the epiglottis). 
Due to the narrowing of the airway of this cricoid ring, many 
people refer to the infant airway as funnel shaped. A 3-D 
image of the neonatal trachea looks more like an “hourglass” 
than a tube. Again, it is the cartilaginous cricoid cartilage 
making up the narrowest part of neonatal airway with a point 
of resistance at the cricoid ring, often a common area of dif-
ficulty in a preterm infant during intubation of a difficult/
critical airway by most neonatologists (Fig. 8a, b). This 
 natural narrowing is the reason that uncuffed endotracheal 
tubes are used almost exclusively in neonates. Anatomically, 
this area forms a complete cartilaginous ring approximately 
2 cm in length starting below the vocal cords. Knowledge of 
these airway differences is the most important factor in 
determining the skill and ease of airway visualization and 
access and ultimate success in intubation [27, 28].

The Lower Airway

The cricoid cartilage marks the true beginning of the lower 
airway.

The first structure encountered is the trachea, which ends at 
the carina. The tracheal size and length vary with age (Fig. 9).

The neonatal trachea is much shorter, narrower, and more 
compact than the adult trachea proportionally, and a high 
 tracheal position at C1-2 can result in anteroposterior differ-
ences. There are major differences in the length and diameter 
of the trachea at different age groups (Fig. 9). The trachea is 
“C” shaped with soft trachealis muscle posteriorly and a 3:1 
ratio of rings/muscle circumference. The soft muscle provides 
flexibility during breathing but can be the source of severe 
collapse in cases of significant tracheomalacia [45]. At the 
level of the cricoid ring any mucosal edema will encroach on 
the lumen, resulting in exponential increases in resistance to 
airflow per Poiseuille’s law (that is, air flow is proportional to 
the fourth power of the airway radius) [27, 28].

Neck
The neck of the infant compared to the adult is much shorter, 
composed of more subcutaneous fat, and often requires dif-
ferent maneuvers while intubating when compared to a child 
or an adult. Cricoid pressure is often necessary during intu-
bation to overcome the limited space and lack of anatomical 
landmarks easily seen in adults or children.

Airway Resistance
The diameter of the pediatric airway is much smaller than 
the adult airway, making it far more vulnerable to obstruc-
tion by either foreign objects or edema. Minor narrowing 
from respiratory infections or bronchospasm may result in 

Tracheal length Tracheal diameter
Neonate 3 cm 6.5 mm
Toddler 5-7 cm 6 mm
Adult 9-15 cm 14-16.5 mm

Fig. 9 Table of tracheal dimensions: neonates vs adults (Adapted from Chap. 25, Ian Jacobs, MD Fundamentals of Pediatric Surgery, in Peter 
Mattei editor: Springer

Fig. 8 (a, b) Differences in the size and location of cricothyoid membrane, cricoid and thyroid cartilage in infants and adult. (Courtesy of David 
Low, CHOP)
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profound airway difficulties in the pediatric patient. Airflow 
through a pipe like the bronchi is described by Poiseuille’s 
equation. Airflow in the narrowed airway meets resistance 
that is described by an inverse proportion to the fourth power 
of the radius of the airway for laminar airflow, and to the fifth 
power for turbulent airflow (Fig. 10).

 R r=1 4/  

(R is resistance and r is the radius)
Illustrating that a mere 1 mm of circumferential edema in 

an infant’s airway will increase the airflow resistance 16-fold. 
With turbulent airflow, such as in a crying child, the work of 
breathing increases 32-fold.

Soft Tissue

Developmental changes in the soft-tissue structures of the 
upper airway occur with age. Radiographic studies show that 
bony structures remain proportionately the same size. 
Adenoidal tissue disproportionately increases in the size 
between 3 and 5 years of age, resulting in a narrowing of the 
nasopharyngeal airway. Subsequently, bony growth outstrips 
soft tissue growth, and the airway dimensions increase [34]. 
Therefore, due to these anatomic differences when muscle 
tone is reduced, for example, in the setting of a reduced level 
of consciousness, the head will flex and pharyngeal tone will 
diminish, resulting in reduced oropharyngeal volume and 
occlusion of the oropharynx by the tongue. Accordingly, 
airway-opening maneuvers are required to maintain airway 
patency. Here, the application of basic adult principles is 
usually sufficient to provide airway support until additional 
pediatric help is available. Simple airway-opening tech-
niques, such as head tilt and jaw thrust, are usually sufficient 
to open the child’s airway [9, 10].

Physiological Differences
First, it is well known that lung function in neonates is like no 
other time in life. There are notable differences with chest 
wall compliance, functional residual capacity, oxygen metab-
olism, and muscle fiber type and function. Term healthy 
infants have reduced functional lung capacity due to more 
compliant rib cages, a challenging diaphragm angle with 
unfavorable insertion anatomy for minimal work of breath-
ing. However, by the age of 8, the overall lung function, alve-
olar growth, and airway properties are very similar to that of 
an adult [45]. The child’s chest wall is more compliant than an 
adult’s because it is more cartilage than bone. The diaphragm 
is higher due to the relatively larger size of the abdominal 
contents and the smaller lung volumes of the child. 
Additionally, the child’s lungs are also small in relation to the 
child’s metabolic needs, so there is a smaller margin than in 
the adult. Infants and children have basal oxygen consump-
tion twice that of adults [27, 28]. Overall, infants and small 
children are at high risk of respiratory problems because of 
their immature physiologic responses. The infant will become 
apneic and bradycardic in response to a hypoxic challenge, 
instead of increasing the respiratory effort and heart rate.

Differences in pulmonary physiology also affect airway 
management. Infants have higher oxygen consumption rates 
(6–8 mL/kg/min vs. 4–6 mL/kg/min) than adults. Infants 
also have a higher ratio of minute ventilation to functional 
residual capacity. This results in steep declines in arterial 
oxygen partial pressures if the airway becomes occluded and 
subsequently requires more rapid resolution of airway com-
promise if hypoxic injury is to be avoided [46]. The child’s 
diaphragmatic muscles can be fatigued by increased work of 
respiration, and the mechanics of the child’s inspiration can 
suffer. Likewise, a distended stomach can compress the 
 diaphragm, even after intubation.

Identifying Potential Airway Emergencies

Overview

An airway emergency in a neonatal intensive care unit can be 
disastrous without the right training, the right equipment, and 
the right people capable of responding within minutes. 
Additionally, knowledge about the differences between preterm 
and term neonates compared with the pediatric patient and even 
the adult is necessary to ensure rapid adaptation during an emer-
gency. Practical guidelines for extreme airway emergencies in 
neonates do not exist as they do for pediatric or adult patients, 
and neonatal resuscitation program (NRP) guidelines are often 
used for resuscitation in community delivery room settings [63].

Neonatal and infant airway emergencies are often chaotic 
and there needs to be an organized team effort. Babies are 

Fig. 10 Differences in luminal size and airway resistance with 1 mm 
circumferencial edema: Adult vs Infant. (Adapted from Wheeler et al., 
[56]. In Wheeler et al., Resuscitation and Stabilization of the Critically 
Ill Child). Springer, 2009
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often admitted to neonatal units with unrecognized prob-
lems, which can quickly become emergencies during acci-
dental extubations or onset of acute illness. Thus, having a 
well-thought-out approach to identifying potential airway 
emergencies is imminently important. The following table 
lists common disorders associated with neonatal airway 
emergencies (Fig. 11).

Airway Emergency Profiles

Non-Intubated (Unanticipated Emergencies)
A surprisingly common group of patients that develop  airway 
emergencies are non-intubated. Thus, these cases represent 
unanticipated emergencies. The origin of the emergency 

often relates to comorbidities and the onset of acute illness 
(i.e. sepsis). Additionally, an emergency may develop during 
attempts at anesthesia. These patients are not labeled as 
 airway risks, but the potential for emergency is realized as 
additional problems arise. For example, a neonate will get 
sick and require an airway, but the airway is surprisingly dif-
ficult to establish. In these attempts, the airway problem is 
revealed. Perhaps unsurprisingly, these are the most shock-
ing cases because you can never predict which patients will 
fall into this category.

Unplanned Extubation (Unanticipated 
Emergencies)
This group of patients presents with an endotracheal tube 
already in place. However, they have no previously identified 

Level of Obstruction Conditions
Nasal Choanal Stenosis

Choanal Atresia
Nasal Encephalocele
Nasal Dermoid
Pyriform Aperture Stenosis
Nasal Cyst
Nasal Septal Deviation
Tumor/Teratoma
Nasal Polyps

Pharyngeal Vallecular Cyst
Cleft Palate
Tumor/Teratoma
Micro/Retrognathia
Macroglossia
Hypotonia/Reduced Pharyngeal tone

Cervical Lymphatic Malformations (Cystic Hygroma)
Teratoma

Laryngeal Laryngomalacia
Laryngeal Cleft
Ventricular or Other Laryngeal Cysts
Subglottic Stenosis
Vocal Cord Paralysis

Tracheal Congenital Tracheal Stenosis
Complex Tracheomalacia (esophageal atresia)
Vascular Ring
Tracheal Cyst

Bronchial Bronchial Tumors

Pulmonary Bronchopulmonary Dysplasia
Congenital Cystadenomatoid Malformation 

Chest wall (Mechanical/ 
Neuromuscular)

Asphyxiating Thoracic Dystrophy
Muscular Dystrophies

Multiple Craniofacial/ 
Airway Anomalies

Pierre Robin Sequence
Treacher Collins syndrome
Crouzon syndrome
Apert syndrome
Trisomy 21
Beckwith-Wiedemann syndrome

Fig. 11 Common diagnosis 
posing potential airway 
emergencies in neonate

J. Lioy et al.
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airway issues. It is often in the case of an inadvertent extubation 
that the problem is uncovered. Upon replacing the endotra-
cheal tube, the patient becomes classified as a difficult air-
way. The key in this subset of patients is that they would 
never be realized as a potential airway emergency until the 
need to reestablish the airway.

Tracheostomy Patients
Classically high-risk patients with tracheostomies are 
 especially high-risk in the first week of placement when the 
stoma is not well formed. Essentially, an open wound still 
exists, in other words a “fresh tracheostomy.” As such, stay 
sutures are necessary because of the high potential for a 
problem.

Fresh Tracheostomy with Accidental 
Decannulation in the First Week

The most obviously high-risk patients that exist in the neona-
tal ICU are those who had a tracheostomy placed in the last 
week due to the lack of maturity of the stoma and the nature 
of the fresh wound. In these cases, it is extremely easy to 
false track a tracheostomy tube while reinserting. Often, 
unsuccessful attempts at replacement can lead to false pas-
sage into the mediastinum, resulting in pneumothorax/pneu-
momediastinum and potentially death.

Mature Tracheostomy Reinsertion Difficulty 
with Distress

Occasionally, an infant with a mature tracheostomy can 
still have difficulty with insertion of a tube upon changing. 
Since routine cleaning (approximately every 7 days) and 
upsizing make reinsertion of tube relatively frequent events, 
there is a high potential for complications. Even with a 
mature stoma, there is still a risk of false tracking. 
Additionally, during upsizing of tracheostomy tubes, acci-
dental false passage can occur if the procedure is not 
 correctly followed or the wrong size tube is applied. An 
over- or undersized tube inherently leads to poor fitting and 
placement, substantially increasing risk of emergency. 
Sadly, neonatal patients can go home with mature tracheos-
tomies and die at home because reestablishment of the tra-
cheostomy becomes unexpectedly difficult during routine 
maintenance.

Labeling Patients

As noted previously, the neonate that represents a challenge 
in establishing an airway is classified as either a difficult 
 airway or a critical airway. Labeling patients with regards to 
airway risk severity is an important aspect of avoiding and 
responding to emergencies (Fig. 12).

Difficult Airway Critical Airway

Non-life threatening
History of difficult intubation

Life threatening 
Impossible visualization

BMV-LMA possible BMV-LMA impossible

Experienced intubator necessary ENT required

Mild craniofacial micrognathia
Midface hypoplasia
Macroglossia
Anterior larynx
Subglottic narrowing
Small mouth

Fresh tracheostomy < 1week
Laryngeal web
Severe subglottic stenosis
Tracheal clefts
Severe craniofacial defect
Severe micrognathia
Severe macroglossia
Oropharyngeal tumor
Lymphangioma 
Obstructing Neck mass

Fig. 12 Difficult vs. critical 
airway
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Difficult Airway
The American Society of Anesthesiologists Task Force on 
Difficult Airway Management defined use of the term diffi-
cult airway to represent a clinical situation where an experi-
enced, conventionally trained anesthesiologist encounters 
difficulty with bag mask ventilating or intubation or both 
[24, 39, 43]. This definition also includes but is not limited 
to difficulties with visualization on laryngoscopy. A diffi-
cult airway is usually when bag mask ventilation is ulti-
mately successful, but intubation can only be accomplished 
by a skilled, high-level clinician, and the risk of death is 
low. Although these  guidelines are now 10 years old, they 
still hold true today. While defined by anesthesiologists, this 
classification is important for the neonatologist as airway 
management skills in the  neonate falls within their scope of 
practice.

Critical Airway
As an extension of the difficult airway, the critical airway is 
defined by a situation where bag mask ventilation is unsuc-
cessful and fiber optic intubation by high-level ENT clini-
cian is required to establish an airway. Neonates with a 
critical airway are at serious risk of cardiopulmonary decom-
pensation and would ultimately die without the airway. Also 
included in this category are patients with a fresh tracheos-
tomy in the first week of placement. While still a particularly 

stressful clinical scenario, “the critical airway can be safely 
and effectively managed when a composed surgeon follows 
a sensible thought process and conducts a directed work up 
as part of a multidisciplinary care team” [63].

A common example of patients with a critical airway is 
witnessed in cases of acquired subglottic stenosis. The Myer- 
Cotton staging system is useful for mature, firm, circumfer-
ential stenosis confined to the subglottis. It describes the 
stenosis based on the percent relative reduction in cross- 
sectional area of the subglottis as determined by differing 
sized endotracheal tubes. Four grades of stenosis are 
described with this system: [35] (Figs. 13 and 14).

Summary

Knowledge of the differences between adult and neonatal 
airway size, structure and function is essential in understand-
ing the specific conditions both congenital and acquired that 
affect neonates. Awareness and familiarity of different levels 
of anatomic and physiologic distress will be vital in respond-
ing to airway obstruction requiring different emergent treat-
ment solutions. Finally, understanding the differences 
between “difficult” and “critical” airways is necessary for 
proper preparation and anticipation for airway emergencies 
that cannot be predicted beforehand.

Fig. 13 (a–d) Myer-Cotton staging for subglottic stenosis. (a) Grade 1–50 % obstruction. (b) Grade 2: 51–70 % obstruction. (c) Grade 3 >70 % 
obstruction. (d): Grade 4—No detectable lumen. (Courtesy of Steve Sobol MD, Children’s Hospital of Philadelphia)
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           Introduction 

 Genetic disorders can signifi cantly infl uence airway devel-
opment and a functioning respiratory system in the newborn 
infant. These differences are likely the culmination of numer-
ous developmental processes, involving dozens of separate 
structures and thousands of genes guiding each step. The 
development of diverse structures, ranging from the nose and 
facial bones, to the trachea, esophagus, and distal lung tissue 
must be carefully coordinated. Disruption in the formation of 
any one of these structures may lead to a disorder of the 
neonatal airway. A vast array of developmental disruptions, 
single gene disorders, and chromosomal syndromes have 
been associated with congenital airway anomalies. This 
chapter reviews the genetic diagnostic approach to an infant 
who presents with an airway disorder and the types of genetic 
testing currently available. The genetics of specifi c airway 
malformations, and identifi able syndromes commonly asso-
ciated with signifi cant airway malformations, are discussed.  

   An Overview of the Etiology of Congenital 
Airway Disorders 

 As seen with other congenital anomalies, congenital airway 
disorders may result from any process that disrupts normal 
development: an environmental exposure, deformation 
from an external physical force, or an underlying genetic 
abnormality. Congenital anomalies are frequently classifi ed as 

malformations, disruptions, or deformations.  Malformations  
result from a primary abnormality in the formation of a 
tissue or structure during organogenesis. The etiology is 
often genetic or environmental. The abnormal craniofacial 
structures and complete cartilaginous tracheal sleeve that 
lead to airway complications in Crouzon (Fig.  1a, b ), and 
Apert syndromes (Fig.  1c, d ) are examples of malformations. 
In contrast,  disruptions  result from a process that alters 
normally forming structures during or after formation. 
Processes that result in disruptions can include external com-
pressive forces, amniotic bands, hemorrhage, or other vascu-
lar abnormalities including thrombosis. If such an insult 
affects the developing facial structures, airway patency at 
birth may be signifi cantly compromised.  Deformations  result 
from alteration in the normal shape of a structure by mechan-
ical forces, which may be either intrinsic or extrinsic to the 
developing fetus [ 1 ].

   A  syndrome  refers to a recurrent pattern of malformation 
arising from a single underlying etiology. A well-known 
example is Trisomy 21 or Down syndrome. The multiple 
associated features affect various organ systems ranging 
from the characteristic facies to major structural defects, 
including cardiac septal defects, Tetralogy of Fallot, duode-
nal atresia, and anal stenosis. The fi ndings are collectively 
identifi ed as a syndrome because of the single underlying 
cause, an extra 21st chromosome. In contrast, when a col-
lection of anomalies is recognized to occur together more 
frequently than expected by chance, but when no unifying 
etiology can be established, it is referred to as an  associa-
tion . Many associations, such as VACTERL or OAVS 
(Oculo-Auriculo- Vertebral Spectrum), exhibit signifi cant 
and even life-threatening airway anomalies. Finally, a pat-
tern of anomalies that results from a single primary anom-
aly or mechanical force with secondary effects on other 
structures is referred to as a  sequence . Pierre-Robin 
sequence, in which primary micrognathia results in glos-
soptosis and cleft palate, is an example of a sequence with 
important airway implications. 
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 Among the airway anomalies with an identifi able genetic 
etiology, the nature of the genetic lesions leading to these 
disorders is equally diverse, ranging from the involvement of 
an entire chromosome (e.g., Trisomy 18 or 21), to a single 
base pair change in a critical gene, as with the FGFR2 muta-
tion in Crouzon syndrome. Overall, it is estimated that 10 % 
of all birth defects are due to a chromosomal abnormality 
[ 2 ].  Aneuploidy  refers to the presence of an abnormal num-
ber of chromosomes and includes the important syndromes 
such as Trisomy 18 and 21, both of which have been associ-
ated with signifi cant airway anomalies (Table  1 ). Deletions 
or duplication of genetic material can also affect just a por-
tion of a chromosome and also cause signifi cant life- 
threatening airway malformations.

   For nearly half of all congenital malformations, a com-
prehensive diagnostic evaluation will fail to reveal an 

underlying genetic etiology [ 3 ]. This may be due to the 
limitations of available diagnostic techniques and also 
likely refl ects our incomplete understanding of human 
genetics. The failure to identify an associated genetic 
change also highlights the fact that a variety of nongenetic 
factors can contribute to human birth defects. Environmental 

  Fig. 1    Crouzon & Apert Syndromes. ( a ) Front, & ( b ) Side view of 
Crouzon Syndrome. Note brachycephaly (short skull in AP dimen-
sion, with fl at occiput), frontal bossing, maxillary hypoplasia with 
mandibular prognathism, shallow orbits and hypertelorism. Similar 
features are seen in Apert syndrome ( c —Front,  d  Side), although pro-

ptosis is more evident in this infant because his eyes are open. 
Syndactyly of all fi ve fi ngers (“mitten hand” deformity; not shown 
here) in Apert syndrome would easily distinguish these otherwise 
very similar-appearing conditions. Courtesy of CHOP Craniofacial 
Program, Permission Obtained       

   Table 1    Airway anomalies associated with Trisomy 13, 18, and 21   

 Trisomy 18  Cleft lip/palate 
 Tracheoesophageal fi stula 
 Pulmonary hypoplasia or aplasia 

 Trisomy 21  Laryngeal web 
 Laryngeal cleft 
 Subglottic stenosis 
 Tracheal stenosis 
 Tracheoesophageal fi stula 
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factors, including infectious agents, maternal disease states, 
drugs, chemicals, and radiation, have all been linked to dis-
rupted human development. While beyond the scope of this 
review, exposures to agents like diphenylhydantoin 
(Dilantin) or vitamin A (e.g., excessive supplemental vita-
min intake, isotretinoin) can lead to altered craniofacial 
development and cleft lip/palate, while other drugs includ-
ing warfarin can lead to choanal stenosis. Our understand-
ing of how subtle environmental exposures, including 
dietary factors or common environmental contaminants 
interact with genetic factors to contribute to the formation 
of congenital malformations, is rudimentary, but future 
research in this area will likely greatly enhance our under-
standing of many complex congenital airway disorders. 

 Similarly, recent research has begun to elucidate how 
chemical modifi cations of DNA or its supporting structure 
(chromatin) that leaves the DNA sequence itself unchanged, 
can alter normal development and result in human disease. 
These  epigenetic  changes can even be passed on from one 
generation to the next and often refl ect a response to 
 environmental cues such as starvation and obesity. Examples 
exist of known human disorders in which the normal epigen-
etic marks are disrupted. These include Prader-Willi and 
Angelman syndromes in chromosome 15q11, and Beckwith- 
Wiedemann syndrome in chromosome 11p15. It is possible 
that epigenetic changes may contribute to complex and likely 
multifactorial airway malformations. For example, although 
laryngotracheal    clefts and tracheosophageal fi stulas have 
been associated with several syndromes (Tables  2  and  3 ), the 
precise etiology of these complex disorders remain almost 
completely unexplored, and such areas of investigation will 
also likely contribute greatly to our understanding of the 
etiology of these disorders over the coming years.

       Comprehensive Diagnostic Approach 
to the Infant with An Airway Disorder 

   Physical Assessment 

 The genetics evaluation of a neonate with airway malforma-
tion is guided by the type and location of the malformation, 
a specifi c medical history and a detailed physical examina-
tion.  History : A complete prenatal history should be obtained, 
including results of any prenatal testing. Maternal and pater-
nal ages at conception are important to discern, since there is 
an increased risk of chromosomal nondisjunction and subse-
quent chromosomal anomalies that occurs with increasing 
maternal age at conception. Similarly, advanced paternal age 
is associated with increasing risk for single gene disorders, 
such as achondroplasia. The use of assisted reproductive 
techniques to achieve pregnancy and use of donor gametes 
should be identifi ed. In addition, the results of any imaging 
studies such as ultrasound evaluation, fetal echocardiogram 
and fetal MRI in cases where such modalities have been uti-
lized should be reviewed. For example, an ultrasound assess-
ment of abnormal levels of amniotic fl uid may provide a clue 
to an underlying malformation and potential diagnosis. 
 Oligohydramnios  or decreased amniotic fl uid could indicate 
leakage of fl uid or a malformation of the renal or urinary 
tract structures. Instead, excess fl uid, or  polyhydramnios  

                            Table 2    Syndromes associated with TEF/EA   

 Disorder  Key features  Etiology/Gene 

 22q11.2 microdeletion 
syndrome 

 Congenital heart defects, hypocalcemia, immune defi ciency (thymic aplasia), 
characteristic facial features 

 Deletion of chromosome 22q11.2 

 Trisomy 18  Growth retardation, microcephaly, microphthalmia, malformed ears, 
microretrognathia, clenched fi sts, rocker-bottom feet, congenital heart disease 

 Trisomy 18 

 Trisomy 21  Characteristic facial features, infantile hypotonia, intellectual disability, congenital 
heart disease, duodenal atresia, hypothyroidism 

 Trisomy 21 

 CHARGE   C oloboma of the eye,  H eart defects, choanal  A tresia,  R etardation of growth/
development,  G U anomalies,  E ar anomalies 

 CHD7 gene (AD) 

 Feingold  Microcephaly, limb malformations, esophageal/duodenal atresia, hand/foot 
malformations, cardiac, renal, vertebral malformations, intellectual disability 

 MYCN gene (AD) 

 OAVS  Facial asymmetry with malar, maxillary, and mandibular hypoplasia, microtia, ear 
tags, ocular anomalies (e.g., epibulbar dermoids), and vertebral anomalies 

 Unknown 

 Optiz-G BBB  Hypertelorism, broad nasal bridge, anteverted nares, grooved nasal tip, cleft lip/
palate, congenital heart disease, imperforate anus, hypospadias, widow’s peak, 
agenesis of corpus callosum 

 MID1 (X-linked) 

 VACTERL   V ertebral anomalies,  A nal atresia,  C ardiac defects,  T EF/ E A,  R enal,  L imb 
anomalies 

 Unknown 

   AD  autosomal dominant , AR  autosomal recessive  

   Table 3    Syndromes associated with laryngeal clefts/LET clefts   

 • Opitz-G BBB syndrome 
 • Pallister-Hall syndrome 
 • Rhizomelic chondrodysplasia punctata syndrome 
 • Trisomy 21 
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may indicate poor fetal swallowing and relate to a neurologic 
condition in the fetus precluding normal movement or a 
gastrointestinal malformation such as tracheoesophageal fi s-
tula. Anatomic differences of the uterus can result in fetal 
constraint and a deformational effect on airway structures. 
Such underlying issues may have already been identifi ed on 
imaging studies of the pregnancy. 

 A general maternal health history such as the presence of 
diabetes, hypertension, drug and alcohol exposures, 
 infections, and use of medications is important to elicit. 
Teratogenic exposures, to ethanol for example, may cause 
structural effects on the exposed fetus. There are numerous 
known teratogens, many with specifi c associated structural 
anomalies and dysmorphisms. These include well- 
documented human teratogens such as thalidomide, warfarin, 
valproate, hydantoin, and trimethadione. Some can display a 
pronounced effect on airway structures. For example, fetal 
warfarin exposure can result in severe nasal hypoplasia, com-
promising the upper airway. Similarly, oral isotretinoin use, 
(a synthetic retinoic acid derivative used for dermatologic dis-
orders), particularly early in pregnancy, can cause severe cra-
niofacial malformations. The effect of a given teratogen may 
vary depending on the timing, dosage and duration of the 
exposure. In general, exposures early in gestation and at rela-
tively higher doses have more pronounced effects on fetal 
development. Ascertainment of teratogen exposure is crucial, 
since many of these effects can mimic a chromosomal disor-
der; however the adjunct genetic testing and recurrence risk 
counseling would be quite different. 

 In evaluating the infant, documenting data on fetal activ-
ity, fetal size, position, evidence of fetal distress and gesta-
tional age is highly relevant to the differential diagnosis. For 
example, a case of a neonate with hypotonia at birth who has 
a history of poor fetal movement and breech presentation 
suggests a long-standing developmental issue rather than 
simply perinatal depression. 

 In many pregnancies, genetic studies including screen-
ing analyses such as standard maternal serum screening 
and more recently, noninvasive prenatal testing (NIPT) 
may have been performed. This latter screening test uti-
lizes cell-free DNA circulating in the maternal peripheral 
blood and sequencing-based techniques to assess for com-
monly encountered aneuploidies such as Trisomy 21. 
Data from genetic diagnostic tests such as chorionic villus 
sampling (CVS) or amniocentesis where karyotyping and/
or chromosomal microarray may have been performed 
should also be reviewed. 

 It is important to document a complete three-generation 
family history. Eliciting a history of consanguinity in a couple 
increases the likelihood of a recessive condition in the infant. 
Consideration of seemingly unrelated birth defects, such as 
cardiac or renal anomalies in other family members may pro-
vide a clue to an underlying diagnosis in the proband. 

Intellectual disability in close relatives is also important to 
document. In addition, a history of multiple (>2) unexplained 
miscarriages may be suggestive of an underlying chromo-
somal predisposition such as the presence of a balanced trans-
location carried by one of the parents, that may be related to 
the proband’s condition. Data from a formal pedigree analy-
sis can be quite helpful in ascertaining an underlying pattern 
of inheritance, such as an X-linked recessive disease with 
affected males, relatively unaffected females, and transmis-
sion on the maternal side of the family. 

   Dysmorphology Exam 
 This detailed physical exam assesses for defects in the struc-
ture or morphology of an organ or organ system that refl ects 
an abnormal developmental process. In assessing for con-
genital defects and in order to develop an appropriate differ-
ential diagnosis, a detailed physical exam with emphasis on 
the craniofacial exam is performed and measurements are 
compared to published age-matched standards [ 4 ]. The ini-
tial assessment begins with the newborn growth parameters, 
adjusted for any prematurity. The height, weight, and head 
circumference will provide a snapshot view of fetal health 
and intrauterine environment. For example, head-sparing 
intrauterine growth retardation where HC >length >weight 
may refl ect poor nutrition or placental insuffi ciency, while 
microcephaly might instead suggest underlying neurological 
malformation with a genetic etiology or infectious agent 
such as cytomegalovirus. The dysmorphology exam focuses 
on assessing the patient for anatomic features that diverge 
from normal standards with the understanding that some 
might be familial variants. The shape and size of the head 
and fontanelles and assessment of the cranial sutures should 
be obtained. The presence of craniosynostosis may signifi -
cantly narrow down the diagnoses under consideration and 
an unusual head shape or size would prompt imaging studies 
that might reveal a brain malformation (Fig.  2a, b ). In further 
assessing the head, notation of any scalp defects, differences 
in the shape of the forehead, eyebrows, and distribution of 
hair should be sought. The spacing of the eyes with measure-
ments of the canthi and palpebral fi ssure lengths is  performed. 
The presence of colobomata, cataracts, and the surrounding 
structures such as the presence of epicanthal folds or down-
ward or upward slant of the palpebral fi ssures is also docu-
mented as these can be characteristic fi ndings of some 
syndromes. Careful examination of the ears, assessing their 
placement, rotation and appropriate folding of the ear is 
important as is assessment for auricular pits and tags which 
can be specifi c for certain disorders. The nose is evaluated 
for proper formation of the bridge, alar nasi, nares, and nasal 
tip. Patency of the chonae is also assessed. The mouth and 
throat are evaluated for evidence of defects or clefts of the lip 
and/or palate. The shape of the palate and the uvula are 
examined, with direct implications for functional issues of 
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the airway. The mouth is carefully examined for fi ndings 
such as natal teeth, gum abnormalities, lip pits, frenulae, and 
tongue malformations that might be suggestive of a diagno-
sis. Evaluation of the chin is critical in a patient with airway 
involvement and micrognathia and retrognathia can be part 
of distinct syndromic entities. They can also occur as iso-
lated malformations. Finally, the neck is evaluated for web-
bing, excess nuchal skin, or bony cervical abnormalities, 
which would prompt a subsequent cervical spine stability 
evaluation, affecting airway management.

   Examination of the chest and thorax notes any bony 
deformities such as pectus or narrow chest and internipple 
distances. Abnormalities should prompt imaging studies 
such as chest X-ray evaluating for bone malformations, 
while presence of a murmur would prompt cardiac evalua-
tion. The abdominal exam assesses primarily for evidence of 
abdominal wall defects such as omphalocele and for the 
presence of organomegaly, which is more suggestive of an 
inborn error of metabolism. When examining the umbilical 
cord, a 2-vessel cord with only a single umbilical artery may 
refl ect the presence of a renal anomaly. The genitourinary 
exam assesses external genitalia where anomalies may be 
associated with internal malformations of the GU tract as 
well. Patency of the anus and its placement are assessed as 
this fi nding may present as part of a recognizable constella-
tion of fi ndings in a syndrome. The extremities are carefully 
examined for structural integrity of the digits, their forma-
tion and placement and palmar creases. Often, limb anoma-
lies particularly those of the hands and feet can be a vital clue 
to an underlying diagnosis. 

 A dermatologic evaluation to examine for the presence of 
phakomatoses or skin manifestations that signal an underly-
ing genetic diagnosis is important. For example, multiple café 
au lait spots or neurofi bromas can be associated with neurofi -
bromatosis type I. The irregular swirly pigmentation encoun-
tered with Hypomelanosis of Ito may be the only clue to an 
underlying chromosomal mosaicism. Here, the skin pigmen-
tation patterns can represent the distinct chromosomal admix-
ture. Hemangiomata are also noteworthy, particularly those 
of the face and neck as they may signal the presence of other 
such vascular malformations affecting the airway. 

 The neurologic exam, while clearly helpful for diagnostic 
purposes may have added impact on an infant’s ultimate 
prognosis. Evaluation of tone, basic refl exes, involuntary 
movements, and seizure activity are critical to management 
of the patient [ 5 ].   

   An Overview of Genetic Testing 

   Chromosome Analysis 
 The fi eld of genetics has experienced tremendous techno-
logical advances since the completion of the Human Genome 
Project in 2000. A brief review of techniques currently used 
in molecular diagnostics and their applications is discussed. 

 Methodology for identifi cation and microscopic examina-
tion of the integrity of chromosomes became routinely avail-
able with the development of G-banding techniques in the 
1960s. This staining methodology is still used today to iden-
tify aneuploidy involving whole chromosomes, or large 

  Fig. 2    ( a ,  b )—Pfeiffer Syndrome. ( a )—Front, ( b )—Side. Note the 
short, tall skull (turribrachycephaly), maxillary hypoplasia with man-
dibular prognathism, shallow orbits with striking ocular proptosis, 
small nose, fl at nasal bridge, and irregular skull shape due to the pres-

ence of craniosynostosis. The presence of broad thumbs and toes (not 
shown) is also characteristic of this disorder. Courtesy of CHOP 
Craniofacial Program, Permission Obtained       
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(>5–7 Mb) rearrangements such as duplications and dele-
tions within chromosomes. Standard G-banded  karyotypes  
are typically performed on peripheral blood from the patient 
after stimulating the lymphocytes to grow and divide in cul-
ture. Usually, after 72 h in culture, a suffi cient number of 
cells can be harvested to perform karyotyping. The process 
allows the cells to be in the metaphase stage of cell division 
when the chromosomes lengthen into distinct structures. 
Special Giemsa-based staining then allows the dark and light 
colored banding patterns to be discerned by further analysis 
by a cytogeneticist. This has been the standard technique 
used for detection and confi rmation of common trisomies 
such as Trisomy 13, 18, or 21 or disorders of the sex chromo-
somes. Currently, it is still the only clinical diagnostic tech-
nique that can detect balanced translocations where 
chromosomal material from one chromosome is rearranged 
onto another. A balanced translocation does not result in a 
change in the dosage or copy number of a chromosomal 
region or of the genes residing in that region. 

 It is important to recognize that a normal karyotype (either 
from a prenatal CVS or amniocentesis specimen or from a 
postnatal blood sample) does not exclude the possibility of a 
chromosomal disorder. Due to the advent and rapid adoption 
of newer microarray technology described below, a large 
number of  microdeletion / microduplication syndromes  have 
been recognized, many of which are associated with con-
genital airway malformations. For example, the 22q11.2 
microdeletion syndrome has been associated with cleft pal-
ate and laryngeal webs, which may lead to signifi cant airway 
compromise during the neonatal period. Such submicrosco-
pic gains and losses of chromosomal regions are considered 
 copy number variations  (CNVs). They may be detected 
within a chromosome ( interstitial ) or at the ends of the chro-
mosome ( subtelomere ) and can result in change in dosage of 
a gene or genes located in a given region. 

  Fluorescence  in situ  hybridization or FISH  is a molecular 
cytogenetic technique where a specifi c fl uorescent-tagged 
DNA probe representing a single locus or part of a particular 
chromosomal region hybridizes to that region of the genome. 
It is useful in cases where the patient’s features are sugges-
tive of a chromosomal disorder that is not typically visible 
under the microscope. Indeed, these submicroscopic genomic 
disorders have been, until recently, primarily identifi ed by 
FISH and are associated with known clinical syndromes. The 
most frequently occurring microdeletion syndrome is the 
chromosome 22q11.2 deletion syndrome, associated with 
the clinical DiGeorge and Velocardiofacial (VCFS) syn-
dromes. In addition, other chromosome-specifi c deletion 
syndromes such as those of chromosome 15q11.2 (Prader-
Willi Syndrome and Angelman syndrome), chromosome 
7q11.2 (Williams syndrome) have historically all been iden-
tifi ed using a FISH probe for their respective regions. The 
disadvantage of this technique is that the clinician must 

know and specifi cally order the proper FISH test for a given 
chromosomal locus and many of the syndromes, even the 
well-recognized ones, can have atypical presentations or 
overlap with other diagnoses. In addition, in some cases, a 
patient may have a rearrangement that does not have the typi-
cal breakpoints associated with a given region and may not 
be detectable using the standard FISH probe. For these rea-
sons, FISH has largely been replaced by chromosomal 
microarray analysis except for specifi c applications such as 
for testing family members of a proband. 

 FISH continues to be utilized for prenatal genetic testing. 
This modality can also be used to rapidly assess for trisomy 
or absence of whole chromosomes even without culturing 
and stimulating the cells toward metaphase. Such interphase 
FISH is routinely used as a rapid screen for aneuploidy of 
chromosomes 13, 18, 21, X and Y on chorionic villus sam-
pling (CVS), amniocentesis, and in postnatal cases where 
rapid diagnosis may be desired for medical decision making, 
such as for an infant with features of Trisomy 13 or 18. 

 Over the last decade, single-locus testing by FISH has given 
way to chromosomal microarrays. This technique was origi-
nally based in comparative genome hybridization where patient 
DNA is labeled with one fl uorescent probe while reference 
DNA is labeled in another and hybridized together. This allowed 
detection of regions across the genome, which had changes in 
copy number relative to the reference DNA and refl ecting either 
gains (duplications) or losses (deletions) in the patient 
DNA. More recently, this approach has given way to the use of 
synthesized oligonucleotide probes or single nucleotide poly-
morphism (SNP)-based probes densely arranged on a micro-
array chip. Today, over two million such probes are routinely 
used on clinical diagnostic platforms for genome-wide postna-
tal testing. This allows the potential to report copy number 
changes in the 50–100 kb range. The processing is automated 
and copy number variation is compared against a large panel of 
standards. As might be expected with such high resolution anal-
ysis, changes that are of unknown signifi cance are encountered 
and require further investigation and often examination of 
parental samples to help interpret the proband’s results. 

 Chromosome microarrays have provided a rapid, highly 
reproducible way to assess for submicroscopic chromosome 
rearrangements that might underlie an airway malformation, 
in an objective manner across the genome. It tests the regions 
associated with known syndromes and those not yet 
described, by identifying regions and groups of genes whose 
dosage has been changed due to the rearrangement. The 
widespread use of this technique for postnatal cases has led 
to the identifi cation of several new genomic disorders. For 
these reasons, chromosome microarray has been recom-
mended as the fi rst-line study for cases of multiple congeni-
tal malformations and unexplained intellectual disability [ 6 ]. 
This recommendation has also been extended to prenatal 
cases of multiple congenital malformations [ 7 ]. 
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 The array techniques rely on the detection of copy num-
ber change relative to standards from arrays run on control 
individuals. Structural changes that do not result in copy 
number variation, such as a balanced translocation or inver-
sion of part of a chromosome, will not be detected by this 
technique. For example, the presence of an extra copy of 
material from chromosome 21 will be detected on a microar-
ray for a patient presenting with Down syndrome. However, 
whether this has occurred due to a trisomy (a free-standing 
extra chromosome 21) or from a translocation that might 
also occur in a balanced form and be carried by a healthy 
parent will not be differentiated by the microarray. 
Knowledge of the mechanism is necessary to provide an 
accurate recurrence risk for the parents and further testing 
and genetic counseling is indicated. 

  Single Gene Disorders . Many syndromes are due to the 
disruption of the normal function of a single gene or  single 
gene disorder . An alteration of a single base pair in the 
sequence of the gene leads to a disruption in the gene’s func-
tional product. In other cases, insertions or deletions of even 
a small number of nucleotides can disrupt the gene and sub-
sequently, its protein product. These insertions or deletions 
may be as small as 2–3 base pairs, or may involve hundreds 
of base pairs. Neither a standard karyotype nor chromosomal 
microarray will detect these small sequence changes. These 
techniques may fail to detect deletions that encompass an 
entire gene, especially for small genes. Direct sequencing of 
the target gene will reveal single base pair mutations or small 
insertions and deletions. Larger deletions or duplications that 
involve either part or all of the gene are often even more 
diffi cult to detect, being too small to detect on a chromo-
somal microarray, but too large to detect with standard 
sequencing. These genetic lesions often require PCR-based 
deletion/duplication testing targeted to a specifi c gene locus. 
It is important to consider these potential mutational mecha-
nisms and ensure they have been appropriately tested prior to 
eliminating a diagnosis from consideration. 

 Airway malformations can be part of a constellation of 
fi ndings that result from mutation in a single gene. CHARGE 
syndrome is a good example, with mutations in the CHD7 
gene associated with the clinical fi ndings of 
CHARGE. Assessment of  single gene disorders  requires dif-
ferent techniques than those described above. Until recently, 
PCR-amplifi cation and Sanger sequencing were the most 
commonly used techniques, requiring a gene-by-gene 
approach. These techniques are designed to examine the DNA 
at an individual nucleotide level assessing for alterations of 
one nucleotide for another (e.g., cytosine to adenine, C to A), 
deletion of one or more individual nucleotides or the insertion 
of a single or group of nucleotides into the normal sequence. 
The deletions or insertions have the potential to change the 
reading frame, resulting in a  frameshift , which can affect pro-
duction of the resulting mRNA and protein. A mutation that 

substitutes one nucleotide for another can result in formation 
of a premature termination codon and truncation of the puta-
tive protein. The mutation then is known as a  nonsense  muta-
tion. An alteration in the DNA sequence that results in 
substitution of one amino acid for another in the translated 
protein, is known as a  missense  mutation, and can lead to pro-
duction of a defective protein product. Gene sequencing can 
detect a variety of disease- causing mutations but requires that 
the clinician has selected the correct gene to test, which can be 
diffi cult in disorders with variable features. 

 Sequencing is not the testing method of choice for altera-
tions where large segments of a gene are altered. For example, 
sequencing may miss cases where an entire exon of a gene is 
missing and not amplify properly to be sequenced. The exon 
deletion may be too small for accurate detection on a chromo-
some microarray. In these situations, specialized techniques 
involving quantitative PCR or MLPA may be used. 

 Standard PCR or polymerase chain reaction is commonly 
used to amplify desired segments of DNA; however, it is not 
typically quantitative or related to the amount of input 
DNA. Real-time PCR instead is a kinetic measurement, which 
assesses amplifi cation in the early linear stages of the reaction 
and utilizes fl uorescent labeling to quantitate products. The 
higher the copy number of a segment of DNA at the start, the 
more rapidly a signifi cant increase in fl uorescent product can 
be detected. MLPA or multiplex ligation- dependent probe 
amplifi cation allows the relative quantitation of dozens of dif-
ferent PCR products of various lengths simultaneously. These 
two quantitative techniques allow for rapid assessment of copy 
number of a gene, part of a gene or a group of genes in a spe-
cifi c chromosome region. These diagnostic approaches require 
the selection of the appropriate target regions and unlike 
arrays, are not genome-wide. They are however, useful to test 
for intragenic deletions and duplications that might be below 
the threshold of reliable detection for microarray-based diag-
nostic testing and are routinely used in this capacity. 

   Sequencing 
 As mentioned, sequencing is the primary diagnostic modal-
ity to assess for mutations causing single gene disorders. 
Sequencing until recently has referred to Sanger-based 
sequencing of a single gene where typically, PCR is used to 
amplify the coding regions of a given gene, sequenced and 
then compared to the reference DNA. In addition, targeted 
sequencing, to assess a small region of a gene that is known 
to harbor a specifi c familial mutation for example, is also in 
routine use. Both of these techniques require the identifi ca-
tion of a specifi c gene to test and in targeted sequencing, the 
familial mutation must be known. This has served as the 
classical method to identify single gene disorders such 
CHD7 mutations causing CHARGE syndrome for example, 
or one of the FGFR-based craniosynostosis syndromes. It 
requires examining the genes one at a time. 
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 Over the last several years, methods for massively parallel 
sequencing or next-generation sequencing have allowed the 
availability of next-generation sequencing panels, where 
multiple genes in a disease pathway can be tested simultane-
ously. This approach works well for disorders where more 
than one gene in a developmental or biochemical pathway, 
when mutated, can cause disease and where clinical overlap 
in the phenotypes exists. In other words, it may be diffi cult to 
determine which of the group of genes to test based on clini-
cal examination. Examples of well-known panels include 
those used for hypertrophic cardiomyopathy, non-syndromic 
hearing loss, Noonan syndrome (RAS/MAPK spectrum dis-
orders), and craniosynostosis syndromes. 

 Over the last 3–4 years, next-generation sequencing has 
been applied to clinical exome sequencing. Whole exome 
sequencing (WES) targets the protein-coding regions or exons 
of the human genome. This includes approximately 20,000 
genes and accounts for about 2 % of the total genome [ 8 ]. 
Despite the relatively small percentage of the genome sam-
pled, this strategy is skewed toward the regions that directly 
result in producing functional protein and has rapidly moved 
from primarily research-based studies of related cohorts for a 
specifi c disease, e.g., Miller syndrome, to clinical diagnostic 
use and availability for unknown conditions [ 9 ]. It is available 
through commercial diagnostic laboratories. 

 For exome sequencing, the exons are targeted and captured 
from the patient’s DNA sample. Then the captured material is 
subjected to massively parallel sequencing. The patient’s 
sequence is then compared to reference DNA sequences, pub-
lished control individuals and whenever possible, the patient’s 
family members. The typical scenario in a pediatric patient is 
to analyze a trio, or the patient and both parents to use as com-
parison. The analysis requires a series of sophisticated bioin-
formatics analyses often referred to as a pipeline. This reduces 
the thousands of variants that can be seen with exome analysis 
and fi lters the gene list down to the most likely ones. Clinical 
information and family history that may support a specifi c 
mode of inheritance are critical pieces of information for the 
interpretation of whole exome data. While whole exome 
sequencing provides an important new diagnostic test, it is not 
designed to detect larger chromosomal duplications and dele-
tions that microarray is designed for and is limited to the pro-
tein-coding regions and splice junctions of the genes. 

 Whole genome sequencing instead,is designed using 
next-generation techniques to sequence both introns and 
exons providing more complete coverage than exome alone. 
This is, at this time, not routinely available for patient care 
though applications for cancer diagnosis seem imminent. As 
might be imagined, interpretation of these massive data sets 
will require signifi cant bioinformatics and analysis capacity. 

 As noted above, it is possible to examine cell-free DNA 
in the maternal circulation that comes from a fetus. Currently 
analysis is primarily used to assess for aneuploidy of chro-

mosomes 13, 18, 21, and the X and Y chromosome using a 
sequencing-based approach on the isolated cell-free 
DNA. This can take place as a peripheral blood draw as 
early as 10–11 weeks of gestation and is referred to as non-
invasive prenatal testing (NIPT) or noninvasive fetal testing 
(NIFT). These screening tests are reported to have high sen-
sitivity and are now being adapted to screen for common 
microdeletion syndromes. At this writing, while NIPT 
screening shows signs of rapid adoption, only invasive test-
ing involving samples taken from CVS or amniocentesis is 
considered diagnostic and positive NIPT screens prompt 
one of these diagnostic studies.     

   Epidemiology, Etiology, and Genetics 
of Specifi c Airway Malformations 

 In the following section, the epidemiology, known etiolo-
gies, and genetics of specifi c airway malformations will be 
reviewed. In most cases, these anomalies are complex and 
multifactorial disorders, which may be present as an isolated 
fi nding or in association with one or more additional malfor-
mations. For each airway anomaly discussed, there is often a 
substantial list of syndromes that have been associated with 
that particular anomaly. As a result, it is important to 
approach each infant with a detailed head-to-toe physical 
exam, as outlined above, to identify associated anomalies 
and guide additional diagnostic testing. It is particularly 
helpful to focus on unique or distinguishing features; such 
distinctions are highlighted in the discussion below. 

 Because the airway begins with the nasal and oral 
 passages, any disorder associated with craniofacial abnor-
malities can present with signifi cant airway compromise 
shortly after birth. This may range from “classic” craniofa-
cial disorders such as the Crouzon craniosynostosis syn-
drome, in which the craniofacial structures alone are 
signifi cantly affected, to multisystemic disorders such as 
CHARGE syndrome, in which the upper airway anomaly 
(e.g., choanal atresia or stenosis) is just one of many struc-
tural manifestations. Here, the major classes of craniofacial 
malformations that may lead to signifi cant airway compro-
mise by altering airfl ow through nasal and oral passages will 
be delineated, along with important associated syndromes. 
Next, malformations of the lower airways, including the lar-
ynx, trachea, and bronchi, will be discussed. 

   Zygomatic Hypoplasia/Aplasia 

 The zygomatic bones, or “cheekbones,” form the orbital 
fl oor and a portion of the midface. Because of their close 
proximity to the mandible, maxilla, and ear ossicles, and the 
common embryologic origin of these structures from the fi rst 
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branchial arch, hypoplasia of the zygoma is almost never an 
isolated anomaly. The accompanying midface hypoplasia 
may be dramatic, and other defects such as cleft palate and 
micrognathia may be present. In many patients, these combi-
nations of craniofacial fi ndings can lead to signifi cant airway 
compromise during the neonatal period. 

 Treacher-Collins syndrome, due to mutations in  TCOF1  
(which encodes for the protein treacle), is characterized by 
striking zygomatic hypoplasia (Fig.  3a, b ). Other notable 
fi ndings include downslanting palpebral fi ssures, colobomas 
of the lower eyelids, partial or complete absence of eyelashes 
on the lower lids, external ear malformations, ear tags, con-
ductive hearing loss, and cleft palate. Airway obstruction 
may be severe after birth, necessitating early tracheostomy 
and mandibular distraction [ 10 ]. Even those children not 
requiring aggressive airway management during the neonatal 

period may have persistent diffi culties with obstructive sleep 
apnea later in childhood [ 11 ].

   Despite the often highly recognizable features of Treacher-
Collins syndrome, a number of other disorders may present 
with zygomatic hypoplasia and warrant careful consideration 
before a fi nal diagnosis is made. These disorders are summa-
rized in Table  4 . In order to precisely defi ne the craniofacial 
defects present, for both diagnostic and future therapeutic 
purposes, a dedicated computed tomography (CT) scan of the 
maxillofacial structures is indicated. Careful attention to fea-
tures unrelated to the craniofacial structures will provide 
important diagnostic clues. Both Miller and Nager syndrome 
share many features with Treacher-Collins, but are distin-
guished by the presence of limb anomalies (Fig.  4a, b ). In 
Miller syndrome, postaxial (ulnar side) limb defi ciencies and 
syndactyly may be present, whereas Nager syndrome is 

  Fig. 3    ( a ,  b )—Treacher-Collins Syndrome. ( a )—Front, ( b )—Side. 
Striking malar hypoplasia characteristic of Treacher-Collins syndrome 
is evident. Mandibular hypoplasia is also present. The auricles are mal-

formed and bilateral lower eyelid colobomas are present. Also note the 
partial absence of the lower eyelids medially. Courtesy of CHOP 
Craniofacial Program, Permission Obtained       

               Table 4    Syndromes associated with Zygomatic hypoplasia   

 Disorder  Key features  Etiology/Gene 

 22q11.2 microdeletion syndrome  See Table  2   See Table  2  
 Hallerman-Streiff  Brachycephaly, frontal bossing, micrognathia sparse hair, microphthalmia, cataracts, 

beaked nose, skin atrophy, dental anomalies, and proportionate short stature 
 Unknown 

 Miller  Severe micrognathia, cleft lip/palate, limb anomalies ( including lower limbs ), eyelid 
colobomas, 

 DHODH gene (AR) 

 Nager  Downslanting palpebral fi ssures, midface retrusion, micrognathia, and radial ray 
limb defects;  lower limbs typically NOT affected  

 SF3B4 gene (AD) 

 Oculo-auricular-vertebral (OAV) 
spectrum/Goldenhar 

 See Table  2   See Table  2  

    Townes-Brocks syndrome  Ear anomalies (microtia, pits, tags), CHD, GI, GU, and renal anomalies, imperforate 
anus, bifi d or triphalangeal thumb, pre-axial polydactyly 

 SALL1 (AD) 

 Treacher-Collins syndrome  Zygomatic and mandibular hypoplasia, microtia, downslanting palpebral fi ssures, 
lower eyelid colobomas, choanal stenosis/atresia 

 TCOF gene (AD) 

   AD  autosomal dominant,  AR  autosomal recessive  
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characterized by hypoplasia/aplasia of the thumb (radial ray 
defi ciency), radioulnar synostosis, and short forearms. Both 
disorders may manifest with airway complications similar to 
those seen in Treacher-Collins syndrome.

    Hallermann-Streiff syndrome has very characteristic 
facies that are quite distinct from Treacher-Collins, Nager, 
and Miller syndromes, but also includes signifi cant malar 
hypoplasia. Typical craniofacial features include brachy-
cephaly with frontal bossing, a beaked nose with hypoplastic 
cartilage, high arched palate, and micrognathia. 
Microphthalmia, cataracts, dental anomalies, skin atrophy, 
hypotrichosis, and proportionate stature are commonly seen. 
Tracheomalacia is often encountered, which in combination 
with these craniofacial fi ndings can lead to signifi cant respi-
ratory insuffi ciency and even right heart failure [ 12 ]. 
A minority of patients may have intellectual disability or 
seizures. The underlying etiology of Hallermann-Streiff syn-
drome remains unknown.  

   Midface Hypoplasia 

 Anterior and medial to the zygomatic processes are the max-
illa, nasal bones, and inferior portions of the orbit, which 
compose the midface. The developmental mechanisms lead-
ing to proper formation of the midface involve the interac-
tion of multiple components (e.g., branchial arches, cranial 
base, neural tissue) in a complex and incompletely under-
stood fashion. As a result, midface hypoplasia may be seen in 
a relatively large number of developmental and genetic 
disorders (Table  5 ). Because hypoplasia or retrusion of the 
midface commonly leads to obstruction of the nasal passages 

and feeding diffi culty due to malalignment of the maxilla 
and mandible, respiratory compromise is commonly 
observed. In infants with severe midface hypoplasia, endo-
tracheal intubation is often required and long-term airway 
management with a tracheostomy may be necessary until a 
more defi nitive craniofacial reconstruction can take place.

   Although hypoplasia of the maxillary bone may occasion-
ally be seen as an isolated, autosomal dominant fi nding (usu-
ally associated with prognathism), the vast majority of cases 
of midface hypoplasia are associated with other anomalies, 
and are due to a genetic disorder or environmental insult 
[ 13 ]. As emphasized above, the key to a successful diagnosis 
often relies on identifying unique features and associated 
anomalies. The craniofacial syndromes Apert, Crouzon, and 
Pfeiffer syndromes are all characterized by striking midface 
hypoplasia and craniosynostosis (Figs.  1a–d  and  2a, b ). 
While Crouzon and Apert syndromes are both due to hetero-
zygous mutations in the fi broblast growth-factor receptor 2 
( FGFR2 ) genes, the mutations seen in each condition and 
their clinical features are distinct. In Crouzon syndrome, the 
fi ndings are limited to the craniofacial region and intelli-
gence is normal. Apert syndrome, however, is associated 
with severe syndactyly of the hands and/or feet, often pro-
ducing a “mitten hand” appearance, broad distal phalanges 
of the thumb, and intellectual disability. Pfeiffer syndrome is 
also associated with limb anomalies, including broad distal 
phalanges of the thumb with medial deviation and broad fi rst 
toes. While partial syndactyly may be seen, the complete 
syndactyly characteristic of Apert syndrome is typically not 
present. In addition to severe midface hypoplasia, patients 
also have brachycephaly, coronal synostosis, hypertelorism, 
and ocular proptosis (see Fig.  4 ). Pfeiffer syndrome can be 

  Fig. 4    ( a ,  b )—Nager Syndrome. ( a )—Front, ( b )—Side. Features include microretrognathia, low-set and somewhat posteriorly rotated ears, and 
downslanting palpebral fi ssures. There is also sparse-to-absent lower eyelid lashes. Courtesy of CHOP Craniofacial Program, Permission Obtained       
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caused by mutations in either FGFR-1 or FGFR-2. 
Syndromes associated with mutations in the FGFR genes 
may present with other airway anomalies, such as 
 cartilaginous tracheal sleeves, as discussed below. 

 Saethre-Chotzen syndrome, due to mutations in the 
TWIST gene, is associated with a number of clinical fi ndings 
similar to the FGFR disorders discussed above. Facial fea-
tures, in addition to midface hypoplasia, include craniosyn-
ostosis (coronal, lambdoid, and/or metopic), facial 
asymmetry, hypertelorism, and shallow orbits (Fig.  5a, b ) 
Mild syndactyly (often of fi ngers 2–3, or toes 3–4), bifi d ter-
minal phalanges of digits 2–3, brachydactyly, and/or radioul-
nar synostosis may be present. Congenital heart defects are 
seen in some patients, and although most individuals with 
Saethre-Chotzen syndrome have normal intelligence, mild to 
moderate intellectual disability is occasionally seen.

   A number of other unrelated syndromes may present with 
severe midface hypoplasia leading to airway complications 
in the neonatal period. Stickler syndrome is due to mutations 
in the type II collagen gene (COL2A1). Disruption of this 
gene leads to defective production of type II collagen, an 
extracellular matrix protein specifi c for cartilage, which 
leads to abnormal development of the skeleton and facial 
bones, eyes, and ears. In addition to midface hypoplasia, 
affected infants may have anteverted nares, a depressed nasal 
bridge, cleft palate, or Pierre-Robin sequence (see Fig.  6 ). 
Sensorineural, and occasional conductive, hearing loss may 
be present and affected individuals almost always have high 
myopia. They are at high risk for retinal detachment and 
resulting blindness. Glaucoma and cataracts may occasion-

ally be seen. Other skeletal fi ndings may include mild spon-
dyloepiphyseal dysplasia, platyspondyly (fl attened vertebrae) 
with anterior wedging, kyphoscoliosis, and arachnodactyly.

   Marshall syndrome, due to mutations in the type 11 col-
lagen gene (COL11A1), which also produces a protein found 
in cartilage, has overlapping features to Stickler syndrome. It 
was originally identifi ed as a distinct clinical entity from 
Stickler syndrome, due to subtle differences in the facial 
appearance between the two disorders. Individuals with 
Marshall syndrome have thick calvaria, abnormal frontal 
sinuses and shallow orbits with proptotic eyes. The nose is 
short and depressed, with a fl at nasal bridge and anteverted 
nares. Falx, tentorial, and meningeal calcifi cations may be 
present. Like Stickler, Marshall syndrome is commonly 
associated with high myopia that may progress to retinal 
detachment and vitreoretinal degeneration. Sensorineural 
hearing loss may also be present. Cleft palate and Pierre- 
Robin sequence may be seen, and the airway complications 
for the two disorders are similar. 

 Antley-Bixler syndrome shares many of the same craniofa-
cial features as the FGFR2-related disorders discussed above, 
and a “purely skeletal” form of Antley-Bixler syndrome has 
been described due to mutations in this gene. However, the 
majority of patients with Antley-Bixler syndrome also have 
defects in steroid hormone production due to homozygous or 
compound heterozygous mutations in the cytochrome P450 
oxidoreductase (POR) gene. Facial features include frontal 
bossing, midface hypoplasia, a large anterior fontanelle, cra-
niosynostosis, dysplastic ears, and an often severely depressed 
nasal bridge that may be associated with choanal stenosis or 

       Table 5    Syndromes associated with midface hypoplasia   

 Disorder  Key features  Etiology/Gene 

 Acondroplasia  Short limb skeletal dysplasia, frontal bossing, megalencephaly, low 
nasal bridge, upper airway obstruction 

 FGFR3 (AD) 

 Angelman syndrome  Hypotonia, ataxia, seizures, paroxysmal laughter  Maternal deletion of 15q11.2-q13, mutation 
of UBE3A 

 Antley-Bixler syndrome  Micro-brachycephaly, frontal bossing, proptosis, hypertelorism, 
choanal stenosis or atresia, limb anomalies, ± genital anomalies a  

 POR (AR) or FGFR2 (AD) gene 

 Apert  Craniofacial anomalies (see text) + limb anomalies  FGFR2 gene 
 Crouzon  Craniofacial anomalies only (see text)  FGFR2 gene 
 Hallerman-Streiff  See Table  4   See Table  4  
 OAV spectrum  See Table  2   See Table  2  
 Pfeiffer syndrome  Craniofacial anomalies (see text), broad thumbs/toes, partial 

syndactyly, occasional intellectual disability 
 FGFR1 or FGFR2 genes 

 Rubenstein-Taybi syndrome  Poor growth, microcephaly, broad thumbs/toes, characteristic facial 
features, and intellectual disability 

 EP300 (AD) 

 Stickler syndrome  Ocular abnormalities (high myopia, vitreoretinal degeneration, 
retinal detachment, cataracts), midline clefting, Pierre-Robin 
sequence, fl at midface, sensorineural or conductive hearing loss. 

 COL2A1 gene (AD) 

 Trisomy 21  See Table  2   See Table  2  
 Turner syndrome  Short stature, webbed neck, congenital heart disease, premature 

ovarian failure 
 45, X0 karyotype 

   AD  autosomal dominant , AR  autosomal recessive 
  a Cases of Antley-Bixler syndrome with genital anomalies are typically due to mutations in the POR gene, which is involved in steroid biosynthesis  
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atresia (see Fig.  7 ). As a result, the mortality rate has been 
reported to be as high as 80 % in the neonatal period, usually 
due to airway complications [ 14 ]. Other features include tra-
cheobronchomalacia, genitourinary abnormalities, limb and 
skeletal defects, neurologic fi ndings, and defective steroid 
hormone production leading to adrenal crisis.

      Micrognathia and Agnathia 

 While micrognathia is a common malformation that may be 
seen as part of a broader syndrome, complete absence of the 
mandible (agnathia) is extremely rare. Agnathia may be seen in 

conjunction with or without holoprosencephaly. Microstomia 
(small mouth) and aglossia (absent tongue) are seen in both 
forms of agnathia. Agnathia with holoprosencephaly may be 
accompanied by synotia, in which the ears are displaced inferi-
orly and medially, even fusing at the midline. This collection of 
anomalies is usually lethal in the neonatal period. Agnathia 
without holoprosencephaly is often associated with middle ear 
anomalies, cleft lip/palate, and downward slanting palpebral 
fi ssures. The precise etiologies of both forms of agnathia, 
thought to be mechanistically distinct, remain unknown. 

 In contrast to agnathia, micrognathia is frequently encoun-
tered in newborns. While mild micrognathia may often be 
asymptomatic and even diffi cult to detect, severe micrognathia 

  Fig. 5    ( a ,  b )—Saethre-Chotzen Syndrome. ( a )—Front, ( b )—Side. Again note the turribrachycephaly, relatively fl at face with high, fl at forehead, 
maxillary hypoplasia, prominent ear crus, low-set ears, and hypertelorism. Courtesy of CHOP Craniofacial Program, Permission Obtained       

  Fig. 6    ( a ,  b )—Stickler Syndrome. ( a )—Right side, ( b )—Left side. Striking microretrognathia is present, along with a fl at midface and depressed 
nasal bridge. Anteverted nares can be appreciated in ( a ). Courtesy of CHOP Craniofacial Program, Permission Obtained       
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may lead secondary malformations during development 
(Pierre-Robin sequence), and life-threatening airway compli-
cations in the neonatal period. A large number of syndromes 
are associated with micrognathia, including aneuploidies 
(Trisomy 18), microdeletion/microduplication syndromes 
(del 22q11.2 syndrome), disorders associated with other 
craniofacial abnormalities as discussed above, and single-
gene disorders such as Cornelia de Lange syndrome. See 
Table  6  for a list of syndromes associated with micrognathia.

      Choanal Stenosis/Atresia 

 Choanal atresia is due to obstruction of the posterior choanae, 
which is thought to result from failure of the nasobuccal 
membrane to break down during development. While choanal 

atresia or stenosis may be an isolated fi nding, in at least 50 % 
of cases it is associated with a multiple malformation syn-
drome. Particular attention should be paid for other features 
of CHARGE syndrome, an acronym for  C oloboma,  H eart 
defects,  A tresia choanae,  R etarded growth/development, 
 G enitourinary abnormalities, and  E ar anomalies/deafness. In 
additional to choanal atresia, individuals with CHARGE syn-
drome may have additional airway anomalies, including 
“anteroposterior fl attening of the larynx; short vocal cords; 
anteriorly positioned, tall and hypertrophic arytenoids obscur-
ing the glottis; uncoordinated movement of the vocal cords, 
epiglottis and arytenoids; salivary pooling,” and abnormal 
cranial nerve function [ 15 ]. As a result, it is not uncommon 
for patients to require endotracheal intubation in the neonatal 
period, and some may require a tracheostomy for long-term 
airway management. This disorder is due to mutations in the 

  Fig. 7    ( a ,  b )—Antley-Bixler Syndrome. ( a )—Front, ( b )—Side. Note brachycephaly, frontal and temporal bossing, midface hypoplasia, depressed 
nasal bridge, hypertelorism, and simple, overfolded ears that are low-set and posteriorly rotated. Courtesy of CHOP Craniofacial Program, 
Permission Obtained       

     Table 6    Syndromes associated with micrognathia   

 Disorder  Key features  Etiology/Gene 

 22q11.2 microdeletion syndrome  See Table  2   See Table  2  
 Cornelia de Lange  Characteristic facial features (low anterior hairline, arched eyebrows, 

synophrys, anteverted nares, maxillary prognathism, thin lips), 
growth retardation, intellectual disability, upper limb anomalies. 

 Multiple genes involved in the cohesion 
complex (most common, NIPBL) 

 Miller  See Table  4   See Table  4  
 Nager  See Table  4   See Table  4  
 OAV spectrum  See Table  2   See Table  2  
 Pallister-Hall syndrome  Hypothalamic hamartoma, pituitary dysfunction, central 

polydactyly, and multiple visceral malformations 
 GLI3 gene (AD) 

 Stickler  See Table  5   See Table  5  
 Treacher-Collins syndrome  See Table  4   See Table  4  

   AD  autosomal dominant,  AR  autosomal recessive  
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chromatin remodeling gene,  CHD7 . In addition to CHARGE 
syndrome, a number of other disorders, including many of the 
craniofacial syndromes previously discussed (e.g., Treacher-
Collins, Crouzon, Pfeiffer, Antley-Bixler) may also be associ-
ated with choanal stenosis or atresia (Table  7 ).

      Piriform Aperture Stenosis 

 The most anterior aspect of the bony nasal opening, referred to 
the piriform aperture, is also anatomically the narrowest aspect 
of the bony nasal passage. In rare instances, this bony opening 
is stenotic, and may lead to life-threatening respiratory compli-
cations in the neonatal period similar to bilateral choanal atre-
sia. Piriform aperture stenosis may be seen as an isolated 
condition, but it also may be the presenting feature of holopros-
encephaly, so a careful examination of the infant and his or her 
parents is warranted [ 16 ]. Additional features suggestive of 
holoprosencephaly (HPE) may include hypotelorism, absent 
frenulum, midline defects, or signs suggestive of panhypopitu-
itarism (e.g., hypoglycemia, abnormal newborn screen due to 
thyroid dysfunction). Variable expression among family mem-
bers all carrying the same genetic mutation can occur. Thus, 
subtle fi ndings in an affected parent may include mild hypo-
telorism or a single central incisor. Brain imaging, either a head 
ultrasound, or ideally, magnetic resonance imaging (MRI) of 
the brain, is warranted in the infant with congenital piriform 
aperture stenosis. Genetic testing should be considered for 
infants with other signs suggestive of holoprosencephaly, as it 
can be part of a known syndrome, such as Trisomy 13, or asso-
ciated with microdeletions and duplications in the genome. 
HPE has been associated with a growing number of single 
genes, including those involved in Sonic hedgehog signaling 
(e.g.,  SHH ,  GLI2 ,  PTCH1 ) [ 17 ]. Next-generation sequencing- 
based multi-gene panels are now available to simplify testing.  

   Macroglossia 

 While a variety of tongue abnormalities may be observed, it is 
usually only when the tongue is signifi cantly enlarged that air-
way compromise is observed. Tumors and vascular malformations, 
including dermoid cysts, rhabdomyomas, and lymphatic, 

venous and capillary malformations, may all develop prenatally 
and lead to life-threatening airway compromise at birth. 
Muscular enlargement of the tongue may be seen in overgrowth 
syndromes, including Beckwith- Wiedemann syndrome. Other 
characteristic features of this disorder include ear creases/pits, 
hemihypertrophy, visceromegaly, embryonal tumors, omphalo-
cele, and hypoglycemia due to hyperinsulinemia. This disorder 
is related to epigenetic abnormalities on chromosome 11p15: 
(1) 50 % of individuals have loss of methylation of the maternal 
copy of this chromosomal region (IC2); (2) 20 % have paternal 
UPD for this chromosomal region (e.g., two copies of this 
region from father, none from mother); (3) 5 % with gain of 
methylation on the maternal copy of imprinting region 1 (IC1); 
and, genetic changes such as (4) mutations within the gene 
 CDKN1C . A small number of patients have larger deletions 
involving this entire chromosomal region. 

 Macroglossia may be seen in mucopolysaccharidoses. 
While this is typically a feature later in childhood, it can 
occasionally present during infancy and should be consid-
ered if other suggestive features, such as coarse facies, hepa-
tosplenomegaly, or cytopenias are present. 

 A number of conditions can also make the tongue appear 
large, when it is in fact, normal in size. These may include 
hypoplasia of the surrounding structures (e.g., mandible), or 
neurologic dysfunction that leads to frequent tongue protru-
sion. Relative macroglossia is most commonly observed in 
Trisomy 21, but may also be seen in conditions such as con-
genital hypothyroidism.  

   Facial Asymmetry 

 Development of normal facial structures is dependent upon a 
complex interplay of multiple tissue types, each signaling to 
one another during development. The branchial arches, 
which form many of the facial structures as discussed above, 
must not only form properly themselves, but also need to 
interact appropriately with surrounding structures, such as 
the brain. Any insult or genetic lesion that disrupts these 
structures or interactions, from the branchial arches them-
selves to disorders of the developing CNS, may lead to 
asymmetry of the facial bones. Although it may seem coun-
terintuitive that a genetic syndrome, in which every cell in 
the body carries the pathologic genetic change, would lead to 
asymmetry, many genetic disorders have been associated 
with facial asymmetry, including several of the craniofacial 
disorders discussed above (Table  8 ). In other cases, no under-
lying genetic etiology can be identifi ed. It has been hypoth-
esized that these sporadic cases may result from a vascular 
insult to the developing brachial arches, such as interruption 
of blood fl ow through the stapedial artery [ 18 – 20 ].

   Oculo-auriculo-vertebral (OAVS), commonly known as 
Goldenhar syndrome in its more severe manifestation, is 

   Table 7    Syndromes associated with choanal stenosis or atresia   

 • 22q11.2 microdeletion syndrome 
 • Hallerman-Streiff syndrome 
 • Miller syndrome 
 • Nager syndrome 
 • Oculo-auricular-vertebral (OAV) spectrum/Goldenhar syndrome 
 • Townes-Brocks syndrome 
 • Treacher-Collins syndrome 
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one of the most frequently encountered disorders presenting 
with signifi cant facial asymmetry in the newborn period. 
It is usually sporadic, with no known genetic etiology. 
However, families with multiple affected members have 
been reported; both autosomal dominant and autosomal 
recessive modes of inheritance have been proposed based on 
these rare families. While both sides of the face may be 
affected in OAVS, typically one side is more severely 
affected, leading to asymmetry that can be quite pronounced. 
There is hypoplasia of the malar, maxillary, and mandibular 
regions, with hypoplasia of the overlying musculature. The 
ear on the affected side is often small (microtia) and mal-
formed, and preauricular tags and sinuses may be present. 
There is typically secondary hearing loss due to these fea-
tures and atresia of the external auditory canal has been 
observed. Some patients may also have senorineural hearing 
loss. Cleft lip/palate may be present with this spectrum. In 
some patients, microphthalmia or upper eyelid coloboma 
may be present. When epibulbar dermoids are present, the 
eponym Goldenhar syndrome is often applied. Vertebral 
anomalies, including hemivertebrae or vertebral hypoplasia 

are often seen. Occasionally, malformations of other organ 
systems may be seen, including congenital heart defects 
(VSD, Tetralogy of Fallot, aortic coarctation) or lung hypo-
plasia. Cognitive function is typically unaffected, although 
individuals with OAVS may occasionally have intellectual 
disability or structural CNS anomalies, including agenesis 
of the corpus callosum, Arnold-Chiari malformation, or 
hydrocephalus. Airway complications in infants with OAVS 
are similar to those seen in other children with craniofacial 
disorders, and are often directly related to the degree of 
mandibular hypoplasia.  

   Bifi d Epiglottis 

 Bifi d epiglottis, consisting of a cleft down the midline of the 
epiglottis with two distinct halves, is an extremely rare disor-
der that presents in the neonatal period with stridor, aspira-
tion, or failure-to-thrive [ 21 ]. It is most commonly associated 
with Pallister-Hall syndrome, but has been associated with 
several other genetic syndromes (Table  9 ).

    Table 8    Syndromes associated with facial asymmetry   

 Disorder  Key features  Etiology/Gene 

 Apert  See Table  5  (and text)  See Table  5  
 Craniofrontonasal syndrome  Frontonasal dysplasia, craniofacial asymmetry, craniosynostosis, bifi d 

nasal tip, grooved nails, wiry hair, skeletal anomalies (in females) 
 EFNB1 gene (X-linked, predilection 
for females) 

 McCune-Albright  Craniofacial hyperostosis, polyostotic fi brous dysplasia, and endocrine 
abnormalities (hyperthyroidism, hyperparathyroidism, Cushing syndrome, 
acromegaly, hyperprolactinemia) 

 Mosaic mutation in GNAS1 (AD) 

 Muenke  Brachycephaly, macrocephaly, hypertelorism, downslanting palpebral 
fi ssures, ptosis, coronal craniosynostosis, and hand/foot anomalies 
(clinodactyly, brachydactyly, broad, middle phalanges, broad 1st toes) 

 FGFR3 gene (AD) 

 OAV spectrum  See Table  2   See Table  2  
 Saethre-Chotzen  Brachycephaly, fl at face, maxillary hypoplasia, ear anomalies, shallow 

orbits, hypertelorism, buphthalmos, ptosis, congenital heart disease, 2–3 
syndactyly, bifi d terminal phalanges of digits 2–3, absent fi rst metatarsal, 
3–4 toe syndactyly 

 TWIST1 gene (AD) 

 Townes-Brocks  See Table  4   See Table  4  

   AD  autosomal dominant,  AR  autosomal recessive  

   Table 9    Syndromes associated with bifi d epiglottis   

 Disorder  Key features  Etiology/Gene 

 Bardet-Biedl  Obesity, rod-cone dystrophy, retinitis pigmentosa, congenital heart disease, hepatic fi brosis, 
renal anomalies, learning disabilities, hypogonadism 

 Multiple genes 

 Joubert  Retinal disease, disordered breathing (including central apnea), renal disease (including 
neprhonophthisis), hypotonia, intellectual disability, cerebellar anomalies (“ molar tooth ”  sign  
on MRI) 

 Multiple genes 

 McKusick-Kaufman  Pulmonary hypoplasia, Hirschprung disease, imperforate anus, vaginal anomalies, including 
vaginal atresia, hydrometrocolpos, and rectovaginal fi stula, postaxial polydactyly 

 MKKS gene (AR) 

 Pallister-Hall  See Table  6   See Table  6  
 Weyer acrofacial dysostosis  Short stature, single central incisor, conical teeth, brachydactyly, postaxial polydactyly, 

hypoplastic, or dysplastic nails 
 EVC gene (AR) 

   AD  autosomal dominant,  AR  autosomal recessive  
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   Pallister-Hall syndrome is a complex and often lethal 
|multiple malformation syndrome due to heterozygous muta-
tions in the  GLI3  gene, whose protein product plays a role in 
Sonic hedgehog (Shh) signaling. Hypothalamic hamartoma 
with postaxial polydactyly is particularly characteristic of this 
disorder. The facial features include a short nose, fl at nasal 
bridge, anteverted nares, and small, posteriorly rotated ears. 
Cleft lip and palate may be present, and the tongue may be 
small. In addition to bifi d epiglottis, laryngeal clefts and 
abnormal lobation of the lungs may be seen. Other commonly 
encountered malformations include congenital heart disease 
(VSD, aortic coarctation, PDA), genitourinary abnormalities 
(micropenis, renal dysplasia, renal ectopia), imperforate anus, 
skeletal defects (postaxial polydactyly, synactyly, hemiverte-
brae), and CNS malformations (holoprosencephaly, hypotha-
lamic hamartoma, pituitary aplasia/dysplasia).  

   Laryngeal Stenosis/Atresia 

 While underdevelopment of the larynx has been reported in 
association with a variety of genetic syndromes (Table  10 ), 
true laryngeal atresia is extremely rare and typically lethal 
unless special measures, such as an EXIT procedure to imme-
diate surgical airway management are undertaken. EXIT, or  ex 
utero intrapartum treatment , is a specialized surgical proce-
dure used to deliver babies who have severe airway compro-
mise or other conditions that are unlikely to lead to successful 
transition to the postnatal environment without signifi cant 
medical intervention. Laryngeal stenosis is often included 
under the larger umbrella term, congenital high airway 
obstruction syndrome (CHAOS), which may include other 
malformations such as complete tracheal atresia, severe sub-
glottic stenosis, laryngeal webs, or laryngeal masses/cysts that 
obstruct the upper airway. Laryngeal atresia has been observed 
in  Fraser syndrome  and  rhizomelic chondrodysplasia punc-
tata . It has also been observed more commonly in association 
with encephalocele and limb deformities, but the genetic basis 
for this observed association remains largely unknown [ 22 ].

    Fraser syndrome  is a severe autosomal recessive disor-
der due to mutations in the FRAS1, FREM2, or GRIP1 
genes, and is associated with cryptophthalmos and syndac-
tyly. There is often a characteristic extension of the hairline 
onto the temples extending toward the lateral aspect of the 
eyebrows. The most striking aspect of the facial features in 
this disorder is the cryptophthalmos. There may also be a 
broad, low nasal bridge, with hypoplastic, notched nares. 
Cleft lip and palate can be seen. Genitourinary abnormali-
ties are common (hypospadias, cryptorchidism, vaginal 
atresia, bicornate uterus, or renal agenesis/hypoplasia) and 
neural tube defects, including encephalocele and meningo-
myelocele may be present.  

   Laryngotracheal Clefts 

 During the fourth week of development, the respiratory tract 
begins to bud from a single tube known as the foregut. The 
trachea and esophagus are progressively separated from one 
another, starting caudally and progressing toward the larynx. 
Disruption of this developmental process may lead to cleft-
ing or fi stula formation between the two structures. Laryngeal 
clefts are almost always on the posterior aspect of the larynx 
and trachea with communication to the esophagus and are 
commonly divided into fi ve types (Table  8 ): 
 Type I: Supraglottic interarytenoid cleft 
 Type II: Partial cricoid cleft extending below the vocal cords 
 Type III: Complete cricoid cleft extending into the cervical 

trachea 
 Type IV: Complete cleft extending into the thoracic trachea 
 Type V: Cleft to or beyond the carina 

 While type I clefts may be seen in isolation, more severe 
laryngotracheal clefts are typically associated with other 
anomalies. Other abnormalities of the tracheobronchial tree 
are commonly present, including TEF/EA, focal stenosis of 
the airway (subglottic stenosis, tracheal stenosis), cysts, or 
hamartomas. Cleft lip/palate, congenital heart disease, and 
malformations of the GI or GU tract may be seen. 

   Table 10    Syndromes associated with laryngeal hypoplasia or atresia   

 Disorder  Key features  Etiology/Gene 

 Fraser  Hairline extends to lateral temples, ear malformations, 
cryptophthalmos, hypertelorism, cleft lip/palate, GU/renal 
anomalies, neural tube defects 

 FRAS1 or FREM2 genes (AR) 

 Marshall-Smith  Accelerated skeletal maturation, respiratory diffi culties, 
intellectual disability, characteristic facies 

 NFIX gene (AD) 

 Nager  See Table  4   See Table  4  
 Optiz-G BBB  See Table  2   See Table  2  
 Rhizomelic chondrodysplasia punctata  Short stature (rhizomelic), characteristic facial features, 

congenital contractures, ocular abnormalities, and intellectual 
disability 

 Peroxisomal disorder, multiple genes 

   AD  autosomal dominant,  AR  autosomal recessive  
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 Laryngotracheal clefts may be seen in association with 
Down syndrome, Opitz GBBB syndrome, Pallister-Hall syn-
drome, and mosaic deletions involving the long arm of chro-
mosome 13. Opitz GBBB syndrome may result from mutations 
in the MID1 gene on the X chromosome, and its features over-
lap those seen with deletions involving chromosome 22q11.2. 
Striking hypertelorism is often present in Opitz GBBB and is 
accompanied by epicanthal folds, a broad, fl at nasal bridge, 
posteriorly rotated ears, and micrognathia. Cleft lip and palate, 
congenital heart disease (VSD, PDA), and pulmonary hypo-
plasia may be seen among the midline defects associated with 
this clinical entity. Genitourinary abnormalities are common, 
including hypospadias, cryptorchidism, or bifi d scrotum in 
males. Developmental delay and intellectual disability are 
present, and structural CNS anomalies, including agenesis of 
the corpus callosum, cerebellar vermal hypoplasia, and ven-
triculomegaly may be seen Fig   .  8 .

      Tracheoesophageal Fistula 

 While tracheoesophageal fi stula/esophageal atresia (TEF/EA) 
is often seen as an isolated and sporadic birth defect, it has long 
been recognized that TEF/EA may occur in association with 
multiple malformations, including the VACTERL association. 
VACTERL is defi ned as an “association” rather than a “syn-
drome” because, although these collections of fi ndings occur 
more frequently together than would statistically be expected 
to occur by chance, the underlying etiology remains elusive. 
The VACTERL association includes:  V ertebral defects,  A nal 
atresia/stenosis,  C ardiac defects,  T EF or  E A,  R enal anomalies, 
and  L imb defects. Every infant with TEF/EA warrants a thor-
ough evaluation to exclude the presence of these commonly 
associated malformations. It is also important to recognize that 
VACTERL remains a diagnosis of exclusion, and that it can be 
very easy to mistake many of the well defi ned genetic syn-
dromes that are also associated with TEF/EA due to their clini-
cal overlap with the VACTERL association (Table  2 ). For 
example, the presence of colobomas of the eyes or characteris-
tically shaped ears may indicate a diagnosis of CHARGE syn-
drome, due to mutations in the CHD7 gene. The presence of a 
triphalangeal thumb and hypopigmented skin lesions in an 
infant with TEF/EA may suggest a diagnosis of Fanconi’s ane-
mia. This has important implication for future management, as 
patients with Fanconi’s anemia often do not exhibit hemato-
logic manifestations until several years of age. However, these 
manifestations may be severe and necessitate bone marrow 
transplant. Patients must also be followed closely later in life 
due to increased risk of malignancy. Short 2nd and 5th fi ngers 
in an infant with “VACTERL-like” features (TEF/EA, verte-
bral, and/or renal anomalies) may indicate a diagnosis of 
Feingold syndrome. This disorder is due to heterozygous muta-
tions in the MYCN gene, which can be run through families in 
an autosomal dominant fashion. This diagnosis will have 
important implications for genetic counseling, as the risk for 
recurrence in future children if the parents are also affected will 
be 50 %, in contrast to an infant with isolated TEF/EA or 
VACTERL syndrome.  

   Tracheal Stenosis 

 Tracheal stenosis, a fi xed narrowing of the trachea, often due 
to complete cartilaginous rings, is quite rare. It is typically 
accompanied by multiple congenital malformations. Not sur-
prisingly, additional malformations of the tracheobronchial 
tree and lungs are often seen, including bronchial stenosis, 
TEF, and pulmonary hypoplasia or aplasia. Congenital heart 
disease may be present (common AV canal, aortic coarctation, 
VSD, dextrocardia) and often complicates the management of 
these patients [ 23 ]. Skeletal anomalies may be present, includ-
ing vertebral and radial ray defects, and a subset of patients 

  Fig. 8    Laryngotracheal Clefts volume 2: Respiratory cardiovascular and 
central nervous systems: Shanley, Wheeler and Wong Chapter 3; con-
genital airway anomalies: Figure 3.1. Classifi cation of posterior laryngo-
tracheal clefts. Type I: Supraglottic interarytenoid cleft. Type II: Partial 
cricoid cleft extending below the vocal cords. Type III: Complete cricoid 
cleft extending into the cervical trachea. Type IV: Complete cleft extend-
ing into the thoracic trachea. Type V: Cleft to or beyond the carina       
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will fulfi ll multiple features of the VACTERL association. A 
number of the syndromes associated with other malformations 
of the airways and tracheobronchial tree discussed above may 
also present with tracheal stenosis, including Goldenhar, Opitz 
GBBB, and Down syndrome, and mosaic deletion of chromo-
some 13q. In summary, tracheal stenosis can be an occult fi nd-
ing and is associated with a number of syndromes that are not 
as familiar to the clinician (Table  11 ).

      Congenital Tracheal Cartilaginous Sleeve 

 Congenital tracheal cartilaginous sleeve is an unusual condition 
in which the normally discrete C-shaped cartilaginous rings of 
the trachea are fused vertically to form a rigid tube with smooth 
tracheal surface evident at the time of bronchoscopy. 

 Although rare, it is an important complication of the 
FGFR2 related disorders (e.g., Crouzon, Pfeiffer, Apert syn-
dromes), as discussed above. Although the complete tracheal 
rings typically do not affect the length or diameter of the 
trachea, the increased rigidity alters normal airfl ow through 
the upper airways and the mechanics of coughing. As a 
result, infants may present with biphasic stridor. Mucus 
clearance is defective, which predisposes to mucus plugging, 
bronchospasm and respiratory infection. Infants may have 
sporadic episodes of cyanosis and respiratory distress, and if 
unrecognized, these events can be fatal.  

   Other Genetic Syndromes Requiring Neonatal 
Airway Management 

 Healthcare providers caring for infants requiring advanced 
airway management will undoubtedly encounter an over-

whelming array of genetic syndromes that do not directly 
involve abnormal development of the craniofacial structures 
or tracheobronchial tree. They nonetheless impact the 
infant’s ability to maintain a patent airway. While a complete 
discussion of all such syndromes is well beyond the scope of 
this chapter, it is worthwhile to highlight important catego-
ries of disorders most likely to require airway management. 

 Neuromuscular disorders, including malformations of the 
central nervous system, frequently impair the infant’s ability 
to clear secretions, maintain a patent airway, and deliver 
effective ventilation. A long and growing list of genes have 
been linked to structural malformations of the brain, and 
numerous genes involved in formation of the muscle tissue, 
which when disrupted, have been implicated in the patho-
genesis of congenital myopathies and muscular dystrophies. 

 Congenital masses of the neck and upper thorax may 
impinge on the airway, leading to life-threatening airway 
compromise immediately after birth. Most commonly, 
these giant neck masses are lymphangiomas or teratomas. 
These typically occur as isolated fi ndings. In contrast, 
other lympatic malformations of the neck, such as cystic 
hygroma, may be associated with a wide range of genetic 
conditions including Turner and Noonan syndrome. 
Hemangiomas may involve the airway itself, or may 
extend from the neck or upper thoracic region to compress 
the airway. Again, these lesions are often sporadic, but 
may be associated with other anomalies, including the 
PHACE association. This association is characterized by 
 P osterior fossa abnormalities, segmental  H emangioma(s), 
 A rterial abnormalities of the head/neck region, Congenital 
heart defects, and Eye abnormalities (cataracts, retinal/
vascular abnormalities, visual impairment). The underly-
ing genetic/developmental etiology of PHACE syndrome 
is currently unknown.      

   Table 11    Syndromes associated with tracheal stenosis   

 Disorder  Key features  Etiology/Gene 

 Trisomy 21  See Table  2   See Table  2  
 Conradi-Hunermann  Linear or whorled atrophic and pigmentary lesions, striated hyperkeratosis, 

coarse hair/alopecia, cataracts, skeletal, and craniofacial anomalies. 
 EPB gene (X-linked dominant) 

 Frontometaphyseal dysplasia  Generalized skeletal dysplasia, deafness, urogenital defects  FLNA gene (X-linked) 
 Geleophysic dysplasia  Short stature, short hands/feet, joint limitations, skin thickening, characteristic 

facial features, progressive cardiac valvular thickening 
 ADAMTSL2 gene (AR) 

 Hydrolethalus  Polydactyly, CNS malformations, congenital heart disease, GI & GU 
malformations, skeletal anomalies 

 HYLS1 or KIF7 genes (AR) 

 Keutel  Midface hypoplasia, small nasal alae, depressed nasal bridge, hearing loss, 
pulmonary artery hypoplasia, peripheral pulmonary stenosis, abnormal 
ossifi cation 

 MGP gene (AR) 

 Larsen  Large-joint dislocations, characteristic craniofacial features, spatula-shaped 
fi ngers, cleft palate, short stature, spinal anomalies, hearing loss 

 FLNB (AD), B3GAT3 (AR) 

 OAVS spectrum/Goldenhar  See Table  2   See Table  2  
 Optiz-G BBB  See Table  2   See Table  2  
 VACTERL association  See Table  2   See Table  2  

   AD  autosomal dominant,  AR  autosomal recessive  
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           Introduction 

 Airway obstruction in the fetus is one of the most important 
fi ndings that can be prenatally diagnosed, because of the 
direct impact on management. In some instances complete 
airway obstruction in the fetus can dramatically alter pulmo-
nary development resulting in hydrops and fetal demise. In 
other instances the compromise of the fetal airway at the 
time of delivery may be the cause of mortality due to inabil-
ity to secure an airway by conventional means. Fetal surgical 
intervention is often needed to treat the obstruction and 
secure the airway; it must be meticulously planned and exe-
cuted. The timing of this intervention may be prenatal, peri-
natal, or postnatal, depending on the underlying diagnosis, 
secondary consequences of the airway compromise, and the 
severity of airway obstruction anticipated at delivery. 

 The many etiologies of airway obstruction can be catego-
rized into two groups: as intrinsic or extrinsic to the airway. 
Extrinsic airway obstruction is most commonly caused by a 
mass external to the airway compromising the lumen or 
access to the glottis (e.g., epignathus, micrognathia with 
glossoptosis, cervical teratoma, lymphatic malformations, 
bronchogenic cysts). 

 Intrinsic causes of fetal airway obstruction will result 
in congenital high airway obstruction syndrome (CHAOS) if 
the obstruction is complete. CHAOS is a prenatal syndrome 
characterized by non-immune hydrops, which occurs as a 
result of complete intrinsic obstruction of the airway. 
Unfortunately, CHAOS carries a high rate of fetal loss. In 

both intrinsic and extrinsic cases of airway compromise an 
EXIT-to-airway procedure can prevent death due to inability 
to establish an airway at delivery.  

    Extrinsic Airway Compression 

 There is an extensive list of possible causes of extrinsic air-
way obstruction at every level of the fetal airway; each car-
ries potential implications for fetal development, as well as 
compromise of the fetal airway at the time of delivery (see 
Table  1 ). Epignathus, micrognathia with glossoptosis, cervi-
cal teratoma, and cervical lymphangioma account for the 
majority of extrinsic airway obstruction. Below we highlight 
the diagnostic features and management strategies for the 
most common causes of extrinsic airway obstruction.

       Epignathus 

 Epignathus is an oropharyngeal teratoma arising from the 
sphenoid bone, palate, or pharynx. The cells of origin are 
likely pluripotent stem cells derived from cells in Rathke’s 
pouch. The tumor may vary considerably in size but tumors 
that fi ll the oral cavity and protrude through the mouth are 
common, often leading to obstruction of the upper airway. 
Without prompt intervention at time of delivery, most new-
born infants will succumb to airway obstruction and die soon 
after birth [ 1 ]. Epignathus is fortunately a rare tumor with an 
estimated incidence range from 1:35,000 to 1:200,000 [ 2 ]. 
Large epignathus can present early in the second trimester 
with polyhydramnios and complete airway obstruction at the 
level of the oro-pharynx [ 3 ]. Polyhydramnios can be severe 
in this setting and may require serial reduction to avoid pre-
mature labor [ 4 ]. In addition to ultrasound, an ultra-fast MRI 
scan can provide important anatomic information about the 
mass, confi rm the origin of the tumor, vascular supply, and 
secondary effects of the mass on the mandible and other 
adjacent structures (Fig.  1 ).

      Prenatal Assessment and Perinatal 
Management of Suspected Airway 
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   Management of the fetus with epignathus depends upon 
the size of the mass and the degree of airway compromise, 
gestational age at diagnosis, and the potential physiologic 
derangements caused by the tumor [ 4 ]. In many cases, the 
epignathus is small and does not obstruct the fetal airway 
and can be readily managed at the time of delivery by con-
ventional means. In contrast, at the other end of the spec-
trum, epignathus can grow very rapidly and to large 
proportions exophytically. This leads to increased blood 
fl ow through the tumor, high output congestive heart failure, 
and fetal hydrops. In addition, these large fetal epignathus 
can create such large metabolic demands on the fetus that it 
induces fetal growth arrest. Both of these fetal presentations 
warrant considering fetal surgery in order to afford the fetus 
any chance of survival. Despite its large size, the mass 
invariably arises from a very narrow pedicle at the fetal pal-
ate. It may be approached by open fetal surgery (Fig.  2 ), or 
if there is a single systemic arterial feeding vessel (usually 

derived from the palatal arteries), by interstitial laser 
 coagulation of the feeding vessel. If the fetus is at a gesta-
tional age ≥ 28 weeks gestation consideration should be 
given to ex utero intrapartum treatment (EXIT) to resect the 
mass and secure the airway prior to delivery. See section on 
EXIT procedure below.

       Congenital Epulis 

 Congenital epulis is also known as Neumann’s tumor or gingi-
val granular cell tumor (GGCT) of the newborn [ 5 ,  6 ]. The 
tumor arises from the mucosa of the gingiva, most commonly 
from the anterior part of the maxillary or mandibular ridge. 
Similar to epignathus, epulis of the newborn is an oral mass (or 
masses), which protrudes through the mouth and can obstruct 
the airway (Fig.  3 ). Congenital epulis has a female preponder-
ance of 8:1 and can vary in size from a few millimeters to as 
large as 7.5 cm. The GGCT seen in newborns has different his-
tologic features than those originating elsewhere [ 7 ].

   Epulis in the newborn has been reported to spontaneously 
regress after birth, suggesting that its growth is dependent on 
maternal hormonal milieu associated with pregnancy [ 8 ]. If 
suffi ciently large, these tumors can compromise the upper 
airway, but these cases are rare. Intervention at birth may be 
necessary, depending on the size and likelihood of airway 
obstruction [ 4 ]. Epulis usually originate from a pedicled 
stalk and can often be easily resected before establishing an 
airway in the controlled environment of an EXIT-to-airway 
procedure [ 4 ]. If the diagnosis has not been made prenatally, 
and the epulis is large, establishing an airway may be diffi -
cult and may require emergency resection or tracheostomy.  

    Micrognathia 

 Severe underdevelopment of the fetal mandible can result in 
Pierre-Robin sequence (PRS) and is associated with micro- 
retrognathia and glossoptosis, causing airway obstruction. 
A small mandible characterizes PRS, and it is typically 
accompanied by a U-shaped cleft palate [ 9 ]. PRS occurs in 
1:8,500–1:14,000 births. It can be seen alone or as part of a 
syndromic presentation [ 10 ]. About 40 % of PRS cases occur 
in isolation and 60 % present with an associated syndrome, 
most commonly Stickler, Nagger, and velocardiofacial syn-
dromes (see Table 3) [ 10 ]. Arthrogryposis multiplex is a rare 
congenital disease characterized by nonprogressive multiple 
joint contractures at birth. It is also associated with micro-
gnathia, a small mandible, and cleft palate [ 11 ]. 

 Identifying micrognathia with or without associated poly-
hydramnios or cleft palate leads to the prenatal diagnosis of 
PRS (Fig.  4 ). In a fetus with PRS, the severity of microg-
nathia will determine the likelihood of airway obstruction. 

    Table 1    Differential diagnosis of fetal airway 
obstruction      

 Causes of extrinsic airway obstruction 
 Oral 

 Epignathus 
 Epulus 
 Micrognathia 
 Parotid tumor 

 Cervical 
 Cervical teratoma 
 Lymphangioma 
 Congenital goiter 
 Solid thyroid tumor 
 Cystic anomaly of thyroid 
 Branchial cleft cyst 
 Hamartoma 
 Choristoma 
 Hemangioma 
 Lipoma 
 Anterior neural tube defects 
 Twins sac of a blighted ovum 

 Thoarcic 
 Bronchogenic cyst 
 Mediastinal teratoma 
 Pericardial teratoma 
 Congenital pulmonary airway malformation 

 Causes of intrinsic airway obstruction 
 Laryngeal atresia 
 Laryngeal cyst 
 Laryngeal web 
 Laryngeal stenosi 
 Tracheal atresia 
 Tracheal stenosis 
 Bronchial atresia 
 Bronchial web 
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Airway obstruction is more likely to be present if it is associated 
with evidence of aerodigestive obstruction, as indicated by 
polyhydramnios, glossoptosis, or the absence of fl uid in the 
 stomach [ 12 ]. Ultrasound is most commonly used to assess 

the presence and severity of micrognathia, which  subjectively 
may be evident on sagittal images of the fetal head. The jaw 
index (Fig.  5 ), described by [ 47 ] offers a more objective 
measure of micrognathia and is defi ned by the ratio of the 
anterior–posterior length of the mandible divided by the 
biparietal diameter multiplied by 100. When the jaw index is 
less than the fi fth percentile and is associated with evidence 
of aerodigestive obstruction, such as glossoptosis, polyhy-
dramnios, or absent stomach bubble, [ 48 ] have suggested 
that an EXIT-to-airway is indicated. In these severe cases of 
micro-retrognathia a tracheostomy is necessary to establish 
an airway, and is most safely and effectively achieved as part 
of EXIT-to-airway procedure.

        Cervical Lymphangioma (Vascular 
Malformation) 

 Lymphangioma is the former term still commonly used for 
lymphatic vascular malformations. These benign tumors can 
grow to large proportions and signifi cantly compromise the 
fetal airway (Fig.  6 ). They are often present at birth and usu-
ally clinically evident as a soft tissue mass of the neck. 
Vascular malformations can also present in the axilla, thorax, 
and lower extremities, although this occurs less frequently 
[ 13 ]. When a vascular malformation of the neck is large and 

  Fig. 1    Fetal MRI in sagittal 
section of a 25-week gestation 
fetus with very large exophytic 
epignathus with mass larger than 
the fetus but arising from the 
hard palate in the fetal mouth. 
The  arrow  points to a large vessel 
creating a “fl ow void” consistent 
with the major systemic blood 
supply to the epignathus       

  Fig. 2    Intraoperative photograph taken during EXIT-to-airway for 
giant epignathus. The  arrow  is pointing at a thick tissue stapling device 
which is being applied to take the mass off at the mouth. The size of the 
mass makes it near impossible to resect the mass without fi rst debulk-
ing. This also allows the airway to be secured either by nasotracheal 
intubation or tracheostomy tube placement       
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  Fig. 3    Not every oral mass 
requires fetal MRI to demonstrate 
an oral mass. The image shows a 
fetus with an epulis, the  arrow  is 
pointing at the mass, which was 
not suffi ciently large to 
compromise the airway and did 
not require the EXIT strategy       

  Fig. 4    Fetal MRI image in 
profi le demonstrating severe 
micrognathia ( small arrows ). 
This fetus had micrognathia as 
part of Nager syndrome and had 
a jaw index of less than the fi fth 
percentile with associated 
glossoptosis, the  arrow  is 
pointing at the tongue, as can be 
seen by the tongue displaced 
posteriorly. There was also 
absence of fl uid in the stomach 
by ultrasound indicating inability 
to swallow amniotic fl uid due to 
the glossoptosis. This is 
consistent with the presence of a 
critical airway meeting criteria 
for EXIT-to-airway strategy       
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comprised of macrocystic components, it has commonly 
been referred to as a cystic hygroma.

   The lymphatic system develops at the end of the fi fth week 
of gestation as a result of six primary lymph sacs sprouting in 
the neck, iliac region, and retroperitoneum. One theory on the 
formation of lymphatic vascular malformations is that they 
are developmental defects secondary to sequestration of lym-
phatic tissue in early embryonic life [ 14 ]. Cervical lymphatic 
vascular malformations are believed to result from a failure of 
cervical lymph sacs to join the lymphatic channels. As a 
result, endothelial-lined spaces secrete lymph-like fl uid, 
which leads to local distention and gradual enlargement of 
cysts. Over time the walls of these cysts thicken, and connec-
tive tissue septae separate large cysts [ 15 ]. 

 The prevalence of prenatally diagnosed lymphatic vascular 
malformations has been estimated to be 1 in 1,775 live births 
[ 16 ]. The incidence may be as high as 1 in 300 among sponta-
neously aborted fetuses [ 17 ]. The mortality of lymphatic vas-
cular malformations diagnosed prior to 20 weeks is high, due 
to associated chromosomal anomalies, syndromes, and non-
immune hydrops [ 18 ,  19 ]. The incidence of chromosomal 
abnormalities may be as high as 60 %, and additional struc-
tural abnormalities are common. Lymphatic vascular malfor-
mations diagnosed prior to 20 weeks may be associated with 
Turner syndrome, oligohydramnios, single vessel umbilical 
cord, Noonan syndrome, fetal alcohol syndrome, Fryn 

  Fig. 5    MRI image demonstrating 
the technique to obtain the jaw 
index. A line is drawn from the 
angles of the mandible and an 
orthogonal line is drawn to the 
mentum of the mandible. This 
later measurement is then divided 
by the biparietal diameter to yield 
a ratio that is multiplied by 100. 
A value less than the fi fth 
percentile (jaw index < 24) would 
indicate fetuses at highest risk for 
airway compromise and when 
associated with glossoptosis and 
absence of fl uid in the stomach 
would be an indication for 
EXIT-to-airway       

  Fig. 6    The coronal section of a fetal MRI demonstrate the appearance 
of a large cervical lymphatic vascular malformation, an  arrow  is point-
ing at the malformation, it is extending from the fetal left neck and 
causes minimal compression of the midline airway. The mass extends 
into the upper left chest but does not cause signifi cant airway compro-
mise. This vascular malformation was not particularly vascular and 
would not be expected to critically compromise the airway at delivery. 
However, rapid enlargement post-delivery is not uncommon. 
Conventional delivery followed by intubation would be the safest way 
to prevent development of airway compromise until the vascular mal-
formation can be fully evaluated postnatally       
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 syndrome, trisomies 18 and 21, and hydrops  fetalis [ 18 – 22 ]. 
Lymphatic vascular malformations diagnosed early in gesta-
tion are typically located in the posterior triangle of the neck 
and are associated with lymphangiomatosis. In contrast, iso-
lated cervical lymphatic vascular malformations usually pres-
ent in the third trimester or after birth, often following a normal 
ultrasound earlier in pregnancy [ 18 ]. Thus, the etiology for 
early and late appearing lymphatic vascular malformations is 
suspected to be different. 

 The natural history of cervical lymphatic vascular malfor-
mations is largely determined by the gestational age at the 
time of diagnosis. Diagnosis early in pregnancy, before 20 
weeks gestation, is associated with multiple anomalies, 
karyotype anomalies, and a high rate of spontaneous abor-
tion with mortality exceeding 90 %. If a lymphatic vascular 
malformation is diagnosed later in pregnancy, after 20 weeks 
gestation, no other anomalies are found on prenatal imaging, 
and the karyotype analysis is normal, the outcome is almost 
uniformly favorable, with the exception of the impact on the 
fetal airway. In this subset, careful evaluation of the airway is 
necessary to assure a safe transition to postnatal life, as this 
transition often results in rapid enlargement of the vascular 
malformation. Because most of these later gestation age 
lymphatic malformations arise from the lateral neck there 
may be impingement or displacement of the fetal airway 
(Fig.  6 ). In many cases conventional management of the air-
way is possible. However, even in cases in which intubation 
is not initially deemed necessary, it is important to consider 
intubation to secure the airway, because of the rapid enlarge-
ment of the vascular malformation following delivery. In 
cases where the size of the lymphatic vascular malformation 
is large, crossing the midline, and severely compromising 
the fetal airway, it may be diffi cult to distinguish from cervi-
cal teratoma, and warrants serious consideration of an 
EXIT-to-airway.  

    Cervical Teratoma 

 Teratomas are germ cell tumors composed of tissue foreign to 
their anatomical location. Teratomas contain tissue from all 
three germ layers and are most commonly located in the sacro-
coccygeal region, but can occur in the abdomen, chest, neck, 
or intracranially. The incidence of teratoma in newborn infants 
is approximately 1:40,000 [ 23 ]. Teratomas of the neck are less 
common, comprising somewhere between <5 and 13 % of the 
total number of teratomas in newborns [ 24 ,  25 ]. Cervical tera-
tomas are more often diagnosed prenatally and less often con-
tain yolk sac components [ 24 ], which are considered to be a 
histologic feature suggesting malignancy. There is no gender 
or race predilection [ 24 ]. The most common tissue present in 
cervical teratomas is neural tissue. However, cervical terato-
mas contain thyroid tissue in 30–40 % of cases—it is unknown 

if this represents  involvement of the thyroid gland or ectopic 
tissue [ 25 ]. 

 Cervical teratomas are usually bulky, often 5–12 cm in 
size [ 26 ]. They often extend from the mastoid process and 
body of the mandible to the clavicle and sternal notch, dis-
placing the ear superiorly. Mandibular hypoplasia can occur 
as a result of a mass effect on the mandible, often with com-
pression of the marginal mandibular branch of the facial 
nerve and associated droop of the corner of the mouth. The 
posterior border of cervical teratomas often reaches the ante-
rior border of the trapezius muscle. Cervical teratomas result 
in polyhydramnios in about 40 % of cases, which is the result 
of esophageal compression by the mass [ 27 ]. An empty 
stomach indicates that the polyhydramnios present is sec-
ondary to a mass effect on the esophagus and can be the ini-
tial fi nding leading clinicians to the diagnosis of a cervical 
teratoma [ 28 ]. Cervical teratomas may also have calcifi ca-
tions within the mass and compared to lymphatic vascular 
malformations tend to be more solid. 

 Lymphatic vascular malformations and cervical terato-
mas can be diffi cult to differentiate on prenatal ultrasound 
[ 26 ]. Cervical teratomas usually have a well-defi ned border 
when compared to the multi-loculated, cystic appearance of 
a cervical lymphatic vascular malformation. Cervical terato-
mas are often bulkier tumors and located in the anterior neck 
(Fig.  7 ). Alpha feto protein (AFP) is not useful in 
 differentiating lymphatic vascular malformations from cer-
vical teratoma, as less than 30 % of cases of cervical terato-
mas have an elevated AFP [ 29 ].

   The majority of cervical teratomas are benign, but the 
natural history is not well characterized. One case series sug-
gests metastasis occurs in 14 % of cervical teratomas in the 
form of immature neuroglial elements in regional lymph 
nodes, but found that only 1.4 % of cervical teratomas had 
yolk sac components [ 24 ]. Many infants have remained free 
of disease long term after resection, even in the setting of 
metastatic lesions to regional lymph nodes. This could indi-
cate that the tumor biology behaves more like a benign tumor 
even in the setting of regional spread of disease [ 30 ]. 

 Cervical teratomas are predisposed to develop into large 
neck masses in utero, which commonly compromise the fetal 
airway, and often require management by EXIT-to airway at 
a mean gestational age of 34 weeks [ 31 ].  

    Intra-thoracic Extrinsic Airway Obstruction 

    Bronchogenic Cyst 

 Bronchogenic cysts can cause airway obstruction in the fetus 
and in the neonate immediately after birth. The degree and loca-
tion of obstruction can be quite variable and this information 
will inform decisions in regards to delivery and intervention. 
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 If the bronchogenic cyst arises from the trachea or one of the 
main-stem bronchi, it can cause complete obstruction of the 
airway. In utero this can cause “hyperinfl ation” of the lung dis-
tal to the obstruction and malacia of the airway at the area of 
obstruction (Fig.  8 ). This can result in a ball-valve effect with 
fl uid trapping in the lung before birth and air trapping at deliv-
ery. If one of the main-stem bronchi is affected this can result 
in mediastinal shift and compression of the opposite lung with 
resultant respiratory collapse. If the trachea is affected, both 
lungs could be compromised due to surfactant defi ciency and 
inability to clear secretions. Airway obstruction in utero results 
in less type II pneumocytes and surfactant defi ciency.

   An EXIT procedure may be the safest approach in the 
more severe cases. The EXIT procedure is described in 
detail below. On placental bypass, the airway can be 
assessed bronchoscopically, and surfactant can be directly 
administered into the affected area. Consideration should 
be given to resection of the bronchogenic cyst during an 
EXIT procedure if the cyst is causing signifi cant airway 
compromise (Fig.  9 ). Alternatively, if the cyst affects the 
trachea only, an endotracheal tube can be inserted and posi-
tioned distal to the bronchogenic cyst. The most common 

location of a bronchogenic cysts is close to the carina, 
which may preclude simple intubation from being success-
ful in establishing an airway.

   Whenever the trachea or bronchi have been exposed to an 
external mass compressing the airway, the cartilaginous part 
of the airway may be soft and will be at risk for trachea- 
bronchial malacia. This may result in symptomatic trachea- 
bronchial malacia with hypoxic spells secondary to airway 
collapse. Long term, children with this condition may be 
prone to recurrent pneumonia and reactive airway disease.  

    Intra-thoracic Teratoma 

 Congenital intra-thoracic cystic teratoma is a rare tumor that 
can cause multiple fetal problems including hydrops and fetal 
loss because of high fl ow vascular connections, fast growth of 
the mass, and compression on intra-thoracic  structures. 
Management of these lesions depends on the location, size, 
and the perceived effects that mass has on the airway. If the 
fetus is developing hydrops before viability, fetal surgery 
with resection of the mass may be the only option.  

  Fig. 7    The  panel  on the  left  shows a sagittal section of a fetal MRI 
showing a very large cervical teratoma, the  arrow  is pointing at the 
mass, with both cystic and solid components. Calcifi cations are diffi cult 
to see on MRI but were present on ultrasound. The coronal section seen 
in the  panel  on the  right  shows a MRI image of the same patient dem-
onstrating extension of the teratoma into the mediastinum through the 
thoracic inlet, the  arrow  is pointing at the mass. This mass resulted in a 

SVC syndrome with swelling of scalp and facial edema. The compro-
mise of the cervical airway and the SVC syndrome with associated 
venous hypertension made EXIT-to-airway through the neck unsafe. In 
this case a transthoracic retrograde intubation EXIT (TRI-EXIT) 
allowed an airway to be secured by median sternotomy during the EXIT 
with retrograde passage of ETT changer over which an ETT was placed 
and the trachea repaired       
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    Cystic Pulmonary Airway Malformations 

 Large cystic pulmonary airway malformations (CPAMs) can 
cause signifi cant airway compression. CPAMs consist of a 
range of histologies in the spectrum of congenital adenoma-
toid malformations (CAMs). These lesions may be  diagnosed 

at the time of the anomaly scan, around 20 weeks post con-
ception, and will often grow exponentially until 28 weeks. 
During this time period the fetus will need close monitoring. 
A CAM volume ratio (volume of an ellipse divided by head 
circumference) (CVR) greater than 1.6 [ 32 ] has been shown 
to accurately predict the risk of hydrops. Recently it has been 
shown that maternal betamethasone treatment effectively 
induces growth arrest of cystic CAMs prenatally [ 33 ]. 
Although, it may present as a signifi cant mass with compres-
sion of the intra-thoracic airway. In a fetus diagnosed late in 
pregnancy, perinatal intervention may be necessary to assure 
safe transition to postnatal life, if the CPAM signifi cantly 
shifts the mediastinum and compresses the airway.  

    Evaluation and Intervention 

 In a fetus with intra-thoracic extrinsic airway compres-
sion, we recommend obtaining a fetal MRI to evaluate the 
location of the lesion, its association with the airway, and 
the degree of airway obstruction at the time of diagnosis. 
Also, fetal MRI will aid in differentiating mediastinal tera-
toma and pericardial teratoma. A mediastinal teratoma 
tend to compress mediastinal structures in an anterior–
posterior direction. In contrast, a pericardial teratoma 

  Fig. 9    Intraoperative photo demonstrating the resection of a pericardial 
teratoma during an EXIT procedure that due to size was compressing 
the distal trachea       

  Fig. 8    Fetal MRI demonstrating 
a large bronchogenic cyst, a 
 white arrow  is pointing at the 
cyst, compressing the left 
main-stem bronchus, the  black 
arrow  is pointing at the 
“hyperinfl ated” left lung. By the 
time of delivery, the left lung was 
very enlarged and herniated 
across the midline into the right 
hemithorax. EXIT-to-resection 
was performed allowing time to 
perform a right thoracotomy and 
resect the bronchogenic cyst. In 
addition, bronchoscopy was 
performed to evaluate the 
compressed trachea for malacia 
and to administer surfactant 
protein selectively to the left 
lung, which due to obstruction 
was surfactant defi cient from 
type II pneumocyte down 
regulation       
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arises from the pericardium on the anterior surface of the 
ascending aorta, which is covered by pericardium. Mass 
effect of the pericardial teratoma tends to displace the 
heart anteriorly and inferiorly within the pericardium and 
may have an associated massive pericardial effusion. 
Because of the size of these masses the fetal airway may 
be compromised. 

 Regular ultrasound studies should be performed to evalu-
ate for progression of the disease. Close to term around 
34–36 weeks post conception a repeat fetal MRI should be 
obtained, sooner if the ultrasound studies are indicating pro-
gressive increase in the size of the mass or polyhydramnios 
predisposing to early delivery. A multidisciplinary meeting 
will facilitate a discussion surrounding the pros and cons of 
perinatal versus postnatal intervention. The intervention can 
range from simple aspiration of a cystic component prena-
tally, to EXIT-to-airway, EXIT-to-resection, or EXIT-to- 
ECMO. The type of intervention depends on the nature of 
the airway compromise.   

    Intrinsic Airway Obstruction in the Fetus 

 CHAOS is a prenatal diagnosis characterized by large echo-
genic lungs with fl attened or inverted diaphragms, a dilated 
tracheobronchial tree, ascites, and other fi ndings of non- 
immune hydrops, due to complete obstruction of the fetal 
airway and massive enlargement off the lungs [ 14 ]. It is a 
severe condition—no fetus diagnosed prenatally with 
CHAOS has survived without an intervention [ 34 ]. The air-
way obstruction seen in CHAOS most commonly arises from 
laryngeal atresia, laryngeal webs, or laryngeal cysts, or more 
distal obstruction from tracheal or bronchial atresia (Figs.  10  
and  11 ). The pathophysiology of CHAOS is underscored by 
a combination of a complete high airway obstruction and the 
lung’s ongoing production of fl uid, at an estimated rate of 
4 mL per kilogram bodyweight per day. The fl uid accumu-
lates in the tracheobronchial tree; the lungs become dis-
tended, echogenic, and diffusely enlarged [ 34 – 36 ].

    There are three types of laryngeal atresia: type I is charac-
terized by supra and infra-glottic atresia; type II denotes the 
presence of infra-glottic atresia only; and in type III the atre-
sia is located at the glottis. Laryngeal atresia is believed to be 
secondary to failure of recanalization, but the exact mecha-
nism remains unknown. Tracheal atresia is most likely a 
result of a failure in the development of the foregut. The fore-
gut normally separates into the esophagus and the trachea. 
Most cases of tracheal atresia resulting in CHAOS are spo-
radic without any known risk of recurrence. However, mul-
tiple associated anomalies have been seen with laryngeal 
atresia (Table  2 ).

   Fraser syndrome (cryptophtalmos–syndactyly syn-
drome) can present with CHAOS. This inherited syndrome 

is characterized by variable expression of  cryptophthalmos, 
renal agenesis, syndactyly, abnormalities of ears and exter-
nal genitalia, and laryngeal stenosis or atresia [ 37 ]. It is 
diffi cult to diagnose Fraser syndrome by ultrasound, but a 
previously affected pregnancy may trigger close sono-
graphic surveillance knowing that Fraser syndrome is 
inherited as an autosomal recessive disorder, with 25 % of 
future pregnancies expected to be affected [ 38 ]. The true 
incidence of CHAOS is unknown; in part due to the sever-
ity of this condition, many fetuses will die undiagnosed in 
utero [ 39 ,  40 ]. With proper diagnosis and delivery plan-
ning survival is possible. The fi rst long-term survivor with 
CHAOS was described by Crombleholme and coworkers 
in 2000, the fetus was delivered via EXIT and an airway 
was established via tracheostomy prior to clamping the 
umbilical cord [ 41 ]. 

 CHAOS does not develop in a fetus with tracheal atresia 
and a fi stula to the esophagus, in these cases, the diagnosis of 
tracheal atresia may go unnoticed until delivery. As a result, 
the newborn infant may need to undergo emergency trache-
ostomy to establish an airway [ 42 ]. 

 Bilateral cystic adenomatoid malformation is the most 
common diagnosis that can be mistaken for the fi ndings of 
CHAOS on prenatal imaging. Bilateral CCAM is even less 
common than intrinsic high airway obstruction [ 39 ] and it is 
important to thoroughly evaluate a fetus with hydrops and a 
diagnosis of bilateral CCAM to specifi cally exclude the 
diagnosis of CHAOS. 

 In a fetus with bilateral CCAMs a compressed rim of nor-
mal lung can usually be appreciated on fetal imaging. The 
typical ultrasound fi ndings in CHAOS: uniformly echogenic 
lungs, fl attened or inverted diaphragms, a compressed medi-
astinum, with a dilated trachea and main-stem bronchus can 
help differentiate CHAOS from bilateral CCAM.  

    Diagnosis of Fetal Airway Obstruction 

 Determining the cause of fetal airway obstruction is impor-
tant when considering the need for intervention, planning 
delivery, and counseling family members. Fetal imaging can 
differentiate between intrinsic and extrinsic airway obstruc-
tion and is helpful in determining the severity of airway 
obstruction. A thorough anatomy scan is essential as many 
fetuses with congenital airway obstruction will have one or 
more associated anomalies. An ultra-fast fetal MRI can pro-
vide signifi cant information to augment the ultrasound 
examination. An amniocentesis for karyotype analysis is rec-
ommended for all pregnancies with signs of airway obstruc-
tion and associated anomalies, especially if fetal intervention 
is considered. Similarly, fetal echocardiogram is essential to 
rule out structural heart disease and exclude high output con-
gestive heart failure.  
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  Fig. 10    A coronal fetal MRI 
image of a fetus with right 
main-stem bronchial atresia and 
resulting unilateral CHAOS. The 
entire right lung is signal intense, 
an  arrow  is pointing at it, this is 
due to “hyperinfl ation” with a 
dilated right bronchus extending 
from the bronchus intermedius to 
the right middle, lower, and 
upper lobar bronchi. The massive 
enlargement of the right lung has 
shifted the medistinum, 
depressed the ipsilateral 
diaphragm, and causes ascites       

  Fig. 11    Fetal MRI images in coronal and sagittal planes demonstrating 
the characteristic features of CHAOS due to complete obstruction of the 
larynx due to a laryngeal web; the  large arrow  is pointing at the very 

enlarged single intense lungs, the  small arrows  are pointing at the inverted 
diaphragms, narrow compressed heart, and on the  right panel  the  black 
arrow  is pointing at the dilated trachea and bronchi with severe ascites       
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    Ultrasound and Differential Diagnosis 

 The list of conditions that can cause extrinsic fetal airway 
obstruction is extensive (Table  1 ). That the management of 
each condition may be quite different underscores the impor-
tance of an accurate prenatal diagnosis. As an example, the 
presence of a skull or vertebral column defect may suggest 
the presence of an encephalocele, especially in the setting of 
hydrocephalus. In contrast, congenital goiter is most com-
monly seen in mothers taking propylthiouracil for hyperthy-
roidism. A fetal goiter is homogenous in its echogenicity and 
is usually symmetrical. Branchial cleft cysts are unilateral 
and appear as unilocular anterolateral cysts. A lymphangioma 
of the neck can be identifi ed by fl uid fi lled spaces with fi ne 
septations. If it is located in the posterior triangle of the neck, 
a dense midline posterior septum can often be identifi ed. This 
is the equivalent of the nuchal ligament. Cysts separated by 
septae are an important sonographic fi nding to differentiate a 
posterior lymphatic malformation from nuchal edema. If 
there are solid components and there is Doppler evidence of 
blood fl ow, a diagnosis of cervical teratoma should be 
explored. If the diagnosis of a lymphatic malformation of the 
neck is made, signs of non-immune hydrops should be sought. 

 Cervical teratomas are typically asymmetrical, unilat-
eral, and well demarcated. Most are multi-loculated, irregu-
lar masses with solid and cystic components. About 50 % 
have calcifi cations, a pathognomonic fi nding for a teratoma 
of the neck [ 43 ]. 

 The sonographic fi ndings in a fetus with CHAOS are 
characterized by extreme distention of the lungs. The lungs 
appear echogenic and diffusely enlarged, the diaphragm is 
fl at or inverted into the abdomen. The mediastinal structures 
are compressed, the axis of the heart is altered, and the heart 
chambers are small because of insuffi cient fi lling. The 
 tracheobronchial tree is dilated up to the level of the obstruc-
tion, at the level of the trachea or the larynx. In CHAOS there 
are also fi ndings of non-immune hydrops, the most promi-
nent fi nding is fetal ascites.  

    Fetal MRI 

 The detection of a high-grade airway obstruction in the fetus 
warrants further investigation with ultra-fast fetal MRI. As 
reported by Crombleholme et al., fetal MRI provides supe-
rior image resolution and adds important information about 
the level of airway compression when compared to ultra-
sound [ 44 ]. This information can be used to predict which 
patients are at risk of signifi cant airway compromise and will 
benefi t from undergoing an EXIT-to-airway procedure. Fetal 
MRI images are improving and the current image resolution 
is superior to what it was just a few years ago. It is therefore 
benefi cial to also obtain fetal MRI imaging in fetuses with 
intrinsic obstruction and CHAOS. MRI can also aid in the 
diagnosis and planning of fetuses with micrognathia. The 
jaw index can be accurately calculated from MRI images in 
cases where ultrasound isn’t able to do so.  

    Ex Utero Intrapartum Treatment 

 It is important to understand how an EXIT procedure is dif-
ferent from a Cesarean section. The principles of performing 
a safe EXIT and the pitfalls that can occur during this com-
plex procedure have been described in detail elsewhere [ 45 ]. 
Ideally mothers carrying a fetus diagnosed with fetal airway 
obstruction should be referred to a center with signifi cant 
experience with EXIT procedures. A multidisciplinary team 
of experienced anesthesiologists, fetal/pediatric surgeons, 
neonatologists, maternal fetal medicine specialists, and 
experienced operating room nurses is required. The operat-
ing room environment should ideally have the ability to con-
duct two operations simultaneously either in the same 
operating or in two adjacent operating rooms, as well as hav-
ing equipment for neonatal resuscitation. For EXIT-to- 
airway procedures, a complete set of airway equipment is 
necessary, a rigid infant laryngoscope handle, numbers 1 and 
2 Miller blades, fl exible bronchoscope, rigid ventilating 
bronchoscopes sizes 2.5 and 3.0, armored endotracheal 
tubes, tracheostomy tubes, laryngeal mask airways, endotra-
cheal tube extenders for retrograde intubation, and all the 
instruments needed to perform a tracheostomy or resect a 
teratoma on a newborn infant must be present. A sterile 
Mapleson circuit needs to be available on the fi eld for venti-
lation of the fetus as soon as the airway has been established 
and allows transition from placental support as uterine tone 
can then be restored. 

 Maternal monitoring includes pulse oximetry, electrocar-
diogram, invasive arterial blood pressure line, urine output, 
core body temperature, and peripheral nerve stimulation. 
The EXIT procedure is performed under deep maternal 

   Table 2    Anomalies associated with CHAOS   

 Hydrocephalus 
 Vertebral anomalies 
 Absent radius 
 Bronchotracheal fi stula 
 Esophageal atresia 
 Genitourinary anomalies 
 Uterine anomalies 
 Imperforate anus 
 Cardiac anomalies 
 Anophthalmia 
 Fraser syndrome (syndactyly, cryptophthalmos) 
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 general anesthesia, a necessity to achieve adequate uterine 
relaxation in order to preserve uteroplacental gas exchange. 
Intravenous anesthesia is provided during the fi rst part of the 
operation, until the uterus is exposed, then anesthesia is con-
verted to inhaled anesthesia to induce uterine relaxation [ 46 ]. 
This is done to minimize the duration of exposure to poten-
tially harmful effects of high concentrations of inhaled anes-
thesia gases on the fetal myocardial function. Maternal 
hypotension is managed with an alpha-1 agonist as a con-
tinuous infusion. 

 As soon as the uterus is exposed intraoperative sterile 
sonography is used to map the placental edge. When the 
uterus is fully relaxed, the hysterotomy is created in an area 
well away from the placenta, preferably in the lower uterine 
segment. A hemostatic uterine stapling device (US Surgical, 
Norwalk, CT), incorporating membranes and full thickness 
uterine wall, is used to create the hysterotomy. During the 
procedure, body temperature lactated, Ringer solution is 
infused via level I device into the uterus to prevent cord com-
pression. The fetal head, upper torso, and arms are gently 
exteriorized; fetal anesthesia is supplemented by a single 
intramuscular injection of a muscle relaxant, atropine, and 
fentanyl. A pulse oximeter and an intravenous catheter are 
placed on the upper extremity. The fetus is continuously 
monitored by intraoperative transthoracic echocardiography. 
Once the fetal head is exposed the airway is evaluated. 

 The algorithm for airway management depends on the 
underlying diagnosis. For example, in severe micrognathia, 
there is little to be gained from evaluation of the airway dur-
ing the EXIT procedure and we recommend proceeding 
directly to formal tracheostomy. Conversely, in cases of 
external compression such as cervical teratoma or lymphatic 
vascular malformation, we would fi rst evaluate the prospect 
of obtaining an airway by orotracheal intubation, either 
directly or over a bronchoscope (Fig.  12 ). If orotracheal intu-
bation cannot be achieved we would next expose the trachea 
in the neck for retrograde intubation over an ET tube changer. 
Lastly, if necessary to secure the airway, the cervical mass 
can be resected while on placental support. In cases in which 
the cervical teratoma extends into the mediastinum with 
associated SVC syndrome, a median sternotomy for trans-
thoracic retrograde intubation (TRI-EXIT procedure) can be 
performed to allow control of the trachea in the chest and 
avoid massive hemorrhage from venous hypertension.

   In cases with intrinsic obstruction of the airway and 
CHAOS we start with direct laryngoscopy to evaluate laryn-
geal involvement and exclude either laryngeal cyst or web, 
which may respond to incision or excision and simple intu-
bation. If the cause of CHAOS is found to be more extensive, 
as in laryngeal atresia or tracheal atresia, then the attention 
can turn to formal tracheostomy. 

 In all cases the operative team performing the EXIT 
should be prepared for any and all eventualities, ranging 

from simple orotracheal intubation, fl exible or rigid bron-
choscopy, to surgical control of the cervical or mediastinal 
trachea for retrograde intubation, or formal tracheostomy. As 
soon as the umbilical cord is clamped, oxytocin (50u) is 
administered intravenously to induce uterine contractions; 
the anesthesia is also at that point switched back to primarily 
intravenous agents.  

    Postnatal Management 

 After an airway has been established, the neonate is hand 
ventilated until the uterine tone is restored, the umbilical 
cord is then clamped and the baby passed to the neonatolo-
gists for evaluation and resuscitation. It is important to secure 
endotracheal tubes or tracheostomy tubes well, as it may be 
diffi cult or impossible to reestablish an airway in a timely 
fashion if the airway is lost. This is usually accomplished 
during the EXIT procedure by direct suturing of the ETT to 
the maxillary plate. We do not transport the infant for addi-
tional imaging until the airway is no longer considered criti-
cal either because the cervical mass has been resected or the 
tracheostomy is more than 7 days old. 

 In cervical masses such as lymphatic vascular malforma-
tions and particularly cervical teratomas, hyperextension of 
the neck pulls the trachea up into the neck, which in turn 
pulls the lungs into the apices of the chest cavity. This can 
cause pulmonary hypertension and impair ventilation and 
oxygenation by either conventional ventilation or even high 
frequency oscillatory ventilation. It can only be relieved by 
resection of the mass. In addition, cervical teratoma and 
some vascular malformations can also be associated with 

  Fig. 12    An intraoperative photograph demonstrating an EXIT-to- 
airway procedure, the fetus is undergoing continuous monitoring by 
fetal echocardiogram, and pulse oximetry. IV access will be obtained 
for    crystalloid, blood products, and inotropic agents if needed. The fi rst 
priority of any EXIT is securing the airway       
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signifi cant consumptive coagulopathies, which may 
 complicate any surgical procedures or airway management. 

 Small lymphatic vascular malformations can often be 
managed expectantly if the airway does not appear to be 
compromised. Since many of these lesions are macrocystic, 
sclerotherapy should be considered. Cervical teratomas 
should be resected as soon as the neonate is stable enough to 
go to the operating room.  

    Conclusion 

 The causes for airway obstruction in the fetus are numerous, 
but can be usefully categorized into two groups, intrinsic and 
extrinsic to the airway. Accurate diagnosis is imperative to 
appropriately plan the timing and type of intervention 
needed. Fetal imaging, primarily fetal ultrasound and MRI 
have improved diagnosis, monitoring of disease progression 
throughout pregnancy, and interventional planning. EXIT 
requires a highly trained multidisciplinary team and can 
greatly alter the course of previously fatal diagnosis.     
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           Introduction 

 Airway obstruction at delivery is associated with high 
mortality and anoxic brain injury. The perinatal management 
of fetuses with airway obstruction changed when prenatal 
diagnosis became available. Holinger et al. reported in 1985 
the fi rst case in which special airway resources were pre-
emptively mobilized to the delivery room for the cesarean 
delivery of a fetus with a prenatally diagnosed cervical tera-
toma. The airway was established immediately after delivery 
via direct laryngoscopy and bronchoscopy [ 1 ]. The concept 
of keeping the fetus under placental support while accessing 
an obstructed airway was fi rst reported by Kelly et al. in 
1990 (the fetus was intubated via direct laryngoscopy before 
clamping the umbilical cord), and a few months later, Levine 
et al. reported the fi rst case of a tracheostomy performed 
while the fetus was under placental support. No intervention 
was done on the maternal side in either of those cases to 
prevent uterine contractions, and the fetuses were com-
pletely delivered out of the uterus before the airway manipu-
lation [ 2 ,  3 ]. The idea continued to evolve until 1996 when a 
team at the University of California, San Francisco, reported 
a standardized procedure for the reversal of the tracheal 
occlusion in patients with prenatally treated congenital 
diaphragmatic hernia and named it “Ex Utero Intrapartum 
Treatment” or “EXIT,” for short [ 4 ]. The EXIT procedure is 
now the optimal delivery strategy for fetuses with congenital 
airway obstruction because it allows access to the fetal 
airway in an elective, controlled, and secure manner while 
the fetus is still under placental support (which is only inter-

rupted after adequate ventilation has been established). 
It was originally developed for the reversal of the tracheal 
occlusion in fetuses with congenital diaphragmatic hernia 
treated prenatally, but the indications for an EXIT have 
expanded over time to include entities as diverse as large 
lung malformations, conjoined twins, thoracic teratomas, 
and congenital high airway obstruction syndrome (Fig.  1 ) 
[ 5 – 7 ]. Although conceptually simple, the success of an EXIT 
procedure relies on extensive preoperative planning and the 
availability of a highly skilled multidisciplinary team.

      Prenatal Evaluation 

 The prenatal identifi cation of a fetus with potential airway 
obstruction warrants a comprehensive anatomical evaluation 
to determine the need for a special delivery strategy. Early 
diagnosis is essential so that the mother can be referred to a 
center with EXIT and fetal surgery capabilities. The prenatal 
evaluation not only includes a number of imaging studies 
(fetal ultrasound, 3D ultrasound, fetal echocardiography, 
fetal MRI) but also an amniocentesis for fetal karyotype 
(Fig.  2 ). Additional genetic studies may be warranted 
depending on the presence of associated fi ndings. Care must 
be taken to assess the placenta, as abnormal placentation 
such as placenta previa or evidence of subchorionic hemor-
rhage might increase the risk of intraoperative complica-
tions (see chapter on “Prenatal Assessment and Perinatal 
Management of Suspected Airway Compromise in the Fetus 
and Neonate” for full description).

      Multidisciplinary Team and Equipment 

 In centers prepared to handle post-neonatal airway obstruc-
tion, a multidisciplinary team that is familiar with the 
equipment and surroundings must be present. This team 
includes anesthesiologists, pediatric surgeons, neonatolo-
gists, maternal fetal medicine specialists, and a dedicated 
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group of diverse nursing staff. Simulation and comprehen-
sive preoperative planning are essential to successfully 
perform an EXIT procedure and likely surgical resection 
thereafter (Fig.  3  and Table  1 ). Our approach includes a 
mandatory team meeting 1–2 days before the surgery in 
which the particular case is extensively analyzed; the planned 
procedure is reviewed step by step; parents are counseled 
one additional time with all team members present; and 
informed consent is obtained. A variety of airway equipment 

needs to be available including a rigid infant-type laryngo-
scope handle, a set of number 0, 1, and 2 straight Miller 
blades, a set of rigid ventilating bronchoscopes sizes 2.5 and 
3.0, a set of wire- reinforced cuffl ess endotracheal tubes 
(ETTs) and tracheostomy tubes, and all surgical instruments 
required for a neonatal tracheostomy (Fig.  4 ). In addition, a 
sterile Mapleson circuit with a manometer and a 1-L bag 
must be ready on the operating table to manually ventilate the 
fetus once the airway has been established. In our institution 

  Fig. 1    27-week gestation fetus with a  white arrow  pointing toward a 
large solid-cystic cervical mass       

  Fig. 2    Three-dimensional ultrasound view of a fetus with large 
cervical teratomas       

  Fig. 3    Multidisciplinary team at 
the operating table       
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our operating area includes two large operating rooms 
(one for the EXIT and one for any potential immediate 
post-EXIT procedures on the newborn) connected by a 
neonatal resuscitation room.

        Timing of Delivery 

 Ideally, fetuses with airway obstruction should reach term 
and be delivered electively. Depending on the cause of the 
airway obstruction and the effects on the fetal health, this 
may not be possible. For instance, fetuses with large cervical 
tumors that compress the airway can also suffer compres-
sion of the pharynx/esophagus, which can lead to polyhy-
dramnios and preterm labor. When a fetus with airway 
obstruction develops signs of impending labor (i.e., severe 
recurrent polyhydramnios, shortened cervix), it is better to 
perform an elective preterm EXIT at a time that all the 
required personnel is available, than waiting for the fetus to 
reach term at the risk of developing labor at a time that not 
all the resources necessary for an EXIT are readily available. 
In a previously large series of fetuses with cervical terato-
mas, only 23 % of the fetuses reached term [ 8 ].  

   Surgical Technique: The EXIT Procedure 

 The EXIT procedure must be performed under deep general 
anesthesia because the general anesthetic drugs are the 
strongest uterine relaxants known to date. An epidural cath-
eter is placed to facilitate maternal postoperative pain 
management. Intraoperative maternal monitoring includes 
pulse oximetry, continuous electrocardiogram, invasive 
arterial blood pressure monitoring (radial artery angiocath-
eter), urinary output via a bladder catheter, core body tem-
perature, and peripheral nerve stimulation. The combination 
of drugs used for induction and maintenance of anesthesia 
during an EXIT procedure can vary, but the principle of 
deep inhalational anesthesia must not change. Generally, 
induction is done with intravenous propofol (2 mg/kg) 
immediately followed by a muscle relaxant (succinylcholine, 
1 mg/kg) for a rapid endotracheal intubation. Maintenance 
is done with desfl urane, titrated between 5 and 10 % accord-
ing to the uterine tone evaluated by palpation during the 
operation. Muscle relaxation is maintained with vecuronium 
(0.1 mg/kg/dose, repeated as needed). The deep maternal 
anesthesia required to facilitate uterine relaxation can 
induce maternal hypotension, which is treated with an 
alpha-1-adrenergic agonist (phenylephrine) as a continuous 
infusion (10–200 μg/min) throughout the operation to main-
tain the maternal mean arterial pressure above 60 mmHg. 
Dopamine can be added as needed, as a continuous infusion. 
As soon as the procedure is completed and the umbilical 
cord is clamped, oxytocin (50 U) is given intravenously to 
the mother to induce uterine contraction. Other drugs can 
be used if necessary, like methylergonovine and carboprost 
or misoprostol.  

   Uterine Exposure 

 A wide transverse laparotomy halfway between the sym-
physis pubis and umbilicus is the standard incision for all 
EXIT procedures because it provides excellent access to 
the anterior uterine wall, has a low dehiscence rate, and is 
cosmetically better than a midline laparotomy. Flaps of skin 
and subcutaneous tissue are raised superiorly and inferiorly. 
The fascia is divided in the midline from the symphysis 
pubis to the umbilicus. A Turner-Warwick retractor is placed, 
and a peritoneal bladder fl ap is raised. Once the uterus is 
exposed, intraoperative sterile ultrasonography is used to 
map the position and edges of the placenta as well as to 
evaluate the amniotic fl uid index. A low-anterior-uterine-
segment hysterotomy is the preferred approach for all EXIT 
procedures. The exceptions are those cases in which the 
placenta is located in the anterior lower uterine segment. 
In those cases, a midline laparotomy is performed and the 

  Fig. 4    A separate table with all the airway equipment must be available 
at the time of the surgery       

   Table 1    Multidisciplinary teams required for each stage of the 
EXIT procedure   

 Preoperative team  Intraoperative team  Postoperative team 

 High risk obstetrician  High risk obstetrician  Neonatologist 
 Pediatric surgeon  Pediatric surgeon  Pediatric surgeon 
 Radiologist  Anesthesiologist  Nurse practitioners 
 Anesthesiologist  Fetal cardiologist  Nurses 
 Fetal cardiologist  Scrub nurses  Radiologist 
 Social worker  Circulating nurses  Standby OR team 
 Coordinator  Standby ECMO team  Standby ECMO team 
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uterine fundus is exteriorized from the abdomen to perform 
a fundal or posterior hysterotomy. After the placenta is 
carefully mapped by ultrasound and marked on the uterine 
surface, a site is chosen ideally at least 6 cm away from the 
marked edge. This can be complicated in the setting of poly-
hydramnios when the placental edge can be diffi cult to 
identify. Two monofi lament stay sutures (0-PDS; Ethicon, 
Somerville, NJ) are placed through the uterine wall under 
ultrasound guidance, and the myometrium and membranes 
are incised with monopolar cautery (Fig.  5 ). The hysterotomy 
is completed in a bloodless manner with a uterine stapling 
device (Premium Poly CS 57; Covidien Auto suture, 

Mansfi eld, MA) (Fig.  6 ). It is important to carefully inspect 
the uterine edges and make sure that hemostasis is achieved 
before manipulating the fetus. After hysterotomy, the uterine 
cavity is fi lled continuously with warm (37 °C) lactated 
Ringer solution using a high-fl ow fl uid warmer/pump 
(Level I-H1200; Smiths Medical, St. Paul, MN) to maintain 
adequate uterine volume and prevent compression of the 
umbilical cord. The tone of the uterine wall must be moni-
tored continuously by palpation, and the inhalational anes-
thesia adjusted accordingly. After the closure of the 
hysterotomy and the laparotomy, epidural anesthesia (bupi-
vacaine 0.2 %, 5–10 mL) and opioids (morphine, 4–8 mg) 
are started, and muscle relaxation is reversed (2.5–5 mg of 
neostigmine plus 0.4–0.6 mg of glycopyrrolate).

       Fetal Exposure 

 The same concept applies to all EXIT procedures regardless 
of the indication: only the fetal part that is going to be 
operated on is exteriorized, whereas the rest of the body 
must remain within the uterine cavity (until the cord is 
clamped) to maintain uterine volume and fetal temperature. 
In cases of airway obstruction, the head, neck, upper extrem-
ities, and upper torso are carefully exteriorized. The upper 
extremities are used to place a pulse oximeter (covered by 
aluminum foil and a Tegaderm, 3M, St. Paul, MN, USA) 
and a 24-gauge intravenous catheter (Fig.  7 ). Fetal vital 
parameters are monitored by the pulse oximeter and by 
continuous sterile intraoperative echocardiography. Fetal 
anesthesia is supplemented by a single intramuscular dose 
of an opioid (fentanyl, 0.2 μg/kg), and a muscle relaxant 
(vecuronium, 0.1 mg/kg) immediately after exteriorization. 
These drugs (and other drugs potentially needed at the 
time of a code [i.e., atropine, epinephrine, and calcium]) are 
prepared preoperatively in sterile syringes and are ready for 
use on the operative table. All drugs as well as crystalloid 
solutions and blood can be administered to the fetus intra-
venously as needed. Fetal bradycardia or myocardial dys-
function can occur at any time during the EXIT procedure. 
They can be directly related to the procedure being per-
formed, such as with the mechanical compression associ-
ated with excision of a large lung lesion, or unrelated. The 
maternal anesthetic drugs cross the placenta and can cause 
fetal myocardial depression, requiring alterations in dosing 
of anesthetic, maternal intravenous fl uid boluses, or direct 
administration of drugs, red cells, or crystalloids to the 
fetus. Acute changes in fetal heart rate prompt immediate 
investigation, as cord compression can be quickly relieved 
by fetal repositioning or increased amnioinfusion. Fetal 
cardiac dysfunction secondary to hypovolemia should be 
treated with a fetal transfusion.

  Fig. 5    Hemostatic hysterotomy: two stay stitches are placed under 
ultrasound guidance far from the placental edge. The uterine wall is 
incised with electrocautery       

  Fig. 6    The hysterotomy is completed in a bloodless manner with a 
uterine stapler       
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      Airway Management 

 After the fetal head is exteriorized, it is positioned with a roll 
under the shoulders to allow access to the airway. The fi rst 
maneuver is to perform a direct laryngoscopy to try to 
identify the vocal cords. If there is no invasion of the larynx 
by a tumor (e.g., lymphangiomas, teratomas) an attempt is 
made to intubate the trachea exclusively with the help of the 
laryngoscope. When the airway is not clearly seen by direct 

laryngoscopy due to deviation, compression, or invasion by 
a tumor, rigid bronchoscopy must be performed. The rigid 
bronchoscope allows certain degree of airway manipulation 
(it can decompress and straighten the airway as it is passed 
distally) and may serve as a guide to pass a wire into the 
distal airway to be used as a guide for the endotracheal tube 
(Fig.  8 ). Careful external manipulation of the tumor can 
help accessing the airway with the bronchoscope. Rigid 
bronchoscopy is also useful to determine the location of the 
larynx and trachea relative to the tumor should a surgical 
airway be needed. When the cervical tumor contains large 
cysts, ultrasound-guided percutaneous drainage during the 
EXIT can be of great help to decompress the airway and 
increase the chances of an orotracheal intubation. When 
the airway is obstructed by pedunculated tumors, the EXIT 
procedure provides time to do a surgical resection. This is 
particularly valid for fetuses with a variety of oropharyngeal 
tumors (e.g., teratomas, epignathus, epulis) (Figs.  9  and 
 10a, b ) [ 9 ].

        Controlled Emergent Tracheostomy 

 When laryngoscopy and bronchoscopy fail, the next step is a 
tracheostomy, which is always a challenging procedure in 
the setting of large cervical tumors (particularly cervical 
teratomas). The thorough and extensive preoperative evalua-
tion of the fetal radiologic images is extremely necessary to 

  Fig. 7    The fetal upper 
extremities are used to place an 
oximeter and a peripheral 
intravenous catheter       

  Fig. 8    Fetal bronchoscopy during an EXIT procedure in a fetus with a 
large cervical mass ( black triangle )       
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know, prior to the EXIT, the relationship between the tumor 
and the airway in order to save valuable intraoperative time 
[ 10 ]. The thorough review of the fetal images also allows 
determining the cystic or solid nature of the tumor, which 
helps predict (to certain degree) the likelihood of a success-
ful orotracheal intubation. Specifi cally, cystic tumors 
(e.g., lymphangiomas) are usually not invasive and destruc-
tive, whereas solid tumors (e.g., teratomas) have a more 
aggressive behavior. In our experience 53 % of fetuses with 
cervical teratomas required a tracheostomy at the time of the 
EXIT, whereas only 8 % of fetuses with a cervical lymphan-
giomas did. When a tracheostomy is necessary, transverse 
incision is usually made 1–2 fi ngerbreadths above the level 
of the sternal notch and extended to the side of the neck to 
which the airway is deviated (determined by the preoperative 
imaging studies). Once the airway is identifi ed, it must be 
dissected off the tumor to relieve the compression and per-
form the tracheotomy at the desired level. The tumor usually 

pulls the trachea superiorly as it grows, and in some cases 
the carina can be located at the level of the sternal notch, 
making the interpretation of the anatomy quite diffi cult. 
The tracheotomy for airway access should be done at the 
level of the second or third tracheal ring, but with severe 
alteration of the anatomy, we have performed initial trache-
otomies for airway control at different levels. Although a 
tracheostomy allows direct access to the airway, it is often 
diffi cult to secure the tracheostomy tube to any cervical 
structures, either while the tumor is still present or in the 
setting of large skin fl aps after the tumor has been removed. 
To overcome this situation, two different approaches have 
been used. First, a regular ETT can be tunneled under the 
skin (via a skin incision lateral to the midline) and used as a 
tracheostomy tube. Second, once the trachea is dissected off 
the tumor, a tracheotomy is performed, a 4–8 F nasogastric 
(NG) tube is threaded retrograde within the airway and 
retrieved at the mouth, the ETT is sutured to the tip of the NG 
tube, and the NG tube is pulled back as a guide to slide the 
ETT antegrade to the desired position in the trachea (Fig.  11 ). 
Once the airway is established and secured, manual ventila-
tion is initiated on the operative fi eld. Surfactant is adminis-
tered if the fetus is less than 34 weeks of gestation. If the 
fetus is stable, umbilical arterial and venous lines can be 
placed using an intracatheter technique before the umbilical 
cord is clamped and divided.

      EXIT Procedure 

 Not all fetuses with oral or neck masses experience airway 
obstruction. Occasionally, there are situations where a 
remote, but large birth defect, such as a giant sacrococcygeal 
teratoma (SCT), may cause diffi culty accessing the airway 
due to positioning of the infant (Fig.  12 ). When the EXIT is 
done in a fetus with CHAOS syndrome, the laryngoscopy 
and bronchoscopy are used to confi rm the diagnosis and 
to evaluate the airway proximal to the obstruction, but a 

  Fig. 9    Neonate with “fetus-in-fetu;” like-teratoma with remnants of 
twin causing oral obstruction necessitating tracheostomy at delivery. 
This infant was delivered without time for an EXIT and underwent an 
emergency lifesaving tracheostomy (Courtesy of Alan Flake-CHOP)       

  Fig. 10    ( a ) Fetus with multiple 
epulis arising from the upper and 
lower gums. ( b ) Fetus with giant 
epignathus causing airway 
obstruction (courtesy of Alan 
Flake, CHOP)       
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tracheostomy is mandatory. At this point, the fetal portion of 
the EXIT procedure ends and the newborn is taken to an 
adjacent room for further resuscitation and evaluation. The 
placenta is then delivered, the uterine tone is restored, and 
the uterus and maternal abdominal wall are closed in a 
manner similar to that of a cesarean section. In the potential 
case of a congenital airway obstruction in the context of a 
twin pregnancy (Fig.  13 ), the premise of delivering the 
healthy twin fi rst should prevail, if at all possible [ 11 ]. The 
healthy twin will always require endotracheal intubation 
and temporary respiratory support due to the exposure to the 
maternal anesthetic gases.

       Lung Masses 

 Fetuses with large lung masses (e.g., congenital cystic 
adenomatoid malformation, (CCAM), bronchial atresia) and 
severe mediastinal shift may be delivered by EXIT because 
of the anticipated postnatal diffi culties to oxygenate and 
ventilate due to deviation of the major airway and compres-
sion of the healthy lung. The EXIT procedure will allow 
securing the airway via endotracheal intubation and resect-
ing the lung mass while the fetus is under placental support 
[ 12 ]. Alternatively, fetuses with lung masses and mediastinal 
shift may be delivered by cesarean section, intubated imme-
diately after birth and have the lung mass removed right 
after the initial resuscitation. 

 From a maternal perspective, the EXIT carries a higher 
risk of potential complications than a standard cesarean 
section. Beyond the inherent risks of general anesthesia 
instead of epidural anesthesia, the purposeful inhibition of 
uterine contractions is a setup for uterine hemorrhage during 
the EXIT after the placenta has been detached. The average 
blood loss for a standard cesarean section is in the 500–
600 mL range, whereas in published series of EXITs the 
average is >1,000 mL. Therefore, the EXIT procedure 
must be performed by a skilled multidisciplinary team that 
performs fetal surgery on a regular basis.  

   Conclusion 

 Neonatal airway obstruction is a true emergency requiring a 
team of expert clinicians experienced in high level airway 
management. Pediatric surgeons, otorhinolaryngologists, 

  Fig. 11    Retrograde intubation. A nasogastric tube is passed retrograde 
from the tracheotomy to the mouth and is used to guide the endotra-
cheal tube antegrade into the airway       

  Fig. 12    This premature infant although born with a giant sacrococcy-
geal teratoma required an EXIT procedure with  black arrow  diffi cult 
airway access due to overall size of the teratoma       

  Fig. 13    Congenital airway obstruction in a twin pregnancy (fetus on 
the right side of the picture has a cervical teratoma) ( black arrow )       
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neonatologists, respiratory therapists, and nurses are 
required to create a team approach, which ensures a suc-
cessful outcome. Equipment that is specifi c to neonatal 
infants regarding size and function must be available at 
each of these deliveries. Ultimately clinician with expertise 
in tracheostomy must be present at each of these deliveries.     

   References 

    1.    Holinger LD, Birnholz JC, Bruce DR, et al. Management of an 
infant with prenatal ultrasound diagnosis of upper airway obstruc-
tion. Int J Pediatr Otorhinolaryngol. 1985;10(3):263–70.  

    2.    Kelly MF, Berenholz L, Rizzo KA, et al. Approach for oxygenation 
of the newborn with airway obstruction due to a cervical mass. 
Ann Otol Rhinol Laryngol. 1990;99(3 Pt 1):179–82.  

    3.    Levine AB, Alvarez M, Wedgwood J, et al. Contemporary manage-
ment of a potentially lethal fetal anomaly: a successful perinatal 
approach to epignathus. Obstet Gynecol. 1990;76(5 Pt 2):962–6.  

    4.    Harrison MR, Adzick NS, Flake AW, et al. Correction of congenital 
diaphragmatic hernia in utero VIII: response of the hypoplastic 

lung to tracheal occlusion. J Pediatr Surg. 1996;31(10):
1339–48.  

    5.    Hedrick HL. Ex utero intrapartum therapy. Semin Pediatr Surg. 
2003;12(3):190–5.  

   6.    Liechty KW. Ex utero intrapartum therapy. Semin Fetal Neonatal 
Med. 2010;15(1):34–9.  

    7.    Lim FJ, Crombleholme TM, Hedrick HL, et al. Congenital high 
airway obstruction syndrome: natural history and management. 
J Pediatr Surg. 2003;38(6):940–5.  

    8.    Laje P, Johnson MP, Howell LJ, et al. Ex utero intrapartum treat-
ment in the management of giant cervical teratomas. J Pediatr Surg. 
2012;47:1208–16.  

    9.    Laje P, Howell LJ, Johnson MP, et al. Perinatal management of 
congenital oropharyngeal tumors: the ex utero intrapartum treat-
ment (EXIT) approach. J Pediatr Surg. 2013;48(10):2005–10.  

    10.    Hubbard AM, Crombleholme TM, Adzick NS. Prenatal MRI eval-
uation of giant neck masses in preparation for the fetal EXIT proce-
dure. Am J Perinatol. 1998;15(4):253–7.  

    11.    Liechty KW, Crombleholme TM, Weiner S, et al. The ex utero 
intrapartum treatment procedure for a large fetal neck mass in a 
twin gestation. Obstet Gynecol. 1999;93(5 Pt 2):824–5.  

    12.    Hedrick HL, Flake AW, Crombleholme TM, et al. The ex utero 
intrapartum therapy procedure for high-risk fetal lung lesions. 
J Pediatr Surg. 2005;40(6):1038–43.    

P. Laje and H.L. Hedrick



189J. Lioy and S.E. Sobol (eds.), Disorders of the Neonatal Airway: Fundamentals for Practice,
DOI 10.1007/978-1-4939-1610-8_19, © Springer Science+Business Media New York 2015

Introduction and Definitions

Stridor is an audible sound arising during respiration, a 
noise made by turbulent airflow in the airways. Stridor 
can be present immediately with the first breaths after 
birth, and it can also develop in newborns shortly after 
birth. Stridor is a sign, and not a diagnosis, and persistent 
stridor in a young infant mandates a diagnostic evalua-
tion. This noise can vary in intensity during the phases of 
respiration, during inspiration, expiration, or on both 
phases of respiration (biphasic) depending on the site of 
the obstruction of the large airways. Inspiratory stridor 
is typically seen with an obstruction at the extrathoracic 
level, usually at or above the level of the vocal cords. 
Expiratory stridor indicates obstruction at the intratho-
racic level, the middle or lower trachea. Obstruction at the 
subglottic or upper tracheal level often manifests as 
biphasic stridor, both inspiratory and expiratory, 
although the inspiratory component may be louder and 
more noticeable than the expiratory sound. Stridor is dif-
ferentiated from stertor, an inspiratory low-pitched 
sound, guttural or gurgly in nature, produced by obstruc-
tion in the nose and/or pharynx. Stridor in a neonate is 
particularly worrisome because of the limited pulmonary 
reserve of small infants, the possibility of a progressive 
airway lesion, and the possible need for prompt diagnosis 
and intervention. All that said, most infants with stridor 
have laryngomalacia, which has a generally favorable nat-
ural history and limited need for intervention.

History

A detailed history focuses the evaluation of a stridorous neo-
nate, and narrows the number of suspected airway lesions. In 
fact, many referrals for stridor in a neonate originate from 
parents and pediatricians in the ambulatory setting. The pre-
liminary history that is obtained by initial phone contact 
should orchestrate the pace and setting of subsequent evalu-
ation. The growing, noisy but seemingly healthy infant with 
stridor can have an ambulatory evaluation in an orderly man-
ner. The tachypneic, distressed infant with noisy breathing 
requires urgent evaluation in the emergency department or 
on the inpatient unit, where airway support is available as 
well as rapid diagnostic testing. A detailed history as dis-
cussed in the next few paragraphs will allow focus of our 
examination and precise use of ancillary tests.

The birth history should include determination of birth 
weight, gestational age at birth, and mode of delivery (vagi-
nal or Caesarean section). Details about duration of labor 
and need for assisted delivery (forceps, vacuum, etc.) should 
also be obtained. The improvements in the care of premature 
and/or low-birth weight infants have allowed survival of 
infants who have had aggressive and prolonged respiratory 
support in neonatal intensive care units. This support includes 
ventilation with endotracheal intubation, noninvasive sup-
port with positive airway pressure delivered by nose or face 
mask, and the use of surfactant to reduce the need for long- 
term intubation and ventilation. Neonates who have stridor 
after long periods of endotracheal intubation should be sus-
pected to have subglottic lesions, including subglottic steno-
sis or less commonly subglottic cysts.

The time of onset of the stridor can give useful clues to 
etiology as well. Congenital airway lesions can all cause stri-
dor close to the time of birth, but subtle differences in time of 
onset should be discussed. Laryngomalacia is the most com-
mon cause of neonatal stridor, but the high-pitched inspira-
tory stridor seen with this condition is usually noted a few 
days to a few weeks after birth. In fact, it usually worsens 
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over the first few weeks, reflecting dynamic collapse of 
supraglottic tissues with inspiration that worsens as a more 
active newborn has increased respiratory effort (Fig. 1). In 
contrast, congenital bilateral vocal cord paralysis presents as 
inspiratory stridor close to the time of birth, perhaps imme-
diately after delivery, reflecting a fixed airway lesion from 
adducted vocal cords during inspiration [1].

If an infant has been intubated or suctioned around the time 
of birth, details about the mode of instrumentation, size of endo-
tracheal tube, and duration of intubation can also shed light on 
etiology. A neonate who has been intubated even for a few sec-
onds to suction meconium in the delivery suite can suffer laryn-
geal trauma. While such trauma is almost always minor, a few 
infants have developed laryngeal granulomas that cause inspira-
tory stridor and hoarse cry a few days after birth [2].

The history should also include details about feeding, 
including changes in stridor quality and intensity during and 
after feeding. An infant with stridor who has feeding difficul-
ties or poor weight-gain may have more severe airway 
obstruction. Feeding difficulties may reflect poor coordina-
tion of swallow during the increased work of breathing with 
airway obstruction. Poor feeding in the presence of stridor 
can occur with laryngotracheal lesions that directly impair 
swallowing. Infants with large laryngeal clefts can have stri-
dor from inspiratory collapse of the redundant posterior 
supraglottic tissues surrounding the cleft, as well as the more 
classic aspiration of feeds through the abnormally patent pos-
terior larynx. Infants with gastroesophageal reflux can 
develop noisy breathing from an edematous, irritated larynx, 
or from aspiration of refluxate or swallowed feeds. While 
neonates with laryngomalacia can have associated esopha-
geal or even pharyngeal reflux of gastric contents, such reflux 

may result secondarily from increased intrathoracic pressures 
created by the airway obstruction at the laryngeal level [3].

A history of an abnormal cry, perhaps high-pitched, hoarse, 
or even aphonia, focuses the evaluation for stridor to glottic 
(true vocal cord) lesions. Neonates can have inspiratory stridor 
from unilateral vocal cord paralysis, as the one immobile cord 
causes relative airway narrowing at the glottic level. These 
infants have hoarse or weak cry because the immobile vocal 
cord, usually paralyzed off the midline (the so-called parame-
dian position), cannot abut the mobile vocal cord during pho-
nation or cry. Neonates with bilateral vocal cord paralysis have 
more severe stridor and airway obstruction, but the quality of 
cry may be closer to normal than in those with only one immo-
bile vocal cord. Neonates with abnormal cry can also have 
abnormalities of vocal cord structure, such as an anterior glot-
tis web that both restricts vocal cord motion and narrows the 
glottis airway (Fig. 2). Small glottic webs may not cause stri-
dor, but large webs can cause severe airway compromise and 
stridor, as they have longer lengths of fused vocal cords and 
are often associated with subglottic stenosis.

A history of barky or croupy cough or history of treatment 
for recurrent or atypical croup-like illnesses points to a subglot-
tic abnormality. Any history of laryngeal instrumentation sug-
gests the possibility of subglottic stenosis or cysts, although 
congenital subglottic stenosis can present as recurrent croup-
like illness without any history of previous intubation. A sub-
glottic hemangioma can cause barky cough and stridor that may 
transiently respond to the steroid treatment given for presumed 
croup. Subglottic hemangiomas usually cause inspiratory or 
biphasic stridor in the first few months of life, but not at birth, as 
the airway lesion proliferates early in infancy [4] (Fig. 3).

Fig. 1 Endoscopic view of laryngomalacia at time of supraglottoplasty. 
Note curled epiglottis and anteromedial displacement of supra- 
arytenoid mucosa Fig. 2 Anterior commissure web causing dysphonia but almost no stri-

dor, as web extends for about 1/3 of glottis length
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A detailed history should also elucidate any possible syn-
dromic diagnoses, familial disorders, or multi-system diseases 
that could explain neonatal stridor. Familial neonatal vocal 
cord paralysis has been described. Neonates with central ner-
vous system abnormalities such as hydrocephalus or Arnold-
Chiari malformation can present with stridor secondary to 
vocal cord paralysis. Children with congenital heart anomalies 
can have tracheal compression from cardiac enlargement or 
from associated anomalous intrathoracic vasculature; unilat-
eral vocal cord paralysis is similarly associated with congeni-
tal heart disease. Vocal cord paralysis and subglottic stenosis 
are both seen in young children after corrective cardiac sur-
gery and postoperative respiratory support [5].

A careful past surgical history is critical to determine the 
etiology of neonatal stridor, particularly for those who have 
had intervention to close a patent ductus arteriosus (PDA) or 
have required extracorporeal membrane oxygenation 
(ECMO) with cannulation of neck vessels [6, 7]. PDA liga-
tion and ECMO have been associated with unilateral vocal 
cord paralysis causing neonatal stridor, dysphagia, and dys-
phonia, by impaired function of the left recurrent laryngeal 
nerve (PDA) and the cervical vagus nerve (ECMO) motor 
innervations to the larynx.

The SPECS stridor history mnemonic, described by 
Hollinger, is a useful construct to focus history-taking, and to 
determine the speed of subsequent evaluation and need for 
intervention [8]. The assessment includes: S—Severity, 
P—Progression, E—Eating, C—Cyanotic spells: 
Apparent life-threatening events, S—Sleep: Obstruction 
so severe that retractions occur even during sleep.

Severity

The subjective impression regarding the severity of the obstruc-
tion and any accompanying respiratory distress, determines the 
urgency of planned investigations. The seemingly well neonate 
with mild stridor, no respiratory distress, and good feeding can 
have an orderly evaluation usually in the office setting, but the 
infant with signs of severe airway compromise requires imme-
diate intervention for diagnosis and possible intervention. While 
this assessment is mainly that of the bedside physical examina-
tion by experienced observers, the observations of parents and 
other caregivers are important.

Progression

Stridor that is present at birth suggests a fixed congenital nar-
rowing such as choanal atresia, laryngeal web, vocal cord 
paralysis, and subglottic or tracheal stenosis. If the stridor pro-
gresses during the first few weeks of life, and symptoms 
change with position and awake/asleep state, a dynamic lesion 
such as laryngomalacia is possible. If symptoms worsen 
steadily over time, with louder or more persistent stridor or 
worsening associated signs and symptoms, an enlarging air-
way mass such as subglottic hemangioma may be present.

Abrupt onset of stridor, with rapid progression, suggests 
infectious or inflammatory airway issues, such as viral croup, 
tracheitis, or epiglottitis. Such laryngeal infection is unusual 
in neonates. This clinical picture is also seen with airway 
trauma or foreign body aspiration. While foreign body aspi-
ration is often seen in toddlers and young children, the rare 
reports of neonatal foreign body aspiration usually involve 
iatrogenic airway foreign bodies associated with neonatal 
respiratory support [9].

Eating

Any history of feeding difficulties, symptoms of aspiration, 
or failure to thrive suggests more severe airway obstruction 
or an anatomic lesion that affects swallowing as well as air-
way patency. Lesions of the nasal cavity, nasopharynx, and 
pharynx are more likely to cause feeding difficulties than 
those in the lower airways. Slow feeds, frequent pauses for 
breathing, and cough or spitting-up with feeds may be 
reported in some stridorous neonates. As discussed above, 
aspiration and cough can occur in infants with vocal cord 
paralysis, tracheoesophageal fistula, or laryngeal clefts, each 
of which can interfere with the necessary exclusion of food 
from the airways. Additionally, tracheal obstruction  
and esophageal compression can coexist, particularly with 
intrathoracic vascular anomalies such as the double aortic 
arch and other compressive rings (Fig. 4a, b).

Fig. 3 High-grade airway obstruction from near circumferential 
involvement of subglottic hemangioma

Differential Diagnosis of Stridor in the Newborn: Guidelines for a Time-Efficient and Cost-Effective Evaluation



192

Cyanotic Spells

Any stridorous infant who has cyanotic spells, severe respi-
ratory distress with neck or chest retractions, or with a his-
tory of a “near-miss” or apparent life-threatening event 
(ALTE) requires urgent evaluation and management. These 
infants are usually admitted for cardiorespiratory monitoring 
and multidisciplinary work-up. Cardiovascular and central 
nervous system disorders need to be excluded in the infant 
with cyanotic spells and ALTE, particularly when stridor is 
intermittent or absent. However, an infant with a confirmed 
airway lesion can have concomitant cardiovascular, pulmo-
nary, and/or central nervous system disorders. This is often 
the case in syndromic infants, as well as in neonates who 
have had prolonged, complicated intensive care unit stays.

Sleep

Stridor may improve or may worsen during sleep. Some neo-
nates with airway obstruction will suffer from obstructive 
sleep apnea, with relaxation of upper airway musculature 
causing multi-level airway obstruction. Airway obstruction 
at the pharyngeal level often worsens during sleep, most 
classically demonstrated by infants with glossoptosis and the 
Pierre-Robin triad. Stridor from laryngeal and tracheobron-
chial obstruction usually is loudest in the awake and agitated 
infant, with fewer symptoms during sleep.

Physical Examination

The general examination of the neonate with stridor is a key 
in determining the severity of airway compromise. In addi-
tion to routine vital signs, pulse oximetry may be helpful as 
a screen for severe respiratory difficulties. One should be 
cautioned that a normal room air arterial oxygen saturation 

reading by no means excludes severe airway obstruction, as 
ventilation may be severely compromised before arterial 
oxygen desaturation occurs. The nature of the stridor can be 
determined, with relation to the phase of respiration as well 
as whether it is high or low-pitched, constant or intermittent, 
or variable with body position.

The presence of tachypnea, severe retractions, lethargy,  
cyanosis, or seemingly poor airway movement in an infant with 
stridor suggests the need for near simultaneous airway evalua-
tion and airway support. In some circumstances this requires 
urgent transport to the operating room for diagnostic airway 
endoscopy and support with endotracheal intubation, tracheot-
omy, or other intervention depending on the nature of the airway 
lesion. The neonate with stridor who is otherwise stable can 
usually be evaluated in the clinic setting or at the bedside.

The general examination will include inspection of the 
head and neck, with attention to presence or absence of cra-
niomaxillofacial deformities. Infants with microtia, absence 
or deformity of one or both auricles, can have associated 
mandibular hypoplasia and asymmetry, resulting in relative 
airway obstruction (Fig. 5). More obvious deformities of the 
external nose, nasal ala, mouth shape and size, jaw size and
position, etc. should be documented. Infants with facial hem-
angiomas, especially those around the lips, mouth, and chin, 
may have stridor from laryngeal hemangiomas. Inspection of 
head and neck, the chest wall anatomy and dynamics, as well 
as the limbs, may suggest a syndromic diagnosis that includes 
an airway abnormality. For example, an infant with stridor, 
misshapen helices, and a submucosal cleft palate may have 
velocardiofacial syndrome, a condition that is associated 
with glottic webs and vascular rings.

The nose is examined, looking at size, patency of nostrils,
abnormal secretions and masses. The choanal openings can 
be assessed by passing catheters through the nose, but it is a 
simple task to assess choanal patency during transnasal fiber-
optic laryngoscopy. The oral cavity and oropharynx is 
inspected for masses, abnormal tongue shape and position, 

Fig. 4 Enhanced computed tomographic images of (a) double aortic arch surrounding the trachea and the esophagus causing (b) severe narrowing 
of the distal trachea
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overt and occult palate clefts, etc. While obstructive airway 
lesions may not be seen, the clinician may see features to 
suggest more diffuse issues with neuromotor tone or even 
syndromic diagnosis.

Auscultation of the lung fields and even over the neck/
larynx may amplify features of the stridor, particularly for 
children with intrathoracic lesions, cardiac disease, or abnor-
malities of chest wall/lung dynamics. The neck should be 
examined to look for retractions as well as for masses that 
may affect airway function.

Symptoms of airway obstruction, including stridor, may 
vary with position of the infant. The exam can include evalu-
ation while supine, prone, and upright. The infant with laryn-
gomalacia has worsened stridor when supine, improved 
when upright or prone. Similarly, the micrognathic infant 
with airway compromise from the Pierre-Robin triad is 
worse in the supine position, but airway obstruction in this 
infant worsens when sleeping, unlike infants with 
laryngomalacia.

When stridor is subtle or not observed in the clinic  
setting, we ask parents to make audio–video recordings, 
often using smartphone cameras, to help share concerning 
observations. Additionally, we will observe for the emer-
gence of stridor in the active/agitated infant, usually during 
the fiberoptic laryngoscopy described later in this chapter.

Specialized Examinations and Procedures

Fiberoptic Laryngoscopy (FOL)

Fiberoptic laryngoscopy, or flexible laryngoscopy, is the key to 
our specialized examination to assess both dynamic and fixed
lesions of the upper airway, viewing from the nose to the lar-

ynx. We routinely perform this in the clinic for the great majority 
of infants with stridor, once we have ruled out severe airway 
compromise. While the indication we discuss here is neonatal 
stridor, fiberoptic laryngoscopy is also used to evaluate stertor, 
feeding difficulties, cough, or abnormal cry in infants.

Fiberoptic laryngoscopy is most often performed in an 
awake infant who is held upright on the lap of an assistant 
(Fig. 6). While topical decongestants such as oxymetazoline
can be used to reduce mucosal swelling in the nose, the rou-
tine use of topical anesthetics (lidocaine, tetracaine) is 
avoided in neonates who have respiratory and/or swallowing 
issues, as impaired pharyngeal sensation may worsen respi-
ratory function. While small caliber scopes (2.7 mm) have 
been developed for use in neonates, the senior author prefers 
a 3.5 mm scope for most full-term neonates and young 
infants, as the larger scope provides better image quality. The 
small caliber scopes are useful for preterm infants or infants 
with nasal narrowing such as seen with piriform aperture ste-
nosis. Video recording is routine, and is useful for serial 
documentation of changing lesions, careful assessment of 
dynamic issues such as vocal cord motion, and education of 
parents/caregivers.

The flexible scope is passed through both sides of the nose 
and advanced to the nasopharynx, assessing for nasal patency 
and obstructive masses. Nasal masses such as congenital dac-
ryocystoceles can cause airway distress in neonates, who are 
obligate nasal breathers, as can choanal stenosis or atresia. 
Soft palate movement can be assessed, nasopharyngeal nar-
rowing can be viewed, and hypopharyngeal anatomy and 
dynamics can be observed. A detailed view of the anatomy 
and movement of the base of tongue, the supraglottic larynx, 
and the vocal cords with respiration should be obtained, The 
subglottis can often be seen during full abduction of the vocal 
cords, but most practitioners will not routinely advance the 
scope below the vocal cords during the evaluation of an awake 
stridorous neonate in the clinic setting.

Fig. 5 Infant with severe airway obstruction from mandibular hypopla-
sia. Note associated ear anomalies

Fig. 6 Awake fiberoptic laryngoscopy to evaluate a young infant with 
stridor
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This examination can also be performed rapidly at NICU/
nursery bedside or in the clinic setting, and requires no seda-
tion or airway control. It is ideal for assessing dynamics of 
respiration such as pharyngeal tone, tongue position, supra-
glottic collapse, and vocal cord motion, all of which can be 
correlated with observed respiratory sounds. The subglottis 
and trachea are not visualized, so lesions such as subglottic
or tracheal stenosis are best diagnosed with operative laryn-
goscopy and bronchoscopy. Posterior laryngeal clefts can be 
missed on fiberoptic laryngoscopy because the redundant 
 tissues around the cleft may obscure the lesion.

Fiberoptic endoscopic evaluation of swallowing (FEES) has 
been introduced as a method to assess swallowing abnormalities 
in infants with feeding problems, with or without observed air-
way obstruction and/or stridor. The FOL examination described 
above is supplemented with real-time observation of the hypo-
pharynx and larynx during swallows of colored boluses of vary-
ing consistencies. The ability to exclude the swallowed material 
from the laryngeal intraoitus and trachea is assessed, and laryn-
geal and hypopharyngeal sensation can be tested as well. FEES 
has been used to look for anatomic correlates of swallow dys-
function as a supplement to video-fluoroscopic assessments 
(“modified” barium swallow). FEES also can be used as a pri-
mary assessment of swallow function in neonates to limit expo-
sure to the ionizing radiation of fluoroscopy.

Direct Laryngoscopy/Bronchoscopy

The neonate with stridor may require examination in the 
operating room under general anesthesia for accurate diag-
nosis and appropriate treatment of airway obstruction. While 
a full discussion of operative treatment of neonatal laryngo-
tracheal lesions is outside the scope of this chapter, safe 
direct laryngoscopy and rigid bronchoscopy in neonates 
requires coordinated pediatric endoscopic and anesthetic 
expertise. Except for the most urgent of circumstances, such 
airway endoscopy is usually done with the most likely diag-

noses already considered, with the possible treatments 
planned before surgery. Consider these examples: (1) an 
infant who has failed extubation in the NICU, with suspected 
subglottic stenosis, should undergo confirmation of the diag-
nosis with direct laryngoscopy and rigid bronchoscopy. The 
surgeon should be prepared to perform: airway dilation with 
balloon catheters or other means if a soft, mild subglottic 
stenosis is found, tracheotomy if multi-level severe airway 
lesions are found, or excision/drainage of subglottic cysts if 
these are present; (2) a stridorous infant with failure-to-thrive 
and severe laryngomalacia observed on awake fiberoptic 
laryngoscopy should undergo direct laryngoscopy and bron-
choscopy to rule out additional airway lesions, and can 
undergo supraglottoplasty during the same anesthetic.

Operative laryngoscopy and bronchoscopy allows visual-
ization of the airways down to the level of bronchi, palpation
of observed lesions, and measurement of the caliber of the air-
ways and the severity of any narrowings. Interventions can be 
performed, including biopsy or debulking of masses, excision 
or incision of affected tissues, dilation of narrowed areas, 
removal of foreign bodies, and stabilization of a compromised
airway with endotracheal intubation or with a rigid ventilating 
bronchoscope. The use of the Hopkins rod telescope and mod-
ern video documentation allows high-quality images far supe-
rior to conventional fiberoptic scopes. An assortment of 
laryngoscopes designed for optimal exposure of the neonatal 
larynx are available, a “favorite” being the Benjamin-Parsons 
scope (Karl Storz) that allows suspension of the larynx into
view for full instrumentation as well as passage of an endotra-
cheal tube (Fig. 7a, b). Rigid ventilating bronchoscopes allow 
oxygenation and ventilation through the endoscope, examina-
tion of the more distal airway into lobar and segmental bron-
chi, biopsy of lesions through working channels, and removal 
of foreign bodies with specialized forceps.

This procedure is best suited for evaluation of the subglot-
tis and trachea, when lesions such as subglottic stenosis, tra-
cheal stenosis, subglottic cysts, tracheomalacia, or aspirated 
foreign bodies are suspected (Figs. 8 and 9a, b). Palpation 

Fig. 7 Suspension laryngoscopy allows (a) high-quality real-time images as well as (b) two handed instrumentation
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and measurement of airway lesions can be performed. Full 
appreciation of laryngeal/pharyngeal dynamics is not 
afforded during general anesthesia, so dynamic lesions such 
as laryngomalacia or vocal cord paralysis are best diagnosed 
outside the operating room.

Imaging Studies in the Diagnosis of Neonatal 
Stridor

Radiologic studies are helpful to assess laryngotracheal anat-
omy as well as neck soft tissues and thoracic structures in 
relation to the airways. We must make great effort to limit the 

exposure of young children to ionizing radiation, given the
uncertain oncologic risk of even small exposures over a long 
expected lifetime [10]. With this in mind, selection of the 
most appropriate imaging modality should be based on clini-
cal suspicion arising from the history and examination out-
lined above. Imaging studies should be obtained only when 
the results will impact treatment or prognosis, and the stud-
ies should be selected carefully and performed with pediatric 
protocols to limit exposure.

Soft tissue neck radiographs, performed with high kV set-
tings, provide information about subglottic and cervical tra-
cheal caliber as well as the relationships of surrounding soft 
tissue such as the base of tongue and the retropharyngeal 
tissue. Such films can suggest or diagnose vallecular cysts, 
subglottic stenoses or masses, and retropharyngeal swellings 
(Fig. 10). Chest radiographs can detect pulmonary or cardiac 
pathology and allow a measure of tracheal size. Chest films
can be the first clue to the presence of an abnormal aortic 
arch, a tracheal stenosis, or a cardiac or pulmonary abnor-
mality associated with stridor (Fig. 11).

Technical issues in obtaining such films of diagnostic 
quality in critically ill neonates often lead to additional or 
alternative testing, either with endoscopy or other imaging 
modalities. Airway fluoroscopy can detect dynamic changes 
in tracheal caliber, such as the collapse of the trachea that is 
seen in infants with tracheomalacia. Fluoroscopy can also be 
used to assess diaphragm movement and to look for abnor-
mal mediastinal shifts/pulmonary dynamics seen with bron-
chial obstruction from an aspirated foreign body or some 
other bronchial obstruction. The sensitivity and specificity of 
airway fluoroscopy compared to direct laryngoscopy and 
bronchoscopy for diagnosis of airway lesions in children 
have been debated [11–13]. It appears that fluoroscopy is 
most useful for subglottic and tracheobronchial lesions, and 
is less helpful for diagnosis of laryngomalacia and other pha-
ryngeal/supraglottic pathology.Fig. 8 Acquired subglottic stenosis in an infant with a history of pro-

longed intubation

Fig. 9 Subglottic cysts viewed from (a) from above the vocal cords and (b) below the vocal cords
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Contrast esophagrams and modified barium swallow 
studies are useful studies for infants with stridor and feeding 
problems. The esophagrams may show focal constriction 
suggestive of vascular compression in the chest. The modi-
fied barium swallows can detect aspiration at the laryngeal 

level, or lower, that can suggest vocal cord motion impair-
ment, laryngeal cleft, or tracheoesophageal fistula.

Computed tomography (CT) and magnetic resonance 
imaging (MRI) studies are not first-line studies for diagno-
sis of stridor in neonates. Computed tomography involves 
ionizing radiation, and magnetic resonance imaging of
infants usually requires general anesthesia with airway 
control. Such scans should be used to detail anatomy for a 
diagnosis already suspected based on history, examination, 
and endoscopy. These scans are often used to plan therapy 
rather than to diagnose an airway lesion. For example, an 
MRI or CT angiogram may be used to detail the intratho-
racic vascular anatomy when examination or endoscopy is 
suggestive of a vascular ring. Similarly, a neonate with 
nasal obstruction in the posterior nasal cavity on nasal 
endoscopy should undergo axial computed tomography to 
confirm the diagnosis of choanal atresia, determine whether 
the atresia plate is bony or membranous, and rule out addi-
tional craniofacial anomalies (Fig. 12).

High-resolution “spiral” CT scans can be used to create 
virtual endoscopic images [14]. These images may help 
measure tracheobronchial lesions without bronchoscopy. 
This can avoid multiple bronchoscopies and may be safer 
than bronchoscopy for infants with high-grade obstruction or 
long-segment tracheal stenosis. These scans can define the 
role of intraluminal and extrinsic components of complex 
airway obstruction in infants.

Imaging of the central nervous system, usually with CT or 
MRI, is performed when abnormalities of pharyngeal tone 

Fig. 10 Lateral neck film of an infant with a vallecular cyst causing 
inspiratory stridor

Fig. 11 Chest radiograph showing long-segment tracheal stenosis and 
calcification in an infant with chondrodysplasia punctata

Fig. 12 Axial computed tomography showing bony bilateral choanal 
atresia in an infant with CHARGE syndrome
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are seen or when vocal cord motion is impaired. Congenital 
bilateral vocal cord paralysis is associated with Arnold- 
Chiari malformation, usually diagnosed with CT or 
MRI. Craniofacial CT scans can be performed with recon-
structions to analyze the three-dimensional anatomy of 
complex syndromic anomalies.

Ultrasound has been used to evaluate vocal cord motion in 
children as well as to study other airway lesions such as 
recurrent respiratory papillomatosis [15, 16]. While appeal-
ing because of the lack of ionizing radiation, this modality
has a limited role for diagnosis of stridor in neonates. 
Ultrasound can play a role in prenatal evaluation of fetal 
neck masses prior to EXIT procedures and for postnatally 
diagnosed neck masses. Virtually all infantile neck masses 
that cause airway obstruction will require anatomic investi-
gation with CT or MRI.

Other Studies for Evaluation of Infants 
with Stridor

Neonates with stridor may require additional testing to 
determine the diagnosis of the primary airway lesion, to 
assess the severity of the airway obstruction, and to rule out 
concomitant neurologic or aerodigestive disease. 
Echocardiography may determine the presence of congeni-
tal cardiac anomalies, particularly in stridorous neonates 
with vocal cord paralysis, vascular rings, or syndromic diag-
nosis. Polysomnography can diagnose and quantify obstruc-
tive sleep apnea/hypopnea syndrome in young infants. 
These sleep studies can help assess the need for intervention 
for infants with craniofacial anomalies, micrognathia, or 
laryngomalacia. Infants who have feeding difficulties or 
signs of gastroesophageal reflux can benefit from specific 
testing for reflux, most often with esophagogastroduodenos-
copy (EGD) with biopsies. EGD often can be done at the 
time of airway endoscopy under anesthesia.

The evaluation of stridor in young infants is often a 
multidisciplinary effort, requiring input from neonatolo-
gists, otolaryngologists, and pulmonary physicians. 
Additionally, these diagnostic approaches may require 
consultations with neurologists, cardiologists, and geneti-
cists. Specific testing for defined genetic syndromes and 
suspected neurologic/developmental disorders may be 
needed for complex patients.

The Differential Diagnosis of Neonatal 
Stridor

This discussion of the specific disease processes and ana-
tomic abnormalities that cause neonatal stridor is organized
here anatomically, starting at the nose and mouth and pro-

ceeding through the pediatric airway is a manner similar to a 
well-performed airway endoscopy.

The Nose and Nasopharynx

Neonates are obligate nasal breathers, and nasal obstruc-
tion can cause inspiratory stridor, stertor, retractions, and 
respiratory distress that worsen with feeding. Nasolacrimal 
duct cysts (dacryocystoceles) arise in the inferior meatus of 
the nose and can block the nasal airway. While some resolve 
spontaneously, transnasal excision or marsupialization is
curative. Piriform aperture stenosis is narrowing of the 
bony nasal inlet from overgrowth of the maxillary promi-
nences; this lesion can occur with syndromes and has been 
associated with feeding disturbance as well as central ner-
vous system disorders such as holoprosencephaly. This rare 
lesion is diagnosed by nasal endoscopy, and may require 
surgical drillout through a sublabial approach. Choanal 
atresia is a bony, membranous, or mixed blockage of the 
junction of nasal cavity and nasopharynx. Choanal atresia 
can be an isolated lesion, or in about half of cases is associ-
ated with multi-system syndromic disease such as 
CHARGE syndrome. When catheters cannot pass through 
the nose into the pharynx, this diagnosis should be con-
firmed by fiberoptic endoscopy and CT scan. Transnasal 
endoscopic repair with or without stents is the most popular 
surgical approach for choanal atresia.

The nasopharynx of an infant can be obstructed by 
unusual masses such as meningoencephaloceles and ter-
atomas. Surgical excision is the treatment of choice, 
after thorough investigation of the skull base anatomy, 
usually with MRI.

The Pharynx and Hypopharynx

Neonatal airway obstruction at the pharyngeal and hypopha-
ryngeal level usually involves combinations of abnormal cra-
niofacial structure, poor neuromotor tone, or malformed/
bulky pharyngeal soft tissues. Stertor, inspiratory stridor, 
obstructive sleep apnea, and feeding difficulties are the key 
features of obstruction at this level. The standard head and 
neck examination, fiberoptic laryngoscopy, and polysom-
nography are the most helpful diagnostic endeavors. A struc-
turally normal pharynx and larynx in the presence of poor 
pharyngeal tone should lead to a full neurologic evaluation 
and perhaps central nervous system imaging. Macroglossia 
associated with syndromic diagnoses (Beckwith-Weidemann, 
Down), masses in the pharynx (lymphatic malformations, 
vallecular cysts), and craniofacial anomalies (Pierre-Robin 
triad, midfacial hypoplasia) all can cause neonatal airway 
obstruction. Obstruction at this level can be simple or complex, 
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but is often multifactorial. Treatment is based on site of 
obstruction and severity, ranging from observation and posi-
tioning when mild to tracheotomy when severe.

Supraglottic Larynx

Inspiratory stridor is the hallmark of supraglottic obstruction. 
Laryngomalacia, inspiratory collapse of the supraglottic tis-
sues, is the most common cause of neonatal stridor, causing 
about 60–70 % of cases. Most infants with laryngomalacia can 
be managed expectantly, but some severe cases are associated 
with obstructive sleep apnea, failure to thrive, and even ALTEs. 
Awake fiberoptic laryngoscopy is diagnostic, but direct laryn-
goscopy and bronchoscopy, or radiologic imaging, may be 
necessary to exclude additional airway lesions. The frequency 
of such secondary airway lesions is debated, with estimates 
between 7.5 % to more than 65 % [17]. Supraglottoplasty is an 
effective treatment for the subset of infants that requires inter-
vention. Mass lesions on the epiglottis, saccular cysts, and 
laryngoceles may mimic laryngomalacia, but these can be dis-
tinguished by endoscopy.

The Glottis (True Vocal Cords)

Obstruction at the glottic level causes inspiratory stridor, 
often accompanied by abnormal cry. Vocal cord paralysis, 
described previously, can be unilateral or bilateral. This 
entity is the second most frequent cause of neonatal stridor, 
but the exact incidence is not known [18]. It is best diag-
nosed with awake fiberoptic laryngoscopy. Congenital bilat-
eral vocal cord paralysis usually causes inspiratory stridor 
with severe airway obstruction at birth. Tracheotomy is often 
but not invariably needed. Laryngeal webs cause dysphonia 
and airway obstruction with severity of symptoms directly 
related to the extent of affected vocal folds. Neonatal stridor 
and hoarse cry is also seen after traumatic or prolonged 
endotracheal intubation, with vocal cord avulsion, glottic 
scarring, and secondary granulomas possible.

The Subglottis

The subglottis contains the cricoid ring, the narrowest fixed 
portion of the pediatric airway. This area is vulnerable to intu-
bation trauma. Subglottic stenosis is third most common cause 
of neonatal stridor in most series, and presents inspiratory or 
biphasic stridor, signs of airway obstruction, or history of 
failed extubation. Acquired subglottic stenosis after intubation 
can range in extent, and severe cases can include vocal cord 
motion impairment from posterior glottis fixation. Congenital 
subglottic stenosis is usually associated with an elliptically 

shaped cricoid cartilage or an abnormal relation of the cricoid 
with the first tracheal ring. Other subglottic lesions that cause 
neonatal airway obstruction are subglottic cysts, usually asso-
ciated with prior intubation, and subglottic hemangioma. 
While subglottic lesions can occasionally be seen with awake 
fiberoptic laryngoscopy, direct laryngoscopy under general 
anesthesia is the diagnostic procedure of choice for visualiza-
tion of lesions and assessment of severity.

Trachea

Intrinsic and extrinsic lesions can narrow the trachea of the 
neonate and cause expiratory stridor that is sometimes low- 
pitched or goose-like. The presence of such stridor in the 
face of a normal laryngeal examination should initiate either 
radiologic studies or direct laryngoscopy and bronchoscopy 
to fully assess tracheal caliber and function. Tracheomalacia 
is a dynamic narrowing of the trachea, and it is often associ-
ated with extrinsic tracheal compression such as a vascular 
ring, tracheoesophageal fistula, abnormal chest anatomy, or 
an enlarged heart. Intrinsic cartilage abnormalities can also 
cause tracheomalacia. Tracheomalacia is best diagnosed 
using flexible bronchoscopy during spontaneous respiration.

Tracheal stenosis can vary in both severity of the narrowing 
and the length of affected trachea; severe lesions may require 
extensive open surgery with slide tracheoplasty, the most widely 
performed procedure. Initial work-up should include radio-
graphic imaging, from chest radiographs to spiral CT scans, fol-
lowed by diagnostic bronchoscopy. Tracheal compression from 
vascular rings include the double aortic arch (50–60 % of rings) 
and the right aortic arch with aberrant left subclavian artery and 
ligamentum arteriosum (12–25 % of rings) [19]. Vascular com-
pression of the trachea can cause neonatal stridor that often does 
not immediately improve with surgical division of the ring, as 
the secondary tracheomalacia can take months to resolve. 
Vascular compression is suspected by echocardiography or 
bronchoscopy, but precise anatomic features are confirmed by 
CT angiography or MRI/MR angiography.

Conclusion

Stridor in the neonate can be a sign of a self-limited innocu-
ous problem, like mild laryngomalacia, or it may be the clue 
to the presence of severe or progressive life-threatening air-
way obstruction, like long-segment tracheal stenosis. The 
features of the stridor, the associated symptoms and signs, 
and examination of a keen observer should focus the subse-
quent evaluation (Table 1). A focused history and examina-
tion should suggest the site of airway obstruction in the noisy 
infant, and selected endoscopic evaluation and imaging 
should confirm the precise airway diagnosis.
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           Introduction 

 Radiology of the airways in newborns and infants is challenging 
due the small size of their anatomy, their inability to follow breath-
ing instructions, and the concern for long-term effects of radiation 
exposure. While some patients can be managed with observation 
or empiric therapy, for other patients the diagnosis may remain 
uncertain, and imaging is an essential part of management. 
Radiology serves to detect airway abnormalities, guide therapy, 
assist with preoperative planning, and help avoid invasive testing. 
A combination of static and dynamic imaging provides both struc-
tural and physiologic information about airway lesions. A variety 
of imaging modalities is available, but multidetector computed 
tomography (CT) provides the highest yield of information, and in 
recent times it became the preferred choice for evaluation of the 
large airways [ 1 ,  2 ]. This chapter will provide an overview of radi-
ology of the neonatal airway, including available imaging meth-
ods, and typical imaging features of specifi c airway disorders.  

   Imaging Approach 

 In neonates with suspected airway disease, a systematic 
imaging approach begins with conventional radiographs of 
the neck and chest, which can be performed rapidly and help 

exclude gross abnormalities. After conventional radiography, 
further imaging is tailored to the clinical scenario. Airway 
fl uoroscopy is used for real-time observation of the airways in 
evaluation of tracheobronchomalacia [ 3 ]. Contrast esophago-
gram also uses a fl uoroscopic technique, but with oral inges-
tion of radiopaque material (barium) to assess for 
esophageal-related disorders such as aspiration, tracheo-
esophageal fi stula (TEF), or vascular ring. 

 For neonates who require evaluation beyond conventional 
radiography or fl uoroscopy, cross-sectional methods (CT and 
magnetic resonance imaging (MRI)) offer advanced ana-
tomic imaging. CT is superb for rapid evaluation of the air-
ways, lungs, and mediastinal structures. MRI is also a 
powerful modality that provides similar information to CT, 
but it may need use of sedation or general anesthesia, which 
can be challenging in neonates with airway compromise. 
Unlike radiography, fl uoroscopy, and CT, MRI does not use 
ionizing radiation. 

 The following sections of this chapter describe each of 
these modalities in greater detail.  

   Imaging Techniques 

   Chest Radiograph 

 Conventional radiographs are fi rst-line for imaging airway 
diseases in neonates. They are relatively cheap and easily 
accessible, and can be performed as a portable exam in the 
neonatal intensive care unit. Radiographs of the chest and 
neck are performed in frontal (anterior–posterior or posterior–
anterior) and lateral projections. For assessment of the neck 
and upper thoracic airway, magnifi cation with a high kilovolt-
age (kV) selective fi lter is used [ 4 ]. This method decreases 
overlying bony shadows and improves visualization of the air-
way. It is important to ensure that the patient is correctly posi-
tioned without fl exion or rotation, which can affect accuracy 
of interpretation. Bilateral decubitus views (or in older chil-
dren, inspiratory and expiratory views) is sometimes helpful 
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in detecting unilateral air-trapping  secondary to bronchial 
obstruction from foreign body aspiration [ 3 ,  5 ], but has limited 
utility in the neonatal age group. In general, radiographs are a 
useful screening tool, and serve to rapidly assess for major 
abnormalities (e.g., masses, mediastinal shift). However, 
because radiographs are a planar rather than cross-sectional 
technique, anatomic detail is limited compared to other types 
of imaging or compared to direct visualization [ 5 ,  6 ].  

   Airway Fluoroscopy 

 Unlike a static chest radiograph, airway fl uoroscopy is a 
dynamic exam, during which the airway is observed typi-
cally in frontal and lateral projections throughout the respira-
tory cycle. Change in caliber or collapse of the airway 
indicates malacia. During fl uoroscopy, the lung fi elds can 
also be observed for expiratory air-trapping, and the motion 
of the diaphragm can be assessed. Abnormal fi ndings on 
fl uoroscopy are specifi c for diagnosis of laryngomalacia, tra-
cheomalacia, airway stenosis, and even airway masses [ 7 ]. 
However, airway fl uoroscopy has extremely variable sensi-
tivities reported for most common neonatal airway diseases, 
especially glottic or supraglottic lesions [ 7 ,  8 ]. Thus, patients 
with negative fl uoroscopy may require further investigation 
with other imaging modalities, or with airway endoscopy.  

   Contrast Esophagography 

 Fluoroscopic contrast exam of the esophagus (contrast 
esophagography) is helpful in diagnosis of certain airway- 
related disorders such as TEF, aspiration, and gastroesopha-
geal refl ux. 

 During a contrast esophagogram, barium is used to 
opacify the esophagus while the esophagus is observed fl uo-
roscopically in real-time. If needed, this exam can be per-
formed in conjunction with airway fl uoroscopy while the 
patient is in the radiology department. The motility, caliber, 
and contour of the esophagus are examined in multiple pro-
jections, while looking for extrinsic compression that may 
indicate a vascular ring (Fig.  1a, b ). Contrast is administered 
orally via a baby bottle, or if necessary a catheter-tipped 
syringe. In small or critically ill neonates, more precise and 
controlled administration is obtained by injecting contrast 
through a feeding tube, which is then slowly withdrawn 
along the length of the esophagus. This method is especially 
important for demonstrating TEFs [ 9 ]. Barium is the pre-
ferred contrast agent for fl uoroscopic exam of the esophagus, 
although in select cases such as postoperative patients, a 
water soluble contrast agent should be used.

   Due to the complexity of its mechanism, swallowing is 
not thoroughly evaluated on a routine esophagogram or 
upper GI series. Swallowing dysfunction is better assessed 
with a modifi ed barium swallow (MBS), during which 
the infant is fed in a semiupright position using barium- 
impregnated materials of various textures. These exams are 
recorded in real-time for later playback and detailed review. 
The MBS is useful for detecting laryngeal penetration and 
aspiration, and to aid in formulation of feeding plans.  

   Computed Tomography 

   Advantages 
 Recent technologic advances have allowed multidetector CT 
to become a powerful tool for imaging of the airways in 
small patients. Unlike bronchoscopy, CT is noninvasive, and 

  Fig. 1    Frontal view ( a ) from a 
contrast esophagogram shows a 
smooth round impression on the 
right side of the upper esophagus 
due to a right aortic arch ( arrow ). 
On the lateral view ( b ) there is a 
posterior impression on the 
esophagus due to an aberrant left 
subclavian artery ( arrow ). These 
fi ndings constitute a vascular ring       
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can evaluate both the airway wall and the surrounding struc-
tures, rather than just the mucosal surface. Also unlike bron-
choscopy, CT can demonstrate synchronous airway lesions, 
as well as demonstrate the distal effects of airway obstruction 
such as air-trapping and atelectasis [ 10 ]. CT offers numerous 
advantages over other imaging modalities, including a rapid 
acquisition time, decreased need for sedation, large fi eld of 
coverage, high spatial resolution, and the ability to generate 
two-dimensional (2D) and three-dimensional (3D) reformat-
ted images [ 2 ]. In addition, paired inspiratory–expiratory 
imaging and cine imaging can be performed using CT [ 2 ].  

   Technique 
 Unlike the simple conventional radiographic techniques 
described earlier, patient preparation is important in CT for 
maximizing image quality. With the large number of CT 
detectors available in modern machines, scanning times are 
relatively fast (in the order of seconds), and the majority of 
neonates do not require general anesthesia with intubation. 
Light sedation is recommended for CT exams in older infants 
[ 2 ], which will minimize motion artifact, but still allow the 
patient to independently maintain an airway. 

 For patients with suspected tracheobronchomalacia who 
require both inspiratory and expiratory phase CT, controlled 
ventilation techniques should be used. In intubated patients, 
positive pressure is applied during inspiration, and pressure 
is withheld during expiration [ 2 ]. In this way, the patient can 
be scanned fi rst in “end-inspiration” and then in “end- 
expiration.” In sedated non-intubated patients, hypocarbia 
can be induced by augmenting inspiration through a face- 
mask. This results in a short apneic period (via the “Hering- 
Breuer refl ex”) during which the patient is scanned at the 
desired degree of airway distention [ 10 ]. In patients for 
whom a controlled ventilation technique is not feasible, cine 
CT can be performed by rapidly acquiring axial images at 
specifi ed levels, with the scan being performed throughout a 
free breathing respiratory cycle. 

 Because of the inherent contrast between the airways and 
soft tissue structures, routine CT evaluation of the airways 
does not require intravenous (IV) contrast. However in the 
absence of a specifi c indication or a previously known air-
way diagnosis, IV contrast should be used to defi ne the 
mediastinal structures, and to assess for vascular anomalies 
such as rings or slings [ 2 ]. Note that prior to contrast- 
enhanced CT, patients must be thoroughly screened for risk 
factors for adverse reactions to contrast media, including 
contrast nephropathy and anaphylaxis. The recommended 
type of contrast material is a nonionic low-osmolar formula-
tion, and the volume administered is calculated based on 
patient weight (typically 2 cm 3 /kg) [ 2 ]. The preferred method 
of contrast administration is through a mechanical power 
injector. For infants with smaller caliber catheters or central 
venous lines, contrast can be administered manually (“hand 
injection”) [ 2 ]. 

 Technical parameters for performing neonatal chest CT 
vary by scanner type. In general, the machine with greatest 
number of CT detectors is best, and the minimum suggested 
number is 16 detectors. In accordance with the ALARA 
principle (As Low As Reasonably Achievable), radiation 
exposure to the patient should be minimized by adjusting CT 
parameters (milliamperage, kilovoltage) appropriately for 
the patient’s age and weight. Ultra-low radiation dose tech-
niques can still provide high quality, diagnostic CT images of 
the airways [ 1 ,  2 ,  11 ]. In patients requiring paired inspiratory–
expiratory CT, the second (expiratory) series can be per-
formed using even further dose reduction, without affecting 
diagnostic confi dence [ 11 ].  

   Image Analysis 
 The fi rst step in interpretation of airway CT is review of the 
source (axial plane) images. Following this, the radiologist 
performs several post-processing steps using a specialized 
workstation, in order to fully understand the nature and 
extent of the airway lesion, and to defi ne complex anatomy. 

 2D reconstruction techniques include curved planar refor-
matting (CPR), in which images can be created as 
 reformations of the curve along the axis of the airway. This 
allows accurate airway length measurements, which can be 
used for treatment planning. Another 2D reconstruction 
technique is minimum intensity projection (MinIP) refor-
matting, in which images are formed by projecting the vox-
els with lowest attenuation (e.g., those in air-fi lled structures 
such as the airways and lungs). This enhances visibility of 
the tracheobronchial tree and lung parenchyma [ 2 ]. 

 The key 3D reconstruction method used for airway eval-
uation is volume rendering. In this method, a computer 
algorithm detects the edges of the airway wall and creates a 
surface rendering. An external rendering (“virtual bron-
chography”) allows one to view the outer surface of the air-
way wall, and its relationship to surrounding structures. An 
internal rendering (“virtual bronchoscopy”) allows one to 
view the inner lumen of the airway, which mimics conven-
tional/direct bronchoscopy. These methods are extremely 
useful for depicting complex anatomic relationships in three 
dimensions. Volume rendering provides life-like images, 
which may preclude the need for conventional bronchos-
copy [ 2 ,  5 ] (Fig.  2a ).

       Magnetic Resonance Imaging 

 Like CT, MRI is a cross-sectional imaging modality which 
can provide information about the airway and mediastinal 
vessels. The major advantages of MRI are its lack of ionizing 
radiation, high soft tissue contrast, and the ability to image in 
multiple planes without changing the position of the patient. 
Cardiovascular MRI has excellent accuracy in diagnosis of 
vascular anomalies that cause airway compromise [ 12 ]. 
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These exams are targeted to evaluation of the heart and major 
vessels using ECG-gated sequences, as well gadolinium 
contrast- enhanced angiographic sequences. MRI also has 
the capability for dynamic (“cine”) image acquisition. In 
current practice, cine MRI is primarily used to evaluate air-
way motion during sleep studies in older children with sus-
pected obstructive sleep apnea, as well as patients with 
glossoptosis and hypopharyngeal collapse [ 5 ]. Cine imag-
ing is also used in some centers for assessing lung, chest 
wall, and diaphragm motion in patients with thoracic insuf-
fi ciency syndrome [ 1 ]. 

 There are some disadvantages of MRI which limit its util-
ity in the neonatal age group. Depending on the clinical indi-
cation, current MRI protocols may require scan time of up to 
30–60 min, and the majority of infants will require sedation 
or cardiac anesthesia [ 3 ]. In young infants (usually less than 
6 months old), a “feed and swaddle” method can be 
attempted, and may obviate the need for anesthesia or deep 
sedation [ 12 ]. Evaluation of the lung parenchyma on MRI is 
limited due to artifacts from air-tissue interface susceptibil-
ity, as well as respiratory and cardiac motion. However, 
newer techniques such as respiratory triggering, respiratory 
gating, and motion-insensitive sequences have enhanced the 
pulmonary imaging capability of MRI. MRI technology is a 
rapidly evolving fi eld, and future improvement of scan time 
and image quality will make this a valuable modality for 
assessment of the neonatal airway.  

   Fetal Imaging 

 Although this text is focused on postnatal imaging of the 
neonatal airway, awareness of fetal imaging is also important 
for all clinicians involved with management of prenatally 

diagnosed airway lesions. Airway lesions for which fetal 
imaging is critical include neck masses (e.g., vascular 
 malformations, teratomas) and congenital high airway 
 obstruction syndrome (CHAOS) [ 10 ,  13 ]. Fetal ultrasound 
(US) and MRI are used in complement to assess these 
obstructive airway lesions prior to delivery, and to help 
determine the need for an ex utero intrapartum therapy 
(EXIT) procedure. 

 Fetal US is a real-time examination which allows direct 
observation of swallowing and respiration, and Doppler US 
is used for evaluation of vascular structures. Fetal MRI has 
the added ability to examine the fetus in a large fi eld of view 
and in multiple planes. MRI is superior to US for soft tissue 
contrast, characterization of masses and their effect on the 
airway, and for evaluation of cartilaginous structures such as 
the oropharynx and nasopharynx [ 13 ]. Both modalities are 
necessary for complete assessment of fetal airway compro-
mise, and for guiding management decisions.   

   Imaging Features of Specifi c Neonatal 
Airway Disorders 

   Tracheobronchomalacia 

 TBM of the trachea and mainstem bronchi can be visualized 
on airway fl uoroscopy, but at times the diagnosis is diffi cult, 
or the underlying cause cannot be determined. In these 
patients CT is helpful for more complete evaluation, and is 
especially useful for evaluating caliber of airways distal to 
the mainstem bronchi. Since TBM can be missed on static 
CT images, an additional expiratory series is typically per-
formed to assess for change in size of the tracheobronchial 
tree (Fig.  2b, c ). The criteria for diagnosis of TBM on CT is 

  Fig. 2    ( a ) shows CT 3D colorful reconstruction of an infant with long-
segment tracheal stenosis previously unrecognized on conventional 
radiologic modalities. Volume renderings of the airways in a different 
infant in both inspiratory ( b ) and expiratory ( c ) phases demonstrate 

diffuse decrease in caliber of the tracheobronchial tree during expiration. 
There is complete expiratory collapse at the origin of the right mainstem 
bronchus ( arrow )       
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the reduction of airway cross-sectional area by 50 % or more, 
and this criteria has been shown to be concordant with 
 bronchoscopy results [ 14 ]. Cine (4D) CT can depict airway 
collapsibility in real-time, and is best performed on CT 
machines with 64 or more detectors [ 15 ]. 

 In addition to identifying the presence, location, and sever-
ity of airway malacia, CT provides information about predis-
posing conditions, and offers quantitative measures for 
preoperative planning. CT also depicts the distribution of expi-
ratory air-trapping and inspiratory alveolar recruitment [ 16 ].  

   Congenital Malformations 

   Branching Anomalies 
 There are multiple variant branching patterns of the tracheo-
bronchial tree. Some of the most common are ectopic bron-
chi, supernumerary bronchi, and tracheal diverticulum [ 2 , 
 17 ]. These variants are uncommon and usually found inci-
dentally, but rarely they are responsible for air-trapping, 
recurrent atelectasis, repeated infections, and aspiration [ 18 ]. 
The most well-known ectopic bronchus is the tracheal bron-
chus (“bronchial suis” or pig bronchus), which is a small 
upper lobe bronchus that arises from the lateral wall of the 
trachea above the carina (Fig.  3a–c ). A tracheal diverticulum 
is a congenital outpouching which arises from the posterolat-
eral wall of the trachea near the thoracic inlet, and has a nar-
row neck [ 5 ]. Acquired tracheal diverticulum may be 
posttraumatic or due to increased transluminal pressure, and 
usually have a wide neck [ 5 ,  19 ].

   Ectopic bronchi and supernumerary bronchi are small 
in caliber, and tracheal diverticula usually have a very 
small communication to the airway. CT is useful for 
 identifying these small structures, which can be missed 
endoscopically.  

   Developmental Anomalies 
 The spectrum of congenital bronchial underdevelopment 
includes bronchial agenesis, bronchial aplasia, and bronchial 
hypoplasia. These anomalies range from complete absence 
of the bronchus, lung, and pulmonary vasculature (bronchial 
agenesis), to a small lung with a rudimentary bronchus and 
variable vascular supply (bronchial aplasia or hypoplasia). 
A developmental airway anomaly is suggested on a chest 
radiograph that demonstrates a unilateral opaque lung and 
ipsilateral mediastinal shift. CT offers more specifi city for 
the diagnosis, by depicting the presence and size of the large 
airways, the quantity and quality of the lung parenchyma, 
and size of the pulmonary vessels [ 2 ,  14 ,  20 ] (Fig.  4 ).

      Congenital Stenoses 
 Congenital tracheal stenosis is caused by complete or near- 
complete cartilaginous tracheal rings [ 10 ]. Congenital steno-
sis can be focal/segmental, diffuse, or funnel shaped [ 5 ]. 

  Fig. 3    Internal ( a ) and external ( b ,  c ) volume renderings from an air-
way CT show an anomalous right upper lobe bronchus arising from the 
right lateral wall of the trachea ( arrowhead ), consistent with a tracheal 
bronchus. On the expiratory image ( c ), there is diffuse decrease in 

 caliber of the airways consistent with bronchomalacia, particularly 
affecting the left mainstem bronchus ( arrow ), and most of the bilateral 
segmental bronchi       

  Fig. 4    Axial CT shows dextroposition of the heart. The left pulmonary 
artery is shown (*), but there is agenesis of the right pulmonary artery. 
The right lung is congenitally absent       
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While tracheal stenosis can be visualized on chest 
 radiographs or airway fl uoroscopy, CT is the mainstay for 
imaging diagnosis (Fig.  5a, b ). CT is a powerful tool for sur-
gical planning, in its ability to characterize the location and 
extent of disease, and provide precise measurement of airway 
dimensions. The imaging fi ndings of congenital tracheal ste-
nosis include circumferential narrowing of the trachea, often 
with an “O” shape on axial CT images due to the absence of 
the posterior membranous wall [ 10 ]. CT is also useful for 
identifying cardiovascular anomalies associated with tracheal 
stenosis, such as pulmonary sling.

      Vascular Compression 
 Vascular anomalies of the mediastinum can cause extrinsic 
compression of the airway, and many are also associated 
with tracheomalacia. Vascular rings result from abnormal 
fusion or regression of primitive structures during formation 
of the aortic arch, pulmonary arteries, and ductus arteriosis 

[ 10 ]. The most common vascular rings are a right aortic arch 
with an aberrant left subclavian artery, and a double aortic 
arch (Fig.  6a, b ). Pulmonary artery sling causes external nar-
rowing of the distal trachea and the esophagus, and is also 
associated with complete tracheal rings [ 2 ] (Fig.  7a, b ). 
Other vascular causes of airway compression include innom-
inate artery compression syndrome and congenital absence 
of the pulmonary valve.

    Signs of a vascular ring on conventional radiographs 
include leftward deviation of the trachea due to a right aortic 
arch, or bilateral tracheal indentation due to a double aortic 
arch. Both of these types of rings may cause anterior tracheal 
displacement on the lateral chest radiograph. Vascular rings 
also cause extrinsic compression of the esophagus that can 
be visualized on a contrast esophagogram (Fig.  1a, b ). 

 While chest radiograph and esophagram fi ndings may be 
suggestive of a vascular ring, they cannot reliable distinguish 
between different types of rings, and additional imaging with 

  Fig. 5    Coronal minimum intensity projection image (MinIP) ( a ) and 3D volume rendered image ( b ) from an airway CT show an approximately 
2 cm-long concentric stenosis ( arrows ) of the trachea. At bronchoscopy, complete tracheal rings were identifi ed       

  Fig. 6    Posterior view from an external CT rendering of the vessels and 
airways ( a ) shows a double aortic arch, with a dominant right arch 
( arrow ) and smaller left arch ( arrowhead ). There is circumferential nar-

rowing of the trachea at this level. The axial maximum intensity projec-
tion (MIP) CT image ( b ) shows how the double arch forms a ring that 
encircles both the trachea and the esophagus       
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CT or MRI is necessary for accurate diagnosis [ 10 ,  20 ]. CT 
or MRI serves to delineate the anatomy of the mediastinum 
and help plan the surgical approach. For example, in double 
aortic arch, the position of the smaller arch must be visual-
ized in order to determine the side of thoracotomy (Fig.  6a ). 
The choice between CT and MRI in diagnosis of vascular 
ring depends on the individual case; the patient’s clinical sta-
tus and need for sedation must be considered. Compared to 
MRI, CT has the added benefi ts of improving visualization 
of the airways and lung fi elds, and identifying concomitant 
tracheobronchomalacia [ 21 ].   

   Acquired Abnormalities 

   Post-instrumentation 
 Tracheobronchial stenoses can be acquired in neonates after 
instrumentation or surgery [ 5 ]. The majority of these steno-
ses are located at the site of an endotracheal tube balloon or 
tracheostomy stoma [ 5 ]. The CT fi ndings of acquired steno-
sis include focal narrowing of the proximal trachea, associ-
ated with soft tissue thickening of the tracheal wall due to 
intimal hyperplasia [ 2 ]. When compared to bronchoscopy, 
CT is 89 % sensitive in diagnosis of post-intubation tracheal 
stenosis [ 22 ]. As with congenital tracheal stenosis, CT 
depicts the location and extent of disease for planning of sur-
gical resection or stenting.    

   Conclusion 

 Radiology is an essential component in diagnosis and man-
agement of neonatal airway disorders. Communication 
between the pediatrician and radiologist is important in order 
to tailor the diagnostic imaging approach to the specifi c 

 clinical scenario. A variety of modern imaging techniques 
are available to provide both structural and physiologic 
information about the tracheobronchial tree, mediastinum, 
and lung parenchyma. Of these, multidetector CT approaches 
the gold standard of bronchoscopy, with the added benefi t of 
being noninvasive. Advances in MRI also make it a useful 
option in airway imaging while eliminating the risk of radia-
tion exposure. For all types of airway imaging, careful atten-
tion should be paid to adequate patient preparation, and the 
need for sedation or anesthesia should be considered.     
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           History of Airway Evaluation 

       As with most great discoveries laryngoscopy and bronchos-
copy were designs of necessity, having been developed to treat 
acute airway obstruction and to reverse its cause. The fi rst 
recorded direct laryngoscopy and intervention was credited to 
Horace Green in 1852 who visually examined the larynx of a 
child with obstructive breathing and removed an obstructing 
mass [ 2 ]. Gustov Killian was an early pioneer of rigid endos-
copy and is credited with the fi rst therapeutic rigid bronchos-
copy to remove an airway foreign body from the right main 
stem bronchus in 1897. Shortly thereafter came Chevalier 
Jackson in 1903 who developed his own version of a laryngo-
scope and became the fi rst to fashion a direct laryngoscope 
[ 3 ]. Quickly after, driven by necessity, it was adapted to have 
distal illumination capabilities. Jackson became known as the 
American father of bronchoesophagology and wrote the fi rst 
book on the subject in 1907 and dedicated it to Killian whose 
work greatly infl uenced his innovation in the one-handed tech-
nique and instrumentation of direct laryngoscopy [ 4 ,  5 ]. 

 Once Jackson introduced a laryngoscope with a distal light 
source the ease and functionality of handling a handheld 
laryngoscope made it a more practical tool for routine use. 
The practice of minimally invasive airway endoscopy became 
a mainstay of otolaryngology practice following that time. 
Further knowledge and detail of the airway became available 
with invention of the operating microscope by Kleinsasser. 
The practice of offi ce-based endoscopy expanded rapidly 
with the invention of fl exible fi beroptic airway visualization 
beginning in the 1960s. Over the ensuing 50 years, endoscopy 
has been a key tool for the otolaryngologist in diagnosing and 
managing airway lesions in infants.  

   Upper and Lower Airway Embryology 
and Anatomy 

 The earliest embryologic development of the respiratory 
tract involves the appearance of the median pharyngeal 
grooves at approximately 3 weeks of intrauterine life. The 
tracheobronchial groove eventually gives rise to the mature 
infant’s larynx, trachea, bronchi, and lungs. By 5 ½ weeks 
the laryngeal primodium develops from contributions of the 
III, IV, and VI arches. By the end the embryonic period of 
development, the larynx, trachea, and esophagus are well 
formed. Fetal breathing movement has been demonstrated 
by ultrasound as early as the third month of gestation. 

 The newborn larynx is arranged to coordinate suckling- 
type feeding and respiration. The larynx in a neonate is 
located high in the cervical neck (C2) as compared to a much 
lower location (C6-7) in teenagers and adults. The epiglottis 
is short and more curved with thick, bulky arytenoids and 
aryepiglottic folds. The vocal folds are also oriented more 
transversely. The narrowest portion of the infantile larynx is 
the subglottis which has a diameter of 4–5 mm. The infant’s 
trachea is also predisposed to collapse due to increased air-
way resistance from its increased compliance. This is related 
to the fl exibility of the cartilage and the low tone of the tra-
cheal musculature. All of these features make the newborn 
larynx adept at protecting the airway while suckling. 

 The larynx develops rapidly until age 15 when the larynx 
descends to its fi nal position. The most rapid phase of growth 
is during the toddler years, up to age three, and then slows 
until puberty again stimulates further growth. The lengthen-
ing of the vocal cords creates a gradual lowering of voice 
pitch. During puberty the male and female vocal cord 
undergo separate growth patterns and changes with the male 
vocal cords lengthening twice as much, creating gender dif-
ferences of voice pitch. Laryngeal cartilage begins to ossify 
in teenage years and continues through the third decade of 
life. The different appearances of the newborn, child, and 
adult larynx are important to understand and distinguish so 
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that normal can be determined from pathologic appearance 
during endoscopy. 

 The larynx functions to provide airway transmission to 
the lungs, protection of foreign and potential harmful mate-
rial from entering the lower airway, and as an instrument for 
phonation. The larynx is able to accomplish this by being a 
narrow, tightly controlled, muscular organ. The larynx, and 
specifi cally the subglottis, is the narrowest portion of the air-
way. By virtue of this fact, it is a common place of obstruc-
tion. The larynx serves to protect the airway by refl exive 
glottic closure during swallowing, though this function is 
somewhat immature in newborns. Glottic closure is crucial 
for swallowing, airway protection, and coughing. Coughing 
is created by complete or partial closure of the glottis creat-
ing high intrathoracic pressure; this is released quickly 
resulting in a forced expulsion of air. Newborns have an 
immature cough refl ex and limited glottic control and are 
thus not able to create productive coughs to expel aspirated 
secretions or milk. The infantile glottis closes in reaction to 
direct stimulation by chemical, touch, or temperature irrita-
tion. As soon as the stimulating signal is removed, the glottis 
should open to allow the infant to breathe. The neonatal air-
way is also more disposed to laryngospasms (tight closure of 
the glottis and obstruction of the airway inappropriately in 
response to a stimulus). The adult larynx can more easily 
overcome a laryngospasm once the partial pressure of CO 2  in 
the blood increases. However, this response is blunted in the 
infant and can lead to prolonged laryngospasms, airway 
obstruction, and sometimes death. This is thought to be a 
cause of sudden infant death syndrome (SIDS) [ 6 ].  

   Offi ce-Based Evaluation 

 The offi ce is the place where many neonates are seen and eval-
uated for the fi rst time. They are referred to a variety of airway-
related reasons. Infants will present with feeding diffi culties, 
voice changes, noisy breathing, cough, and other symptoms 
that all have a broad and wide differential diagnosis. 

 Performing a complete history and physical will allow the 
otolaryngologist to determine the urgency of the airway 
complaint, what intervention if any are appropriate for the 
offi ce, what studies/images would be helpful, and what sur-
gical interventions could be benefi cial. It is important to dis-
tinguish between a parent’s complaints of “noisy breathing” 
by determining if this represents stridor or stertor. If a true 
abnormality is suspected, it is then important to differentiate 
between upper and lower airway obstruction and the degree 
of airway distress that is present. This differentiation is 
important for establishing a narrower differential diagnosis 
and for choosing the appropriate equipment for endoscopic 
evaluation if necessary. 

   History 

 Obtaining a detailed and accurate history can be diffi cult in 
the pediatric patient. It is important to know what questions 
to ask and how to organize information to determine the 
nature and course of the child’s airway history. This will also 
rapidly allow you to assess the urgency of the condition. The 
examiner needs to quickly determine if the airway is stable 
or unstable since the degree and nature of the obstruction 
will help determine the best intervention and immediate need 
for supportive care with oxygen, heliox, steroids, or racemic 
epinephrine. Once a critical airway has been ruled out, a 
comprehensive history can be obtained. 

 The neonatal patient’s history begins in utero. Elements 
regarding the mother’s pregnancy, prenatal care, and delivery 
history should be obtained. The history should focus on fac-
tors such as prematurity, diffi culty of the delivery, use of for-
ceps, meconium aspiration, respiratory distress requiring 
deep suctioning or endotracheal intubation, and the timing of 
onset of obstructive symptoms. Gathering this information 
can lead you to suspect diagnoses such as choanal atresia, 
laryngomalacia, or vocal cord paralysis. Essential informa-
tion to gather include: timing of the onset of the child’s 
symptoms (gradual or sudden), age at which the symptoms 
developed, and whether the symptoms are progressive or 
static. For instance, if the family describes gradual onset of 
airway symptoms after several months of life this can point 
to airway hemangioma, especially if there are other birth-
marks that the family have noticed. To gather the most 
detailed history the otolaryngologist will have to rely on the 
observations of parents, other family members, and the 
pediatrician. 

 It is important to ask questions that allow you to orga-
nize your thoughts into a functional manner. Gathering 
information regarding symptoms or signs along the path of 
airfl ow can be benefi cial. Questions regarding feeding dif-
fi culties, refl ux, and changes in breathing or noisy breath-
ing that vary with patient position are particularly helpful. 
Asking about the child’s voice/cry, intubation history, 
coexisting medical conditions, prior surgeries (i.e., PDA 
repair), birth/prenatal history, sleeping patterns, and vacci-
nation history are also essential. Questions regarding snor-
ing and noisy breathing during sleep can narrow the 
differential based on the description of the snoring/breath-
ing pattern. Having the child’s family fi ll out a pre-visit 
patient form with questions regarding these important 
questions can give family a chance to think about these 
things before they see you. As more and more is uncovered 
regarding genetics and heritability of disease, a detailed 
family history regarding birthmarks, breathing problems in 
infancy, recurrent croup, or known airway anomalies add 
valuable information.  
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   Physical Examination 

   Inspect and Listen 
 This element of the exam begins as you enter the room. Take 
note of the neonate’s breathing pattern, their effort and rate 
of breathing. Tachypnea can point to an underlying infec-
tious cause or hypoxia. Look for symmetry of the neck, air-
way, and thorax. An infant’s neck may be diffi cult to examine 
and assess due to its location. The larynx is well protected 
beneath a low mandible and is located in the high cervical 
region. It may therefore be diffi cult to assess the position of 
the trachea and larynx in relation to midline. It also makes it 
diffi cult to fi nd nodes, masses, or neck lesions on fi rst glance 
and requires further detailed exam with palpation. Make note 
of any craniofacial abnormalities that may pose a diffi culty 
in examining the child with endoscopy. Babies with micro-
gnathia, cleft lip or palate, nasal vestibular stenosis, or syn-
dromic craniofacial features may complicate access to the 
airway via endoscopic examination and will require advanced 
planning.  

   Palpate 
 As the newborn larynx develops the external laryngeal skel-
eton becomes more easily identifi able. With the growth of 
the internal structures, the larynx moves lower down the cer-
vical spine. In the newborn the laryngeal skeleton is soft and 
pliable. In contrast to adults, the most prominent structure is 
the cricoid and not the thyroid cartilage. The examiner 
should feel for the location of the airway and identify its 
position as either midline or shifted. If the airway is deviated, 
one should look for causes such as cysts or masses than can 
be palpated during the exam.  

   Auscultate 
 Make it a point to assess a patient’s cry or cough during the 
initial examination. If the baby has a muffl ed cry, this can 
point to a supraglottic or oropharyngeal obstruction or 
mass that is affecting the voice projection. Hoarseness can 
be a sign of thickened vocal cords from either swelling or 
masses such as papillomatosis. An infant with a weak or 
breathy voice should make one consider vocal cord paraly-
sis or paresis. If stridor is auscultated during the exam, 
attempt to classify it into inspiratory, expiratory, or bipha-
sic. This can narrow the location of the obstruction to being 
located in the supraglottis for inspiratory stridor, subglottis 
for expiratory stridor, and at the level of the glottis for 
biphasic stridor. There are common lesions associated with 
each level and knowing this information can help the oto-
laryngologist build a differential diagnosis. A tip for aus-
cultating directly over the larynx in the high riding larynx 
of newborns is to remove the diaphragm portion of the 
stethoscope on a disposable stethoscope and listen directly 

over the larynx with the  tubing. This can help with subtle 
degrees of stridor as the high  location of the newborn lar-
ynx may make it diffi cult to fi t even a pediatric stethoscope 
fl at across the larynx.   

   Flexible Fiberoptic 
Nasopharyngolaryngoscopy 

 The fi rst fi beroptic bronchoscope was developed in 1966 by 
Ikeda in Japan at about the same time that the Hopkins rod 
telescopic lens system was being developed for use in con-
junction with rigid bronchoscopes. Since that time, many 
advances in optics and digital display have made fl exible 
endoscopy an essential piece of equipment for the otolaryn-
gologist to use in the offi ce, emergency department, ICU, 
and on hospital consults. Most neonates can safely undergo 
offi ce-based fl exible endoscopy; however, there is some sub-
tly to selecting out the ones that should not be examined with 
a fl exible nasopharyngolaryngoscope in the offi ce. Factors to 
consider are the child’s age, ability to cooperate, as well as 
the physical exam information you have gathered. If the air-
way appears to be tenuous, the patient’s symptoms are such 
that a fl exible offi ce-based exam cannot be completed safely 
or the most likely pathology is distal to the larynx, then the 
child should have the procedure performed in the operating 
room along with further endoscopy. Flexible nasopharyngo-
laryngoscopy is often a crucial portion of an operating room 
exam and should be performed before sedation to assess the 
dynamic function of the larynx. 

 Flexible offi ce-based examination is more problematic 
and technically challenging in infants and neonates than in 
the older pediatric population due to the posterior position of 
the mandible relative to the maxilla, inability to swallow on 
command and handle secretions. The instrument comes in a 
variety of lengths and diameters and is typically synced to a 
video system to capture still and video images [ 7 ,  8 ]. 

 Many clinicians recommend decongestion of the nose with 
oxymetazoline and topical anesthesia with 2–4 % Lidocaine 
or other topical anesthetic. In our experience, children under 
the age of 2 years old are better served by use of a topical 
decongestant alone for the nasal cavity and that foregoing the 
topical anesthetic avoids the potential complication of laryn-
gospasm or adverse cardiac reaction. We routinely use topical 
decongestion alone until age two after which time 4 % topical 
Lidocaine can be added to the decongesting agent to provide 
topical anesthesia enhancing the older child’s ability to cooper-
ate. Once the nose is decongested, the nasal cavity, nasophar-
ynx, and eustachian tube orifi ces are examined (Drawing  1 ). 
In a crying infant with lots of nasal secretions a thorough exam 
of the nasal cavity can be diffi cult, and is sometimes best exam-
ined at the end of the examination as the fl exible scope is being 
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removed. After advancing beyond the nasopharynx into the 
oropharynx, one should begin a systematic examination of the 
hypopharynx and all its subsites. Of particular interest is an 
assessment of the epiglottis and aryepiglottic folds as laryngo-
malacia is the most common cause of stridor in infants. 
Another crucial aspect of this exam is getting a view of the 
vocal cords, assessing their mobility and looking for polyps, 
papillomas, congenital cysts, or other causes for airway 
obstruction. It is reasonable to attempt to assess the subglottis 
for stenosis or a shelf, realizing that this can be diffi cult in a 
crying or struggling child and that other means of assessment 
are superior.

     The fl exible nasopharyngolaryngoscopic exam should not 
be considered an alternate or equal exam to direct laryngo-
bronchoscopy as the entire airway cannot be examined thor-
oughly with this modality alone at the bedside. Many noisy 
breathers, such as those with mild laryngomalacia, can be 
assessed and followed in the offi ce with fl exible nasopharyn-
golaryngoscopy, although some clinicians advocate that all 
noisy breathers (even those with mild laryngomalacia), 
should undergo full endoscopy in the operating room to 
avoid missing a concomitant secondary airway lesion. This 
is reported to occur in up to 19–27 % of all patients with 
laryngomalacia and is even higher in children who need a 
supraglottoplasty [ 9 ]. Due to the fact that the subglottis and 
lower airway cannot fully be appreciated during a fl exible 
exam a full operating room exam should be planned if the 
fi ndings on fl exible endoscopy do not completely explain the 
child’s airway symptoms. Gonzalez demonstrated that up to 
18 % of children who underwent diagnostic laryngo- 
bronchoscopy for airway obstruction with or without stridor 
had two or more synchronous airway lesions [ 10 ]. Flexible 
nasopharyngolaryngoscopy is a useful and invaluable start-
ing point in the evaluation of neonatal obstruction or stridor 
but may require supplementation with operative endoscopy 
or further imaging.  

   Documentation 

 Photo and video documentation are becoming essential in fol-
lowing and tracking progress over the rapid period of growth 
that occurs during early infancy. Video can help eliminate repet-
itive scope examinations and the risk of traumatizing the airway 
(or the child) from repeat scope exams. In an academic teaching 
environment, it also provides a tool to provide instruction and 
information for family, students, trainees, and colleagues. With 
the advent of smartphones that can capture video, these exams 
can be easily recorded and shared but HIPAA regulations need 
to be adhered to. Still pictures are also useful but can fail to 
provide the dynamic structure and function of the laryngeal 
apparatus that video provides. Photo and video documentation 
is also useful for preoperative planning and guidance to deter-
mine if imaging is necessary and what modality to obtain.   

   Operating Room 

 Preparation is essential to a successful endoscopy. Endoscopy 
can be used for diagnostic purposes if the etiology and diagno-
sis are unclear. It can also be therapeutic when combined with 
operating or rigid microlaryngoscopy. It is important to have a 
plan for securing and protecting the airway before an emer-
gency can arise. Having open communication and an agreed 
upon plan with the anesthesia team and operating room sup-
port staff is crucial. Each physician should have a clear role in 
the care so that confusion is avoided. Having the necessary 
supplies, including laryngoscopes, ventilating bronchoscopes, 
operating microscope, a selection of Hopkins rod telescopes, 
and appropriate size and lengths of suction catheters, as well 
as a tracheostomy tray should be available in the room. If the 
team is prepared for airway complications and the appropriate 
equipment is available adverse events can largely be pre-
vented. Approaching the airway in the same systematic man-
ner every time will help operating room staff and anesthesia 
staff become familiar with the routine and it will help to pro-
vide a thorough examination of the oral cavity, oral pharynx, 
supraglottis, glottis, subglottis, trachea, as well as all subsites. 
Photo documentation should be performed at multiple levels 
along the upper airway. Real-time video is helpful for anesthe-
sia and OR staff to follow the progress of the procedure as well 
as for teaching residents/students/fellows. 

   Rigid Endoscopy–Direct Laryngoscopy 
and Rigid Bronchoscopy 

   Indications 
 There are numerous reasons to perform airway endoscopy. 
These include urgent and routine diagnostic or therapeutic 
interventions or simply to follow a child’s chronic airway 

  Drawing 1    Flexible nasopharyngolaryngoscopy       
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conditions through planned, periodic airway examinations. 
A relatively urgent reason for rigid endoscopy is in the work-
 up of the neonate with stridor. Stridor is often a sign of a very 
narrow and tenuous airway. The otolaryngologist should be 
prepared to discuss the operative plan with the anesthesiolo-
gist before any airway manipulation occurs. Once the airway 
has been examined the otolaryngologist can intubate the 
patient if there is a need. Rigid bronchoscopy with a ventilat-
ing port can be used to examine the lower airway if a culture, 
biopsy, or bronchoalveolar lavage is to be performed. Rigid 
bronchoscopy also may provide therapeutic relief if an air-
way obstruction is identifi ed or if the airway is tenuous and a 
more secure means of ventilation is necessary. Otherwise, 
the entire diagnostic exam can be performed with just a 
telescope. 

 Another indication for endoscopy is the neonate who is 
not improving on current therapy, whether that is increasing 
ventilator pressures or collapse of lung segments due to 
mucous plugging. Early intervention and airway examina-
tion can help to solidify a diagnosis and to establish a treat-
ment plan going forward. If bacterial or infectious etiology is 
suspected, cultures can be obtained to help direct therapy. If 
a mucous plug is suspected, a therapeutic suctioning can be 
performed at the time of endoscopy. Other common reasons 
for endoscopic airway evaluation are to diagnose abnormali-
ties uncovered on imaging or suspected due to other diagnos-
tic testing. 

 Maintenance and routine airway endoscopy are indicated 
in patients with chronic conditions such as chronic indwell-
ing tracheostomy tubes placed to bypass glottic, or subglottic 
stenosis, for ventilator support or for pulmonary toilet. 
Tracheostomy-dependent children need regular evaluation as 
they are at risk for developing suction-induced granulation 
tissue that can cause distal obstruction and supra-stomal 

granulomas. In the growing child, with a tracheostomy, the 
need for periodic upsizing can best be assessed at the time of 
endoscopy.   

   Tools for Rigid Endoscopy 

   Laryngoscopes 
 There are several varieties of laryngoscopes, all of which 
have varying functions and relative indications. In general 
there are three broad types of laryngoscope: standard laryn-
goscopes for general examination and intubation; subglotti-
scopes and anterior commissure scopes for improved view 
and access to the subglottis and anterior commissure; and 
suspension microlaryngoscopes which have a wide opening 
and distal lumen which are ideal for binocular microscopic 
procedures utilizing microdebriders, lasers, or other micro-
laryngoscopy instruments (Pictures  1  and  2 ).

    In choosing the best laryngoscope for direct laryngoscopy, 
the endoscopist will want to consider the size and age of the 
child and the potential need for performing a therapeutic 

  Picture 1    Side view of three 
common laryngoscopes with 
light source attachment       

  Picture 2    View through a Dedo laryngoscope, anterior commissure 
laryngoscope, and a Lindholm microlaryngoscope       
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intervention. The simplest variety of laryngoscope is that rou-
tinely used by anesthesia providers for intubation with a 
Miller or Mac blade. These are all readily available in most 
operating rooms and crash carts and come in a variety of 
sizes. They do suffer, unfortunately, from having less than 
ideal illumination. A common operating laryngoscope for 
direct evaluation of the newborn larynx in the operating room 
is the set of Karl Storz laryngoscopes designed for neonatal 
and pediatric patients, colloquially referred to as the Parsons 
laryngoscope [ 11 ]. Parsons laryngoscopes have a fl at superior 
blade to accommodate a wide and mobile  pediatric tongue. 
They are equipped with a left side adaptor to connect to anes-
thesia’s oxygen supply or inhalational anesthetic. This will 
help to decrease the incidence of desaturation that can accom-
pany direct laryngoscopy in babies with poor pulmonary 
reserve. The Parsons laryngoscope is illuminated with a prox-
imal xenon light cable that offers superior visualization over 
that afforded by a standard anesthesia- intubating laryngo-
scope with its distal fl uorescent bulb. The Parsons set come 
with a wide proximal opening and an open side channel that 
easily allows the passage of a Hopkins rod telescope for photo 
documentation or other instrumentation. This side channel 
also allows for passage of a rigid ventilating bronchoscope or 
optical cup forceps. The Parsons has the added benefi t of 
being able to be suspended from a rigid arm off of a side table 
Mayo tray. This allows the surgeon to have both hands free to 
operate or to bring in an operating microscope for further 
intervention. Parsons laryngoscopes come in three common 
sizes for premature infants, neonates/infants, and toddlers 
(Picture  3 ). Older children and adolescents can be exposed 
with the Benjamin laryngoscope, though it lacks the ventila-
tion port that is present on the Parsons. A better option for 
suspension laryngoscopy needed in longer or more complex 

cases in children is the Lindholm microlaryngoscope. This 
laryngoscope offers a wide operating window to facilitate 
operative microscopy for interventions such as laser or micro-
debrider resection of airway lesions.

   Using a laryngoscope requires a good understanding of 
the anatomy of the oral cavity, oropharynx, supraglottis, and 
glottis. Every time a laryngoscopy is performed the opportu-
nity should be taken to perform a thorough examination as it 
is often diffi cult to perform a complete exam on newborns 
and infants at the bedside. When setting up for the laryngos-
copy, it is important to protect the child’s eyes, head, and 
alveolar mucosa. These areas are at risk for iatrogenic injury 
if care is not taken. 

 Regardless of what type of laryngoscope you are using 
the same basic principles apply to the approach. If the patient 
will tolerate it, the entire procedure can be done through 
intermittent periods of apnea by rotating between mask ven-
tilation and endoscopy. This generally is preferred if the pro-
cedure is relatively short and is referred to as TIVA or total 
intravenous anesthesia typically with Propofol as the intrave-
nous agent and supplemental oxygen or sevofl urane deliv-
ered by way of the ventilation port of the laryngoscope. If a 
longer procedure is anticipated, then the patient can be inter-
mittently intubated between examinations and therapeutic 
interventions. The maxilla and mandible can be retracted 
with a “scissor technique” to maximally open the mouth. The 
laryngoscope enters the oral cavity with the blade portion 
oriented toward the lateral portion of the oral cavity (inferior 
pole of the tonsil) and then gently used to retract the tongue 
laterally out of the fi eld of view (Drawing  2 ). Suctioning 
should be done gently once the glottis is exposed. If the 
patient is intubated at the time of the initial examination, care 
should be taken to not dislodge the tube. For right- handed 

  Picture 3    Parsons 
laryngoscopes three most 
common sizes from left to right 
size 8, 9, and 11.5       
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surgeons, the tube should be taped to the patient’s left oral 
cavity. The laryngoscope should be advanced along the base 
of tongue and into the vallecula and then gentle pressure on 
the lingual-epiglottic ligament is applied to elevate the epi-
glottis and expose the supraglottis and glottis. An omega-
shaped epiglottis or particularly coiled epiglottis, such as 
those in laryngomalacia and often in premature infants, can 
be more diffi cult to elevate. Care should be taken to avoid 
having the epiglottis fold on itself and cause restricted blood 
fl ow to the epiglottis during the exam of the glottis as this can 
obstruct the glottis as well as being a source for postopera-
tive edema and airway obstruction. Due to the nature of the 
examination, there is always some degree of edema from the 
examination that should be expected. Intravenous dexameth-
asone (0.4–1.0 mg/kg) can be administered to help decrease 
postoperative airway edema. If another laryngoscope such as 
a Holinger anterior commissure scope is selected, then you 
will place the tip of the laryngoscope under the epiglottis to 
completely remove it from the view of the laryngoscope. 
Care should be taken to avoid trauma to the anterior commis-
sure of the vocal cords as this can result in scarring and ante-
rior webbing. Once the vocal cords are in view, a weight-based 
dose of topical Lidocaine can be sprayed onto the vocal 
cords to allow for topical anesthesia. This helps to reduce the 
propensity that neonates have for laryngospasm due to stim-
ulation of the glottis and distal airway. 

 Once the airway is exposed, an age-appropriate sized 0° 
Hopkins rod telescope can be introduced through the lumen 
of the laryngoscope and photo documentation can be per-
formed. If the airway is tenuous, a ventilating bronchoscope 
can be introduced instead of the telescope to secure the air-
way and allow ventilation during the examination. 

 A new generation of video-assisted laryngoscopes is 
becoming more commonly used in the operating room by 
pediatric anesthesiologists. Video-guided laryngoscopy has 
become the tool of choice for intubating children with a dif-
fi cult airway. One study done in adults showed that patients 

with risk factors for diffi cult intubation were more likely to 
be intubated on the fi rst attempt with a video laryngoscope 
than with conventional direct laryngoscopy [ 12 ]. The three 
most common video laryngoscopes on the market include 
the C-MAC ® , GlideScope, and Bullard video laryngoscopes. 
The CMAC (Karl Storz, Tuttlingen, Germany) has a laryn-
goscope blade similar to the Macintosh laryngoscope blade, 
and can have either a separate video monitor or a video 
viewer in the handle. The GlideScope ®  Video Laryngoscope 
(Verathon, Bothell, Washington, USA) has only one  pediatric 
size and has a separate video monitor screen. The Bullard 
scope also has only one pediatric size but its handle is spe-
cially designed to expose the larynx in children with micro-
gnathia. Video laryngoscopy is frequently being turned to if 
a diffi cult intubation is suspected; however, one study 
showed that although the view of the airway was improved, 
there was a signifi cantly longer time period between para-
lytic administration and intubation when using a video laryn-
goscope [ 13 ]. Video laryngoscopy is becoming more 
commonplace in the operating room and is particularly help-
ful in teaching institutions where anesthesia providers (resi-
dents, fellows, CRNAs, and EMTs) are building their skills 
in training programs.   

   Bronchoscopes 

 With the development of ventilating bronchoscopes able to 
accommodate Hopkins rod telescopes for improved optics, 
the use of bronchoscopy for neonates has become a safer and 
practical procedure (Picture  4 ).

   Bronchoscopy has the ability to simultaneously examine, 
treat, and ventilate the patient. In combination with an opti-
cal telescope, it provides excellent views of the glottis, sub-
glottis, tracheal rings, and bronchi. Through the instrument 
side port, biopsies, cultures, and assays can be performed. 
There have been several bronchoscope-specifi c optical 
instruments developed that allow one to continue with the 
telescopic view and ventilate the patient while grasping a 
foreign body or taking a biopsy. Optical cup forceps are 
used for biopsy or removal of lesions such as papillomas. 
Optical alligator or peanut forceps are commonly used for 
foreign body removal. Other useful tools that can be 
advanced through the instrument port of a bronchoscope 
include several types of lasers (CO 2 , KTP, ND:Yag) that can 
feed a laser fi ber through the instrument port and under 
direct visualization shrink or resect lesions. One example is 
the Omniguide ®  laser fi ber system, a CO 2  laser that can be 
guided directly to lesions such as papilloma, scar tissue, 
granulation tissue, and other lesions of the trachea or air-
way. Another example is the Erbe coagulation catheter 
which is a plasma laser used for resecting and coagulating 
vascular lesions. 

  Drawing 2    Proper placement of a Parsons laryngoscope for a right- 
handed surgeon       
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 Bronchioalveolar lavage (BAL) is a useful diagnostic 
adjunct that can easily be performed while performing a 
rigid or fl exible bronchoscopy. A small amount of normal 
saline can be fl ushed through the instrument port and then a 
suction catheter can be passed to collect the secretions and 
fl uid in a sterile trap. The secretions can then be sent for cul-
ture and gram stain if infection is suspected. Another useful 
test is tracheal pepsin (if kept on dry ice) and lipid laden 
macrophages if extra esophageal refl ux and aspiration are 
suspected. 

 The zero-degree Hopkins telescopic lens system was 
developed in 1966. With the addition of angled lens (30°, 
70°, and 120°), diffi cult to examine areas can be viewed that 
would have previously been unable to be seen because of the 
rigid nature of the endoscope. Bronchoscopes come in vary-
ing lengths and sizes to accommodate even the smallest of 
premature infants. The size chart below can guide the otolar-
yngologist in selecting the appropriate bronchoscope and 
telescope to select based on the child’s age and size (Chart  1 ).

   The procedure begins much the same as with laryngos-
copy with the additional need to match up the size of the 
telescope with that of the bronchoscope and the choosing of 
appropriate length and diameter suctions to fi t through the 
bronchoscope. The head is extended and a shoulder roll can 
be placed if needed. Care needs to be taken to protect the 
eyes and upper gingiva. To introduce the bronchoscope into 
the airway, it is best to gain the needed exposure with a 
laryngoscope that has an open side port. The bronchoscope 
should be advanced in through the glottis posteriorly with 
care to avoid the anterior commissure so as not to cause an 
abrasion and risk anterior webbing. Turning the broncho-
scope slightly to enter with the beveled edge at around the 
2 o’clock position usually works the best (Drawing  3 ). 

Once in the airway the laryngoscope can be removed. The 
bronchoscope should be guided through the airway with the 
thumb and forefi nger of the left hand adding tactile support 
of the hard palate to advance the scope distally. As the bron-
choscope is advanced, a detailed examination of the mucosa, 
tracheal lumen, and integrity of the cartilaginous support 
structure should be examined while taking note of the quality 
and color of the secretions. If there is any diffi culty in venti-
lation, the telescope can be temporarily removed offering a 
more effi cient exchange of oxygen and carbon dioxide. In 
extreme cases, the light source can be directly attached to the 
bronchoscope prism, though this provides less illumination, 
no magnifi cation, and no image on the monitor. 

 The carina will appear in the midline as a sharp inverted 
“V,” dividing the trachea into right and left main stem bron-
chi. The angle to access the right main stem bronchus is less 
acute at about 25°, while the left main stem bronchus comes 
off the trachea at about 75°. Once the carina is identifi ed, 
some patient adjustments will need to be made to examine 
the right and left main stem bronchus. It is important to have 
a good understanding of the anatomy of the bronchial tree 
system. To more easily access the left main stem bronchus, 
the patient’s head is turned toward the right. This brings the 
left bronchus into a more linear alignment with the trachea. 
To fully assess the more distal intermediate bronchus, the 
telescope can be changed for a 30° or 45° angled telescope. 
The same technique can be used to examine the right main 
stem bronchus. However, when examining the right main 
stem bronchus the patient’s head does not need to be turned 
as sharply to the left because the angle is less acute. The 
bronchoscope is then advanced into the right main stem 
bronchus, substituting for an angled telescope (if desired), 
and the divisions of the anterior, posterior, and apical lobe 

  Picture 4    Partially dissembled 
ventilating bronchoscope       
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bronchi can be visualized. Regardless of normal or abnormal 
fi ndings, it is helpful to document with photographs or  videos 
the fi ndings of the bronchoscopy.  

   Flexible Endoscopy–Flexible 
Nasopharyngolaryngoscopy and Flexible 
Fiberoptic Bronchoscopy 

   Flexible Nasopharyngolaryngoscopy 
 Although this topic is covered in more detail in the section 
regarding offi ce-based procedures, this is an important 
adjunctive procedure to consider prior to induction of anes-
thesia in the operating room. Often a quick dynamic assess-
ment of the airway in a controlled environment allows for a 
more thorough examination that can aid with operating room 
setup and operative planning prior to induction. We will typi-
cally begin with the application of oxymetazoline to both 
nasal cavities and the establishment of IV access while the 
baby breathes an inhalational agent such as sevofl urane. 
Once the IV has been started, we ask the anesthesia provider 
to turn off the inhalational agent and switch to 100 % oxygen 
as our preference is to perform this exam in the spontane-
ously breathing infant to better appreciate dynamic areas of 
obstruction and to best assess vocal cord mobility. In the 

 premature infant and those with poor pulmonary reserve, an 
NP trumpet may be placed for the delivery of supplemental 
oxygen. The fl exible examination may require an assistant or 
nurse to hold the head (and the baby) still and to occasionally 
perform suctioning of the contralateral nostril to clear secre-
tions in the nasopharynx or hypopharynx.  

   Flexible Bronchoscopy 
 Flexible bronchoscopy has the benefi t of being able to pro-
vide a dynamic assessment of the trachea and bronchial tree. 
This procedure should be done in the operating room or 
endoscopy suite with a knowledgeable and prepared anesthe-
sia staff. Although in recent years pediatric and neonatal 
bronchoscopes have been miniaturized, they still pose a risk 
of airway occlusion and laryngospasm/bronchospasm during 
the examination. There are two broad classes of broncho-
scopes: those with an operating side port that can be used for 
suction or biopsy, and those that are without (essentially just 
a longer nasopharyngolaryngoscope). 

 The fl exible bronchoscope can be introduced into the air-
way via two methods: transnasally/orally and via an existing 
endotracheal or tracheostomy tube. When performed transna-
sally, the baby’s nose should be prepared beforehand. The fl ex-
ible bronchoscope is often of a larger diameter than a 
nasopharyngolaryngoscope and as such can result in more 
nasal mucosa trauma. Preparation of the nose with topical 
decongestants (oxymetazoline) and topical 2 % Lidocaine jelly 
can help the bronchoscope pass more easily. Orally, the fl exible 
scope can be passed through a special bite guard that allows the 
instrument to pass without being clamped between the patient’s 
gingiva or damaged by their teeth. Once the bronchoscope is 
located above the vocal cords, a liquid dose of 4 % Lidocaine 
can be applied to the laryngeal and subglottic structures through 
the suction port of the bronchoscope. It is important at this 
point to clamp the suction so the Lidocaine isn’t suctioned 
away. Communication with your anesthesia colleagues is 
important regarding a safe weight-based dose of Lidocaine so 
the proper amount can be titrated throughout the case. Once the 
topical Lidocaine is placed, the bronchoscope can be advanced 
slowly through the vocal cords. A thorough 360° exam can take 

   Chart 1    Age-directed chart for proper selection of Parsons laryngoscopes, ventilating bronchoscopes, and rigid telescopes along with the 
 attachments for pediatric examination   

 Age 
 Parsons 
laryngoscope  Storz bronchoscope  Hopkins telescope  Bridge  Size 

 Outer diameter 
(mm) 

 Premature–Newborn  8  2.5 × 20  27017A  Short   2.5  4.2 
 Newborn–6 month  8  3.0 × 20 or 3.5 × 20  27018A/7218A/7219A  Short   3   5 
 6 month–1 year  9  3.0 × 26 or 3.5 × 26  27020A/10020A  Long  3.5  5.7 
 1–2 years  9 or 11  3.5 × 26 or 3.7 × 26  27020A/10020A  Long  3.7  6.4 
 2–3 years  11  3.7 × 26 or 3.7 × 30 

or 4.0 × 30 
 27020A/10020A  Long   4  6.7 
 27005A (Hopkins II)  Short 

 3–5 years  11  3.7 × 40 or 4.0 × 30  27005A (Hopkins II)  Short  4.5  7.3 

 5–8 years  11 or 13.5  4.0 × 30 or 5.0 × 30  27005A (Hopkins II)  Short   5  7.8 

 8 years and older  11 or 13.5  6.0 × 30  27005A (Hopkins II)  Short   6  8.2 

  Drawing 3    Rigid bronchoscopy       
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place using the fl exibility and maneuverability of the fi beroptic 
scope. The tip of the scope can be adjusted and guided by the 
fi nger control located on the handle. Care should be taken to 
avoid excess torque as this can put stress on the fi beroptic 
cables, leading to small black specs (indicating broken fi bers) 
on the video image. The increased utility of the fl exible bron-
choscope lies in the enhanced ability to assess for distal tra-
cheal or bronchial lesions. Although it is a great tool for 
performing bronchial alveolar lavage, it has limitations and 
should rarely be used if a foreign body is suspected. One can 
perform biopsies but the instrument is unreliable for the 
removal of larger items as it is limited in its ability to grasp 
these and it is not possible to ventilate the patient during the 
procedure. The instrument can also be used to help place an 
endotracheal tube in a patient with an obstructed upper airway. 
Using a Seldinger technique, an endotracheal tube is threaded 
over the bronchoscope which is passed beyond the vocal cords 
into the trachea. The endotracheal tube is then advanced beyond 
the tip of the bronchoscope which is then removed. 

 A common way to perform fl exible bronchoscopy is by 
passing the scope through an existing endotracheal or trache-
ostomy tube. The smallest diameter fl exible bronchoscope 
that contains a side port for suction has an outer diameter of 
2.8 mm and can be passed through a 4.5 endotracheal tube or 
tracheostomy tube. If a smaller endotracheal or tracheos-
tomy tube is present, you can pass a slimmer fl exible endo-
scope through it (the narrowest outer diameter fl exible 
endoscopy is 1.9 mm and can pass through a 3.0 endotra-
cheal or tracheostomy tube), but you will lose the ability to 
have a functioning side channel for suction or biopsy. When 
performing fl exible bronchoscopy through an endotracheal 
or tracheostomy tube, a special ventilating adapter can be 
used to allow simultaneous ventilation and examination 
(Picture  5 ). The scope often fi lls the large majority of the 
endotracheal tube and causes partial obstruction of the 
 airway so one needs to keep a careful eye on the oxygen and 

CO 2  monitors to gauge how much time you have to perform 
the exam before you need to remove the scope and continue 
ventilation.

        Other Considerations 

 Ideal neonatal care involves a multidisciplinary approach 
involving the otolaryngologist, neonatology, anesthesiology, 
respiratory therapy, feeding therapy, nurses, and family 
members. Open communication can help to avoid many of 
the potential pitfalls of neonatal airway management. 

   Imaging 

 Imaging can provide a wealth of information for the evalua-
tion of the status of the airway. This can aid in diagnosis and 
preoperative planning. A lateral and anterior/posterior neck 
plain fi lm can provide information regarding the mandible, 
maxilla, cervical spine, nasal cavity, nasopharynx, orophar-
ynx, oral cavity, adenoid/palatine tonsil tissue, tongue base, 
vallecula, epiglottis, glottis, trachea, and esophagus. The 
anterior/posterior view offers the best view of subglottic nar-
rowing, which can be caused by prolonged endotracheal 
intubation, subglottic masses such as hemangioma, or infec-
tion (classically referred to as a “steeple sign”) These fi lms 
could be considered as the fi rst line of imaging in the stable 
child with stridor or signs of airway obstruction. 

 A barium or gastrograffi n swallow study or upper GI series 
can also provide the otolaryngologist with information regard-
ing the patient’s airway. Using radio-opaque contrast a series 
of images are taken to capture the dynamic process of laryn-
geal elevation, airway protection, and swallowing. This may 
aid in the detection of laryngeal clefts with signs of aspiration 
through the post-cricoid area. A vascular ring may be inferred 
when compression of the trachea and esophagus is seen on 
esophagogram. This study may also suggest extra- esophageal 
refl ux as an etiology of the infant’s airway abnormality. 
(Consider adding a sentence or two regarding FEES here 
though it might not be appropriate for a chapter on neonates). 

 Computed tomography (CT) can provide a wealth of 
detailed information regarding the detailed upper and lower 
airway anatomy. However in children there are several risks 
that should be weighed before ordering one in a patient with 
potential airway compromise. A CT scan requires that the 
patient be still or the scan will have too much motion artifact 
to be useful. This may require sedation or general anesthesia 
in younger children, which can potentially worsen the air-
way obstruction or compromise the airway status. CT also 
exposes the child to a higher level of radiation than plain 
fi lms. Many children’s radiologic units have protocols in 
place to limit this exposure through the use of spiral CT 
 technology with subsequent reconstruction of images [ 14 ]. 

  Picture 5    Ventilating adaptor allows for combined fl exible bronchos-
copy and ventilation       
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CT has become the gold standard in imaging of the lower 
airway and lungs. It also provides fi ne detail regarding nasal 
and sinus anatomy and nasopharyngeal airway narrowing 
such as with choanal stenosis or atresia. 

 Magnetic resonance imaging (MRI) is increasingly being 
used in children to evaluate soft tissue masses and vascular 
compression of the airway. MRI is the gold standard to assess 
lymphatic malformations and salivary gland lesions. The 
benefi t of an MRI is that it does not expose the child to radia-
tion. The risk is that the study is much more time consuming 
and virtually all children will need sedation or a general 
anesthetic to be compliant enough to obtain a complete 
exam. This poses a problem when the scan is needed to eval-
uate possible airway pathology.  

   Ex Utero Intrapartum Therapy 

 This procedure came about as a result of continued innova-
tions in diagnostic ultrasound. High-risk obstetricians began 
to prenatally diagnose conditions such as tracheal occlusion, 
severe diaphragmatic hernias, laryngeal atresia, large neck 
masses such as teratomas and lymphatic malformations caus-
ing high airway obstruction. Consequently, the ex utero intra-
partum treatment (EXIT) procedure was developed to secure 
the airway before the neonate begins making efforts to breathe 
in an effort to limit the complications of their congenital air-
way obstruction. The EXIT procedure allows for the continu-
ation of uteroplacental blood fl ow and gas exchange during 
partial delivery of the fetus. It involves providing the mother 
with tocolytics and high concentrations of inhalation anes-
thetics to allow continued uterine perfusion and to prevent 
uterine contraction. Only the head and torso are delivered 
providing partial exposure for procedures such as laryngos-
copy, bronchoscopy, vascular access, and securing the airway 
with either an endotracheal tube or tracheostomy if needed. It 
allows a variety of previously near-universally fatal condi-
tions to be managed and controlled in a planned manner giv-
ing time for more decision- making and evaluation. The 
indications for EXIT therapy come from the largest series on 
the subject from Children’s Hospital of Philadelphia, with an 
experience of 43 fetuses undergoing EXIT procedures [ 15 ]. 
The current indications for EXIT therapy are: neonates with 
airway obstruction from neck masses, congenital high airway 
obstruction syndrome (CHAOS), thoracic masses, severe 
congenital diaphragmatic hernia, and those with an immedi-
ate need for extra corporeal membrane oxygenation [ 16 ].  

   Anesthesia 

 Amongst pediatric anesthesiologists, the general perception 
is that neonates undergoing a general anesthesia for upper 
airway procedures are at a higher risk for complications. 

Two large studies done over an 11-year period that looked at 
bronchospasm and laryngospasm have demonstrated that 
the overall incidence of laryngospasm is about 8.7/1,000 
patients, with the highest incidence being in babies age 1–3 
months undergoing upper airway surgery [ 17 ,  18 ]. 
Congenital cardiac disease, chronic lung disease, prematu-
rity, and concurrent or recent upper respiratory infection are 
also associated with increased rates of laryngospasm and 
bronchospasm. 

 Working in a children’s facility with a familiar group of 
anesthesia providers adds to the safety of the procedure. 
Close communication regarding the procedure and operative 
plan is necessary to avoid intraoperative confusion and com-
plications. Experienced pediatric anesthesiologists will be 
familiar with otolaryngologic procedures and be ready to 
assist with multiple modalities of ventilation. It is important 
for the surgeon to discuss whether apneic procedures will be 
performed so that adequate levels of anesthesia can be 
induced. 

 Jet ventilation can be a useful adjunct in airway cases 
when an endotracheal tube would obstruct the surgeons view. 
The patient should be paralyzed to allow for adequate venti-
lation and the vocal cords need to remain open to prevent air 
trapping. Care must be taken to titrate the infl ation pressures 
to avoid an iatrogenic pneumothorax. 

 Laser airway procedures require special considerations in 
terms of patient and OR staff safety. Oxygen can be deliv-
ered via a “laser-safe” endotracheal tube to lessen risk of air-
way fi res. We prefer to use airway lasers in conjunction with 
apneic anesthesia techniques to avoid the possibility of fi re. 

 The otolaryngologist should assist the anesthesiologist in 
endotracheal tube size selection, especially if there is prior 
information available regarding the airway based on clinical 
evaluation, fl exible exam, or previous surgical interventions. 
There are many different methods for choosing an appropri-
ate ETT size. Age-based systems are used in pediatric 
patients over 2 years of age, though this has a tendency to 
overestimate tube size up to 20 % of the time. Neonatal 
patients require estimation of tube size based on weight and 
length measurements with length being the most reliable 
measurement for tube length [ 19 ]. 

 Additional airway adjuncts include using nasopharyngeal 
trumpets and oropharyngeal airways. These useful tools can 
assist in overcoming obstruction from soft tissue collapse in 
the nasopharynx and oropharynx. 

 Heliox is a special helium-oxygen mixture used mostly in 
the pediatric population in the management of airway 
obstruction. Helium has the second lowest specifi c gravity of 
the gases. Helium’s lower density replaces the nitrogen and 
creates a more effective and less turbulent fl ow of oxygen 
capable of bypassing obstructing lesions. This can be used in 
patients with a tenuous airway in an effort to avoid intubation 
or to maintain the patient until a more defi nitive control of 
the airway can be obtained. 
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 Neonates and infants have lower pulmonary reserve than 
older children and adult patients and as such a delay in 
obtaining an airway can result in a more urgent need for 
intervention. One method that has been used in adults and 
that can be adapted for the young patient is transtracheal ven-
tilation [ 20 ] this method should be reserved as a last case 
scenario. A 16- or 14 gauge angiocath can be inserted into 
the cricothyroid membrane; using saline in the attached 
syringe to confi rm location within the airway. Once in the 
airway a syringe modifi ed with an ETT adapter is connected 
to the angiocath and connected to oxygen. This can allow 
enough oxygen to bypass an obstructed airway that is glottic 
or supraglottic to allow time for the setup of a more defi nitive 
intervention to bypass the obstruction or for the establish-
ment of a surgical airway.   

   Conclusions 

 Neonatal endoscopy, including rigid and fl exible modalities, 
is an essential and valuable procedure in the diagnosis and 
treatment of neonatal respiratory disorders. In the hands of 
an experienced otolaryngologist with the support of an oper-
ating room staff familiar with airway procedures and a 
knowledgeable pediatric anesthesia team, endoscopy can be 
done safely and effectively. The airway can be controlled 
throughout the procedure making this a safe and viable 
option for assessing and treating airway abnormalities in 
newborns and young infants.     
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           Preoperative Preparation 

      Normal Anatomy and Physiology 

 The larynx descends as children grow and is most cranially 
positioned in the neonate [ 1 ]. The high cervical position of 
the larynx is often described as being “anterior” because of 
the view obtained with direct laryngoscopy. Because of the 
high location of the glottis, straight blades are thought to 
offer better exposure of the larynx because of the ability to 
elevate the base of the tongue. Despite this, some clinicians 
prefer curved blades and use them successfully. Other conse-
quences of the high location of the neonate’s glottis include 
the tendency for laryngeal masks to become dislodged and 
inadvertent compression of the airway in the neck during 
bag-mask ventilation. 

 The tongue in the neonate is relatively large and may 
obstruct the airway by adhering to the palate; relief can be 
obtained by opening the mouth or by applying continuous 
positive airway pressure (CPAP), to the airway via a bag- 
mask device. An oral airway is rarely needed to open the 
airway of a neonate. The neonatal epiglottis is relatively 
short. This allows one to elevate the tip by simply placing the 
straight laryngoscope blade in the vallecula much like how a 
curved blade is used. The glossoepiglottic ligament located 
in the vallecula should be engaged with the tip of the straight 
blade in order to gain adequate glottic exposure. The vocal 
cords in the neonate are slanted rostrally as compared to the 
vocal cords in the adult. This can cause diffi culties in passing 

an endotracheal tube because the tip is already directed in an 
upward fashion to the anteriorly located larynx causing it to 
have a greater chance of being hung up at the anterior 
 commissure or anterior tracheal wall. Classically, it has been 
taught the neonatal airway is funnel shaped, but a recent 
study suggests it may be tubular much like the adult airway 
[ 2 ]. Traditionally teaching is that the narrowest part of the 
neonatal/pediatric airway is at the cricoid ring and not at the 
vocal cords like the adult airway. 

 Normal cardiopulmonary physiology can also make the 
management of the neonatal airway diffi cult. 

 In the operating room (OR), the initial approach to a 
patient with a diffi cult airway is to perform an inhalational 
induction with a volatile anesthetic agent to allow for spon-
taneous ventilation. This can be done successfully in a neo-
nate; however, the response is different due to differences in 
physiology. Theoretically, uptake of the volatile anesthetic 
can be delayed due to the relatively higher cardiac output; 
however, the higher minute ventilation and increased propor-
tion of cardiac output to the brain in the neonate can actually 
increase the rate of induction. The faster rate of induction 
and effects on the neonatal brain subsequently leads to a 
faster decrease in respiratory function as compared to older 
children and adults (Fig.  1a ). 

 Neonates are also more prone to develop hypoxia during 
the process of securing the airway due to differences in lung 
volumes and metabolic rate as compared to children and 
adults. In neonates, the functional residual capacity is 
approximately 27 mL/kg versus 43 mL/kg in the adult. 
Oxygen consumption is approximately 6–8 mL/kg/min in 
neonates versus 3–4 mL/kg/min. Thus, when a neonate 
becomes apneic, hypoxia occurs much more rapidly due to 
the increased metabolism depleting oxygen from the rela-
tively smaller reserve. Attention to the airway management 
strategy is a central component of the preanesthetic assess-
ment of the neonate. Underlying diagnosis, coexisting 
 diseases, and diagnoses should be reviewed with attention to 
airway management. If tracheal intubation has previously 

      Anesthesia Challenges for the Difficult 
and Critical Neonatal Airway 

           John     Fiadjoe     ,     Rebecca     Isserman    , and     John     McCloskey    

        J.   Fiadjoe ,  M.D.    (*) •    J.   McCloskey ,  M.D.    •    R.   Isserman   
  Department of Anesthesiology & Critical Care Medicine , 
 The Children’s Hospital of Philadelphia ,   Philadelphia ,  PA ,  USA  
 e-mail: fi adjoej@email.chop.edu   

  University of Pennsylvania ,   Perelman School of Medicine, 
Philadelphia ,  PA ,  USA     

mailto: fiadjoej@email.chop.edu


222

been performed, the involved providers can be questioned 
and the medical records reviewed to determine if there were 
unexpected diffi culties. Conditions such as omphalocele and 
congenital diaphragmatic hernia may indirectly impact air-
way management causing rapid decompensation during 
anesthesia. Oxyhemoglobin desaturation follows apnea sec-
ondary to pulmonary hypoplasia and reduced functional 
residual capacity. Special attention to peak inspiratory pres-
sures during anesthetic induction and intubation in particular 
lung malformations can prevent competing intestinal insuf-
fl ation prior to intubation while also avoiding pneumothorax 
following intubation.

      Rapid Sequence Intubation in Neonates 

 The goal of rapid sequence induction is to decrease the risk of 
pulmonary aspiration of gastric contents. Rapid sequence 
induction of anesthesia is a technique to minimize the time 
from anesthetic induction to tracheal intubation and can be 
challenging in infants. Due to the higher oxygen consumption 
rates, reduced FRC, and elevated closing volumes compared 
to older children and adult’s desaturations occur much more 
rapidly following apnea. Consequently, when a classic rapid 
sequence induction technique is performed and 45–60 s of 
apnea are allowed to occur before tracheal intubation is 
attempted, signifi cant Oxyhemoglobin desaturation com-
monly occurs. Therefore many pediatric anesthesiologists 
perform a “modifi ed” rapid sequence induction in this popula-
tion [ 53 – 56 ]. This technique uses facemask ventilation per-
formed under low pressures (<10–15 cm H 2 O) while cricoid 
pressure is applied until enough time has elapsed for complete 
neuromuscular blockade to occur. In support of this practice, 
appropriately applied cricoid pressure has been shown to be 
effective in preventing gastric infl ation during gentle bag-mask 
ventilation in anesthetized infants and children [ 54 – 56 ]. If the 
initial attempt at intubation fails, gentle facemask ventilation 
through cricoid pressure should be performed. If ventilation is 
diffi cult with cricoid pressure despite the use of noninvasive 

devices (oral or nasopharyngeal  airway, laryngeal mask airway) 
cricoid pressure should be lessened [ 54 – 56 ].  

   Abnormal Neonatal Anatomy and Physiology 

 There are numerous genetic abnormalities that can cause 
 diffi culties with airway management, but the most commonly 
encountered craniofacial syndromes that can cause diffi culty 
right from birth include Treacher–Collins syndrome, the 
Pierre Robin sequence, and Goldenhar syndrome. Each of 
these syndromes involves some element of mandibular 
dysplasia, micrognathia, and retrognathia that can make 
intubation with a standard laryngoscopy extremely diffi cult. 
Goldenhar syndrome is especially challenging since these 
patients typically have asymmetrical hypoplasia of the 
mandible which makes it extremely diffi cult to get a good 
mask fi t for bag-mask ventilation (Fig.  1b, c ). In a busy neo-
natal practice, these syndromes can be seen quite often since 
the incidence of Treacher–Collins syndrome, Pierre Robin 
sequence, and Goldenhar syndrome is 1 in 10,000–50,000, 
1 in 8,500–10,000, and 1 in 3,000–5,000 live births, respec-
tively. One of the most dreaded situations that can be faced in 
a neonate with a diffi cult airway is the neonate who presents 
with CHAOS— C ongenital  H igh  A irway  O bstruction 
 S yndrome. This syndrome consists of patients whose upper 
airways are distorted by either teratomas, hemangiomas, or 
lymphatic malformations. Due to the high probability of 
needing a surgical airway, these patients are usually deliv-
ered via an EXIT, or ex utero intra partum, procedure. The 
placental bypass allows for oxygenation of the neonate while 
securing the airway. In many instances, endotracheal intuba-
tion is performed via rigid bronchoscopy or immediate 
placement of a tracheostomy. 

 Other examples of abnormal airway anatomy related in 
neonates potentially include the former premature infant 
with a past history of prolonged intubation in the neonatal 
intensive care unit. Although a number of these patients are 
successfully extubated and no obvious problems with their 

  Fig. 1       ( a ) An useful simple framework anticipating level of anesthesia and possible tools for safe airway management. ( b ) Potentially diffi cult or 
critical airway with Goldenhars Syndrome. (Courtesy of John McCloskey, The Children’s Hospital of Philadelphia, [CHOP]). ( c ) Conditions 
associated with diffi cult airway management in neonates       
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airways, careful attention should be made to ascertain any 
history of stridor/croup; these patients can occasionally pres-
ent at induction with diffi culty to ventilate and intubate due 
to mild micrognathia or occult subglottic stenosis (Fig.   2a–d ). 
The patient with a history of prolonged intubation while in 
the NICU can also present months later with stridor secondary 
to cyst formation. Patients with airway hemangiomas can 
also present months after birth with stridor since the natural 
course of these lesions is for them to enlarge before involut-
ing (Fig.  3 ).

    In terms of abnormal physiology, patients with cyanotic 
cardiac disease not uncommon can have issues with cranio-
facial syndromes causing airway diffi culties due to these 
lesions being midline defects. These patients are truly 
 challenging when trying to secure their airways since they 
are hypoxic to begin with and have very little reserve. The 
patients with an abnormal airway and chronic lung disease 
secondary to prematurity are also complex to manage due to 
a limited respiratory reserve. This diffi culty can be further 
compounded by the presence of pulmonary hypertension, 
which can accompany the chronic lung disease.   

   Intraoperative Management 

   Approach to Securing the Airway in Neonate 
with a Diffi cult Airway 

   What is a Diffi cult Airway? 
 According to the report by the American Society of 
Anesthesiologists (ASA) Task Force on Management of the 
Diffi cult Airway, a standardized defi nition of the diffi cult 
airway cannot be identifi ed in the literature [ 3 ]. The defi ni-
tion suggested by this task force is “The clinical situation in 
which a conventionally trained anesthesiologist experiences 
diffi culty with face mask ventilation of the upper airway, 
diffi culty with tracheal intubation, or both [ 3 ].” As such, the 
diffi cult airway is not a single entity or disease state, but a 
clinical endpoint associated with a wide variety of diseases 
and conditions. The extant literature on diffi cult airway 
management is replete with case series and case reports 

  Fig. 2       2 ( a ), ( b ), ( c ) Bronchoscopy 
photos showing various forms of 
glottic and subglottic abnormalities 
such as subglottic stenosis, vocal 
cord paralysis and vocal cord 
atresia posing anesthesia 
challenges.  (Courtesy of Ian 
Jacobs and Steve Sobol, CHOP). 
( d ) Neonate with micrognathia 
posing anesthesia challenges.  
(Courtesy of Jesse Taylor, CHOP)       

  Fig. 3    Airway hemangioma, (Courtesy of Ian Jacobs, CHOP).       
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describing various techniques that have been effective in 
specifi c scenarios by specifi c providers. However, owing to 
the myriad of clinical conditions associated with the diffi -
cult airway in children and the relatively low incidence, sys-
tematic studies to determine the optimal management are 
lacking (Fig.  2b ).  

   Principles of Diffi cult Airway Management: 
The ASA Diffi cult Airway Algorithm 
 Evaluating some prospective randomized clinical trials that 
evaluate various management strategies can be problematic, 
and the approach to the airway must be tailored to the spe-
cifi c airway problem of the available resources. In 1993, the 
American Society of Anesthesiologists (ASA) Task Force on 
Management of the Diffi cult Airway published a set of prac-
tice guidelines for diffi cult airway management in adults 
which have since been updated again in 2013 [ 1 ]. Due in 
large parts to the paucity of high-level evidence in the litera-
ture, these guidelines were developed based on the available 
information and expert opinion/consensus to provide ratio-
nal guidance to practitioners. The algorithm included in 
these guidelines (Fig.  4 ) has become the gold standard for 
most adults when managing diffi cult airway clinical decision- 
making. As a framework, this algorithm provides an appro-
priate decision tree for individual patient management. 
Furthermore, the algorithm represents guidelines that, while 
widely adopted, do not necessarily represent the standard of 
care, especially in neonatology. In fact, one of the initial 
assessments proposed by the ASA guidelines that can affect 
the decision tree/pathway in the algorithm is whether there is 
diffi culty in patient cooperation or consent. The neonate is 
similar to the uncooperative adult patient; a two-way dia-
logue cannot be held with the neonate if one is considering 
an awake intubation. However, it is common and thought to 
be a safe practice to intubate a neonate awake. In many pedi-
atric institutions, the ASA Diffi cult Airway Algorithm has 
been modifi ed to their specifi c patients and utilized to create 
emergency airway algorithms such as we use in our institu-
tion (Fig.  5 ).

    In reviewing the ASA algorithm, two basic questions 
need to be answered when approaching the patient with a 
potentially diffi cult airway; can I ventilate? can I intubate? In 
most situations, where there is a high likelihood that one can-
not ventilate then there should be a consideration to either 
intubate the neonate awake or keep the patient breathing 
spontaneously with light sedation or through the use of an 
inhalational anesthetic. Diffi cult mask fi ts are typically seen 
in many craniofacial syndromes. For neonates with these 
problems, these diffi culties can be circumvented with a 
Laryngeal Mask Airway (LMA) (Fig.  6 ).

   The ASA diffi cult airway algorithm highlights the use of 
the laryngeal mask airway (LMA) as a rescue device. First 
introduced in 1983, the LMA has revolutionized the approach 

to the patient with a diffi cult airway not only as a rescue 
device, but also as a conduit for placement of an endotra-
cheal tube into the trachea [ 4 ]. Its use as a rescue device is 
described in the International Neonatal Resuscitations 
Guidelines [ 5 ,  6 ]. This device allows for the ability to oxy-
genate and ventilate a patient while using a fi beroptic bron-
choscope. The LMA has also been proven to be useful as a 
way to perform an inhalation induction in a neonate when it 
is diffi cult to get a mask fi t such as in patients with Goldenhar 
syndrome [ 7 ]. A topical local anesthetic can be applied to the 
oropharynx of the patient to reduce airway activation when 
the LMA is placed awake; however, this is not necessary in 
most neonates. 

 In the situation where there is a potential for a diffi cult 
intubation, multiple plans for securing the airway with the 
use of different techniques and standard and advanced 
devices should be developed prior to attempting to secure 
the airway. 

 Preparation for managing the diffi cult airway should take 
several factors into consideration such as anatomy, physiol-
ogy, pharmacology, and equipment choices. As outlined 
above, congenital anomalies of the face along with masses 
obstructing the airway are the most common causes of diffi -
culties with the neonatal airway. The unique differences in 
cardiorespiratory function exponentially increase the diffi -
culty, whether the laryngoscopist is a neonatologist or anes-
thesiologist sedative, and induction agents have been used 
successfully during intubations for neonates [ 8 ]. For most 
anesthesiologists, the approach is usually an inhalation induc-
tion since the patient can be slowly anesthetized, continue to 
breath spontaneously, and maintain their airway since muscle 
tone is still present. The use of large doses of intravenous 
induction agents and muscle relaxants leads to apnea and can 
be detrimental if the patient cannot be bag- mask ventilated. 
In situations where an inhalation induction may still be risky 
in patients with airway masses or severe anomalies, these 
patients can be “sedated” with small doses of agents such as 
ketamine, midazolam, or dexmedetomidine [ 9 ] (Table  1 ). 
Muscle relaxants, such as succinylcholine, vecuronium, or 
rocuronium, should only be considered if a patient could be 
satisfactorily bag-mask ventilated and further use of sedative 
or induction agents will potentially lead to cardiovascular 
instability (Table  2 ). Neuromuscular blockade can be advan-
tageous in some scenarios. The advantages include a motion-
less patient, jaw relaxation, and removal of the risk of 
laryngospasm. Some of the potential disadvantages of neuro-
muscular blockade are essentially the opposites of the advan-
tages for spontaneous ventilation—namely, a greater potential 
for upper airway soft tissue collapse with loss of the ability to 
ventilate, and the risk of arterial desaturation rapidly due to 
apnea during prolonged intubation attempts. Another disad-
vantage is gastric distension from manual positive pressure 
ventilation resulting in compromised ventilation (through 
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abdominal competition) and/or regurgitation of gastric con-
tents. This can be particularly problematic in infants and 
smaller children where an infl ated stomach can signifi cantly 
reduce functional residual capacity

       Basic Equipment 
 With any approach to securing a diffi cult airway, a primary 
plan and backup plans need to be formulated. Each approach/
plan should defi ne the equipment necessary to secure the 

  Fig. 4    American Society of Anesthesiologist diffi cult airway algorithm (Reprinted from [3].  With permission from Wolter Kluwers Health       
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airway, whether it is a supraglottic airway such as an LMA, 
an endotracheal tube, or a tracheostomy tube. Inherent to any 
approach is a progression from basic to more complex 
equipment. 

 The basic equipment required for any approach to any air-
way includes airway adjuncts such as oral and nasal airways, 
laryngoscopes with blades, a bag-mask ventilation system, 
and an LMA as a rescue device [ 10 ] (Fig.  7 ). For most neo-
nates, there should be two laryngoscopes available with 
straight blades, Miller #0 and #1. As described above, the 
anatomical differences allow for the straight blade to be used 

like a curved blade: the tip of the blade is placed in the val-
lecula to raise the epiglottis. The Rendell–Baker mask, a 
hard black rubber mask with little dead space, was the stan-
dard mask utilized with a manual bag-mask ventilator sys-
tem; however, this has been supplanted by the modern clear 
mask with an infl atable rim. The infl atable rim allows for a 
tight seal by conforming to almost any contours of the face. 
It is imperative this rim be checked for function prior to 
using it; poor infl ation or leak of the rim can lead to diffi culties 
in bag-mask ventilation. The next important basic device to 
have is the LMA. As mentioned before, the LMA serves both 

  Fig. 5    CHOP diffi cult/critical airway algorithm       

  Fig. 6    Variety of laryngeal mask 
airways, (LMA’s), and oral airways       
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   Table 1    Comparison of three sedation regimens for airway management   

 Midazolam/
Fentanyl 

 High-dose 
dexmedetomidine  Ketamine 

 Sedation  ++  +  ++ 
 Analgesia  ++  +  +++ 
 Amnesia  ++  +/–  +++ 
 Reversible  Yes  No  No 
 Clinician familiarity  +++  +/–  ++ 
 Pt responsive to 
commands 

 +  +  No 

 Respiratory drive  –  ++  + 
 Adjuncts required  No  No  No 

  Fig. 7       Neonatal intubating 
equipment kept handy in an 
emergency airway cart.  
(Courtesy of Janet Lioy, neonatal 
airway program-CHOP)       

   Table 2    Drugs used for intubation   

 Drugs  Doses 

  Sedatives  
 Midazolam  Starting dose: 0.05 mg/kg IV—bolus 

to a total max of 0.2 mg/kg 
 Fentanyl  Starting dose: 1 mcg/kg IV—bolus 

to a total max of 2–3 mcg/kg 
 Ketamine  Starting dose: 0.5 mg/kg IV—bolus 

to a total max of 1.5–2.0 mg/kg 
 Dexmedetomidine  Starting bolus: 1 mcg/kg IV—bolus 

to a total max of 3 mcg/kg 
 Infusion: 0.5 mcg/kg/h IV 

  Paralytic agents  
 Succinylcholine  1–2 mg/kg IV 
 Vecuronium  0.1 mg/kg IV 
 Rocuronium  1 mg/kg IV 

as a rescue device and a conduit for placing an endotracheal 
tube [ 11 ]. Its basic design as a mask that sits over the larynx 
allows for easy identifi cation of the vocal cords and displace-
ment of soft tissues of entire airway allowing for easier entry 
into the trachea with a fi beroptic bronchoscope. An endotra-
cheal tube preloaded on the bronchoscope can then be easily 
passed into the trachea. Diffi culties with earlier versions of 
the LMA were encountered due to the fl exible grill over the 
aperture of the LMA, which made passing the tube diffi cult. 
Furthermore the length of endotracheal tubes was similar to 
the length of the airway tube of the LMA making it diffi cult 
to insert the tube completely through the mask without 
adjuncts. Also, the pilot balloon on cuff endotracheal tubes 

would not easily pass through the tube of the LMA. A newer 
version of a laryngeal mask, the AirQ ®  (Fig.  8 ) is designed 
specifi cally to allow as a conduit for fi beroptic intubation. It 
has no grill over the aperture, the airway tube has a relatively 
greater diameter and shorter length, and the airway connec-
tor is easily disconnected. It also comes in a variety of sizes 
for a variety of sized patients. The #1 size has been used as 
an adjunct to fi beroptically intubate neonates [ 12 ].

    Although not usually thought of as a basic device, the 
fi beroptic bronchoscope is routinely used in the next step to 
secure a diffi cult airway, whether either as a stand-alone 
device or in conjunction with a laryngeal mask. Its ability 
for the tip to be manipulated makes it an essential piece of 
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equipment. For neonates, there are two sizes of scopes that 
can be used, the 2.2 or 2.8 mm scope. The measurement 
describes the outside diameter of the scope, thus, the 2.2 
scope can accommodate a 2.5 mm inside diameter endotra-
cheal tube and the 2.8 can accommodate an endotracheal 
tube 3.0 mm or greater. The 2.8 scope has a suction channel 
to remove secretions which can obscure the view of the air-
way, but the 2.2 scope does not. Due to the small size of the 
visual fi elds it can sometimes be diffi cult to ascertain ana-
tomic structures by viewing through the eyepiece on the 
scope. Attaching a camera to the scope will transmit the 
image to a larger  monitor that can enhance the view of the 
airway. This also allows other individuals at the bedside to 
help assist in identifying structures. Newer models of scopes 
are now incorporating a video “chip” at the tip which essen-
tially builds integrates a camera into the scope and allows for 
a higher resolution. 

 Typically, in most operating room suites and critical care 
areas, most of the equipment described above to secure a dif-
fi cult area are stored together in a diffi cult airway cart. The 
cart, as is our institution will include other equipment such as 
oral airways to facilitate an oral fi beroptic intubation, Magill 
forceps to allow manipulation of the tip of the endotracheal 
tube in the posterior pharynx, airway exchangers, tracheos-
tomy dilators, and needle cricothyroidotomy kits. In our own 
institution, our carts also have an Airtraq camera with screen 
mounted to the top of the cart and are stored in the same area 
with fi beroptic bronchoscopes and GlideScopes so they can 
be easily obtained at the same time (Fig.  9 ).

   The rest of this section will now focus on advanced equip-
ment and techniques, specifi cally indirect laryngoscopic 
devices that are used to secure diffi cult airways. Not one 
device is better than the next device; however, anatomic con-
ditions will dictate the choice of one device versus another. 

Comfort and skill of the operator will also direct decisions 
on a device. There are many different devices on the market 
but the ones presented have been used successfully for securing 

  Fig. 8    Air Q LMA  for indirect 
intubation through tube lumen       

  Fig. 9    Emergency airway neonatal cart. (Courtesy of Janet Lioy, neo-
natal airway program-CHOP)       
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the airway in a neonate. It is recommended that practice 
should be obtained with simulation and normal airways prior 
to incorporating them to secure a diffi cult airway.  

   Advanced Equipment and Techniques 
   Video and Optical Laryngoscopes 
 Video and optical laryngoscopes have transformed adult 
 airway management. They incorporate a camera into the tip 
of a curved or straight blade. Their use in neonates has been 
limited because the earlier designed models were ineffective. 
Newer designs are now smaller and more appropriate for 
neonates. Although video and optical laryngoscopy is easier 
to learn than direct laryngoscopy, a learning curve still 
remains. Deliberate practice and kinesthetic skill is neces-
sary for successful intubation. Because a camera is placed in 
the vicinity of the larynx, video-laryngoscopes provide a 
 better view of the glottis and improve intubation success in 
simulated diffi cult intubations [ 13 ,  14 ].  

   GlideScope™ 
 The GlideScope™ is the most popular and most studied 
video-laryngoscope. 

 The original GlideScope™ design (GVL 2) was too large 
for infants and neonates and was associated with repeated fail-
ures when used in neonates [ 15 – 17 ]. The analog GlideScope 
Cobal™t and digital GlideScope AVL™ videolaryngoscopes 
(GCV; Verathon Medical, Bothell, WA) are newer designs 
made strictly for pediatric use (Fig.  10a–c ). The blades are 
narrower (10 mm compared to 14.5 mm) and are available in 
a full complement of pediatric sizes. The Cobalt model con-
sists of a fl exible video baton which provides a high-resolution 
image on a video monitor. This baton is inserted into different-
sized disposable plastic blades called Stats. The size 1–2 video 
baton is most suitable for infants and neonates. Specifi cally, 
the manufacturer recommends the following weight-based 
guidelines for the various blades; size 0 blade (patients 
<1.5 kg), size 1 blade (patients 1.5–3.6 kg), and size 2 blade 
(patients 1.8–10 kg). The size 0 blade too is ideal for preterm 
neonates, size 1 for full-term neonates, and size 2 for infants.

   The GlideScope Cobalt™ provides a better view of the air-
way than standard direct laryngoscopy [ 18 ]. Sola et al. found in 
a cohort of children 3 days to 7 years of age, all patients with 
poor direct laryngoscopic views (Cormack and Lehane grades 
3 and 4), had better views with the GlideScope size 1 blade 
[ 19 ]. Our own study of infants and neonates confi rmed this and 
demonstrated similar intubation success as compared to direct 
laryngoscopy [ 20 ]. Although visualization is improved with the 
GlideScope™, actual passage of an endotracheal intubation 
may not be possible. This is usually due to a lack of experience 
with the indirect approach of inserting the breathing tube.  

   Technique 
 Typically, a stylette is placed in the endotracheal tube and 
shaped to mimic the curve of the selected GlideScope blade. 

To create more space in the oropharynx, the blade is placed 
in the left side of the mouth. It is then advanced along the 
curvature of the tongue into the vallecula. The tracheal tube 
is inserted directly adjacent to the blade and placed just 
between the vocal cords. The stylette is withdrawn slightly to 
reduce the angle of the tip of the tube and allow easier 
advancement into the trachea.  

   Common Causes of Failure 
 Blade size: Selecting the correct blade size is important for 
successful intubation. An inappropriate blade size will result 
in a poor view. A blade that is too big may be diffi cult to 
insert and may limit the space available to insert the 
endotracheal tube. A blade that is too small will not allow 
appropriate tongue control and will not extend far enough 
into the vallecula.  

   Blade Tip Position 
 With standard direct laryngoscopy, the operator usually 
obtains the best possible view prior to inserting the breath-
ing tube. Counter intuitively; this practice may make tra-
cheal intubation more diffi cult with the GlideScope™. A 
Cormack and Lehane grade II view may facilitate tracheal 
intubation with the GlideScope™. Alignment with the tra-
cheal axis width is enhanced with this grade of view and 
allows an improved path to advancing the tube. It also 
reduces the incidence of the tube that is catching on the 
anterior tracheal wall. A grade 2 view can be artifi cially cre-
ated by slightly withdrawing the blade after it is placed in 
the vallecula. A grade 1 view, despite being the best view 
with a standard laryngoscopy, often pulls the glottic opening 
in an anterior direction increasing the angle of incidence 
between the advancing tube and the tracheal axis.  

   Bend Angle 
 The bend angle of the stylleted tube when using the 
Glidescope™ is critical for successful tracheal intubation. 
A curve that mimics the selected blade seems to be ideal  optimal 
(Fig.  11 ). This guarantees the endotracheal tube will be ideally 
positioned in front of the GlideScope™ camera when inserted.

      Tips and Tricks 
 External laryngeal manipulation (ELM) of the larynx may 
facilitate intubation with the GlideScope™. ELM is particu-
larly effective when the tip of the endotracheal tube hangs up 
at the level of the glottis. A second operator is needed to 
provide effective ELM. It may be benefi cial for the second 
operator to handle the stylleted tube while performing 
ELM. This allows real time tactile feedback when the tube 
passes the glottic opening. It is sometimes easier to manipulate 
a hung-up tube into the trachea by removing the GlideScope 
while maintaining the tube at the glottis. The nondominant 
hand manipulates the larynx while the dominant hand advances 
the tube into the trachea.  
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  Fig. 10    ( a ) GlideScope. 
( b ) GlideScope Cobalt blade. 
( c ) Bronchoscopes and Special 
laryngoscopes, (courtesy of Steve 
Sobol, The Children’s Hospital of 
Philadelphia). ( d ) Specifi cs of 
fl exible bronchoscopes.  
(Adapted from Wheeler et al. 
[ref 58] Springer 2009         

TABLE-----Flexible bronchoscopes.*

Diameter
(mm)

d

Suction
channel
(mm)

Smallest
endotracheal

tube for
intubation

(mm)

Smallest
endotracheal

tube for
assisted

ventilation
(mm)

Smallest
endotracheal

tube for
spontaneous
ventilation

(mm)

Largest tube
that should 
beused with 

this
instrument 

for
intubation

(mm)†

2.2 None 2.5 3.0 3.5 4.0
2.8 1.2 3.0 3.5 4.0 4.5
3.5 1.2 4.5 5.0 5.5 6.0
3.8‡ 1.2 5.0 5.0 5.5 7.5
4.4 2.0 5.0 5.5 6.0 7.5
4.9 2.0 5.5 6.0 6.5 NA

*Olympus Corporation. Instruments by other manufacturers may have similar (but not
necessarily identical) characteristics.

†Use with larger tubes may result in damage to the instrument.
‡True videoscope; tip diameter is actually closer to 4.4 mm.
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   Reverse Loading 
 The standard endotracheal tube has a curvature that orients 
the bevel of the tube to the left and the murphy eye to the 
right. This curvature directs the tube towards the anterior 
tracheal wall as the tube is inserted. This can cause hang-up 
of the tube after it passes the vocal cords. Reverse loading is 
when the tracheal tube is rotated 90° counter clockwise from 
the standard orientation.  

   Endotracheal Tube Type 
 A Parker ™ type tube may allow the tracheal tube to pass 
more easily into the trachea. This type of endotracheal tube 
has a tip that is beveled into the airway, thus making the 
advancing portion of the endotracheal tube round and 

smooth. The tip of the tube fl exes around obstructions and 
reduces the incidence of hang-up (Fig.  12 ).

      Cuffed Versus Uncuffed Tracheal Tubes 
 Historically, the classic teaching in pediatric anesthesia was 
to use uncuffed tracheal tubes in children under 8–10 years 
of age. This was recommended because children were often 
spontaneously breathing and larger tubes meant for lower 
resistance and decreased work of breathing. Also concerning 
is the notion that cuffed tubes may be associated with a 
higher risk of subglottic injury. However, the use of modern 
tracheal tubes with high volume, low pressure cuffs has not 
been associated with an increased incidence of subglottic 
 airway injury or an increased incidence of post-extubation 
croup following their use in anesthetized children [ 57 ].  

   Placement Technique 
 In patients with limited mouth opening, inserting the 
GlideScope™ and stylleted endotracheal tube into the air-
way as a unit may facilitate intubation. Another alternative is 
to insert the endotracheal tube into the oropharynx before the 
GlideScope.  

   Storz Videolaryngoscope 
 The Storz DCI ®  ™Video-Laryngoscope (SVL, Karl Storz 
GmbH Tuttlingen, Germany) integrates a video camera into 
standard laryngoscope blades. The image is displayed on a 
portable video screen or on the handle of the blade (Fig.  13 ). 
The incorporation of the Miller 0 and Miller 1 blades into 
video-laryngoscopes has created the option of using of this 

  Fig. 11    Bend angle for ETT and 
Glidescope       

  Fig. 12    Tip of a Parker Tube       
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device in neonates. The advantage of this system is that stan-
dard blade sizes can be used not only with the usual ability of 
direct line of site but also an additional video image is pro-
vided with the addition of a pocket monitor which sits atop 
the handle for direct view without turning away from the 
mouth. There are a number of case studies describing the 
successful use of SVL in diffi cult infant intubations after 
failed direct laryngoscopy [ 21 – 23 ]. In all cases of diffi cult 
direct laryngoscopy, a styletted endotracheal tube was 
required to successfully intubate these patients with the 
SVL. Some investigators have described tracheal tube place-
ment without a stylette by corkscrewing the tracheal tube 
through the channel of the SVL. Despite this we routinely 
prefer to place a stylette for all video intubations with this 
device [ 24 ]. The video-laryngoscope allows the laryngosco-
pist to perform tracheal intubation exactly in the same man-
ner as a standard direct laryngoscopy. It further allows an 
instructor to see the same view on a video screen that a 
trainee is seeing while performing laryngoscopy. This facili-

tates instruction of the trainee as to how to perform standard 
direct laryngoscopy [ 25 ].

      Airtraq 
 The Airtraq ™ Optical Laryngoscope (Prodol Meditec, 
Vizcava, Spain) is a disposable, portable indirect laryngo-
scope that uses lenses, prisms, and mirrors to transmit an 
image from the tip of a curved blade to an eyepiece [ 26 ]. 
It can be used with a wireless or wired camera that displays 
the image on 5.7-in. screen (Fig.  14 ). The device has a chan-
nel that holds the tracheal tube in place and directs it towards 
the center of the image on the screen. It comes in a variety of 
sizes, but size 0 is ideal for neonates; it accommodates endo-
tracheal tube sizes 2.5–3.5 mm. A minimum mouth opening 
of 12.5 mm is needed in order to insert the device. Case stud-
ies report variable success in normal infants and those who 
failed direct laryngoscopy [ 26 – 29 ]. Failures were frequently 
due to posterior displacement of the endotracheal tube and 
the inability to direct the tube through the vocal cords [ 30 ]. 

  Fig. 13    CMAC 
Video laryngoscope       

  Fig. 14    Adapted from Fiadjoe, 
et al: In Wheeler DS et al., eds. 
[46]. Springer 2014       
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Maneuvers to minimize or eliminate this issue included 
using a stylette, a gum elastic bougie, an Endofl ex® 
Endotracheal tube, or a fi beroptic bronchoscope through the 
guide channel [ 30 ,  31 ]. Many of these options are not feasi-
ble with the smallest tracheal tubes. One manikin study 
found faster intubations and higher success when using an 
Airtraq™ as compared to conventional laryngoscopy during 
infant cardiopulmonary resuscitation [ 32 ]. In another com-
parison study with standard direct laryngoscopy, the 
Airtraq™ faired well in children less than 6 months with an 
improved view of the larynx and no statistically signifi cant 
difference in intubation time [ 33 ]. Although the Airtraq’s 
guide channel is designed to reduce diffi culty with inserting 
the breathing tube, this problem still occurs especially in 
neonates. The relatively large size of the device, as compared 
to the mouth opening, can also make insertion of the device 
diffi cult in the smallest patients.

      Truview 
 The Truview™ EVO2 Infant Laryngoscope (Truphatek 
International Ltd, Netanya, Israel) integrates lenses and prisms 
into an angulated blade (Fig.  15 ). The blade has a built-in port 
for oxygen insuffl ation, both to supply oxygen to the patient 

during intubation, and to prevent fogging of the camera. This 
infant blade is designed for patients 1–15 kg. The Truview 
PCD Pediatric™ (Truphatek International Ltd, Netanya, 
Israel) uses the same design with an attached camera for video 
capabilities. In addition, four blade sizes are available for use 
in children of varying sizes. There have been three case reports 
describing the use of these devices in infants with diffi cult 
airways. In all of the cases, intubation was unsuccessful with 
direct laryngoscopy due to a poor view of the glottis. The 
Truview devices improved the glottic view and allowed suc-
cessful intubation in all of the patients [ 34 – 36 ].

   In another study, Singh et al performed a randomized, 
controlled study comparing the Truview EVO2 Infant to 
direct laryngoscopy with a Miller 0 blade in 60 infants and 
neonates under 10 kg. They showed a statistically, but not 
clinically signifi cant difference in intubation time (18.18 s in 
the Truview group; 16.3 s in the Miller group) and an 
improved view of the glottis in the Truview group [ 37 ]. 

   Optical Stylletes 
 The Shikani Optical Stylette™ (Clarus Medical, 
Minneapolis, MN, USA) is a stainless steel malleable fi ber-
optic stylette with an eyepiece. The malleable stylette has 
enough rigidity to maneuver around airway structures [ 9 ]. 
The pediatric version can accommodate endotracheal tube 
sizes from 2.5 to 5.5. This device has been successfully used 
to intubate infants with diffi cult airways due to limited 
mouth opening, micrognathia, and mandibular hypoplasia 
[ 9 ,  38 ,  39 ]. The Storz Bonfi ls ™ fi berscope (Brambrink 
Intubation Endoscope; ä Karl Storz Endoscopy, Tuttlingen, 
Germany) is another optical stylette that is designed for neo-
natal use. The Bonfi ls differs from the Shikani in that it is a 
rigid stylette with a fi xed 40° curved tip and a much higher 
image quality (Fig.  16 ). It is available in 2, 3.5 , and 5 mm 
external diameters, sizes with the 2 mm being appropriate 
for most neonatal intubations. Caruselli et al. describe the 
successful intubation of a small for gestational age full-term 
neonate with failed direct laryngoscopy using the Bonfi ls 
fi berscope using a 2.5 mm endotracheal tube [ 40 ]. Bein 
et al. described their experience with the Bonfi ls fi berscope 

  Fig. 15    Truview       

  Fig. 16    Bonfi ls and Shikani       
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in 55 children (mean age 6 years); they reported an increased 
failure rate, and increased time to successful intubation in 
children with normal airways [ 41 ]. The authors attributed 
much of this diffi culty to the increased secretions in infants 
and children, obstructing the view of the lens. One manikin 
study reported improved view and ease of intubation using 
the Bonfi ls fi berscope as an adjunct to direct laryngoscopy 
in a simulated Cormack-Lahane Grade 3b view of the glot-
tis. Although the view was improved this did not result in an 
improved intubation time [ 22 ].

   Video enhanced scopes have transformed the way we 
perform tracheal intubation in neonates [ 42 – 44 ]. Several 
options are available but each has unique strengths and 
limitations. 

 Video-laryngoscopes enhance trainee education, pro-
vide a superior view of the airway and are more successful 
in patients with diffi cult airways. Despite their advantages 
in exposing the airway, challenges still remain such as 
how to manipulate the endotracheal tube to get into the 
trachea. Currently, no one device is proven to any other 
device and the selected device should be based on pro-
vider experience and effi ciency with the device. Future 
comparative studies would help to defi ne best practices in 
this growing area.    

   Other Methods of Securing the Airway 
 The ASA practice guidelines also mention alternative meth-
ods of securing an airway in adults such as needle cricothy-
roidotomy, retrograde intubation, percutaneous tracheostomy, 
and emergency surgical tracheostomy [ 3 ]. However, the small 
size of neonates, especially the premature neonate, preclude 
the ability to successfully perform these procedures [ 45 ].    

   Postoperative Management 

   Extubation of the Neonate with a Diffi cult 
Airway 

 Typically, neonates with diffi cult airways will be left intu-
bated after surgical procedures due to residual effects of the 
anesthetic. In many institutions, the neonatology staff will 
ask for an anesthesiologist to be present in the NICU at extu-
bation. In these instances, a diffi cult airway cart should be 
readily available. 

 Neonates with diffi cult airways will also occasionally be 
brought to the OR for extubation. This is done to allow for 
the ENT surgeon to better assess the patient’s airway while 
they are spontaneously awake. This is also done if there is 
total collapse of the airway, due to laryngo-tracheomalacia 
or severe subglottic stenosis and the situation warrants an 
immediate tracheostomy.  

   Postoperative Apnea and Bradycardia 

 Neonates and former preterm infants are at increased risk for 
developing postoperative apnea with or without bradycardia 
following general anesthesia and sedation [ 47 – 49 ]. Extreme 
prematurity despite older post-conceptual age and anemia 
are independent risk factors for this complication [ 47 – 52 ]. 
Luckily, the improvements in regional and spinal anesthesia 
have been recommended as a safe means to avoid this 
increased risk for this complication [ 49 ,  50 ]. Usually those 
infants with failed spinal anesthetics or spinal anesthetics 
will then require sedative supplementation are at high risk of 
apnea [ 47 – 49 ]. Often in neonates and infants at risk of 
 postoperative apnea who receive a general anesthetic, 
 prophylactic caffeine administration can be an effective mea-
sure to decrease the incidence of postoperative apnea [ 51 ].  

   Management of Postoperative Airway 
Obstruction 

 Airway obstruction in the postoperative period is managed 
using many of the same techniques used to treat obstruction 
following the induction of anesthesia. Proper positioning 
during recovery may help maintain airway patency. Using a 
soft roll under the shoulders will help maintain and extend 
the head and neck and insure an open upper airway. If airway 
obstruction fails to improve with positioning, a soft nasopha-
ryngeal airway can be inserted; if the child is still  anesthetized, 
an oral airway may be preferred. If airway obstruction is 
incompletely relieved with a nasopharyngeal airway, a 
15 mm tracheal tube adaptor can be placed into the external 
fl ared end nasopharyngeal airway in the manner described 
by Beattie [ 52 ]. This adaptor can be connected to a portable 
mapleson circuit for the delivery of CPAP. When the respira-
tory and central nervous system depressant effects of opioids 
are suspected to be the primary causes of postoperative air-
way obstruction, naloxone can be cautiously administered to 
test and treat this possibility. Incremental doses of 0.5–1 mcg/
kg can be carefully titrated to reverse the excessive depres-
sant effects without reversal of analgesic effects. Infants who 
fail these measures to restore patency of their airway may 
require tracheal intubation.   

   Role of the Anesthesiologist in Managing 
the Diffi cult Neonatal Airway Outside 
of the OR 

 As experts in airway management, anesthesiologists are typ-
ically called to other areas of a hospital, such as the NICU, to 
secure an airway. In our own institution, we have a rapid 
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response airway team comprised of both anesthesiologists 
and ENT surgeons to address issues with diffi cult and critical 
airways. Through the work of the Diffi cult/Critical Airway 
Committee, standards were developed to make this response 
timely and effi cient. These standards included:
•    Standardization of diffi cult airway carts in every critical 

care area with bronchoscopes and Glidescopes coupled to 
these carts  

•   Development of defi nitions of diffi cult and critical 
airways  

•   Development of notifi cation system to activate the team  
•   Standards for documentation of issues with the airway 

and tools/techniques used to secure the airway  
•   An emergency algorithm which highlights a decision 

point for notifying the Airway team  
•   A quality assurance program to evaluate the effi cacy of 

the team    
 This initiative allows for the appropriate personnel with 

advanced airway skills to be notifi ed promptly and proceed 
directly to the bedside of the patient without requiring to 
bring equipment to the bedside. This had decreased the rate 
of adverse events associated with airway emergencies and 
indirectly decreased the incidence of airway emergencies due 
to better recognition of airway problems and earlier calls to 
anesthesiologists and ENT surgeons prior to an emergency. 

 Occasionally, the neonate with severe airway issue and 
comorbidities cannot be safely transported to the OR for a 
tracheostomy. In these situations, the procedure needs to be 
performed at the bedside. OR personnel and equipment can 
easily be brought to the bedside. The only disadvantage in 
this process is that the lighting is typically not as the OR light-
ing. Despite the plan to place a tracheostomy, the diffi cult 
airway cart with appropriate scopes needs to be readily avail-
able in the event of losing the airway during the procedure. 

   Summary 

 The neonate with a diffi cult airway can present unique chal-
lenges to an anesthesiologist in and out of the OR. Unlike the 
adult or older child, the anatomy and physiology of a neonate 
with a diffi cult airway requires much different thinking and 
planning when attempting to secure the airway. However, 
with the advancement and miniaturization of airway devices, 
such as the AirQ, bronchoscopes, Glidescope, video- 
laryngoscopes, AirTraqs, many more options are available to 
help facilitate intubation. Securing the airway outside of the 
OR in emergency situations also requires much anticipatory 
planning and availability of airway equipment at a moment’s 
notice. Simulation and practice with this equipment will 
allow for the laryngoscopist to be skilled and comfortable 
with securing the airway in these most unique patients.      
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           Fetal Imaging 

 Fetal ultrasonography (US) and magnetic resonance imaging 
(MRI) allow for prenatal evaluation of extrinsic and intrinsic 
etiologies of airway obstruction, such as cervical teratomas 
and laryngeal atresia. With this knowledge, parental coun-
seling can ensue and management can proceed with specifi c 
surgical resources available for establishing the airway in the 
delivery room. 

 Fetal US evaluation is helpful to identify cervical pathology 
that could hinder fetal adaptability to extra-uterine life. 
Imaging is initially performed at 20 weeks gestation and can 
be repeated serially throughout the duration of pregnancy in 
order to obtain measurements of a lesion’s growth, consis-
tency, and vascularization. The amniotic sac can also be 
examined for the development of polyhydramnios, an indi-
cator of possible airway obstruction [ 1 ]. 

 Fetal MRI adds sensitivity to the imaging of the fetal air-
way due to high soft-tissue contrast. Intrinsic causes of 
airway obstruction can be better characterized, and the level 
of obstruction can be localized. When extrinsic tumors are 
diagnosed, the extent and relationship to the airway can also 
be determined. This facilitates treatment planning and helps 
guide the decision to utilize the ex utero intrapartum treat-
ment (EXIT) procedure [ 2 ].  

   Ex Utero Intrapartum Treatment 

 EXIT involves the partial delivery of the newborn, allowing 
for uteroplacental circulation to remain intact while a stable 
airway is obtained. Halogenated anesthetic agents promote 
uterine relaxation allowing uteroplacental gas exchange to 
be maintained while the airway is being secured. The new-
born can remain hemodynamically stable for approximately 
45 min, which facilitates airway management by laryngos-
copy, bronchoscopy, intubation, and/or tracheostomy. 

 A multidisciplinary team including anesthesiologists, 
pediatric surgeons, otolaryngologists, neonatologists, maternal 
fetal medicine specialists, and dedicated operating room 
nurses and personnel are part of the EXIT team and are 
essential for successful outcomes.  

   Nasal/Nasopharyngeal Obstruction 

 Considering that newborns are obligate nasal breathers, 
obstruction of the nasal cavity may present with severe 
respiratory distress in the neonatal period. A number of 
abnormalities may result in distress requiring early surgical 
intervention. 

   Pyriform Aperture Stenosis (PAS) 

 The pyriform aperture is the narrowest bony portion of the 
anterior nasal airway. Stenosis of the pyriform aperture is a 
rare cause of upper airway obstruction in neonates. It is 
believed to occur secondary to overgrowth of the medial 
nasal processes of the maxilla. Although initially thought to 
be an isolated anomaly, this entity is now felt to be part of a 
spectrum of midface anomalies and holoprosencephaly. 

 PAS is associated with a solitary, central median maxil-
lary incisor, a fi nding also seen up to 60 % of the time in 
patients with holoprosencephaly (Fig.  1 ). Clinically, PAS 
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mimics the features choanal atresia, with cyanosis during 
feeding, respiratory distress, and failure to thrive. Diagnosis 
is confi rmed with axial computed tomography (CT) showing 
narrowing at the pyriform aperture with normal anatomy at 
the choanae [ 3 – 5 ].

   Mild cases of PAS may be treated conservatively with 
humidifi cation and topical nasal decongestants. Severe cases 
require surgical management, which is most frequently 
approached via a sublabial incision in infants. The aperture 
is widened using drills, shavers, and/or bony curettes. 
Occasionally, a portion of the anterior head of the inferior 
turbinate is removed to improve the airway. Stenting may be 
recommended for a period of 1–4 weeks.  

   Nasolacrimal Duct Cyst 

 Obstruction of the nasolacrimal duct is common, occurring 
in approximately 30 % of infants. Although most cases are 
asymptomatic, severe obstruction can occur resulting from 
the formation of cysts, which can herniate into the nasal 
cavity causing obstruction. Bilateral cysts form in 14 % of 
cases causing symptoms of respiratory distress prompting 
airway evaluation. Diagnosis is made with nasal endoscopy 
showing cystic masses in the inferior meati. CT can be used 
to aid in the diagnosis and may reveal dilation of the lacrimal 
duct and sac. Treatment of intranasal cysts involves an 
above-and- below approach with ophthalmologic probing of 
the duct and endonasal marsupialization of the cyst [ 6 ,  7 ].  

   Septal Deviation/Midnasal Stenosis 

 Septal deviation or dislocation of the cartilaginous septum 
can occur during traumatic delivery predisposing infants to 

severe nasal airway obstruction with nasal rhinitis. Diagnosis 
is made with anterior rhinoscopy revealing displacement of 
the septal cartilage into the obstructed side of the nose. 
Conservative treatment involves humidifi cation, nasal steroids, 
and suctioning. If conservative treatment fails, manual reduc-
tion of the cartilaginous septum back into the septal groove of 
the maxillary crest can improve the nasal airway [ 8 ].  

   Choanal Atresia 

 The choanae connect the nasal cavity to the nasopharynx. 
When this connection fails to develop, choanal atresia (CA) 
results. CA is unilateral in 65–75 % of cases, typically 
causing only mild respiratory symptoms and chronic unilat-
eral rhinorrhea. In bilateral CA, the nasal cavity is com-
pletely separated from the nasopharynx, resulting in more 
signifi cant symptoms of cyanosis during feeding, respiratory 
distress, and failure to thrive. Bilateral CA is also associated 
with other congenital abnormalities, most notably CHARGE 
association, in approximately 50 % of patients. Nasal endos-
copy shows a blind pouch with lack of connection between 
the nasal cavity and pharynx (Fig.  2 ). Axial CT confi rms the 
diagnosis showing thickening of the posterior bony septum 
and medialization of the lateral nasal walls (Fig.  3 ) [ 9 ].

    Surgery is the primary treatment for CA. Timing varies 
dependent upon unilateral versus bilateral atresia with bilat-
eral atresia needing attention in a more urgent fashion due to 
symptoms of respiratory distress. Multiple surgical options 
exist including transnasal puncture and/or dilation, trans-
nasal approach with removal of bony stenosis with/without 
stenting, and transpalatal approach with/without stenting.   

  Fig. 1    Eight-year-old male h/o pyriform aperture stenosis with an 
associated solitary central median maxillary incisor       

  Fig. 2    Bilateral choanal atresia viewed from the oropharynx with a 
120° scope       
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   Oropharyngeal Obstruction 

 Newborns may present with obstruction at the level of the 
oral cavity and oropharynx. Obstruction at this level may 
cause respiratory distress immediately at birth, necessitating 
early airway intervention, including laryngoscopy to estab-
lish endotracheal intubation or tracheotomy. 

   Micrognathia/Base of Tongue Obstruction 

 Hypoplasia of the mandible, or micrognathia, with posterior 
displacement of the tongue base can cause signifi cant 

obstruction of the oropharyngeal airway. Micrognathia 
can occur in isolation or in combination with several con-
genital craniofacial syndromes, most notably Pierre-Robin 
sequence (PRS) (Fig.  4 ). Characteristics of PRS include 
micrognathia, glossoptosis, or posterior displacement of the 
base of tongue, and cleft palate. Clinically, infants present 
with upper airway obstruction and feeding diffi culties. 
Lack of weight gain despite adequate nutritional intake is 
an indicator of persistent airway obstruction. Severe air-
way obstruction is manifested by suprasternal and sub-
costal retractions, cyanosis, and carbon dioxide retention. 
Physical exam along with sleep endoscopy can confi rm 
the diagnosis.

   Management depends on the degree of upper airway 
obstruction and feeding diffi culties. Nonsurgical treatments 
include prone positioning and nasopharyngeal tube/stenting. 
Surgical options include tongue–lip adhesion, mandibular 
distraction osteogenesis, and tracheostomy [ 10 ,  11 ].  

   Macroglossia 

 Tongue function is important for deglutition, phonation, and 
respiration. Macroglossia is defi ned as a resting tongue that 
protrudes beyond the teeth or alveolar ridge. Congenital 
macroglossia is seen in pediatric overgrowth disorders, most 
commonly Beckwith–Wiedemann syndrome. Low- and 
high-fl ow vascular anomalies with tongue involvement can 
also cause tongue enlargement. Clinically, severe macro-
glossia in the newborn can obstruct the oropharyngeal 
airway with symptoms of obstructive sleep apnea with 
CO 2  retention, retractions, and respiratory distress. Surgical 
treatment options include tongue reduction surgery and/or 
tracheostomy [ 12 ,  13 ].  

   Congenital Pharyngeal Mass 

 Tumors obstructing the nasal/nasopharyngeal airway are 
exceedingly rare. Differential includes teratoma, epidermoid 
cyst, rhabdomyosarcoma, Rathke pouch cyst, lingual thy-
roid, vallecular cysts, and other rare neoplasms. Presenting 
signs include stridor with recurrent respiratory distress. CT 
and/or MRI are recommended to evaluate the extent of the 
lesion. Treatment involves securing the airway, occasionally 
with endoscopic assistance, and is subsequently dependent 
upon the primary etiology.   

   Laryngeal Obstruction 

 Obstruction at the level of the larynx can present with severe 
neonatal obstruction, which can result in death if not recog-
nized early on. With severe obstruction at the level of the 

  Fig. 3    Axial CT showing bilateral choanal atresia       

  Fig. 4    Micrognathia in a child with Pierre-Robin sequence       
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larynx, intubation is often not achievable, requiring urgent 
tracheotomy in order to establish the airway. 

   Laryngeal Atresia 

 Atresia of the larynx is a rare anomaly causing respiratory 
distress in the newborn resulting from failure of re- 
canalization of the larynx in utero at approximately 10 weeks 
gestational age. It is commonly associated with other abnor-
malities, including tracheoesophageal fi stula, esophageal 
atresia, and tracheal agenesis. 

 Diagnosis of laryngeal atresia can be made with prenatal 
US and MRI. Congenital high airway obstruction syndrome 
(CHAOS) results when laryngeal atresia is associated with 
large hyperechogenic lungs, fl attened or inverted dia-
phragms, and ascites. Failure to recognize this anomaly in 
utero can result in rapid neonatal demise due to complete 
airway obstruction at delivery. Treatment involves the use of 
the EXIT procedure with tracheotomy performed immedi-
ately upon delivery [ 14 ,  15 ].   

   Tracheal Obstruction 

 As with laryngeal anomalies, obstruction at the level of the 
trachea can present with severe neonatal obstruction, which 
can result in death if not recognized early on. With severe 
obstruction at the level of the trachea, intubation may be 
challenging and tracheotomy may not be an option. Urgent 
bronchoscopy is often necessary in order to evaluate the 
airway and plan care. 

   Tracheal Stenosis 

 Complete tracheal rings (O-rings) are found in almost all 
cases of congenital tracheal stenosis with resultant narrow-
ing of a segment or the full length of the trachea. Other 
anomalies are common and include a right upper lobe 
bronchus originating from the trachea (“pig” bronchus), 
hypoplasia/aplasia of the lung, and left pulmonary artery 
sling. Treatment is dependent upon the degree of obstruction, 
with most patients presenting with respiratory distress symp-
toms during the neonatal period and a history of diffi cult 
intubation. 

 In a patient with suspected tracheal stenosis, diagnosis 
should be made with judicious bronchoscopy as well as 
imaging in order to assess for vascular and cardiac anoma-
lies. Different techniques of tracheoplasty, including slide 
and patch, have been used for repair with slide tracheoplasty 
being the currently preferred method of repair. For short 
segment stenosis, resection can be considered [ 16 ].  

   Vascular Anomalies 

 Vascular anomalies with compression of the airway can 
result in respiratory distress in newborns and occur in 1–2 % 
of children with congenital heart disease. Innominate artery 
compression is not a true anomaly, but can result in airway 
symptoms. Vascular rings and slings are also included in the 
category of vascular anomalies. The double aortic arch is the 
most common symptomatic true vascular ring. The left 
pulmonary artery sling can also cause compression of the 
right mainstem bronchus. Treatment will be discussed in 
detail in later chapters [ 17 ].   

   Extrinsic Cervical Lesions 

 Extrinsic compression of the airway by a mass is rare but 
potentially lethal if not recognized and treated. Masses 
include tumors, such as a cervical teratoma and vascular 
malformations, which are discussed in detail in a separate 
chapter. 

   Cervical Teratoma 

 Teratomas are rare congenital malformations occurring in 
1:20,000–40,000 live births. The head and neck is the second 
most common site of teratoma formation in the neonate. 
Teratomas consist of tissue from all three germ layers and 
usually have solid and cystic components. Calcifi cations on 
US or MRI are nearly diagnostic but are only present in 
approximately 50 % of cases. 

 Cervical teratomas can cause hypopharyngeal compres-
sion and disruption of fetal swallowing of amniotic fl uid 
leading to polyhydramnios. Polyhydramnios can lead to 
preterm labor and placental abruption, and if severe, intraop-
erative amnioreduction is indicated. Airway obstruction 
secondary to undiagnosed teratomas is associated with high 
mortality and anoxic brain injury. Prenatal imaging and 
EXIT procedures for postnatal management have dramati-
cally improved survival of these patients. Once the airway is 
obtained, further management is primarily determined by the 
amount of pulmonary hypoplasia [ 18 ].      
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           Introduction 

 Over the past four decades, advances in neonatal intensive 
care have led to the survival of smaller and more immature 
infants. The improved survival of very low birth weight 
infants (VLBW) is associated with long-term respiratory 
morbidity, most commonly in the form of bronchopulmo-
nary dysplasia (BPD). The preterm birth rate (less than 37 
completed weeks of gestation) rose by more than one-third 
from 1981 to a peak in 2006 in the USA. While there has 
been a continuous fall in this rate over the last 6 years, there 
were still over 300,000 infants delivered prematurely in the 
USA in 2012 [ 1 ]. Currently there are over 75,000 infants 
born at less than 32 weeks postmenstrual age (PMA) and 
over 50,000 having birth weights <1,500 g each year [ 1 ,  2 ]. 
In this chapter, we will describe the developmental charac-
teristics of the immature airway, and discuss the pathogen-
esis as well as management of commonly seen acquired 
airway disorders associated with prematurity, prolonged 
intubation, and ventilation.  

   Background 

 The lungs of preterm infants born at 24–28 weeks gestation 
are both structurally and biochemically immature. The capil-
laries of the distal pulmonary circulation are only starting to 
form and during the saccular stage of lung development 
primitive air spaces are just beginning to bud off the terminal 
bronchioles. The endogenous surfactant system is not yet 
activated and antioxidant defense mechanisms are immature. 
Supplemental oxygen and ventilatory support are often 
essential for survival for these extremely premature infants. 
Unfortunately with these therapies and interventions, lung 
and airway damage results with the subsequent development 
of chronic lung disease of infancy or BPD. Along with inter-
rupted alveolar development, BPD is characterized by 
increased airway muscle thickening as well as abnormalities 
of elastic fi ber architecture, elastin deposition, and elastic 
recoil. It is these anatomic abnormalities that result in long- 
term impairment of lung function and the prolonged effects 
of prematurity on the developing lung and airways. 

 When fi rst described by Northway et al. in 1967 [ 65 ], 
BPD occurred mainly in larger preterm infants born at 30–34 
weeks’ gestation. These infants were born at the time that 
ventilators were fi rst being adapted for use in the newborn, 
and before the introduction of antenatal steroids or postnatal 
surfactant replacement therapy. Infants with this type of clas-
sic, or “old” BPD usually have a history of severe respiratory 
distress requiring high levels of ventilator support and oxy-
gen therapy for a prolonged period of time. The pathological 
features of the “old BPD” are characterized by extensive 
injury including varying degrees of pulmonary fi brosis 
involving proximal and distal portions of the airway, necro-
tizing bronchiolitis, peribronchial smooth muscle hypertro-
phy, pulmonary artery muscularization, and severe large 
airway injury. Since this time, there has been dramatic 
improvements in the area of perinatal care, which included 
the wide spread use of antenatal steroids for mothers in pre-
term labor before 34 weeks gestational age (GA), postnatal 
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surfactant replacement therapy, more advanced ventilators, 
better monitoring of oxygen saturations, and the introduction 
of “gentle” ventilation concept with a variety of noninvasive 
ventilation strategies. As a result of these evolving clinical 
practices and the survival of smaller and more immature 
infants, a new form of BPD has been described [ 3 ]. This “new 
BPD” typically affects smaller (<1,000 g) and more imma-
ture infants (<32 weeks). The incidence of BPD in VLBW 
infants ranges between 15 and 65 % and this incidence 
increases as the gestational age decreases [ 4 ,  5 ]. These 
infants often start out with only minimal or mild respiratory 
distress syndrome (RDS) requiring low levels of respiratory 
support and then display deterioration in lung function with 
increased ventilator and/or oxygen requirements within a 
few days or weeks after birth. Instead of extensive injury as 
seen in “old BPD,” the hallmark pathological feature of the 
“new BPD” is delayed alveolar and lung vascular develop-
ment. Some author reports these infants represent more than 
80 % of all infants diagnosed with BPD.  

   Development and Embryology 

 At 6–8 weeks of gestation, airway smooth muscle cells 
appear in the trachea and main and lobar bronchi. Muscle 
then develops sequentially along segmental, terminal, and 
respiratory bronchioles and alveolar ducts. The human fetal 
airway smooth muscle contracts spontaneously in the fi rst 
trimester; it also responds to pharmacologic manipulation 
[ 6 ]. During fetal life and childhood, there is an increase in 
the amount of bronchial smooth muscle relative to the size of 
the airways. The amount of bronchial smooth muscle (square 
millimeter per millimeter) is greater in the hilar region than 
in the main bronchus in all infants. Muscle could not be iden-
tifi ed in airways distal to the small bronchi in the fetus at 22 
weeks of gestation, but it could be seen at 24 weeks of gesta-
tion. In more distal airways destined to become the terminal 
and respiratory bronchiole, muscle could not be measured in 
the lungs of fetuses at less than 26 weeks of gestation. All 
types of airway showed a signifi cant linear increase in the 
area of muscle per millimeter airway perimeter with post- 
conceptual age. About 3 % of the bronchial wall is occupied 
by bronchial smooth muscle in both the child and adult, 
whereas in bronchiole it is 20 % of the wall in the adult and 
only 10 % in the child [ 7 ]. Examination of airways in full 
term and premature babies suggests that there is a more rapid 
increase in the amount of bronchial smooth muscle immedi-
ately after birth, probably as a result of transition to air 
breathing. This means that premature babies have a larger 
amount of muscle than normal for both their post-conception 
age and their airway size. At autopsy in the human fetus, the 
relative amount of bronchial smooth muscle in all types of 
airway was greater than expected for their post-conceptual 
age, especially in the premature infants who had been venti-

lated, and localized to the bronchi large and small and not in 
the more peripheral airways [ 8 ,  9 ]. This muscle is reactive 
and responsible for bronchoconstriction in infants. In a study 
of 10 normal infants younger than 15 months of age, Tepper 
[ 10 ] demonstrated airway reactivity to methacholine and 
subsequent bronchodilation with metaproterenol. Other 
studies [ 11 ] have demonstrated the presence of functional 
beta-adrenergic receptors in the airways of infants 3–12 
months of age. Excessive amounts of bronchial smooth 
 muscle in the lungs of ventilated premature infants might 
help explain the elevated resistance since airway resistance 
in adults correlates well with bronchial smooth muscle 
volume [ 12 ]. In children who have been ventilated, func-
tional abnormalities may persist. Airway obstruction and 
bronchial hyper-reactivity have been described in children 
up to 12 year of age [ 13 ,  14 ]. 

 Between 8 months postnatal age and adult life, the amount 
of muscle continues to increase in the proximal airways, with 
a small increase in the amount of muscle in the peripheral 
airways. 

 Anatomically, the airway is divided into the upper and 
lower airways, which combine with the purpose of carrying 
air to the gas exchanging units or alveoli in the lung. 
Developmentally the upper and lower airways form from 
distinct embryologic origins, with the upper airway forming 
from the branchial arches and lower airways forming from 
the primitive foregut. The upper airway extends from the 
nose to the trachea and functionally is involved in degluti-
tion, respiration, and phonation. Upper airway structures 
consist of the nose, nasal cavity, choanae, oral cavity, hypo-
pharynx, larynx and supraglottis, vocal cords, and subglottic 
space. Lower airway begins with the trachea and undergoes 
a series of divisions to the terminal airways. Lower airway 
structures consist of the trachea, bronchi, bronchioles, termi-
nal bronchi, respiratory bronchi, alveolar ducts, and alveoli. 

   Development of the Upper Airway 

 Development of the craniofacial and upper airway structures 
is a complex choreography of mesenchymal and epithelial 
tissues responding to soluble growth factors and transcrip-
tion factors in a tightly regulated sequence. Interruption of 
the development process or mutation of required transcrip-
tion or growth factors leads to congenital anomalies of the 
facial and airway structures. The development of the nasal 
cavity dates into the sixth post-conceptual week. The primi-
tive nasal cavity is formed by deepening of the original nasal 
pits and is separated from the primitive oral cavity by the 
oronasal membrane. Behind the primary palate, the primitive 
choanae connect the nasal and oral cavities. The fi nal choa-
nae form with the development of the secondary palate at the 
junction of nasal cavity and pharynx. At the same time, the 
nasal conchae (upper, middle, and lower) develop, emerging 
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from the lateral wall of the nasal cavity. The nasal septum 
forms from the fused nasal processes and grows caudally, 
fi nally merging with the palatine shelves [ 15 ]. 

 The development of the larynx embryologically is an inte-
gral part of the development of the lower airways. At 4 weeks 
post-conception, a bud outgrows from the ventral part of the 
foregut forming the respiratory diverticulum such that the 
epithelium of the larynx and the epithelium of the whole 
 system of lower airways originate from the endoderm. 
Originally, the respiratory diverticulum communicates 
widely with the foregut, however with the formation of two 
longitudinal esophagotracheal ridges, the process of separa-
tion of trachea and esophagus begins, which is concluded by 
the fusion of these two ridges and formation of the esoph-
agotracheal septum. The laryngeal orifi ce remains as the 
only communication between the oropharynx and the respi-
ratory system. The laryngeal cartilages and muscles form 
from the mesenchyme of the fourth and sixth pharyngeal 
arches. Cartilaginous tissues from the fourth and sixth pha-
ryngeal arches fuse and form the arytenoid, thyroid, cricoid, 
corniculate, and cuneiform cartilages. The laryngeal carti-
lages, including the epiglottis, originate from the mesenchy-
mal tissue adjacent to both entoderm and endoderm. Around 
the same time, rapid proliferation of the laryngeal epithelium 
leads to temporary occlusion of the lumen. After recanaliza-
tion of the lumen at about the age of 10 weeks, there remains 
a pair of lateral recesses (laryngeal ventricles). Around them, 
both true and false vocal cords differentiate. Within a further 
6 weeks, the larynx develops almost its defi nitive appearance 
with the formation of thyroid, cricoid, and arytenoid carti-
lages from the mesenchyme, and further differentiation of 
epiglottis and arytenoids. At birth, the relative position of the 
larynx is much higher than in older children and adults and 
facilitates transition to spontaneous breathing. The postnatal 
descent of the hyoid and larynx is unique to humans and 
important for establishing the fi nal shape of the vocal tract, 
which is vital for appropriate development of speech. The 
lower position of the larynx in humans may, however, lead to 
lack of sealing of the larynx during deglutition and an 
increased risk of food aspiration [ 15 ].  

   Development of the Lower Airway 

 The airways of the lung begin their development 22–26 days 
after fertilization as a ventral diverticulum budding from the 
foregut and lined by epithelium of endodermal origin. Normal 
airway branching requires both epithelium and mesenchyme. 
If the mesenchyme is stripped away, the airway tube will 
elongate but not divide [ 16 ]. The lobar and segmental bronchi 
appear at about the fi fth week. And division of intrasegmental 
airways is fastest between the 10th and 14th week, by which 
time about 70 % of the airway generations present at birth 
have formed [ 17 ]. The pattern of airway branching is com-

plete by about the 16th week of intrauterine life after which 
airway size changes but no further branching occurs [ 8 ]. 
From 22 weeks to birth, there is a linear increase in diameter 
in all airways from the bronchus to the terminal bronchiole. 
This growth continues after birth and the airways double or 
triple in diameter and length between birth and adulthood. 
With an increase in the size of the airways, the amount of 
cartilage, gland, and muscle increases such that the ultimate 
size and structure of the airway does not appear to be affected 
by premature delivery [ 9 ]. Premature infants who require 
artifi cial ventilation show a discrepancy in airway and alveo-
lar development as the respiratory region of the lung is mark-
edly altered by premature birth with arrested lung development 
resulting in fewer alveoli and increased interstitial collagen 
and elastin [ 9 ]. While airway size and structure is unaffected 
by prematurity, the functional effects of prematurity on the 
upper and lower airway as well as large and small airways can 
be signifi cant. Airway morbidities related to prematurity 
include vocal cord paresis or  dysfunction, subglottic stenosis 
(SGS), tracheal or bronchomalacia, airway infl ammation 
secondary to refl ux or aspiration. Along with these upper and 
large airway morbidities, other studies have reported exces-
sive amount of bronchial smooth muscle in the lungs of 
ventilated premature infants, which may account for the 
airway obstruction [ 14 ] and bronchial hyper- reactivity [ 13 ] 
demonstrated into adolescence after premature birth.   

   Epidemiology of Acquired Airway Disorders 
in Premature Infants 

 SGS is a common injury secondary to endotracheal intuba-
tion of neonates. The reported prevalence of SGS has 
decreased in the past 30 years. Based on a single year review 
of NICU admissions in their institution and a literature 
review from 1960 to 1999, Walner et al. estimated an inci-
dence of 0–2 % [ 18 ]. However the incidence of SGS is likely 
underestimated due to the retrospective nature of the studies. 
Using prospective fl exible fi ber-optic nasolaryngoscopy 
evaluation, a recent study reported a high incidence of 
11.38 % in pediatric patients intubated for more than 24 h 
[ 19 ]. Even higher incidence of 16–24.5 % has been reported 
in VLBW infants who underwent intubation and mechanical 
ventilation for more than 7 days [ 20 ,  21 ]. Factors that have 
been associated with the development of SGS in the neo-
nates include birth weight, gestational age, endotracheal 
tube size, route of intubation (nasal vs. oral), trauma of intu-
bation, the number of ETT inserted, presence of infection, 
and duration of mechanical ventilation [ 21 ]. In addition, the 
need for additional doses of sedation appears to be an impor-
tant factor for the development of SGS during endotracheal 
intubation [ 22 ]. 

 Acquired subglottic cysts (SC) after intubation have 
been described by several studies [ 23 ,  24 ]. The estimated 
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incidence of SC is 1.9 per 100,000 live births. However the 
true incidence of SC in neonates is diffi cult to determine due 
to the selection bias of the studies. Downing et al. reported 
11 cases (7.2 %) in 153 premature infants who were intu-
bated for 7 days or longer over a 30-month period [ 23 ]. In 
another study, Halimi et al. identifi ed 17 cases (9.3 %) in 172 
premature infants over a 10-year period [ 24 ]. The majority of 
SC cases were reported in premature newborns with gesta-
tional age between 24 and 28 weeks. 

 Traumatic injury of the vocal cords as a result of short- or 
long-term intubation has been well recognized. Post- 
intubation laryngeal injuries have been reported in as many 
as 73 % of patients and vocal cord avulsion in neonates 
leading to dysphonia has also been reported [ 25 ,  26 ]. Unique 
to the premature infants, left vocal cord paralysis (LVCP) 
after patent ductus arteriosus (PDA) ligation has been well 
documented. Several studies reported incidence in the range 
of 0.7–17 %. However rate as high as 40–67 % has been 
reported in ELBW infants [ 27 – 29 ]. This condition may per-
sist well beyond the newborn period. Using fl exible laryn-
goscopy examination, a recent study found 54 % of young 
adults who was born at ≤28 weeks GA or ≤1,000 g birth 
weight had LVCP at the time of examination between 23 
and 27 years of age [ 30 ]. The single most signifi cant risk 
factor associated with LVCP after PDA ligation is low birth 
weight (Fig.  1 )   .

   Tracheobronchomalacia (TBM) is a dynamic airway nar-
rowing disorder that is diffi cult to diagnose. The estimated 
incidence is between 1 in 1,500 and 1 in 2,500 in children, 
which is thought to be a signifi cant underestimation of the 
true incidence. This condition has been reported in up to 
15 % of infants and 30 % of young children (≤3 years old) 
who have undergone bronchoscopy for evaluation of respira-
tory distress [ 31 – 33 ]. In the selected population of premature 

infants with BPD, incidence between 16 and 50 % has been 
reported [ 34 ]. Identifi ed risk factors associated with the 
development of secondary TBM include lower gestational 
age at birth, prolonged intubation, higher mean airway 
 pressures during mechanical ventilation, infection, long-
standing extrinsic airway compression (from vascular struc-
tures, cardiac and skeletal abnormalities, and tumors/cysts), 
and chronic infl ammation [ 20 ,  35 ]. 

 The incidence of small airway disease varies with BPD 
with an incidence of 68 % in children with history of BPD, 
30 % demonstrating moderate degrees of obstruction and 
10 % demonstrating severe obstruction on lung function tests.  

   Pathogenesis 

 In comparison with tracheas of infants who have not been 
ventilated mechanically, tracheas of those who have been 
ventilated are less compliant, being more diffi cult to expand 
but easier to collapse. Both tracheomegaly [ 36 ] and tracheo-
malacia [ 37 ] have been described in preterm infants who 
required mechanical ventilation in the neonatal period. 
Tracheomalacia may occur as a consequence of epithelial 
disruption with loss of an epithelial relaxant and an intensive 
bronchoconstrictor response to inhaled agonists [ 38 ,  39 ]. 
Disruption of the muscle–cartilage junction may reduce the 
ability of the trachea to resist compressive forces such as 
high supra-atmospheric pressures produced in infants with 
airfl ow obstruction. Pressure-induced alterations in the ori-
entation of airway smooth muscle fi bers may affect the 
forcefulness of smooth muscle contraction and the effective-
ness with which muscle contraction stiffens the airway and 
helps it resist deformation. It is also possible that pressure- 
induced alterations in the alignment of cartilage components 
(i.e., proteoglycan/collagen confi guration) results in carti-
lage providing less structural support for the trachea in new-
borns who have been mechanically ventilated. 

 The trachea and large airways are very compliant during 
development, with compliance of the airway determined 
largely by the tracheal smooth muscle contained in the pos-
terior wall [ 40 ,  41 ]. During mechanical ventilation, altera-
tions in tracheal smooth muscle mechanics in preterm [ 41 ], 
newborn lamb [ 42 ], and adult dog [ 43 ], often parallel changes 
in tracheal compliance seen with lung development. The role 
of tracheal cartilage in determining tracheal compliance is 
less well defi ned. The primary contribution of tracheal carti-
lage in determining tracheal compliance and dimensions 
appears to involve its role in limiting evagination of the pos-
terior wall when transmural pressure is positive and invagi-
nation when transmural pressure is negative. During 
spontaneous respiration and lung infl ation, a decrease in 
intrathoracic pressure increases transmural pressure in the 
intrathoracic trachea, causing the posterior tracheal wall to 
evaginate and the cartilaginous tips to be pulled further apart. 

  Fig. 1    Vocal cord paralysis. Upper airway obstruction due to vocal 
cord paralysis noted on bronchoscopy. Courtesy of Steve Sobol, ( The 
Children’s Hospital of Philadelphia)       
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The increasingly inward forces generated by the cartilagi-
nous tips resist this expanding force, thereby limiting the 
increase in intraluminal area in the intrathoracic trachea. 
During exertional expiration, when intrathoracic pressures 
are relatively positive and transmural pressures in the intra-
thoracic trachea may be negative, posterior wall invagination 
and tracheal compression is limited by an outward, and 
therefore stabilizing, force exerted by the ring [ 14 ]. In the 
immature animal, a reduced ability of the cartilaginous ring 
to exert these forces may contribute to age-related differ-
ences in tracheal compressibility and infl atability. The net 
effect of increased airway compliance is a change in the 
pressure-fl ow relationship, which contributes to the high air-
way resistance and limitation to airfl ow [ 41 ]. Along with 
high airway resistance and limitation to airfl ow, increased 
airway compliance allows for acute and chronic airway 
deformation with exposure to positive pressure. With expo-
sure to positive pressure tracheal cross-sectional area, cir-
cumference, and mean diameter were found to be signifi cantly 
greater. The greater circumference was mainly due to the 
greater length of the trachealis muscle whereas the cartilage 
length remained essentially unchanged [ 44 ]. Other studies 
have subsequently confi rmed these fi ndings with demon-
strating with 4 h of ventilation a time-dependent decrease in 
posterior wall thickness, indicating a thinning of the trachea-
lis muscle and no detectable change in anterior wall thick-
ness, indicating a relative stability of the cartilage component 
of the tracheal boundary [ 45 ]. The radius of the trachea from 
preterm infants is approximately half that of the adult. The 
LaPlace relationship, therefore, suggests that the preterm tra-
chealis needs to generate a tension half that of the adult to 
withstand an equal deforming pressure (Fig.  2 ).

   When immature airways are exposed to distending pres-
sures associated with positive pressure ventilation (PPV), 
they become deformed, although adult airways do not [ 46 ]. 

This pressure-induced injury to the immature airway may 
arise in part because of the inability of the preterm trachealis 
muscle to generate enough tension to withstand that level of 
barotrauma. The clinical consequences of decreased airway 
compliance include increased dead space, fl ow limitation, 
elevated airway resistance and work of breathing, and higher 
risk of gas trapping. Thus, the limited ability of immature 
airway smooth muscle to generate tension may help explain 
why preterm neonates who require PPV are at risk for devel-
oping structural injury to the central airways. 

 Contrasting the trachea, where compliance progressively 
decreases from the early fetus to the adult, studies have 
shown no difference between 1-month-old and adult bron-
chi with respect to defl ation-specifi c compliance [ 47 ]. 
However as a fetus and in the fi rst month of life, the bronchi 
are twice as distensible as they are at a month of life. Airway 
morphology was investigated in an attempt to identify struc-
tural changes that might produce the observed maturation of 
specifi c compliance. Bronchi from 1-week-old pigs had a 
signifi cantly lower total wall area and cartilage area than the 
fetus and 4 week olds. However, the percentage of cartilage 
in the wall of fetal, 1- and 4-week-old pigs was the same. 
The mechanism for age-related changes in compliance 
could involve either a change in composition of the wall 
(e.g., more cartilage) or a change in the mechanical proper-
ties of some wall component (e.g., stiffer cartilage), but is 
not related to changes in airway smooth muscle tone. Fetal 
pig bronchi had the same proportion of cartilage as 4 week 
olds but were signifi cantly less compliant, implying that the 
maturational change in compliance was not explained by 
changes in the amount of bronchial cartilage. Cartilage and 
smooth muscle stiffness are important determinants of the 
maturational change in tracheal compliance [ 48 ,  49 ], but in 
bronchi the structures determining specifi c compliance are 
unknown. Both immature and adult bronchi showed a 
change in the internal area (Ai) with infl ation, however, no 
statistically signifi cant change in the outer area (Ao) or total 
wall area (WAtot) of adult bronchi was detected with infl a-
tion. As with the adult, no difference in Ao was detected 
between infl ated and uninfl ated bronchi from 1-week-old 
piglets; however, infl ation to 20 cmH 2 O did produce signifi -
cant reductions in the wall thickness and total wall area 
(WAtot) of 1-week-old bronchi; therefore, at this pressure, 
part of the increase in lumen volume occurs by compression 
of the airway wall. Some expansion of Ao and movement of 
the cartilage plates may occur, but at least in bronchi from 
immature pigs, airway wall compression is a factor in deter-
mining lumen volume and specifi c compliance. Airway 
mucosa and smooth muscle are incompressible structures 
[ 50 ]; therefore, the region of wall compression may lie in 
the submucosa between the muscle and cartilage layers. 
This region can expand during muscle constriction in vitro, 
suggesting that it may also be compressible [ 51 ]. In vitro, 
fl uid appears able to enter the wall of isolated bronchi across 

  Fig. 2    Differences in luminal size and airway resistance with 1 mm 
circumferential edema: Changes in airway resistance with intraluminal 
swelling are more pronounced in infants compared with adults. 
(Adapted from Wheeler et al. [ 117 ]. In Wheeler et al., Resuscitation 
and Stabilization of the Critically Ill Child)       
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their adventitial surface, whether this can occur in the lung 
in vivo, is questionable. 

 Ventilatory strategies such as continuous positive airway 
pressure (CPAP) and mechanical ventilation have been impli-
cated in the pathogenesis of diverse airway disorders [ 44 ,  46 , 
 52 ]. While necessary to sustain life at the extremes of prema-
turity, positive airway pressure imposes physical forces on the 
airway that are not normally present during development. 
Relatively stiff lungs are mechanically ventilated through 
relatively compliant airways resulting in marked airway 
deformation. Pressure-induced stretch and high shear forces 
alter the normal structure and function of the airway. 
Anatomically positive airway pressure    increases the dimen-
sions of the trachea in the anterior–posterior diameter and the 
tracheal volume resulting in tracheomegaly and increasing 
dead space [ 36 ,  45 ,  53 ,  54 ]. The greatest deformation in tra-
chea dimension is associated with the posterior region where 
the cartilaginous tips are spread apart. The hinged area is a 
high stress point where tension (outer region of trachea) and 
compression (inner region of trachea) simultaneously applied 
during exposure to positive pressure. Ultrasound technology 
allows precise measurement of tracheal dimensions in vivo; 
allowing for a comparison between changes in mechanical 
properties of the airway and structural changes of the airway 
[ 45 ,  53 ]. Cartilage plays a major role in the structure of the 
airway and while the net effect is an increase in the dimen-
sions of the trachea, controversy exists as to whether mechan-
ical stress during ventilation, is damaging to the chondrocytes 
or if this stress has an impact on airway chondrocytes and 
extracellular matrix (ECM) expression. Recently published 
data proposes changes in airway chondrocytes and ECM sec-
ondary to the effects of positive pressure on the airway as 
responsible for acquired tracheomegaly [ 55 ] and increased 
dead space. Histologically, applying positive pressure to the 
airway results in a thinner and stretched, pseudostratifi ed, 
ciliated columnar epithelium wall as well as radial expansion 
of the entire tracheal cartilage and muscle [ 55 ]. Fourier trans-
form infrared imaging spectroscopy is a novel imaging meth-
odology that has been utilized to examine various types of 
natural tissues including bone, cartilage, and tissue-engi-
neered, cartilage-like tissue, and biomaterials. The specifi c 
molecular components in cartilage contribute to its infrared 
spectrum, and these can be detected using FT-IRIS methodol-
ogy. An FT-IRIS spectrometer, when coupled with a light 
microscope, enables one to identify intensity and distribution 
of tissue compositions. FT-IRIS technology allows for assess-
ments of functional alterations in trachea dimensions and 
mechanical properties. Utilizing this technology, tracheal car-
tilage can be assessed with respect to collagen, PG, and integ-
rity of newly synthesized collagen [ 55 ]. FT-IRIS analysis 
demonstrated differences in intensity and distribution of ECM 
in the tracheal cartilage with an increase in the collagen and 
proteoglycan content and increased signal for collagen integ-
rity (new tissue formation). These fi ndings demonstrate that 

exposure to positive pressure changes the ECM composition 
and the level of constitutive ECM components in the neonatal 
tracheal cartilage, suggesting both airway damage and a con-
comitant repair. 

 Another component of pulmonary mechanics is described 
in terms of compliance of an elastic organ as volume (strain) 
per unit of pressure (stress), where compliance is lower when 
the elasticity is greater. Moduli of elasticity are typically 
used to describe material not intended to be compliant, in 
this case a large conducting airway. Bulk and elastic moduli 
represent the amount of force (stress) to achieve a degree of 
deformation (strain), and thus if something is less elastic, it 
requires more stress per unit of distortion and has a greater 
moduli of elasticity. The trachea normally has some degree 
of elasticity, however over time, with exposure to positive 
pressure more force is needed to distend the airway. In this 
regard, the airways are loosing elasticity in response to posi-
tive pressure whereby the enlarging internal diameter is asso-
ciated with the breakdown of elastic components and airway 
distention is accomplished through stretch of the nonelastic 
structural components. 

 Collapsibility of the airway is determined by the contribu-
tion of airway cartilage and smooth muscle. Studies of the 
trachea in preterm lambs demonstrate that the preterm tra-
chea is responsive to ACh by becoming stiffer, less deform-
able organs. However the magnitude of compliance and 
resistance changes consequent to smooth muscle contraction 
is small when compared to the full term and adult trachea 
suggesting a limited infl uence of airway smooth muscle on 
airway function in the preterm trachea. The mechanical 
properties (both tensile and compressive) of airway cartilage 
and smooth muscle are determined by the material composi-
tion of each tissue. Alterations in tissue composition with 
development may therefore explain differences in airway 
compliance. Proteoglycans are important constituents of the 
cartilaginous matrix and are known to confer rigidity to car-
tilage. Histochemical analysis by Bucher and Reid [ 17 ] has 
shown that the cartilaginous matrix of proximal human air-
ways stains more basophilic near full term compared with a 
16 weeks gestational age, suggesting increasing amounts of 
chondroitin sulfates with development. Considered collec-
tively, these studies suggest that a relative lack of proteogly-
cans in immature airway cartilage may contribute to the 
collapsible nature of preterm lamb tracheae demonstrated in 
the present study. Additional factors that may contribute to 
developmental changes in the forcefulness of contraction of 
airway and non-airway smooth muscle in the preterm infant 
when compared to the full term and adult trachea includes:
    1.    Developmental changes in types of contractile proteins 

(actin and myosin, including isoforms) and concentration 
per unit area [ 56 ,  57 ].   

   2.    Developmental changes in orientation of smooth muscle 
cells in the airway vessels from circular to oblique rela-
tive to the long axis of the vessel wall [ 58 ].   
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   3.    Developmental changes in synthetic activity of vascular 
smooth muscle cells from primarily secretory (producing 
the extracellular proteins collagen and elastin) during the 
neonatal period to primarily contractile (producing the 
intracellular protein actomyosin) after 4 weeks of age in 
rats [ 59 ].   

   4.    Developmental changes in shape and function of airway 
smooth muscle cells (length and thickness doubled with 
age, although velocities of shortening were similar, in 
lambs vs. sheep) [ 60 ].    
  Forced expiration in the intact lung is typically associated 

with dynamic compression of the central airways, high resis-
tance to airfl ow, and the establishment of a “fl ow-limiting 
segment” (FLS) of airway. Several studies have emphasized 
the importance of the compliance of the FLS in determining 
expiratory fl ow rate and have demonstrated how experimen-
tally increasing or decreasing FLS compliance may respec-
tively decrease [ 61 – 63 ] or increase [ 62 ] maximum expiratory 
fl ow. Accordingly, preterm infants with highly compliant 
airways might be expected to exhibit relatively greater air-
way compression, higher resistance, and severe fl ow limita-
tion, which may exacerbate problems of gas exchange and 
breathing common in preterm infants. In the preterm trachea, 
relatively small compressive pressures are required to create 
signifi cant airway compression and elevated resistance. The 
intrathoracic airways possess similar properties and are sub-
ject to similar dynamic compression at low efforts and fl ow 
limitation demonstrated in the preterm trachea [ 64 ] and as a 
consequence expiratory fl ow reserve is small. Complications 
associated with prematurity such as BPD [ 65 – 67 ] or the 
effects of mechanical ventilation [ 7 ,  8 ] may serve to further 
limit the preterm infant’s physiological range of breathing 
[ 66 ] and exacerbate problems of clinical management. 
Refl ex constriction of airway smooth muscle plays an impor-
tant physiological role during forced expiration, serving to 
stiffen the central airways and improve conditions for fl ow 
[ 68 ]. This mechanism might be particularly useful to the pre-
mature infant whose airways are extremely compliant; how-
ever, studies have suggested that the effect of ACh on airway 
mechanics is age dependent and that the ability of airway 
smooth muscle to decrease airway compliance and increase 
expiratory fl ow in the intact lung may be limited in the pre-
term trachea. As a result, refl ex constriction of the airway 
smooth muscle results in relatively small changes in airway 
circumference in the preterm infant, and this lack of effec-
tiveness may be a contributing factor to the relatively severe 
fl ow limitation observed in preterm infants. 

 The airway epithelium plays an important role in the 
modulation of smooth muscle function. Studies of adult air-
ways have shown that airway epithelium generates relaxant 
and contractile factors that modulate the tone of the underlying 
smooth muscle [ 69 – 72 ]. Epithelial damage has also been asso-
ciated with bronchial hyper-reactivity [ 73 ] as de- epithelialized 

smooth muscle cells exhibit greater force of contraction in 
response to acetylcholine stimulation than did a strip of tra-
cheal smooth muscle with epithelium intact [ 38 ]. The magni-
tude of the effect was as great in the preterm as adult trachea, 
demonstrating that even during late gestation, epithelial 
integrity may be an important determinant of smooth muscle 
function, bronchial hyper-reactivity, and bronchodilator 
responsiveness. 

 When one assesses the effect of mechanical ventilation of 
airway structure and function the effect on the proximal and 
distal airways may be quite distinct. Histological studies of 
ventilated neonatal human and animal lungs found that, in 
addition to tracheomegaly, the peripheral airways were wider 
in lungs of neonates and animals that had been mechanically 
ventilated. The mechanisms responsible for this difference 
are not known, but may include distal/proximal (regional) 
airway differences, age-related differences in amount of car-
tilage, orientation of muscle fi bers, forcefulness of contrac-
tion of muscle fi bers, and receptor sensitivity of airway 
smooth muscle fi bers. These differences would lead to 
mechanical ventilation affecting the more compliant distal 
and less compliant proximal airways differently.  

   Clinical Presentation 

 Improved care of premature infants in the NICUs has led to 
fewer rate and days of intubation and mechanical ventilation. 
In infants who required prolonged intubation, failed extuba-
tion is often the fi rst clue of developing acquired airway prob-
lems. Suspicion of upper airway obstruction should be higher 
when an infant with minimum ventilator support develops 
signifi cant respiratory distress soon after extubation. Studies 
such as direct laryngoscopy and bronchoscopy (DLB) can 
uncover fi ndings of granuloma formation at infraglottic sur-
faces and grade 2 membranous SGS in a premature infant 
who failed multiple extubation attempts (Fig.  3 ). In a retro-
spective study, Pereira et al. reviewed 63 infants who under-
went DLB for failed extubation between 1998 and 2006. In 
this study, more than 90 % of these infants had abnormal air-
way fi ndings at the time of DLB with 39.7 % had either sub-
glottic edema or edema. Infant who were born at 30 weeks 
GA or less, low birth weight and with history of chronic lung 
disease were twice likely to have these fi ndings. In addition, 
the group of infants who required tracheostomy had double 
the number of days of ventilation, failed extubations, and 
incidence of subglottic compromise as compared with the 
group of infants who did not require tracheostomy [ 74 ].

   Stridor usually indicates an obstruction at the laryngotra-
cheal airway. It may be inspiratory, expiratory or biphasic    
depending on the location of the obstruction: supraglottic 
lesions usually present with a coarse, inspiratory stridor, 
glottis and subglottic lesions often have stridor that described 
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as musical and biphasic, whereas a pure tracheal lesion 
 frequently produces expiratory stridor with a prolonged 
expiratory phase. However stridor is not always present in 
young infants with airway disorder. Some infants present 
with a weak, aphonic, or hoarse cry instead. Other infants 
may present with coughing and desaturation during feeds. In 
these cases, stridor may be intermittent and only become 
obvious or worse when the infant is agitated, crying, or dur-
ing feeds (Fig.  4 ).

   Patients with known BPD often exhibit episodic cyanotic 
spells known as “BPD” or “blue” spells. The etiology of 
these spells is often attributed to the exacerbated ventilation/
perfusion (V/Q) mismatch during periods of agitation or 
pulmonary hypertension crisis. However, the “BPD” spells 
in some patients are actually caused by airway collapse due 
to severe TBM. During these episodes, the infants often 
have severe desaturation with bradycardia requiring PPV 
with high pressures. In non-intubated patients, signs of 
TBM may include coughing, respiratory distress with or 
without stridor, or episodes of apnea/bradycardia/desatura-
tion (A/B/D). These A/B/D events in premature infants may 
be hard to differentiate from the events caused by apnea of 
prematurity. In addition to the cyanotic spells, TBM in 
infants with BPD can present with other nonspecifi c signs 
that are considered classic signs of BPD. These may include 
worsening hypoxia, hypercarbia, increasing oxygen require-
ment, increasing need for sedation, or simply as inability to 
wean respiratory support (Fig.  5 ). Often severe TBM in an 
infant may present as repeated inability to wean from posi-
tive pressure sometimes leading to progressively worsening 
pulmonary hypertension. In contrast to the diffuse, high-
pitched and musical wheeze in asthma, wheeze in TBM is 
typically expiratory, central, low pitched and homophonous 
in nature [ 75 ] and mostly intermittent that worse during 
feeds and agitation.

      Evaluation and Diagnosis 

 The diagnosis of acquired airway disorders in premature 
infants is diffi cult due to the small caliber of the airway, the 
rapid respiratory rate, and intolerance to various diagnostic 
procedures. When choosing diagnostic methods, issues such 
as reliability, the need for intubation, radiation dose, and 
contrast administration need to be considered. 

   Pulmonary Function Measures 

 Dynamic pulmonary compliance can be measured using an 
esophageal balloon and pneumotachometry. In infants who 
later develop chronic lung disease, compliance is  signifi cantly 

  Fig. 3    Multiple failed extubation due to airway obstruction in an infant 
was born at 26 weeks gestation, receiving mechanical ventilation for 11 
weeks. Bronchoscopy was performed at 37 weeks corrected age after 

multiple failed extubation attempts and showed ( a ) infraglottic granu-
loma formation; ( b ) membranous subglottic stenosis. Courtesy of Steve 
Sobol, (CHOP)       

  Fig. 4    Saccular cyst with prolapsed arytenoid causing airway obstruc-
tion with stridor. Courtesy of Luv Javia, (CHOP)       
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lower when compared with infants who recover uneventfully 
from neonatal respiratory distress. In addition to refl ecting the 
elastic properties of the lung to some degree, the dynamic pul-
monary compliance time-constant serves to indicate how 
equally various regions of the tracheobronchial tree are being 
ventilated. A high value for dynamic compliance in an infant 
with chronic lung disease probably indicates some degree of 
airway obstruction. Quasi-static methods of measuring respira-
tory system compliance in infants with BPD have verifi ed that 
alterations in the elastic properties of the lung contribute sig-
nifi cantly to the lower compliance values measured in these 
lungs. Static and dynamic compliance measurements have not 
been compared in this group of infants, so it is not clear whether 
the improvement in dynamic compliance seen in infants with 
moderate to severe BPD studied longitudinally represents a 
change in the characteristics of the lung parenchyma, a decrease 
in respiratory rate, or improvement in airway obstruction. 
Interestingly, both static and dynamic measurements of com-
pliance have predictive value regarding the development of 
BPD in mechanically ventilated preterm infants [ 76 ,  77 ]. 

 Resistance measurements, include airway resistance and 
is determined by plethysmography, pulmonary resistance 
measured by the esophageal balloon and pneumotachometry 
technique, or respiratory system resistance determined by 
the airway occlusion technique, are signifi cantly elevated in 

infants with BPD [ 78 – 82 ]. However, when measurements of 
resistance or its reciprocal, conductance, have been made 
serially, values have approached normal by age 2 or 3 years 
[ 78 ,  79 ]. These developmental improvements in resistance 
values can refl ect either resolution of airway obstruction or 
an increase in airway diameter related to growth. Specifi c 
conductance corrects for changes in resistance or conduc-
tance without the confounding variable of growth (lung size). 
Specifi c conductance is defi ned as conductance divided by 
lung volume at forced reserve capacity (FRC). Elevated spe-
cifi c conductance confi rms the presence of airway obstruc-
tion in infants with BPD [ 78 ,  83 ]. 

 Forced expiratory fl ow (FEF) measurements can be obtained 
using either the rapid thoracic compression technique [ 66 ,  81 , 
 84 ] or the rapid defl ation technique [ 85 ,  86 ]. Measurements 
with either technique better refl ect fl ow in small airways and 
demonstrate signifi cant small airways obstruction in infants 
with BPD. Longitudinal assessments of (FEF) demonstrate 
that infants with BPD have signifi cant airway obstruction that 
does not resolve completely with growth. Maximal expiratory 
fl ow-volume (MEFV) demonstrates severe small airway 
obstruction as determined by a marked reduction in Vmax FRC . 
Among patients with moderate BPD who were weaned from 
mechanical ventilation before 5 months of age, Vmax FRC  
increased with increasing age to approximately 40 % of 

  Fig. 5    Born at 23 weeks infant developed chronic respiratory failure 
and pulmonary hypertension due to severe airway malacia. (a & b): 
Bronchoscopy showing open trachea and bilateral bronchi during inspi-

ration. (c & d): severe tracheal and bronchial collapse during 
expiration       
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 predicted value by 3 years of age [ 86 ]. In contrast, patients who 
required extended periods (10 months) of mechanical ventila-
tion showed increase in Vmax25 over the same time period. 
Partial expiratory fl ow- volume (PEFV) curves generated over 
the tidal range of breathing showed that young infants with 
BPD had lower maximal fl ow at FRC (Vmax FRC ) than young 
infants without BPD. Furthermore, the separation between 
tidal and forced- fl ow curves, which was interpreted as a mea-
sure of expiratory fl ow reserve [ 66 ], indicated that infants with 
BPD had a smaller expiratory fl ow reserve compared with nor-
mal infants. The FEF rates in infants with BPD were only half 
those of the normal infants and had not increased by 14.5–22 
months of age [ 66 ]. These fi ndings suggest that early exposure 
to PPV and high concentrations of oxygen not only caused 
early airway damage but also interfered with subsequent nor-
mal airway growth. Values of Vmax FRC  have been used to 
estimate ventilation of small airways. However, studies have 
shown that collapse of central airways (i.e., tracheomalacia 
or bronchomalacia) can cause a marked reduction in values 
of Vmax FRC . When FEF measurements demonstrate marked 
reductions in Vmax FRC,  repeating the measurement in the 
presence of CPAP is indicated to confi rm if the reduction is 
related to central airway collapse or small airway obstruc-
tion. Functionally these airway abnormalities have been 
shown to persist in children and young adults with a history 
of BPD [ 87 ,  88 ]. 

 Abnormalities in both tidal mechanics and FEF measure-
ments confi rm that airway reactivity is increased in infants 
with BPD. Taking this into consideration, airway reactivity 
testing becomes key in the evaluation and management of 
small airways disease in BPD. Acute decreases in pulmonary 
respiratory system and airway resistance have been reported 
in response to a variety of agonist and anticholinergic drugs 
[ 80 ,  81 ,  89 – 93 ]. The magnitude of this response was even 
more dramatic when forced fl ows were tested. Several other 
studies have confi rmed airway reactivity in response to bron-
chodilator therapy.  

   Chest X-Ray 

 Chest X-ray (CXR) is the most widely used radiographic tool 
in the assessment of respiratory issues in premature infants. 
Many infants on mechanical ventilation require frequent CXR, 
sometimes daily, assessments to evaluate ETT position and 
lung expansion. Careful examine of these chest radiographs 
may provide important clue in the diagnosis of acquired air-
way anomalies in these young infants. Bhutani et al. reported 
roentgenographic appearance of acquired tracheomegaly in 
VLEW infants who required mechanical ventilation. They 
reported 91 % greater tracheal volume in the ventilated group 
as compared to weight-matched non- ventilated controls [ 36 ]. 

 Some authors have suggested using combined inspiratory 
and expiratory plain radiographs for the diagnosis of TBM 

and reported sensitivity as high as 62 % when compared to 
microlaryngoscopy and bronchoscopy [ 94 ]. However, good 
inspiratory and expiratory fi lms may be diffi cult to obtain 
in a premature infant with rapid respiratory rate. Nonethe-
less, signifi cant segmental hyperinfl ation (Fig.  6 ) or air trap-
ping (Fig.  7 ) on the plain CXR should raise the suspicion 
for TBM.

       Fluoroscopy and Bronchography 

 Both fl uoroscopy and bronchography have been used to 
diagnose TBM. However both methods have signifi cant 
limitation such as radiation exposure, diffi culty fully visual-
izing the airway especially in the lateral plane, underesti-
mating the degree of tracheal collapse, and diffi cult to 
perform in a small premature infant with borderline respira-
tory reserve and small airways [ 95 ]. Sanchez et al. com-
pared fl uoroscopy with fl exible bronchoscopy in 22 children 

  Fig. 6    Acquired lobar emphysema. Severe segmental hyperinfl ation in 
a premature infant requiring prolonged mechanical ventilation       

  Fig. 7    Severe air trapping from severe tracheobronchial malacia due to 
persistent respiratory failure with oxygen requirement of 100 %       
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  Fig. 8    CT evaluation of tracheal anatomy demonstrating long segmental 
tracheal stenosis in an infant. Courtesy of Andrew Mong, (CHOP)       

  Fig. 9    CT angiography demonstrating severe bronchomalacia. Signifi cantly decreased size of bilateral bronchus during expiration ( b ) as com-
pared to inhalation ( a ) in an infant with BPD       

  Fig. 10    Evaluating lung parenchyma disease with CTA.  Left : severe BPD with bulla ( arrow );  right : another BPD patient with intercostal bulging 
and parenchymal bands ( arrow )       

at 1 month to 8 years of age. They found that airway fl uoroscopy 
was poorly sensitive (23.8 %) but highly specifi c (100 %) in 
the diagnosis of tracheomalacia [ 96 ].  

   CT 

 CT is a noninvasive method that enables precise and  objective 
delineation of the location, extent, and depth of tracheobron-
chial pathology (Fig.  8 ). When compared to bronchoscopy, 
concordant rate as high as 83–100 % has been reported in the 
diagnosis of TBM. Figure  9  shows signifi cantly decreased tra-
cheal size during expiration phase in an infant with severe 
bronchomalacia   . In addition, evaluation of the adjacent cardio-
vascular system and lung parenchyma can be simultaneously 
obtained, especially when combined with CT angiography 
(CTA) (Figs.  10 ,  11 , and  12 ). In recent years, newer CT tech-
niques such as dynamic, volumetric imaging using wide-range 
multi-detector CT have increased the sensitivity and accuracy 
in the diagnosis of airway stenosis and malacia. These tech-
niques have been successfully used in young infants [ 97 ,  98 ]. 
Although CT is becoming increasingly popular as a diagnostic 

 

 

 

Airway in CLD



254

  Fig. 11    Evaluation of cardiovascular system in patients with BPD using CTA. Signs of pulmonary hypertension in a patient with mild to moderate 
BPD:  Left —enlarged pulmonary artery ( arrow );  right —enlarged right ventricle ( star ) with hypertrophy ( arrow ). Courtesy of Andrew Mong, (CHOP)       

  Fig. 12    Use of CTA reconstruction to evaluate pulmonary hyperten-
sion in infants with BPD.  Right : lateral view showing enlarged main 
pulmonary artery (PA) ( star );  left : posterior view showing enlarged 

right PA ( blue thick arrow ), enlarged left PA ( thin arrow ), and descend-
ing aorta ( star ). Courtesy of Andrew Mong, (CHOP)          

tool for the noninvasive evaluation of respiratory tract disorders 
in pediatric patients, attention needs to be paid to reduce the 
exposure to radiation. This requires each scan to be carefully 
planned in accordance to body size, respiratory rate, cooperation, 

and IV access. Using a standardized dose reduction protocol, 
radiation dose from a CTA has been reduced from 3.2 mSv in 
2007 to the current level of 0.2–0.4 mSV at the Children’s 
Hospital of Philadelphia.
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          Magnetic Resonance Imaging 

 MRI has the major advantage of lack of ionizing radiation as 
compared to other imaging modalities and can be used to 
evaluate central airways in children [ 99 ]. However, due to its 
limitations of longer scan time, need for sedation, and inferior 
spatial resolution relative to CT, its use as a diagnostic tool for 
airway disorders has been limited in the premature infants.  

   Endoscopic Evaluation 

 Airway endoscopy is useful for the diagnosis of anatomic 
lesions from the supraglottic, glottic, and subglottic regions 
down to the tracheal and segmental bronchial level. 

   Nasopharyngolaryngoscopy (NPL) 
 Nasopharyngolaryngoscopy (NPL) using a fl exible fi ber- 
optic endoscope is commonly used in the neonatal ICUs to 
achieve more thorough examination of the larynx and the 
vocal cord. Although the procedure is in general well toler-
ated and despite the relatively high incidence of LVCP after 
PDA ligation, most institutions do not routinely examine for 
vocal cord paralysis after the surgery. In 1 case series of 111 
premature infants who underwent PDA ligation, Rukholm 
et al. found only 27.9 % had NPL to evaluate for vocal cord 
paralysis [ 27 ]. Major argument against routine postoperative 
examination is that it brings patient discomfort and unneces-
sary costs to the system as well. However, as high as 14 % of 
infants with LVCP have been reported initially being asymp-
tomatic [ 28 ]. In addition, LVCP may have long lasting health 
effects into adulthood [ 30 ]. Given these reasons, some 
authors advocate for routine postoperative NPL examination 
of all PDA ligation patients.  

   Bronchoscopy 
 Many have considered bronchoscopy the gold standard for 
central airway evaluation. Flexible bronchoscopy (FB) is 
usually performed in sedated but spontaneously breathing 
patients, whereas rigid bronchoscopy (RB) or a magnifi ed 
microscopic laryngoscopy bronchoscopy (MLB) requires 
general anesthesia. Therefore, FB is superior to RB in the 
evaluation of dynamic airway changes and may provide bet-
ter visualization of the distal airways. In comparison, RB 
provides better airway control in infants with borderline 
respiratory reserve, but may underdiagnose the central air-
way collapse due to the absence of patient’s breathing effort 
resulting in completely passive exhalation (Fig.  13 ).

   Currently, there is no universally agreed-upon criterion 
for evaluating the results of bronchoscopy. Some authors 
proposed using percentage of airway narrowing during 

 exhalation to categorize severity of TBM. For example, 
Sanchez et al. categorized tracheomalacia severity as: mild, 
50–75 % occlusion; moderate, >75 % occlusion; and severe, 
near or complete occlusion [ 96 ]. 

 Although bronchoscopy is generally well tolerated, it is 
invasive and have several limitations: (1) the assessment is 
subjective and dependent on the technique and experience of 
the operator; (2) inability to pass the instrument to distal air-
ways (especially in small premature infants), or beyond a 
point of narrowing. Therefore, distal airway involvement 
tend to be poorly assessed; (3) airway dynamics are affected 
by the presence of the instrument and its ventilation pressure. 
Therefore bronchoscopy tends to underestimate the degree 
of airway collapse as compared to other imaging techniques 
such as dynamic CTA or bronchography.    

   Management 

 Many infants with acquired airway lesions may require sur-
gical intervention. Various surgical techniques such as bal-
loon dilatation, stenting, supraglottoplasty, laryngotracheal 
reconstruction, cricotracheal resection, and slide tracheo-
plasty have been well described in the literature [ 100 ,  101 ] as 
well as other chapters of this book. 

 The various lesion and conditions that affect the upper as 
well as the lower airway may be diffi cult to diagnose in the 

  Fig. 13    Nasopharyngeal laryngoscopy showing glottic edema and 
swelling       
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premature infant with multiple comorbidities, but often a 
fl exible bronchoscopy or rigid bronchoscopy can uncover 
the major offender (Fig.  14 ).

   The medical management of premature infants requiring 
respiratory support is complex and often requires a multidisci-
plinary approach often with pediatric otolaryngology and later 
pediatric pulmonology. When taking care of small premature 
infants, every attempt should be made to prevent injury, allow 
healing after injury has occurred and promote optimum 
growth. Good nursing care and hygiene are therefore para-
mount. Instead of tracheal intubation, multiple  clinical trials 
have proven noninvasive respiratory support measures, includ-
ing NCPAP (Nasal CPAP), NIPPV (Nasal Intermittent Positive 
Pressure Ventilation), HFNC (High Flow Nasal Cannula), to 
be feasible and effective in the immediate postnatal days of 
ELBW infants with RDS [ 102 – 104 ]. 

 In infants who require endotracheal intubation, the proce-
dure should be performed in as controlled an environment as 
possible. Many studies have demonstrated that premedica-
tion for intubation of the newborns can improve intubation 
conditions and minimize the potential for intubation-related 
airway trauma. Based on these studies, the American 
Academy of Pediatrics (AAP) has recommended that pre-
medication should be used in all endotracheal intubations in 
newborns except for emergent intubation during resuscita-
tion [ 105 ]. Currently no consensus guidelines exist regarding 
the optimal drug or drug combination. Medications with 
rapid onset and short duration of action are preferable and 
each unit should develop protocols to improve compliance 
and minimize medication errors. 

 Clinicians need to have high index of suspicion for 
acquired airway problems in premature infant requiring pro-
longed respiratory support, especially in infants with BPD 
[ 106 ]. Appropriate imaging and bronchoscopy should be 
considered in infants with stridor, persistent localized atelec-
tasis, segmental or lobar hyperinfl ation, recurrent respiratory 
distress, and episodic hypoxemia spells. In addition efforts 
should be made to eliminate factors that cause ongoing lung 
and airway injury. These factors include excessive ventila-
tion, recurrent infection, and infl ammation from hyperoxia 
and chronic aspiration. 

 Although weaning off ventilator support and early extuba-
tion are important for the majority of patients, providing ade-
quate respiratory support is also critical to many infants with 
chronic respiratory insuffi ciency. Too fast of a wean of the 
respiratory support may result in signifi cant increase in work 
of breath and energy expenditure, and therefore hinder growth, 
healing process and in some cases exacerbate lung disease and 
pulmonary hypertension. For example, infants with severe air-
way malacia often require high PEEP (positive end expiratory 
pressure) for a prolonged period of time to help stent the air-
way open. In these cases, tracheostomy placement with ade-
quate PEEP may provide a stable airway and improve the 
hypoxia spells due to airway collapse. Tracheostomy place-
ment has been shown to be safe in premature infants, even in 
infants with severe BPD [ 107 ,  108 ]. Although tracheostomy in 
very preterm infants is associated with adverse neurodevelop-
mental outcome, earlier tracheostomy placement (before 120 
days of life) may be associated with better outcomes among 
infants with tracheostomies [ 109 ] (Fig.  15 ).

  Fig. 14    Infl ammation with retrofl exed epiglottis causing signifi cant 
stridor and upper airway obstruction. Courtesy of Ian Jacobs, (CHOP)       

  Fig. 15    Picture of bronchoscopy with severe tracheomalacia likely 
requiring high PEEP. Courtesy of Ian Jacobs, (CHOP)       
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   The approach to management of small airways disease in 
BPD depends on many factors with the most important fac-
tors being whether or not the infant is mechanically ventilated 
and whether the infant demonstrates a response to bronchodi-
lator therapy. For the patient that is mechanically ventilated, 
the interplay between large and small airways disease com-
plicates management. Large airway issues contributing to the 
pathogenesis of BPD include increased large airway compli-
ance, tracheomegaly, and tracheo- bronchomalacia (Fig.  16 ).

   With respect to the small airways, obstruction is the pre-
dominant feature, which when present can exacerbate the 
severity of large airways disease, and potentiate large airway 
collapse, but also impact ventilation and gas exchange. The 
interplay between small and large airways disease results in 
higher airway resistance and decreased compliance with resul-

tant higher peak airway pressures for a given tidal  volume. 
High airways resistance results in a need for longer inspiratory 
times. Along with increased resistance and decreased compli-
ance, airways obstruction with decreased emptying, necessi-
tates an increased expiratory time. Transitioning from the high 
rate, low inspiratory time and low tidal volume approach often 
employed early in the course in preterm infants, to a mode that 
addresses this complex interaction between small and large 
airways disease as well as heterogeneity of lung parenchymal 
disease, is indicated with the development of established BPD, 
and results in signifi cant improvements in gas exchange and 
clinical  stability. Optimally utilizing a low rate, with a high 
inspiratory time and larger tidal volume to offset the effects of 
a lower rate, but also to compensate for increased dead space 
with acquired tracheomegaly and allow for more even gas 

  Fig. 16    Severe airway malacia causing expiratory obstruction and potential air trapping. Adapted from Wheeler et al. Life Threatening Disorders 
of the Respiratory Track: Pediatric Critical Care Medicine: Volume 2: Respiratory, Cardiovascular and Central Nervous Systems. Shanley, et al, 
eds. 2nd edition. Springer 2014       
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 distribution throughout the lung. The optimal PEEP is 
 determined by the interplay between the severity of airway 
collapse or TBM and severity of parenchymal lung disease. 
Applying enough PEEP to “stent” the airway, without expos-
ing the distal lung parenchyma to excessive PEEP is key. The 
PEEP can be titrated at the bedside with the use of bronchos-
copy and direct visualization of the large proximal airways, 
applying a stepwise increase in PEEP to the airways and with 
direct visualization determining the effect of increased PEEP 
on airways collapse. Once the optimal PEEP is determined by 
bronchoscopy, serial CXR are needed to determine the effect 
of the PEEP on the distal lung parenchyma. High airways 
resistance, decreased compliance, and the need for increased 
tidal volume results in higher peak pressures for a given tidal 
volume, and a permissive approach to the increased peak 
pressures is indicated if optimal gas exchange is to be 
achieved. This approach allows for optimal management of 
central large airways disease, addresses the issues of poor 
lung compliance and increased airways resistance, allows for 
more even distribution of gas throughout the lung, and pro-
vides the infant with suffi cient time for the slow emptying 
component in the lung to empty. 

 Airway obstruction due to small airway constriction is 
present in all infants with established BPD and as mentioned 
there is subset of 30–50 % of infants that will respond 
to bronchodilator therapy with β-agonists [ 87 ,  110 ,  111 ]. 
A trial of bronchodilator therapy is indicated in all patients 
with established BPD to assess response and optimize 
 management. If available and practical, an assessment of 
lung function after a bronchodilator trial is the most accurate 
way to assess response, however when not practical or pos-
sible as would likely be the case in most infants with estab-
lished BPD in the fi rst few weeks of life, one could utilize 
other parameters to assess response. These include reduc-
tions in peak airway pressure due to decreased resistance, 
improvements in tidal volume for a given peak pressure, due 
to improved compliance and decreased resistance and 
improved ventilation and gas exchange with a trial of bron-
chodilator therapy. Management of bronchodilator respon-
siveness involves the use of steroids either inhaled or 
systemic, as well as use of agonists and the muscarinic 
antagonist ipratropium bromide. Pediatric studies have dem-
onstrated that with alternate day systemic steroids in chil-
dren with asthma, similar control of asthma symptoms could 
be achieved with fewer side effects especially effects on 
growth and adrenal function [ 112 ,  113 ]. Studies of inhaled 
steroids in preterm infants have demonstrated a decreased 
need for systemic steroids with no effect on the prevention of 
BPD [ 114 ,  115 ]. In patients who demonstrate responsiveness 
to agonists, steroids upregulate adrenergic receptors, improve 
the response to agonists and reduce airway infl ammation 
[ 116 ]. For these reasons, inhaled steroids are indicated in 
patients with established BPD who demonstrate agonist 
responsiveness. Where absorption of inhaled steroids is 

questionable, one should consider 0.5 mg/kg/day alternate 
day systemic oral prednisone. In addition to the effects on 
airway obstruction, a recent study demonstrated that patients 
with established BPD maintained on steroids and bronchodi-
lators demonstrate signifi cantly higher pulmonary function 
measurements of FRC [ 111 ]. While multiple studies have 
demonstrated no benefi t with respect to facilitating extuba-
tion and preventing the development of BPD, in the setting 
of responsiveness to inhaled-agonists, inhaled steroids 
remain indicated. 

 Ultimately, many of these infants with severe BPD will 
require tracheostomy and are then able to transition from one 
phase of chronic illness to another. Many of these infants with-
out signifi cant comorbidities are able to thrive, grow new lung 
tissue, and leave the hospital with their families. Fortunately, 
many will eventually decannulate and live without signifi cant 
morbidity as they reach childhood years (Fig.  17 ).

      Future Directions 

 Despite many advances in neonatal care in the past 40 years, 
signifi cant practice variations and many controversies exist 
in the care of premature infants. Some key issues include the 
oxygen saturation target, best strategies of respiratory sup-
port, and the role of GER in respiratory diseases. Future bio-
medical research and clinical studies will undoubtedly 
provide more valuable insights into the mechanisms of air-
way dysfunction in premature infants and identify ways to 
improve the management of neonatal airway disorders. 
Easier access to multicenter comprehensive databases will 
provide opportunities to analyze large amount of clinical 
data and help answer many clinical management questions.     

  Fig. 17    Former 24-week preterm infant with the diagnosis of acquired 
grade 3–4-subglottic stenosis now thriving at home with tracheostomy. 
Courtesy of Janet Lioy, (CHOP Neonatal Airway Program)       
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           Introduction 

 Decisions about tracheostomy in neonates and young infants 
involve careful consideration of a number of factors, including 
mortality, potential short- and long-term morbidities, prospects 
for home ventilation therapy, alternatives to tracheostomy, and 
the impact of tracheostomy and home ventilation on the family. 
This chapter reviews indications for tracheostomy, complica-
tions, mortality, functional and developmental outcomes 
after infant tracheostomy, and incidence and timing of 
decannulation, all of which should infl uence decisions about 
whether and when neonatal tracheostomy is performed.  

   Indications for Tracheostomy in the First Year 
of Life 

 Among all tracheostomies placed in children, at least a third 
and perhaps more than half are performed in infants less than 
1 year of age (Fig.  1 ) [ 1 – 3 ]. The indications for tracheos-
tomy vary by age group and are quite different in neonates 
compared to older children or adults [ 4 – 6 ]. In the immediate 
neonatal period, congenital anomalies associated with air-
way obstruction are the most common indications. Airway 
malfunction or obstruction leading to requirement for trache-
ostomy can result from anatomic or physiologic occlusion at 
any level of the airway (Table  1 ). Obstruction of the nasal 
passages could result from choanal atresia, piriform aperture 

stenosis, and rarely from tumors such as glioma, encephalo-
cele, teratoma, or dermoid. These usually manifest as respi-
ratory distress immediately after delivery and can often be 
relieved with the use of an oral airway. Other life-threatening 
causes of airway obstruction in the immediate postnatal 
period include cervical teratomas and lymphatic malforma-
tions. Another rare cause of airway obstruction in the neo-
nate is congenital high airway obstruction syndrome 
(CHAOS.) CHAOS results from laryngeal or tracheal 
obstruction, which can be due to tracheal or laryngeal atre-
sia, or obstruction due to a laryngeal cyst or intraluminal web 
(Fig.  2a ). Regardless of the cause of the obstruction, com-
mon features include distension of the tracheal bronchial tree 
by fetal lung fl uid that is not able to leave the trachea, and 
enlarged, echogenic lungs [ 7 ]. Because of the possibility of 
complete airway obstruction, fetuses diagnosed in utero with 
CHAOS require ex-utero intrapartum treatment (EXIT) at 
delivery to secure the airway [ 8 ].

     Vocal cord paralysis may occur secondary to central ner-
vous system abnormalities including Arnold-Chiari malfor-
mation, cerebral palsy, hydrocephalus, myelomeningocele, 
spina bifi da, or hypoxia (Fig.  2c ). In contrast to anatomic 
airway obstruction, laryngomalacia may not present until the 
second week of age or beyond (Fig.  3 ).

   Airway and lung diseases that arise as sequelae of postnatal 
therapies tend to account for most of the tracheostomies in 
older infants. The specifi c indications for tracheostomy place-
ment in preterm infants have evolved as modalities for respira-
tory support for early preterm infants have changed over the 
years. Such new interventions and new approaches include 
less invasive respiratory support (continuous positive airway 
pressure (CPAP), high-fl ow nasal cannula), increased use of 
steroids (both systemic and inhaled) in the peri- extubation 
period and lung-protective ventilation strategies, such as per-
missive hypercarbia [ 9 ]. These newer therapies and changes in 
neonatal practice have resulted in decreased prevalence of iat-
rogenic laryngeal tracheal stenosis (LTS), which was long the 
most common indication for tracheostomy placement in the 
preterm population [ 10 – 13 ] (Fig.  2b ). Today, the most common 
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indication for tracheostomy in preterm infants is prolonged 
ventilation secondary to bronchopulmonary dysplasia, rather 
than pure airway disease [ 4 ,  14 ,  15 ] (Fig.  4 ). Murthy et al. 
report a study of over 5,500 infants born before 32 weeks ges-
tation who were referred to regional NICUs [ 16 ]. Eight hun-
dred and ninety eight of these infants were diagnosed with 
severe bronchopulmonary dysplasia (sBPD), defi ned as 
receiving more than 30 % oxygen with a fl ow rate more than 
2 L per minute or positive-pressure ventilation at greater than 
36 weeks post menstrual age. Of the infants with sBPD, 107 
(12 %) infants received a tracheostomy to facilitate long-term 
ventilatory support. The median time from referral to trache-
ostomy was 52 days. Analysis of this large cohort of preterm 
infants has provided some insight into risk factors for require-
ment of tracheostomy (or for the competing outcome of death) 
in these infants. Surprisingly, infants with sBPD who were 
born at a later gestational age were more likely to die or require 
a tracheostomy. Thus, while infants born at a later gestational 
age are less likely to develop sBPD, those that do have a worse   Fig. 1    Age at which tracheostomy was performed. Stratifi cation by age 

group. Reprinted from Perez-Ruiz et al. [ 3 ]. Copyright 2012. with per-
mission from the European Respiratory Society.       

    Table 1    Indications for Tracheostomy   

 Indication  Examples 

 Structural anomalies   Anomalies of the Nasal Passages  
 Congenital arhinia 
 Severe nasal deformity 
 Epignathus 
 Encephalocoele 
  Pharynx / Larynx  
 Pharyngeal cyst 
 Subglottic stenosis 
 Laryngeal atresia 
 Laryngeal cleft 
 Laryngotracheal hemangiomas or papillomas 
 Bilateral vocal cord paralysis 
  Trachea  
 Tracheomalacia 
 Tracheal stenosis 
 Tracheal atresia 
  Craniofacial anomalies  
 Head or neck mass obstructing the upper airway (e.g., giant cervical teratomas with airway obstruction) 
 Pierre-Robin sequence/retrognathia/micrognathia 

 Medical Problems  Laryngotracheal stenosis from prolonged intubation 
 Bronchopulmonary dysplasia 
 Need for prolonged continuous positive airway pressure (CPAP) 
 Chronic aspiration syndrome 
 Seizures with airway complications 
 Spastic quadriplegic cerebral palsy 
 Osteogenesis imperfecta 
 Chiari II malformation 
 Diaphragmatic paralysis 
 Neuromuscular diseases, e.g., Spinal Muscular Atrophy type 1 

 Medical support following other 
treatment 

 Post cardiac surgery 
 Other congenital anomalies associated with diffi culty with airway toileting, giant omphalocele with pulmonary 
hypoplasia, congenital diaphragmatic hernia, other congenital lung malformations 
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  Fig. 2    Examples of airway anomalies necessitating tracheostomy. ( a ) near-complete glottic web. ( b ) laryngotracheal (subglottic) stenosis, ( c ) 
bilateral vocal cord paralysis. (Courtesy of Steve Sobol, The Children’s Hospital of Philadelphila (CHOP), Neonatal Airway Program)       

  Fig. 3    Endoscopic appearance of the larynx in a patient with dynamic 
airway compression secondary to laryngomalacia. ( a ) Severe laryngo-
malacia during expiration. ( b ) Same patient during inspiration with total 
collapse of the airway. ( c ) Flow-volume loops further demonstrating 

evidence of worsening extra-thoracic airway obstruction during inspiration 
(Reprinted from Shanley et al. [ 66 ]. Copyright 2014 with permission 
from Springer)       
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prognosis. Other risk factors include being born small for ges-
tational age or having sBPD complicated by pulmonary hyper-
tension and cor pulmonale. Pulmonary vascular disease 
leading to pulmonary hypertension is a life-threatening com-
plication of sBPD that often contributes to the need for pro-
longed ventilation in preterm infants. Because of improvements 
in neonatal care leading to improved survival of very preterm 
infants, and advances in the surgical management of congeni-
tal and iatrogenic airway disorders, the need for prolonged 
ventilatory support for BPD is likely to remain an important 
indication for tracheostomy in the fi rst year of life (Fig.  5a, b ).

    Below are a variety of CT angiography (CTA) images showing 
the extensive different types of lung damage seen in premature 
infants who remain ventilator dependent. One can see both ate-
lectasis and hyperinfl ation with cystic formation in the same lung. 

Also, evidence of pulmonary hypertension and airway disease 
can be seen simultaneously on the same image (Fig.  5c–m ). 

 In addition to BPD, other chronic medical conditions, 
including congenital heart disease or neuromuscular disor-
ders such as spinal muscular atrophy (SMA), congenital 
giant omphalocele, congenital diaphragmatic hernia and 
congenital cystic adenomatous malformation all can result in 
a need for long-term ventilation via tracheostomy (Table  1 ).  

   Complications of Tracheostomy 

 While tracheostomy-related deaths are uncommon, compli-
cations of tracheostomy are not infrequent. (Table  2 ). In 
studies where complication rates are reported, the rates of 
tracheostomy complications in infants less than 1 year of age 
ranged from 29 to 77 % [ 14 ,  17 – 21 ]. Most studies show an 
increased incidence of complications in younger, smaller 
patients. Complications can be classifi ed by timing: intraop-
erative; early (usually defi ned as the fi rst postoperative 
week); late; and post-decannulation. Intraoperative compli-
cations are rare, and range from desaturations to cardiopul-
monary arrest. Complications in the fi rst post-tracheostomy 
week include bleeding, cannula obstruction or mucous plug-
ging, stomal erosion, and infection or cellulitis at the trache-
ostomy site. Accidental decannulation can occur as well, and 
has the potential to result in malposition of the cannula out-
side the trachea or creating of a tracheal false passage. Air 
leak, including pneumothorax, pneumomediastinum, and 
subcutaneous emphysema have been reported.

   Overall, granulation tissue in the trachea or at the stoma 
site is the most common complication of tracheostomy. 
Tracheal wall granulomas occur in 4–80 % of pediatric tra-
cheostomies [ 22 ]. Granulomas are frequently found at the 
superior margin of the tracheostomy tube due to irritation 
and infl ammation of the tracheal mucosa by the cannula 
(Figs.  6  and  7 ). Granulomas may also be found at the distal 
tip of the tracheostomy tube, usually caused by malposition 
of the tube or by irritation from traumatic suctioning. Small 

  Fig. 4    Changes in indications for tracheostomy over time. From 
Corbett et al [ 65 ] Copyright 2007 with permission from Elsevier       

  Fig. 5    Infant with severe BPD. ( a ) Plain chest radiograph. ( b ) CT angiogram showing severe cystic changes (Courtesy of, (CHOP), Chronic Lung 
Disease program       
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to moderately sized asymptomatic granulomas can be 
managed expectantly, while large or symptomatic granulo-
mas usually need to be excised. Pressure placed on the tra-
cheal rings by the tracheostomy tube can cause chondritis, 
infl ammation, and deterioration of the cartilage, resulting in 
suprastomal collapse. (Figs.  7c  and  8 ). The collapse is usu-
ally moderate and does not need treatment prior to decannu-
lation. When severe, treatment may be needed before 
successful decannulation can be achieved.

     As discussed above, Laryngotracheal stenosis (LTS) is a 
common indication for tracheostomy, particularly in pre-
term infants who have undergone prolonged endotracheal 
intubation. LTS can also be caused by irritation of the 
laryngotracheal tissues by the tracheostomy cannula. Whether 
it is an indication for or the result of the tracheostomy, the 
presence of LTS often necessitates laryngotracheal recon-
struction (LTR) prior to decannulatio. 

Similarly, Tracheomalacia, the result of a defi ciency of 
support by cartilage rings, often contributes to the need for 
tracheostomy in infants (Fig.  9 ). Long-term tracheostomy 
can also result in tracheomalacia. There is currently no 
defi nitive treatment for tracheomalacia in infants and young 
children. If severe enough to prevent successful decannu-
lation, the presence of this compli cation may therefore 
result in the need for prolonged tracheostomy.

   Table 2    Complications of tracheostomy   

 Timing  Complication 

 Intraoperative  Cardiopulmonary arrest 
 Posterior tracheal wall tear 

 Early  Hemorrhage 
 Mucous plugging 
 Infection 
 Accidental decannulation 
 Pneumothorax 
 Subcutaneous emphysema 
 Tracheostomy malposition/false passage 

 Late  Granulation tissue at stoma 
 Tracheal granulomas 
 Mucous plugging 
 Accidental decannulation 
 Stoma infection 
 Tracheitis 
 Hemorrhage 
 Suprastomal collapse 
 Subglottic stenosis 
 Tracheomalacia 
 Tracheoinnominate artery fi stula 

 Post-decannulation  Tracheocutaneous fi stula 
 Hypertrophic scar 
 Recurrent stridor 
 Granulation tissue 

  Fig. 6    Tracheostomy stomas. ( a ) Normally healing stoma. ( b ) Stomal breakdown. ( c ) Severe stomal breakdown due to excess secretions. ( d ) 
Stomal granuloma. (Courtesy of Steve Sobol, (CHOP), Neonatal Airway Program)       
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  Fig. 7    Suprastomal collapse and granuloma (Courtesy of Michael Rutter, Department of Otolaryngology, Children’s Hospital Medical Center, 
Cincinnati, OH)       

  Fig. 8    Airway complications. ( a ) 
suprastomal granuloma ( black 
arrow ). ( b ) Subglottic 
granulomas ( black arrow ). ( c ) 
Suprastomal collapse ( black 
arrow ). (Reprinted from Zur 
et al. [63]. Pediatric 
Otolaryngology: The Requisites 
in Pediatrics, (Wetmore ed). 
Copyright 2007 with permission 
of Elsevier       

   Tracheostomy can be complicated by infection, either at the 
stomal site or in the trachea (Fig.  10 ). Stomal site infection 
represents a localized skin infection and is treated as celluli-
tis. A tracheostomy tube bypasses the normal host defenses 
against infection found in the nose, mouth, and upper airway, 
leaving children with tracheostomies more susceptible to 
infection of the trachea with a variety of bacterial, fungal, 
and viral pathogens. Tracheitis can often be diffi cult to dis-

tinguish from microbial colonization that is universally seen 
in children with long-standing artifi cial airways. The diagno-
sis depends on combining signs of clinical illness or respira-
tory deterioration with evidence of infl ammation and 
identifi cation of a pathogen.

   Although tracheostomy-related deaths are less common 
than once thought, cannula occlusion by mucous plugs, acci-
dental decannulation, malpositioning of cannulas into false 
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passages, and less commonly, ventilator failures can result in 
morbidity and mortality, particularly after discharge. 
Prevention of these unexpected events depends on careful 
attention to discharge planning and caregiver education, 
assessment of the home environment and needed support 
structures, and proper equipment. 

 After decannulation, the tracheostomy site is routinely left 
to heal by secondary intent. This process can result in hyper-
trophic or depressed scars, at times necessitating tracheal scar 
revision. Perhaps the most common complication seen after 
decannulation is a persistent tracheocutaneous fi stula (TCF), 
which is essentially a failure of the stoma to close (Fig.  11 ). 
Persistent TCF occurs in up to 50 % of patients after decan-
nulation [ 14 ,  20 ,  23 ,  24 ]. The risk of TCF is inversely corre-
lated with the age at cannulation and increases with the 
duration of cannulation. It is common practice to observe a 
TCF for 6–12 months before closing it surgically [ 25 ].

      Timing of Tracheostomy 

 Very little research is available to guide decisions about the 
timing of tracheostomy placement in the neonate or infant. 
Existing data are universally retrospective and therefore 
refl ect variations in surgical attitudes, rather than experimen-
tal approaches to determining best practice. There is a recent 
movement toward earlier tracheostomy in adult critical care. 
This is supported by data linking earlier tracheostomy (typi-
cally at 3–10 days) with improved outcomes including 
shorter durations of mechanical ventilation, intensive care, 
and hospitalization, and lower costs [ 26 – 28 ]. However, a 
2012 Cochrane systematic review of randomized trials on 
this subject concludes that there is not suffi cient evidence to 
support a decrease in mortality after early tracheostomy [ 29 ] 
Though the adult data are not conclusive, some authors are 

  Fig. 9    Endoscopic appearance of the trachea in a patient with dynamic 
airway compression secondary to tracheomalacia. ( a ) Normal trachea. 
( b ) Child with severe tracheomalacia demonstrating total collapse of the 
airway during inspiration. ( c ) Flow-volume loops further demonstrating 

evidence of worsening intrathoracic airway obstruction during expira-
tion (Reprinted from Shanley et al. [ 66 ]. Copyright 2014 with permis-
sion from Springer)       
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beginning to suggest that children or even infants might also 
benefi t from earlier tracheostomy [ 5 ,  30 ,  31 ]. 

 Two single-center studies have evaluated the relationship 
between timing of tracheostomy and outcomes. The fi rst 
included 43 infants born before 36 weeks postmenstrual 
age (mean gestational age 27.9 weeks) [ 32 ]. The mean age 
at tracheostomy placement was 21.4 weeks, and the more 
preterm infants were more likely to be cannulated later in 
life. However, timing of cannulation did not correlate with 
successful weaning from mechanical ventilation, decannula-
tion, or the timing of these events. The second included 127 
infants with mean gestational age of 28 weeks [ 33 ]. Mean 
age at tracheostomy was similar at 45 weeks postmenstrual 
age. Twenty-one percent of the infants died and, after adjust-
ment for gestational age and respiratory support, mortality 
was unrelated to the timing of tracheostomy. A large, multi-
center study from the NICHD Neonatal Research Network 

reported the outcomes of 304 preterm infants (<30 weeks 
gestation) who underwent tracheostomy placement and 
were followed until 18–22 months of age. The study reported 
that the adjusted odds of death or developmental impair-
ment at 18–22 months were signifi cantly lower (adjusted 
odds ratio 0.5, 95 % CI 0.3–0.9) among infants who under-
went tracheostomy before 120 days of life, as compared to 
those who underwent tracheostomy after 120 days of life. 
The authors were unable to report indication for tracheos-
tomy, so it is possible that the patients who underwent later 
tracheostomy were a population with unmeasured risk fac-
tors for adverse outcome. Alternately, it is also possible that 
there is a developmental advantage to earlier tracheostomy 
in preterm infants [ 34 ]. 

 Many factors other than postnatal age must be considered 
when determining the appropriate timing of tracheostomy. 
Sometimes the diagnosis or indication dictates the timing of 
tracheostomy. For instance, some anatomic anomalies (e.g., 
tracheal stenosis) cannot be managed without tracheostomy 
and the procedure must be performed urgently. However, in 
the majority of cases, the decision is less clear-cut. Some 
authors have suggested that infants, particularly preterm 
infants with chronic lung disease, undergo tracheostomy 
placement after a certain number of failed attempts at extu-
bation. Sisk reported in 2006 that the median number of intu-
bation events among a group ( n  = 18) of very low-birth 
weight infants who eventually underwent tracheostomy was 
11.5 (range 7–25) [ 14 ]. Pereira et al. reported an average of 
5.2 failed extubations among tracheostomized infants with 
birth weight <1 kg and 3.2 failed extubations among infants 
with birth weight >1 kg [ 4 ]. The same author concluded in 
another report that “infants with gestational ages of 30 weeks 
and below, those with low-birth weights and chronic lung 
disease are unlikely to benefi t from more than three trials of 

  Fig. 10    Tracheostomy-associated infections. ( a ) stoma infection ( black arrow ). Surrounding erythema represents cellulitis. ( b ) Breakdown on the 
neck from tracheostomy ties. (Courtesy of Steve Sobol, CHOP Neonatal Airway Program)       

  Fig. 11    Tracheocutaneous fi stula ( black arrow ). (Courtesy of Steve 
Sobol, CHOP Neonatal Airway Program)       
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extubation despite minimal ventilatory requirements at that 
time”[ 35 ]. On the other hand, among infants who underwent 
tracheostomy after repair or palliation of congenital heart 
disease, numbers of extubations prior to tracheostomy 
ranged from 0 attempts in those who could not wean from 
mechanical ventilation to more than three attempts [ 36 ]. 
Finally, while (as discussed above) complications of trache-
ostomy are more common among smaller and younger 
infants, it remains unclear whether complication rates differ 
signifi cantly when tracheostomy is performed at different 
times within the fi rst year of life. At a minimum, recent data 
suggest that for preterm infants, later tracheostomy (beyond 
16 or 20 weeks of age) is not associated with increased need 
for tracheal reconstruction [ 32 ]. This fi nding suggests that 
acquired subglottic stenosis is not more common when the 
procedure is delayed for a few months. 

 Why might infants benefi t from earlier tracheostomy? 
One hypothesis is that earlier tracheostomy allows faster 
weaning of sedating medications and muscle relaxants and 
earlier institution of developmentally appropriate activities 
[ 32 ,  34 ]. Early developmental interventions improve cogni-
tive outcomes and may improve motor outcomes for preterm 
infants [ 37 ]. With the more stable airway provided by the 
tracheostomy, infants who have suffered prolonged intuba-
tion can often begin to sit in chairs and swings, lay prone, 
and participate more actively in interactions with parents and 
caregivers. However, more studies are needed to confi rm that 
earlier tracheostomy is the safest option for infants before 
this strategy could be recommended to practitioners.  

   Survival and Decannulation After Neonatal 
Tracheostomy 

 Historically, there has been a perception that tracheostomy in 
infants resulted in increased risk of death. Indeed, in reports 
of tracheostomy in infants less than 1 year of age, published 
mortality rates range from 6 to 35 %. However, more recent 
data indicate that survival rates after neonatal tracheostomy 
may be improving over time. For example, in 1989, Singer 
reported 29 % mortality in a population of 130 infants who 
underwent tracheostomy before 13 months of age [ 38 ]. In 
2013, Overman reported 89 % 5-year survival of 165 infants 
with tracheostomies [ 5 ]. However, this report excluded 
infants with congenital heart disease, who constitute an 
important segment of the population with particularly high 
mortality. More recently, DeMauro reported 92 % survival to 
18–22 months among 304 preterm infants who survived to 
36 weeks and then underwent tracheostomy placement [ 34 ]. 
More detailed evaluation of the changing survival rates over 
time is hindered by the inclusion of  all  children, rather than 
just neonates and infants, in many reports, or only subgroups 
of infants in other reports. All cause mortality in a population 

of 91 children who were discharged with tracheostomies has 
been described over a 20-year period [ 39 ] (Fig.  12 ).

   Survival rates after tracheostomy depend heavily on the 
initial indication for the tracheostomy, progression of under-
lying medical conditions and comorbidities. For instance, 
survival is higher for potentially reversible conditions such 
as airway obstruction and respiratory failure: survival for 
children with bronchopulmonary dysplasia (BPD) is about 
80–90 %. On the other hand, mortality is higher among 
 children with irreversible conditions such as progressive 
neurologic impairment, complex congenital heart disease, 
and genetic syndromes: survival for infants who undergo tra-
cheostomy after surgery for complex congenital heart dis-
ease is 50–70 % [ 39 – 44 ]. One explanation for these widely 
disparate outcomes is that higher mortality rates in some 
subgroups are likely related to mortality from the underlying 
condition rather than differences in rates of “tracheostomy 
accidents” by subgroup [ 3 ,  39 ]. Certainly, both complication 
and mortality rates are also linked to the number of comorbid 
conditions present [ 45 ]. Unfortunately, cause of death after 
neonatal tracheostomy is rarely reported in the existing lit-
erature. When all infants and children with tracheostomies 
are considered, overall mortality is about 12–20 %; however, 
only about 10–25 % of these children die secondary to com-
plications of the tracheostomy [ 3 ,  46 ]. 

 One critical factor in the decision by neonatologists to 
pursue tracheostomy in an infant is to enhance the likelihood 
that the child will be able to wean off respiratory support and 

  Fig. 12    Survival analysis of children treated with tracheostomy and 
positive-pressure ventilation at home: unadjusted Kaplan-Meier plot 
shows time of death with 95 % confi dence band. (Reprinted from Com 
et al. [ 34 ]. Copyright 2014 with permission from Sage)       
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undergo decannulation. Decannulation is a nearly a universal 
goal of pediatric otolaryngologists and neonatologists, as 
well as the parents and caregivers of infants who may require 
tracheostomy. Indeed, many children who have undergone 
tracheostomy before one year of age are subsequently decan-
nulated, with rates that range from 30 to 75 %. The average 
duration of tracheostomy in these children ranges from 22 to 
48 months. However, decannulation rates, like survival, 
depend on the underlying indication for tracheostomy place-
ment. Five-year decannulation rates for children younger 
than 18 years who were discharged with tracheostomies vary 
from 0 % for those with neuromuscular disorders or spinal 
cord injury to 79 % for children with BPD but no central 
nervous system abnormalities [ 32 ,  39 ]. In one single-center 
study, the average age of decannulation for preterm infants 
(<36 weeks gestation) with tracheostomies was 27.9 months 
[ 32 ]. However, these same infants had been weaned from 
mechanical ventilation at an average age of 17.8 months. 

 While children who undergo tracheostomy for airway 
obstruction are more likely to ultimately achieve decannula-
tion, many fi rst require an airway surgical procedure. The 
need for open laryngotracheal reconstruction (LTR) prior to 
decannulation ranges from 4 to nearly 50 % in recent sur-
veys. Children with a birthweight less than 1,000 g, while 
more likely in some studies to achieve decannulation, are 
more likely to require LTR, likely because more of these 
infants have acquired subglottic stenosis [ 18 ]. Overall, the 
key to successful decannulation is correction or resolution of 
the pathology that necessitated tracheostomy placement. The 
chances of success can be further improved by careful atten-
tion to protection of the surgical airway and prevention of 
and infection.  

   Developmental Outcomes After Neonatal 
Tracheostomy 

 Like survival, neurodevelopmental outcomes are also closely 
linked to the underlying indication for tracheostomy and to 
comorbid conditions. The fi rst report of developmental out-
comes of children who underwent tracheostomy placement 
before 2 years of age stated that “the children that were of 
school age were withdrawn in character and of poor aca-
demic and recreational standard”[ 47 ]. Interestingly, nearly 
all of these children underwent tracheostomy after acute 
infections, making them substantially different from the 
children who undergo tracheostomy today. In the 1980s, 
Singer reported that at least 27 % of children who underwent 
tracheostomy before 13 months of age survived with mental 
retardation or neurological handicap [ 38 ]. Of those not con-
sidered to be severely handicapped, intelligence testing at 
early school age revealed mostly low-normal scores and over 
half had behavioral or social problems. A 2013 single-center 

series reported that 64 % of 165 children who underwent 
tracheostomy placement in infancy had “some degree of 
developmental delay” [ 5 ]. Because no defi nition of develop-
mental delay was provided, the utility of these data in clini-
cal decision-making is limited. 

 In the largest study on this topic, DeMauro et al. reported 
the 18–22 month developmental outcomes of over 300 pre-
term children who underwent tracheostomy and were seen for 
follow-up in the NICHD Neonatal Research Network between 
2001 and 2011 [ 34 ]. This study demonstrated that 81 % of 
children with tracheostomies had deafness, blindness, neuro-
logic impairment/cerebral palsy, or severe developmental 
delay at 18–22 months. Importantly, 45 % had neurologic 
impairment, defi ned as Gross Motor Function Classifi cation 
Scale level 2 or higher or moderate to severe cerebral palsy 
[ 48 ]. When compared to their peers, infants with tracheosto-
mies also had higher rates of both expressive and receptive 
language delays and children with tracheostomies had higher 
risk for delays in social-emotional competence as measured 
by the Brief Infant/ Toddler Social and Emotional Assessment 
(Fig.  13 ). However, the authors were unable to separate these 
outcomes based on the indication for tracheostomy. As dis-
cussed above, both mortality and decannulation rates are 
strongly related to indication for tracheostomy. It is highly 
likely that the same is true for developmental outcomes. 
Future research will need to focus on clarifying the mecha-
nisms behind the adverse developmental outcomes seen in 
this population and understanding the relationship between 
the underlying pathology and the long-term outcomes of 
infants with tracheostomies.

      Functional Outcomes Following Neonatal 
Tracheostomy 

   Effects on Speech and Language 

 Tracheostomy placement in the neonatal period or the fi rst 
year of life results in the presence of the tracheostomy can-
nula during the prelinguistic stage of language development. 
Evaluation of these children during and after cannulation 
suggests that many, if not all, experience some problems 
with speech and language [ 49 – 52 ]. Evaluation of the effect 
of tracheostomy on speech and language is often confounded 
by diffi culty distinguishing the effects of tracheostomy from 
the effects of underlying comorbidities such as underlying 
syndromic or neurologic conditions. Recent studies have 
confi rmed the high prevalence of speech delay in children who 
have undergone tracheostomy during the fi rst year of life, 
including children without underlying conditions that would 
impair speech development in the absence of tracheostomy. 
Many studies suggest that the presence of a tracheostomy in 
infancy can result in impaired expressive language in school-age 
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children of normal intelligence. Possible reasons for these 
effects are varied. In addition to underlying pathology, long-
term and frequent hospitalizations can contribute to speech 
delay. In addition, restriction of vocalization by the tracheos-
tomy and the resultant loss of auditory and oral-motor feed-
back are thought to contribute. Speech pathologists have 
debated the importance of babbling for normal speech devel-
opment, with some suggesting that this is a necessary step, 
while others show evidence that following decannulation, 
some children who underwent tracheostomy prior to bab-
bling were able to begin vocalization shortly after removal of 
the tracheostomy [ 52 ]. 

 Although some children remain aphonic for the duration 
of their tracheostomy, many do achieve some degree of 
vocalization with the tracheostomy tube in place, either in 
the course of normal breathing by moving air over the vocal 
cords around the tracheostomy tube or by plugging the tra-
cheostomy during expiration. Some young children are able 
to tolerate expiratory speaking valves that direct air over the 
vocal cords, facilitating vocalization [ 53 ]. The ability to 
vocalize with a tracheostomy enhances communication 
between the child and caregivers, but even children who have 
opportunities to vocalize with a tracheostomy exhibit speech 
diffi culties after decannulation. It is therefore crucial that 
evaluation and treatment by a speech therapist be part of care 
of these children during and after tracheostomy. 

 While expressive language development is affected more 
profoundly than receptive language, children with normal 
intelligence who have undergone tracheostomy as infants 
also exhibit receptive language delays. The etiology of the 
receptive delay is not clear, but may in some cases be due to 
decreased language stimulation by caregivers in the setting 
of an infant with no or decreased vocalization. Despite these 
concerns, by 5 years of age, many children who have had a 
tracheostomy as infants develop language skills commensu-
rate with their nonverbal cognitive abilities [ 50 ].  

   Feeding and Swallowing 

 Similar to the effect on speech production, tracheostomy has 
been found to impair feeding and swallowing; in one study, 
up to 80 % of infants and toddlers with a tracheostomy exhib-
ited some degree of dysphagia [ 54 ]. Problems were found in 
all three phases of swallowing: oral, pharyngeal, and esopha-
geal. In patients with oral dysphagia, both oral- motor and 
oral-sensory problems were seen, with oral motor being more 
common. Pharyngeal phase disorders include delayed or 
absent swallow response, nasopharyngeal backfl ow, laryn-
geal penetration, and aspiration. The most common esopha-
geal phase symptom is gastroesophageal refl ux. The 
mechanism of pharyngeal dysphagia in this population is not 
entirely known. There has been speculation that anchoring of 

  Fig. 13    Risk-adjusted 
probabilities of components of 
NDI and Bayley Scales of Infant 
Development (II or III), by 
tracheostomy. Error bars 
represent 95 % CIs for risk-
adjusted probabilities. Language 
delay is defi ned as <85 (i.e., >1 
SD below the expected mean 
score of 100, on the language 
scale of Bayley-III). Neurologic 
delay is defi ned as moderate to 
severe cerebral palsy with Gross 
Motor Function Classifi cation 
Scale level of ≥2. Reprinted from 
DeMauro et al. [ 34 ]. Copyright 
2014 with permission from 
Elsevier       
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the larynx by the tracheostomy leads to reduced laryngeal 
elevation during swallowing. Other possible factors include 
decreased sensation of the larynx, resulting in decreased 
awareness of aspiration and impaired coordination of laryn-
geal closure. As with speech impairment, many infants with 
tracheostomies have underlying conditions, such as extreme 
prematurity, neurologic impairment, or craniofacial disor-
ders, that place them at high risk for feeding and swallowing 
disorders independent of the presence of a tracheostomy tube. 
Feeding problems in infants with tracheostomies can have 
implications for long-term development of normal oral feed-
ing skills. Diffi culty with feeding can impair normal meal-
time interaction and socialization, and cause increased stress 
for caregivers. The involvement of speech therapists that have 
experience with infants and toddlers with tracheostomy tubes 
is therefore critical for normal long-term development of 
feeding as well as speech in these children.   

   Impact on Family 

 One major consideration for both physicians and parents when 
contemplating tracheostomy is a concern for the impact tra-
cheostomy will have on the family. Several recent studies have 
begun to address and quantify this concern, as well as to 
explore strategies for reducing the burden to caregivers of 
infants and children with tracheostomies [ 55 ,  56 ]. These stud-
ies suggest that tracheostomy does pose a signifi cant burden to 
caregivers, and has a substantial impact on the quality of life. 
This burden increases with increasing severity of the child’s 
illness. The imposed burdens can be physical, economic, psy-
chological, and emotional in nature. Physical demands include 
increased home care responsibilities and disruption of sleep. 
Economic burdens result not only from the costs associated 
with medical care, supplies, and follow- up, but refl ect 
decreased family income that results from diminished ability 
to work at a paying job. The physical and mental health status 
of adult caretakers of children with tracheostomies has been 
found to be reduced, with mental health status being more sig-
nifi cantly affected than physical health. In addition to lack of 
sleep, caretakers express anxiety about their child’s psycho-
logical well-being, and about the impact on relationships and 
family life. Many caretakers feel isolated, and report an 
increased incidence of broken marriages, which often result 
from the inability of one partner to deal with the day-to-day 
demands of care for a child with a tracheostomy. While some 
families prefer to care for their children without outside nurs-
ing help, the majority feel that they do not receive optimal/
adequate nursing support. These studies suggest that adequate 
counseling prior to tracheostomy and adequate nursing and 
respite support could reduce much of the burden of the care of 
a child with a tracheostomy after discharge. 

   Discharge Planning Following Tracheostomy 

 Tracheostomy is a highly demanding intervention that tasks 
the families’ emotional well-being and fi nancial resources. 
Anticipatory guidance to prepare the family for assuming 
responsibility of caring for the tracheostomy is critical dur-
ing the period of hospitalization. Well-established programs 
will prepare the family for coping with the demands of tak-
ing their child with tracheostomy home. Frequently, a 4–6 
week schedule of discharge planning is mandatory to pre-
pare a family for caring for a child with tracheostomy at 
home. At minimum, a multidisciplinary team consists of 
pediatric otolaryngology airway surgeons, critical care pul-
monary physicians, pediatric intensive care physicians, 
pediatricians, nurse practitioners, nurses, respiratory thera-
pists, occupational therapist, physical therapist, speech ther-
apist, child life therapist, dietitian, social worker, case 
managers with discharge coordinator, and lastly the home 
care company. 

 All training requires extensive teaching and hands-on 
demonstration of equipment and procedures to ensure 
the caregivers are adept and comfortable at recognizing 
diffi culties with the tracheostomy and responding appro-
priately. Teaching should begin on the day of the surgery 
and should include at least two caregivers. Preparation for 
discharge culminates in “transition care” whereby the 
caregivers provide tracheostomy care for an entire day and 
night without supervision from the medical staff. Prior to 
discharge, the caregivers should become adept at suction-
ing the tracheostomy tube, tracheostomy skin care, trache-
ostomy tie change, be able to recognize signs of respiratory 
distress, should be able to prevent or remove mucus plugs, 
recognize and rectify accidental dislodgement of the tra-
cheostomy tube, and quickly replace the original tube with 
a smaller size tracheostomy tube. If needed, the family is 
taught how to a administer collar mist and must have a 
fully stocked emergency bag (with extra tracheostomy 
tube with ties already secured, self-infl ating bag with face 
mask, lubricant, suctioning machine and catheters) handy 
at all times. In addition, the family should have a list of 
telephone numbers including home care equipment com-
pany, local police, fi re, closest physician, pulmonary and 
ENT nurse practitioner, social workers and case managers. 
Many Children’s Hospitals offering tracheostomy to 
infants, especially those with fetal surgery departments, 
have formal educational programs for families as described 
above. 

 Figures  14 – 21  below are examples of educational materi-
als used to prepare families to take their children home with 
tracheostomies. (Cincinnati Tracheostomy Manual—fi gures 
below Courtesy of Michael Rutter, Cincinnati Children’s 
Hospital) (Figs.  14 ,  15 ,  16 ,  17 ,  18 ,  19 ,  20  and  21 ).

S.B. DeMauro et al.



275

              Future Directions 

 Pediatric otorhinolaryngology (ears, nose, and throat) has 
come of age as a specialty with extensive expertise with the 
neonatal neck and airway. Concurrently, complications asso-
ciated with tracheostomy have declined over the years. 

 The diagnosis and management of diseases of the airway 
continue to evolve [ 57 ]. Diagnoses of airway anomalies are 
often aided with prenatal ultrasounds and magnetic reso-
nance imaging. This allows adequate time for planned deliv-
ery in hospitals with the capability to support the airway and 
provide the appropriate level of care. Such infants might 
require ex-utero intrapartum treatment (EXIT) at delivery to 
secure the airway [ 8 ]. Video-assisted intubation with fl exible 
direct laryngoscopy is supplanting emergency tracheostomy 

in newborns with obstructive lesions of the airway. The use 
of noninvasive positive-pressure ventilation has been utilized 
successfully as an alternative to tracheostomy and in the 
management of infants with obstructive sleep apnea [ 12 ]. 
Fiber-optic intubation, laryngeal mask airway, and intuba-
tion through supraglottic devices are alternatives to emer-
gency tracheostomy. 

 Mandibular distraction osteogenesis is a promising ther-
apy in newborn infants with upper airway anomalies [ 6 ]. It is 
used increasingly in managing infants with Pierre-Robin 
sequence and has largely supplanted tracheostomy as the 
preferred surgery [ 58 ]. However, for infants with multiple 
congenital anomalies, a tracheostomy may be unavoidable. 

 Supraglottoplasty is used increasingly to remove extra tis-
sue from around the larynx as an alternative to tracheostomy 

  Fig. 14    Parent “Learning List” 
for the care of an infant with 
a tracheostomy. Adapted from 
the Cincinnati Tracheostomy 
Manual, 2012. Permission 
from Michael Rutter       
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[ 59 ]. This shortens postoperative recovery time and length of 
hospital stay in carefully selected candidates with obstruc-
tive sleep apnea from laryngomalacia or from other causes. 

 Propranolol therapy has been proposed for treating 
congenital laryngotracheal hemangiomas [ 60 ]. Propranolol 
has gained currency as the treatment of choice for deforming 
hemangiomas or when the lesions compress vital organs. For 
non-life-threatening airway obstruction, propranolol remains 
a therapeutic option. Intralesional or systemic steroids in 
combination with CO 2  laser followed by intubation has also 
been used as an alternative to tracheostomy in infants with 
supraglottic hemangiomas. 

 Maturing the stoma to minimize complications of trache-
ostomy such as accidental decannulation is increasingly used 
[ 61 ,  62 ]. Maturation is achieved either by the use of traction 
sutures to pull the trachea up to the skin edge (anchor the 
trachea to the stoma) or by tethering the skin to the trachea. 
This process eliminates the complications of inserting the 
tracheostomy tube to a fresh stoma, reducing the risk of cre-
ating a false passage. 

 Finally, novel tracheostomy tube materials that minimize 
colonization of the cannula are addressing complications 
related to infections. Concern about the potential adverse 
effects of leachable materials from the plasticizer compo-
nents of tracheostomy tubes is being addressed with replace-
ment with DEHP- and PVC-free materials. However, this is 
an expensive endeavor. Research into how best to sterilize 
and safely recycle tracheostomy tubes is an area of current 
research. 

 Survival of extremely low birth weight infants and infants 
with congenital anomalies continues to increase.  This popu-
lation is at high risk for requiring tracheostomy.  Therefore, 
continued research into best practices with regard to timing 
of tracheostomy, care of infants with tracheostomies, and 
outcomes of these patients is warranted.  In the future, it will 
also be critical to continue developing novel surgical and 
medical approaches to avoid need for tracheostomy in the 
newborn and infant population.     

  Fig. 15    Mist collar with a humidifi ed moisture exchanger (HME), used 
for periods of disconnection from mechanical ventilation. Adapted 
from the Cincinnati Tracheostomy Manual, 2012. Permission from 
Michael Rutter       

  Fig. 16    Correct positioning 
during planned tracheostomy 
change in an infant. Adapted 
from the Cincinnati 
Tracheostomy Manual, 2012. 
Permission from Michael Rutter       
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  Fig. 17    Securing the tracheostomy at the stoma site. Adapted from the 
Cincinnati Tracheostomy Manual, 2012. Permission from Michael 
Rutter       

  Fig. 18    Proper tracheostomy tie string changing procedure. Adapted 
from the Cincinnati Tracheostomy Manual, 2012. Permission from 
Michael Rutter       

  Fig. 19    Proper cleaning of the tracheostomy stoma with sterile water 
and Q tip applicator. Adapted from the Cincinnati Tracheostomy 
Manual, 2012. Permission from Michael Rutter       

  Fig. 20    Proper suction technique. Adapted from the Cincinnati 
Tracheostomy Manual, 2012. Permission from Michael Rutter       

  Fig. 21    The use of an obturator during a tracheostomy change. Adapted 
from the Cincinnati Tracheostomy Manual, 2012. Permission from 
Michael Rutter       
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           Introduction 

 Confusion surrounds the clinical implications of the phenomena 
in which gastric contents travel backward into the esophagus, 
mouth, or parts of the airway. In no small part, this confusion 
seems to arise fi rst in the imprecise manner in which terms are 
used in discussions and published literature. In particular, failure 
to distinguish explicitly between “GER” and “GERD” confuses 
both clinicians and parents, and apparently leads to overuse of 
medications in children who do not actually have “disease” asso-
ciated with their refl ux [ 1 ]. Similarly, the terms “refl ux” and 
“emesis” are used interchangeably, even though these are quite 
different processes. Meanwhile, it is not clear that many of the 
apparent manifestations traditionally ascribed to “GERD”—
arching, emesis, coughing, irritability, or apneic episodes—are 
caused by refl ux. Because  refl ux  is nearly universal in infants 
while  refl ux disease  is rare, some clinicians caring for infants have 
even gone so far as to label declare as “myth” the proposition that 
gastroesophageal refl ux may be pathologic in infants [ 2 ]. Finally, 
care of children can be confused by biases left over from experi-
ence with adults, e.g., that when we talk about “refl ux” we mostly 
mean “acid refl ux,” or that “refl ux disease” is primarily a disease 
of the stomach. This is not what we mean in children. 

 This chapter attempts to clear up this murky topic of refl ux 
disease in sick neonates with particular emphasis on the effects 
of refl ux on the airway. It describes what we think are the 
essential contributors to neonatal gastroesophageal refl ux dis-
ease (GERD); what is believed about the detrimental effects 

on the airway; aspects of nonsurgical and surgical ameliora-
tion; and how to manage postoperative feeds and common 
complications in order to obtain the best surgical result. 

 To begin with, let us state the fi rst premise: gastroesophageal 
refl ux (GER) disease is not a problem of the stomach or even 
the esophagus, but a problem of the  foregut , or what some 
call the aerodigestive tract. 

 To be more explicit, consider these terms: 

  Foregut : the cephalic portion of the embryonic alimentary 
canal. Foregut consists of endoderm, and gives rise to the 
pharynx, esophagus, stomach, liver, pancreas, most of the 
small intestine, and respiratory ducts [ 3 ]. While some have 
questioned whether the lungs and airways are actually 
embryologically foregut, the innervation of both proximal 
gut and airways by the vagus nerve displays these structures’ 
functional unity: the lungs and gut are “wired” together. 

  GER : the passive fl ow of gastric contents retrogrades through 
the lower esophageal sphincter complex (LES) into the 
esophagus or higher, typically during transient LES relax-
ations (TLESRs). When GER reaches beyond the esophagus, 
it is common in the otolaryngology literature to see it referred 
to as “laryngopharyngeal refl ux” (LPR) [ 4 ]. 

  Refl uxate : the material that moves in a retrograde fashion 
from stomach to esophagus during refl ux symptoms. 

  GERD : GER, plus some detrimental effect attributed to GER 
e.g., growth failure, abnormal oxygen requirement, esopha-
geal or tracheal stricture, aspiration pneumonia, pneumonitis, 
pulmonary hypertension, chronic otitis, etc. As with GER and 
LPR, a subset of GERD produced by refl uxate reaching above 
the esophagus is sometimes called “larygopharyngeal refl ux 
disease” (LPRD) [ 4 ]. It is these “extra- esophageal” manifesta-
tions of GER that we are interested in treating, and what most 
general pediatric surgeons and neonatologists mean when they 
talk about “GERD.” As with GER and LPR, in this chapter, 
“GERD” and “LPRD” are lumped together as “GERD.” 
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  Emesis : an active motor program originating in the vagal 
nuclei and mediated by the vagal nerve, producing retrograde 
gastric peristalis and forceful expelling of gastric contents 
through the LES. Observe that while “refl ux” and “emesis” 
both involve retrograde movement of gastric contents into 
the esophagus, refl ux is essentially a  passive  process stem-
ming from decreased motor activity, whereas emesis is essen-
tially an  active  process stemming from increased motor 
activity. These terms are often confused, in no small part 
because of the “refl ux-->retch-->regurgitate” phenomenon, 
when refl uxate stimulates the vagus nerve triggering the eme-
sis motor program. 

  Fundoplasty v. fundoplication : Both terms refer to opera-
tions to attenuate refl ux. The more commonly used  fundopli-
cation  comes from Latin  plicare,  “to fold.” Others prefer 
 fundoplasty , from the Greek  plasso  “I fold” or  plastikos  
“able to be shaped or molded.” Either is correct, but it is 
interesting to note that neither means “to wrap”. As will be 
seen the actual mechanisms by which anti-refl ux operations 
work involves a reshaping of the lower esophageal sphincter 
region, with the “wrap” performing only one part of the 
work. Interestingly, the root of both words,  fundus , comes 
from the Latin for “bottom” or “base” a curious choice of 
naming for a portion of the stomach that is at the uppermost 
part. So while both terms are a bit upside down,  fundoplica-
tion  is more etymologically pure (all Latin roots), while  fun-
doplasty  more correctly describes the operation. In modern 
English usage, these terms are interchangeable.  

   Pathophysiology 

 Refl ux is a function of fl uid, pressure, viscosity, and the 
mechanisms of the so-called LES. More than simply a circu-
lar muscle that maintains tonic constriction while opening 
when required physiologically, the LES is really part of a 
greater “LES complex” that includes the diaphragmatic crura 
and the Angle of His. The function of the LES is imperfectly 
understood, even with sophisticated mathematical models 
[ 5 ]. But it is probably not oversimplifying the case too much 
to say that the LES is a control point between chest and 
abdominal cavities, a valve with  asymmetric resistance : 
Resistance is relatively low for swallowing (antegrade fl ow), 
and relatively high for refl ux and emesis (retrograde fl ow). 
The anatomical mechanisms that allow this asymmetric 
resistance are complex. 

 The lower 2/3 of the esophagus is not under voluntary 
control. It automatically propagates a peristaltic wave ini-
tiated by a swallow, and the last few centimeters of the 
esophagus normally hold intrinsic tone that relaxes in 
response to these swallows. But the lower esophageal tone 
is also lost in events known as  transient lower esophageal 

sphincter relaxations  (TLESR’s). Transient LES relaxation 
appears to be the chief physiologic antecedent of GER in 
children [ 6 ]. 

 But other mechanical effects contribute. In particular, 
there must be a  pressure gradient  from abdomen to chest (or, 
more particularly, between stomach and lower esophagus), a 
gradient that is magnifi ed during, for example, pregnancy. 
Importantly for infants, a full stomach also translates to 
greater intragastric pressure. Meanwhile, the  viscosity  of the 
gastric contents also plays a part. The  radius  and  length  of 
the LES are also important. The general relationship of these 
mechanical factors is seen in the “refl ux equation,” which is 
really just a version of Hagen–Poiseuille equation [ 7 ]:
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where
    P  g   − P  e  = the pressure gradient between stomach and lower 

esophagus  
   R  = the radius of the esophagus  
   L  = the length of the LES (essentially, the distance from crura 

to GE junction)  
   η  = the fl uid viscosity    

 As a model of fl ow through the LES, this equation is 
wrong, but useful. The fl ow through the LES is not laminar, 
the tube is not rigid, and none of the parameters is constant. 
Still, the relationship given in the equation does reveal what 
constrains the mechanics of the LES as a valve. Several ele-
ments of the LES work together to create its asymmetric 
resistance [ 8 ]. All of these physiological elements (and all 
successful treatments for GERD) work through at least one 
element of this equation. The functional elements of the 
LES include:
    1.    Crus muscle: When contracted, the diaphragmatic crura 

shorten and pinch the esophagus. This decreases the 
radius  R , blocking refl ux. It also contributes to the pres-
sure gradient ∆ P  blocking GER by increasing  P  e .   

   2.    Intrinsic tone (or elastance) of the distal esophagus: most 
refl ux occurs during “transient lower esophageal relax-
ations” (TLESRs), or brief episodes when the LES relaxes 
[ 6 ]. In contrast, the elastance of the LES inhibits refl ux by 
reducing  R  and by creating higher pressure  P  e  in the LES 
than in the stomach.   

   3.    Intra-abdominal esophageal length: the length of the 
esophagus inferior to the diaphragmatic crus ( L ). A “neg-
ative” length here would be a hiatal hernia, where the 
gastroesophageal junction (GEJ) sits superior to the crura. 
In the newborn, the intra-abdominal esophagus may be 
less than 1 cm, but is reported to be 3 cm at 3 months of 
age [ 8 ]. Perhaps this anatomical development (as well as 
other effects) explains in part how infants tend to “grow 
out of” refl ux problems.   
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   4.    The cardiac angle: Also known as the “Angle of His.” It is 
believed that an acute angle protects against refl ux 
because a fi lling fundus will tend to close the LES if the 
angle is acute, but tends to open the LES if the angle is 
obtuse. When functioning properly, this mechanism 
should both reduce  R  and produce a restrictive pressure 
gradient between stomach and LES.    
  All of these are weaker in small children, increasing the 

propensity to have GER events. But even if the LES was 
functioning well, it bears repeating that it is not a perfect 
one-way valve. As most pregnant women can attest, a strong 
enough pressure gradient from abdominal to throracic cavi-
ties can overcome the resistance in the LES. Infants have 
extra mechanisms that similarly increase the tendency to 
overcome the LES: 

  Scaling : Mismatch between gastric scaling and energy scal-
ing means that the stomach of an infant carries a larger bur-
den than an adult’s. While the capacity of the stomach scales 
with body mass  linearly  (a reasonable heuristic is around 
22 mL/kg), energy scales  nonlinearly , roughly according to 
an inverse power law [ 9 ,  10 ]. For example, a 3 kg infant will 
require around 128 kcal/kg/day but his 80 kg father uses just 
34 kcal/kg/day. However, both have similar gastric capacity 
relative to body mass. It is this mismatch that explains why 

infants need to eat every 3 h, and why they are so “spitty”: 
To ingest 128 kcal/kg/day of breast milk (~20 kcal/30 mL) 
requires drinking 576 mL/day, or 72 mL every 3 h, or 24 mL/
kg/feed—right at the limit of gastric capacity. A constantly 
“loaded” stomach increases opportunities for refl ux events. 

  Relatively slower gastric emptying : It appears that infants 
(especially premature infants) have relatively slow emptying 
of gastric volumes compared to adults, a problem easily 
made worse by various medications administered to neo-
nates [ 11 ,  12 ]. This longer dwell time probably contributes to 
GER by increasing the probability of refl uxate with a given 
TLESR. 

  Work of breathing : Breathing requires energy, and is associ-
ated with cyclical pressure gradients between abdominal 
cavity and chest cavity. Here again we see a mismatch 
between linear and nonlinear physiological scaling [ 13 ]. 
The disproportionally greater energy requirements ( VO2  

 ) and 
 carbon dioxide production ( VCO2  

 ) plus the linear tidal vol-
ume (~7–8 mL/kg/breath) translate necessarily into a higher 
respiratory rate. For a given airway impedance, work is a 
function of this rate. Of course, several diseases greatly 
increase impedance per breath, compounding increases of 
WOB in sick infants. 

Infant

TLESRs

Gastric Load
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Crying/abdominal
pressure

GER

Short intra-
abdominal 
esophagus

Apnea/
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?

Increased work of
breathing

  Fig. 1    Multiple mechanisms are likely to contribute to GER in infants, 
but GER only becomes GERD when the airway and lungs become dam-
aged. The connection between GER and apnea is less clear. At least two 

positive feedback loops may exist here, where the effects of refl ux 
potentiate factors that contribute to refl ux       
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 These mechanisms explain why babies universally have 
some GER (Fig.  1 ). Moreover, “some GER” may be quite a lot, 
with around 70 GER events/day recorded in normal newborns 
[ 14 ,  15 ]. But nothing here explains why some infants cross a 
threshold into GERD. It is reasonable to assert that GERD 
appears whenever the amount of airway soiling exceeds some 
capacity of the airways to recover. It follows that GERD will 
become manifest whenever the  amount of refl uxate  in GER is 
very high (e.g., hiatal hernia, increased frequency of TLESRs, 
etc), the  ability to protect  the airway from refl uxate is inhibited 
(e.g., neurological degradation, tracheomalacia, etc.),  pulmo-
nary repair  mechanisms are degraded (e.g., bronchopulmonary 
dysplasia (BPD), pulmonary hypertension, cystic fi brosis, 
etc.), or the  character of the refl uxate  is particularly toxic (e.g., 
acid, bile acids, pepsins, bacteria).

   Several surgical diseases in the neonate also come accom-
panied by GERD. Patients with diaphragmatic hernia, tra-
cheoesophageal fi stula, and gastroschisis commonly exhibit 
diffi culties with enteric feeds, and resort to surgical control 
of refl ux is common here. In all of these, a specifi c failure of 
the LES can be posited. For instance, in CDH, the diaphrag-
matic crus is typically dysfunctional and GERD is common 
[ 16 – 18 ]. In TEF, the distal esophagus has decreased tone and 
motility [ 19 ]. In gastroschisis, hiatal hernia is common [ 20 ], 
and intra-abdominal pressure can be elevated for weeks 
while downstream small bowel motility [ 21 ] (and therefore 
gastric emptying) can be slowed for months (or longer). 

 Regardless of etiology, lungs are damaged by large amounts 
of debris (milk proteins and fats); acid, bile acids, bacteria, and 
digestive enzymes. Of these, it seems that acid, while plainly 
damaging to the respiratory epithelium, is the least problem-
atic in infants. Certainly acid in the esophagus produces a nox-
ious feeling that can lead to arching, pain, and reduced oral 
intake (“food fear”). But babies tend to have weakly acidic 
refl uxate [ 15 ]. As a result, in neonates there may not be enough 
acid reaching the airway to provoke the intense infl ammatory 
reaction seen in GERD both clinically and experimentally. 

 The same cannot be said about the effects of digestive 
enzymes, particularly the pepsins. This family of proteases 
(particularly Pepsin 3) is manufactured only in the stomach. 
While pH-dependent, the enzyme remains active at relatively 
high pH (i.e., pH 5) and does not denature until pH > 7.2. 
Once aspirated into the airways, these enzymes spark intense 
infl ammation [ 22 ]. These infl ammatory changes degrade the 
ability of pulmonary epithelium to clear debris and aspirated 
organisms. Probably, the lungs become more vulnerable as 
their “clearance capacity” is overwhelmed by large amounts 
of aspirate, and later even relatively small amounts of aspi-
rated refl uxate may provoke infl ammation, wheeze, cough 
and elevated work of breathing. These infl ammatory changes 
are posited to exacerbate BPD, pulmonary hypertension, and 
prolonged oxygen requirements in infants. However, despite 
a great deal of opinion and investigation, this causal chain 
has not been established. Still, in documented refl uxers, 

damage to the airway may sometimes be demonstrated on 
inspection (see Fig.  2 ).

   At this point, one may notice that the elements of this list 
could comprise a harmful positive feedback loop between 
lung damage and refl ux. As refl ux damages the lung paren-
chyma, work of breathing and inspiratory pressure may rise. 
As these rise, energy needs for growth increase, further 
increasing the fi lling pressure on the stomach while the 
inspiratory pressure steepens the pressure gradient between 
abdominal and thoracic cavities. Meanwhile   , apneic spells 
may not always be caused by GER as commonly believed, 
but may not be effective but  cause , contributing to TLESRs 
[ 23 ]. All of these effects must increase refl uxate, leading to 
further lung damage. Treatment, then, should be aimed at 
interrupting this positive feedback loop.  

   Diagnosis 

 Diagnostic interventions seek to determine whether GER may 
be the cause of pulmonary manifestations or failure to thrive. 
There is no single best test for “GERD” in infants. Instead, the 
clinician must combine specifi c testing with clinical context of 
a given patient. Several diagnostic tests are available. 

 pH-probe/impedance probe: probes introduce an esopha-
geal tube with multiple side ports each able to detect pH or 
electrical impedance or both. For pH probes, a falling pH at a 
certain detector site in the esophagus is a proxy for gastric 
contents, presumably with low pH. Similarly, a decline in 
impedance suggests fl uid at the detector. With multiple chan-
nels, these devices reliably detect GER (and its character—
acidic, weakly acidic, or alkaline), and give an indication of its 
severity: how far up the esophagus refl uxate travels, how often 
refl uxate appears, and how fast it is cleared [ 24 ]. pH/impedance 
is often referred to as the “gold standard” for diagnosis of GER. 

  Fig. 2    A bronchoscopic view of the trachea and carina in an infant with 
GERD. Observe the “cobblestone” eruptions along the epithelium 
attributed to constant microaspiration of gastric contents       
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It cannot however provide sole evidence that GER is actually 
GERD, nor can it reveal problems with gastric emptying or 
altered anatomy (like malrotation or hiatal hernia). 

  Fluoroscopy : To reveal anatomical problems that may pres-
ent as GER, esophagosocopy and upper gastrointestinal 
(UGI) series are helpful. While insensitive to GER (reported 
sensitivity is under 50 %) [ 25 ], the images are far more spe-
cifi c in revealing hiatal hernia, H-type tracheoesophageal 
fi stula, microgastria, esophageal stricture, and malrotation. 
Some surgeons insist on UGI before fundoplasty in order to 
plan the operation, for example to allow for the need to per-
form a Ladd’s procedure concomittantly [ 26 ] or even  instead 
of  fundoplication [ 27 ]. Data suggests that at least 4 % of 
patients being considered for fundoplasty will be found to 
have a surgically important abnormality [ 28 ]. But this value 
alone does not give the value of information from the 
UGI. For example it is reasonable to place premium value on 
decreased uncertainty about malrotation; that is, to assert 
that avoiding one missed malrotation is worth more than the 
cost of 24 negative studies. Value judgments of this kind 
resist standard calculus. 

  Manometry : this method uses a series of pressure sensors in 
the esophagus to describe esophageal pressure waves. 
Critical for diagnosis of motility disorders like achalasia in 
older children and adults, manometry contributes little to the 
workup of GERD in infants. 

  Esophagoscopy : Regarded as a mandatory diagnostic step by 
some, esophagoscopy is critical for diagnosis of esophageal 
metaplasia, ulcers, eosiniphilic esophagitis, conditions rarely 
encountered in newborns. Like manometry, esophagoscopy is 
not routinely used in newborns for workup of GERD. 

  Bronchoscopy : Bronchoscopy may provide compelling evi-
dence of refl ux with aspiration (see    Fig.  2 ) but is not a front 
line tool in initial workup. On the other hand, patients who 
appear to have severe “refl ux” may require interrogation of 
the airway to identify other structural problems that can 
mimic GERD, e.g., laryngeal cleft, H-type tracheoesopha-
geal fi stula, or tracheomalacia. 

  Nuclear scintigraphy : Radionuclide scintigraphy is attrac-
tive because it is noninvasive, carries no X-ray exposure, 
and can purportedly detect GER and microaspiration while 
quantifying gastric emptying. When compared to pH moni-
toring, the sensitivity of radionuclide scintigraphy is 
reported to be between 75 and 100 %, and specifi city 
between 81.2 and 100 % [ 29 ]. But the usefulness of these 
“milk scans” in practice is less clear. Milk scans confi rm 
that refl ux is common in preterm infants, but it turns out that 
“positive scintigraphy has no correlation with symptoms” 
[ 30 ]. In that study, the authors found no discrimination at 
all in detection of GER between symptomatic babies and 

asymptomatic babies. Others report that the scans do not 
offer any information that guides whether pyloroplasty is 
indicated along with fundoplasty (Pyloroplasty is very 
rarely indicated in any case, and its routine use with fundo-
plication is condemned) [ 31 ]. Most likely, these scans are 
of little value in infants in the NICU: virtually always 
“positive” (even in children who have intact and working 
fundoplasty), their specifi city appears considerably lower 
than reported for other populations. At the same time, the 
sensitivity to detect aspiration also appears in daily practice 
to be far below reported levels. In other words, in infants, 
they merely confi rm refl ux that is nearly universal, while 
failing to detect the “disease” in GERD. 

  Biomarkers : In patients undergoing bronchoscopy, who are intu-
bated, or have a tracheostomy, bronchoalveolar lavage allows 
examination of the fl uid in the airways. While traditional diag-
nosis relied on the presence of “lipid-laden macrophages” as a 
proxy for lung soilage, this fi nding appears to lack specifi city 
[ 32 ]. Others have used the  presence of pepsin [ 22 ,  33 ], measured 
according to various assays, to indicate GERD. This method 
seems to have promise, but lack of guidelines regarding interpre-
tation of results, lack of standard methods for measurement, lim-
ited availability of the tests and restriction to patients with some 
tube in the airway all prevent widespread use for now. 

  N-of-one trials : While this method has the least published evi-
dence, it is arguably the method to which experienced neona-
tal clinicians resort the most. N-of-1 trials are single- patient 
trials with “multiple-period crossover experiments compar-
ing two or more treatments within individual patients” [ 34 ]. 
In detecting GERD, the clinician will observe the patient 
while being fed normally (orally or by tube) into the stomach. 
Frequency of apneas, oxygen requirement, discomfort, and 
other signs of symptomatic refl ux are noted. Then feeds are 
withheld, with nutrition supported either by nasojejunal 
enteral feedings or parenteral nutrition. If GER is really 
GERD, improvement in respiratory and other symptoms will 
manifest within 2 or 3 days (sometimes less). Return to gas-
tric feeds will reproduce the symptoms, and a second period 
of non-gastric nutrition relieves them. Each “block” of these 
trials is about 1 week long. While this method does not rule 
out laryngeal cleft or other anomalies in orally fed children, 
these confounders can be controlled by restricting enteral 
nutrition to tube feeding. While evidence is scant regarding 
this method, and criticisms are plain (jejunal feeds are imper-
fect protection against refl ux; trials take a long time; etc.), this 
pragmatic method may yield the highest individual validity.  

   Medical Treatment 

 Traditionally, the mainstay of control of GERD has been 
drugs which fall into two categories: motility agents and acid 
blockers. 
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 From the discussion above on pathophysiology, the 
usefulness of acid blockade on the control of GERD mani-
festations should seem suspect. Nothing in the function of 
the LES depends on pH; acid is weak in infants already; and 
decreased pH creates an important “defl ector screen” against 
enteric organisms migrating from the stomach back into the 
airway. It is plausible that reliable acid control could act to 
deactivate pepsin and other digestive enzymes, but this has 
not been shown. At the same time, while improvements in 
pediatric asthma have been shown in the past, more recent 
trials show no benefi t, and even harm in asthmatic children 
[ 35 ]. Meanwhile, there is increasing skepticism about acid 
blockade in infants. Proton-pump inhibitors (PPIs) carry 
serious risks and little effect on GERD symptoms [ 36 ], and 
even H2 blockers were recently associated with serious, 
even fatal, problems in infants [ 37 ]. While these medications 
have their place in gastritis with bleeding, or GERD mani-
festing largely as oral resistance and discomfort, it is plain 
that they are over-prescribed [ 1 ] and undereffective. 

 Motility agents fare little better. Metoclopramide (Reglan), 
bethanechol, cisapride, and erythromycin have all been tried 
as frontline treatments for GERD. In theory, increasing “motil-
ity” (i.e., decreasing gastric emptying time, decreasing intesti-
nal transit time) should decrease GER events associated with 
TLESRs by reducing the dwell time of feeds in the stomach. 

 These posited effects have not been demonstrated practice. 
Reglan has no measurable effect on GERD in infants but car-
ries a high risk of dystonic reactions [ 38 ]. Cisapride was 
shown to be effective, but was removed from the US market 
after several patients developed cardiac dysrythmias attrib-
uted to it [ 39 ]. Bethanechol, a parasympathomimetic, was 
posited to aid GERD by increasing intestinal motility, but tri-
als have failed to demonstrated effectiveness (for example 
[ 40 ]). Erythromycin, a motilin agonist, certainly increases 
gastric emptying, but has not been shown to be an effective 
treatment for GERD, perhaps because of its strong tendency 
toward tachyphylaxis [ 39 ,  41 ]. At one time, it was common to 
place almost every baby in the NICU on “R&R” (reglan and 
ranitidine), a practice now, unsurprisingly, out of favor. 

 The refl ux equation described above illustrates why other 
therapies that seem reasonable have unclear power to attenu-
ate GER. Chief among these is the practice of “thickening” 
feeds. In this practice, a thickening agent (rice cereal, guar 
gum, cornstarch) is added to milk or infant formula. This 
“thickening” is actually a change in viscosity,  η . From the 
equation, it is apparent that in order to halve GER, one would 
need to double the viscosity. The viscosity of human breast 
milk is around 3 cP (pumped, untreated), but addition of a 
commercial thickener (Nestle ThickenUp ® , a preparation of 
cornstarch) demonstrated a large increase in measured vis-
cosity: “In relation to untreated pumped human milk without 
thickener, we observed that the addition of 7 % of the thick-
ener increased the viscosity up to ninefold” [ 42 ]. So far so good. 

But this improvement comes at a cost—delayed gastric 
emptying. There are other costs: infants have diminished 
alpha-amylase and thus diminished ability to digest 
cornstarch which can produce diarrhea [ 43 ] Increasing vis-
cosity delays gastric emptying [ 44 ]. With contrary effects 
and varied effects of different thickeners plus the confounder 
of varied viscosity of human infant milk formulas, mixed 
results with use of thickeners is unsurprising. Pectin, another 
thickening agent, appears to delay gastric emptying [ 45 ] but 
a trial in neurologically injured children showed improve-
ment in GERD [ 46 ]. In sum, no reliable evidence exists 
to support or decry use of thickeners as GER treatment in 
infants. A Cochrane review in 2002 concluded “There is no 
evidence from randomised controlled trials to support or 
refute the effi cacy of feed thickeners in newborn infants with 
[GER]” [ 47 ]. In a more recent study, the results are, again, 
mixed: “A formula thickened with amylopectin did not 
reduce the number of apnea of prematurity or GER-related 
apneas. It reduced acid GER features but had no effect on 
non-acid GER indexes” [ 48 ]. 

 Others have turned to “elemental” formulas in order to 
treat GERD. There is nothing in these formulas that can be 
expected to improve the function of the LES or to increase 
gastric emptying. Rather the opposite is true—all of these 
formulas share one counterproductive characteristic, rela-
tively high osmolarity. While breast milk has an osmolar-
ity similar to serum (~290 mOsm/L), elemental formulas 
are much higher (e.g., Alimentum™, 370 mOsm/L when 
prepared at 20 kcal/30 mL). The stomach responds to ele-
vated osmolarity by holding the fl uid longer and diluting, 
since the small bowel does not tolerate high osmolarity 
fl uid well (producing cramping, fl ushing, and diarrhea rec-
ognized as dumping syndrome). Changing a baby to an 
elemental formula may certainly be the right intervention 
for many diseases (protein hypersensitivity, malabsorp-
tion, etc.). But pathophysiologically, if a change to an 
 elemental formula does ameliorate some observed mani-
festation of “feeding intolerance,” it is unlikely that the 
cause was GERD.  

   Surgical Treatment 

 Surgical control of GER aims to restore normal functioning 
of the LES. “Normal” function does not include the inability 
to vomit, the inability to burp, or total elimination of refl ux. 
Instead, surgery aims to re-establish or reinforce the mechan-
ical functions that the LES normally employs [ 8 ]. To review:
    1.    The “pinch cock” effect of the crus muscle.   
   2.    Adequate intra-abdominal esophageal length.   
   3.    An acute angle at the cardia (Angle of His).   
   4.    Decreased compliance (increased elastance) at the lowest 

portion of the esophagus, i.e., “tone”.    
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  An additional surgical objective is  removal of barriers to 
gastric emptying  (e.g., malrotation, overdistended stomach, 
etc.). The underlying objective is to attain these results with-
out creating unwanted problems like dysphagia. 

 All surgical fundoplasties achieve these mechanical 
objectives. It may surprise readers familiar only with the 
“Nissen” fundoplication, but surgical control of GERD does 
not begin and end with the Nissen. Instead, there are several 
approaches (Table  1 ).

   While all these procedures have an eponym, rarely does 
the modern application of various procedures conform to the 
original description. This chapter confi nes discussion to the 
three most common fundoplasty types performed in North 
America: 

  Nissen : the modern Nissen is sometimes called a “fl oppy 
Nissen” to distinguish it from its original namesake, or even 
its modifi ed form the “Nissen–Rossetti.” The modern Nissen 
creates as 360° wrap looser and shorter (e.g., 2 cm) than 
originally described, and involves division of the short- 
gastric vessels between spleen and the greater curvature. 
Unlike the variant called a “Collis-Nissen,” the modern 
Nissen places the wrap entirely above the GEJ (Fig.  3 ).

    Toupet : Observe the spelling, distinguishing this wrap named 
after French surgeon Andre Toupet from the hairpiece (a tou-
pee’) which some have imagined that this wrap might 
 somehow resemble. It does not. Instead, the modern version 
is a posterior 270° wrap that cushions the esophagus. 
Essentially an open and longer form of the Nissen, the Toupet 
resembles a hot dog (esophagus) in a bun (the sides of the 
wrap) (Fig.  4 ).

    Thal : More popular in the 1980s, the Thal has become rare in 
the laparoscopic era. This is an anterior 240° wrap that also 
differs from other fundoplasties in the direction of the wrap. 
While both the Nissen and Toupet (and Dor) pull the fundus 
across the esophagus laterally, the Thal creates a kind of 
“hood” by pulling the anterior portion of the stomach from 
inferior to superior (Fig.  5 ).

   All of these procedures may be done in infants via an open 
or laparoscopic approach. Experienced pediatric surgeons 
increasingly favor a laparoscopic approach because of the 
demonstrated superiority in surgical comorbidities (pain, time 
to feeds, adhesions, abdominal wall scarring, etc.) as well as 
opportunities for improved visualization and surgical preci-
sion [ 49 ]. For patients who are candidates, laparoscopic fun-
doplasty yields results at least as good as open approaches. 

 Moreover, it has been repeatedly shown that no particular 
fundoplasty type is superior to any other. All are expected to 
provide clinical improvement in manifestations of GERD in 
at least 85 % of patients [ 50 ], and to provide similar protec-
tion [ 51 – 54 ]. This equivalence may seem counterintuitive, 
but is only surprising if one believes that a fundoplasty must 
be “tight” to be effective. This is untrue. Instead, an effective 
fundoplasty must reinforce the normal physiological mecha-
nisms of the LES without creating dysphagia. That is, an 
ideal fundoplasty must increase retrograde resistance with-
out increasing antegrade resistance. The Nissen, Toupet, and 
Thal all restore the crus, increase intra-abdominal esopha-
geal length, restore an acute angle of His, increase the elas-
tance of the LES (i.e., reduce TLESRs) and probably increase 
gastric emptying. When these mechanisms are understood, it 
is clear that a “tight” fundoplasty is beside the point. 

 Moreover, surgical amelioration of refl ux, regardless of 
particular type of fundoplasty, appears to provide powerful 
protection to the lungs. Rothenberg et al. demonstrated that 
pulmonary function was improved by Nissen fundoplication 
in children with asthma in a large cohort [ 55 ]. Oxygen 
requirement appears to be lower and ventilator weaning 
appears to be aided [ 56 ]. In pediatric patients with severe 
reactive airway disease, fundoplication reduces symptoms 
and medications (including steroids) [ 57 ]. However, there is 
no convincing evidence in the literature to demonstrate that 
fundoplication effectively treats apneic spells in premature 
or full-term neonates. This is unsurprising given the unclear 
causal relationship between apnea and GER [ 23 ]. 

 Where these variations on fundoplasty differ is in mechan-
ical complications. While the rate of “slipped” or failed fun-
doplasty appears to be independent of type, excessive 
dissection of the hiatus certainly shortens the expected life-
time of a working fundoplasty [ 58 ]. Fundoplication is 
expected to continue to provide refl ux protection to 90 % of 
patients who had initial improvement at 5 years [ 59 ]. 
However, both the Thal and Toupet have markedly better 
results in terms of dysphagia, bloat, and inability to burp or 
vomit (e.g., [ 53 ]). In order to overcome these problems, sur-
geons work to make Nissens very “fl oppy,” and a good 
“fl oppy Nissen” yields results very much like the partial 
fundoplasties. 

 Nevertheless, there is no consensus regarding the choice of 
one procedure over another. Most surgeons in North America 
are most familiar with the Nissen, and this procedure is 

   Table 1    Common types of fundoplasty for refl ux control   

 Complete wrap (360°)  –  Nissen 
 Nissen–Rossetti 
 Collis–Nissen 
 Floppy Nissen 

 Partial wrap  Anterior  Dor (180°) 
 Thal (240°) 
 Boix Ochoa (240°) 
 Belsey Mark IV (240°) 

 Posterior  Toupet (270°) 
 No wrap  –  Hill gastropexy 
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arguably easier to complete laparoscopically than the others 
(for example, the Nissen may be completed with as few as 
four sutures, but the Toupet requires at least seven). Still, in 
special circumstances, a Nissen may be the wrong choice. 
For example, in babies with poor esophageal motility (e.g., 
esophageal atresia), a Toupet may be a better choice. 
Similarly, some babies can be better served by a Thal which 
can be performed in the setting of a small gastric fundus 
whereas a Nissen would be forced. Surgical pragmatism 
works where evidence is scant. 

   Respiratory Support as Adjunct Treatment 

 From the discussion above, it follows that any intervention 
that decreases work of breathing may aid refl ux. In particu-
lar, use of positive airway pressure (or other means, e.g., pli-
cation of a paralyzed hemidiaphragm) to improve functional 

residual capacity and chest mechanics may decrease the 
tendency to defeat the LES. These interventions, including 
even surgical tracheostomy in some patients, may improve 
lung mechanics and reduce the effects of GERD by inter-
rupting the cycle on the ventilatory part. 

 But this effect may not only depend on chest mechanics. 
Any brake on oxygen delivery will be borne heavily by the 
gut. Mild hypoxia combined with heavy work load to the gut 
is likely to produce some gut dysfunction, especially, dys-
motility. This failure of downstream fl ow in the gut can eas-
ily manifest as signs that look like refl ux (or other kinds of 
intolerance). In more severe circumstances, mismatch 
between oxygen delivery and demand in the gut may lead to 
“cleaving” of the villi at the tips where the countercurrent 
vascular system leaves the tip most vulnerable [ 60 ]. The 
result is a marked reduction in gut surface area, and setup of 
another potential destructive positive feedback loop as the 
same absorptive work must be done with less absorptive 

  Fig. 3    The modern Nissen 
fundoplication is a 360°, loose 
wrap located between the 
diaphragm and gastroesophageal 
junction (GEJ)       
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surface area. What the clinician may see is a child who is 
“stooling out,” with loose watery stools. Alternatively, the 
clinician may see gut slowing, delayed gastric emptying, 
high gastric residuals, and retching. 

 When surgeons say that the purpose of the lungs is to per-
fuse the gut, they seem to know what they are talking about. 
More seriously, however, these interrelationships between 
intestinal and airway function belie the notion that functional 
divisions neatly separate these organ systems.  

   Care of the Post-fundoplasty Patient: 
The Missing Manual 

 In general, fundoplasty is extremely successful at alleviating 
symptoms of GERD, with a relatively low rate of complica-
tions. Nevertheless, signifi cant problems are seen after fun-
doplasty, and these can be exacerbated by a clinician unaware 
of the risk or of the altered state of the stomach after fundo-

plasty. Fundoplasty may be hugely successful in improving 
the nutrition and lungs of the child with bad GERD, but the 
surgeon who cedes all postoperative management to others 
does his patients a disservice. As with other surgical diseases 
like imperforate anus, many patients require ongoing gentle 
attention from a clinician who understands the mechanical 
constraints imposed by the operation.  

   Feeding 

 While actual volumetric measurements of the human stom-
ach are elusive, a heuristic estimate is that the normal human 
stomach holds around 20–25 cm 3 /kg of body weight. After 
fundoplasty, tube-fed babies usually can handle bolus feeds 
of only about 15 (±2) cm 3 /kg. This is certainly adequate for 
growth, but ignoring this limit is one of the prime causes of 
retching (see below) postoperatively. In general, feeds can be 
started within 12 h of fundoplasty (the delay allows anesthetics 

  Fig. 4    The modern Toupet 
fundoplasty is a posterior, 
240–270° wrap. Slightly longer 
than the Nissen, this wrap also is 
located above the GEJ       
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and anesthetic-associated nausea to resolve). Typically in 
infants, a gastrostomy is placed at the time of fundoplasty, 
and can be used for feeds as soon as indicated. Babies that 
are  orally  fed can be rapidly advanced to ad-lib feeds, and 
because of the vagally-mediated accommodation refl ex orig-
inating in the pharynx, tend to be less volume-limited than 
gastrostomy fed babies. There is no evidence to support the 
practice of using all continuous feeds for the immediate post-
operative fundoplasty patient, but different surgeons have 
strong opinions here.  

   Medications 

 Once the fundoplasty is completed, anti-refl ux medications 
can be stopped. Ranitidine has no rebound associated with 
it, and continuing metoclopramide after (and indeed before 

[ 38 ]) fundoplasty is pointless since the mechanical repair of 
fundoplasty dwarfs any small effect this drug could provide 
while still risking side effects (diarrhea, dystonic reactions). 
PPIs should generally be weaned off. If the patient has been 
on PPIs for months, there will be elevated serum gastrin lev-
els. This hypergastrinemia can persist for up to 6 weeks, 
raising the risk of hypersecretion of acid in the stomach with 
subsequent erosive gastritis [ 61 – 63 ]. Empirically, this prob-
lem can be ameliorated if PPIs are weaned off over 2–4 
weeks. In cases where acid blockade is indicated for some 
other reason (e.g., to protect the esophageal atresia or laryn-
goplasty repair, or to guard against steroid-induced gastri-
tis), PPIs should be continued after fundoplication. In other 
words, PPIs should be continued in any patient for whom 
they are indicated for mucosal protection or healing. Without 
an indication, these PPIs offer only complications (fungal 
overgrowth, hypocalcemia, etc.).  

  Fig. 5    The Thal fundoplasty is 
another partial wrap. Unlike the 
Toupet, the Thal brings stomach 
anterior to the esophagus to 
complete a 240° wrap. The inner 
layer of gastroesophageal sutures 
are revealed in the ghosted image       
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   Gas Bloat 

 Gas bloat syndrome is a somewhat-poorly defi ned “syn-
drome” in which air introduced into the GI tract either from 
the tube or via swallowing (aerophagia) is trapped in the 
stomach by the wrap. Instead of burping, the child can only 
handle the air two ways: by venting via the gastrostomy, or 
by passing the air through the anus. The resulting distension, 
cramping, and pain are the manifestations labeled as “colic” 
and the irritated child may cry inconsolably or retch. The 
best way to treat gas bloat is good venting. Some favor the 
use of a Farrell valve (™), but this long thin tube tends to 
have uneven performance in small babies in whom the Farrell 
valve is not the path of least resistance for ingested air. Often, 
better results are obtained by use of “chimney” venting. 
Other adjuncts include the use of simethicone, “tummy 
time,” and avoidance of fi ber or other feedings that promote 
gas formation in the colon (Fig.  6 ).

      Dumping 

 When clinicians talk about “dumping” they really refer to 
two distinct phenomena after gastric surgery. The fi rst is 

“early dumping” syndrome, in which relatively high osmotic 
foods enter the small bowel and induce a period of intestinal 
hypermotility. The exact pathogenesis is not known, but 
links to GLP-1, renin-angiotensin, VIP, cholesystokinin, and 
other mediators have been demonstrated or proposed. The 
manifestations include pain, cramps, fl ushing, tachycardia, 
and watery diarrhea in response to a bolus feed. Of the two 
syndromes labeled as dumping, this is more rarely seen in 
practice. Treatment consists of changing to lower osmotic 
feeds, slowing the rate of delivery, and in intractable cases, 
very cautious administration of octreotide. Meanwhile, 
because of the risk of this syndrome, rarely (if ever) should a 
pyloroplasty be done at the same time as a fundoplasty. The 
second type of dumping, “late dumping,” is better under-
stood as postprandial hypoglycemia (PPHG).  

   Postprandial Hypoglycemia 

 PPHG can occur after any gastric procedure, but as a practical 
matter it is encountered virtually exclusively after fundoplasty 
in children. Because the reactive hypoglycemia can be severe, 
this complication is arguably the most dangerous complication 
of fundoplasty. Because it may be asymptomatic, the method 
and criteria of diagnosis is in doubt, and awareness is poor, 
estimates of its prevalence range widely, from 2 to 30 %. PPHG 
appears to be essentially an overshoot feedback-and-control 
failure, with a spike in blood glucose leading to an “overshoot” 
of insulin secretion mediated by the incretin GLP-1. This insu-
lin overshoot then produces hypoglycemia [ 64 ]. 

 In practice, we screen every patient after fundoplication 
for PPHG by checking a series (30, 60, 90, and 120 min) of 
postprandial glucose levels (d-sticks) once the children are at 
full feeds, or anytime they exhibit unexplained lethargy, 
somnolence, irritability or retching. A very high (>180 mg/
dL) followed by a very low (<50 mg/dL) sugar is diagnostic. 
Some premies will exhibit low sugars after feeds without a 
spike; this is not true PPHG, and more likely represents rela-
tively poor hepatic sugar mobilization. 

 Treatment of PPHG is aimed at decreasing the rate and 
magnitude of the rise in glucose after a feed. Obviously, con-
tinuous feeding will avoid cyclic blood glucose levels, but 
also ties the child to a pump, and can exacerbate bloating and 
retching. Other options include use of any combination of 
acarbose (which blocks intestinal alpha glucosidase to slow 
absorption of intraluminal polysaccharides), uncooked corn-
starch, microlipid, or even a simple change from formulas 
containing “corn-syrup solids” (pure glucose) to those con-
taining maltodextrin (variable length short polymers of glu-
cose) or other more complex sugars. Whatever strategy is 
employed, ongoing home monitoring of post-feed sugars is 
essential to safe management (and eventual weaning of the 
interventions used).  

  Fig. 6    Gas bloat syndrome. The X-ray shows a massively distended 
stomach in a baby unable to burp after Nissen fundoplication       
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   Retching 

 Of all of the complications after fundoplasty, retching is 
one of the most distressing to parents. Clinicians often mis-
take retching for evidence of new refl ux after fundoplasty, 
and restart anti-refl ux medications to treat this mistaken 
diagnosis. But wrap failure is actually a very unlikely cause 
of retching. Retching is not refl ux; it is frustrated emesis. 
Any noxious stimulus that provokes emesis in a baby can 
cause retching when an intact wrap prevents this active ret-
rograde fl ow. While mechanical problems such as a herni-
ated wrap or esophageal obstruction certainly can cause 
retching, more commonly retching is actually evidence that 
the wrap is intact! 

 The approach to treating retching is to remove the noxious 
stimuli. For example, one of the most common causes of 
retching is over-large feeding boluses. Dropping feeding 
boluses below 15 cm 3 /kg/bolus usually removes this stimu-
lus. Meanwhile, high osmolarity either of feeds (such as ele-
mental formulas) or drugs (especially KCl) decrease emptying 
while also appearing to directly stimulate vagal afferents in 
the stomach and duodenum. It is also important to look 
beyond the stomach. For example, some children retch 
because they cannot handle their postnasal drip, or because 
they have an acute exacerbation of pulmonary hypertension, 
or because they have an occult infection, or because they have 
unstable blood sugar. In general, a “whole-patient” approach 
to retching may be required to solve post- fundoplasty feeding 
intolerance. To solve retching, the doctor must fi nd and elimi-
nate the triggers of nausea, intestinal irritability, and vomiting 
that are the real sources of retching [ 65 ].  

   Dysphagia 

 Dysphagia (and odynophagia) occurs more often after Nissen 
than the partial fundoplications, but in patients of all ages is 
reported after any type of wrap in around 1 in 20 patients [ 53 , 
 66 ]. However, these reports probably fail to capture the mild 
dysphagia often seen in the immediate postoperative period. 
While a surgeon can make a proper loose wrap over a large 
guide, he cannot control infl ammation, edema, and related 
esophageal dysmotility after surgical manipulation. As a 
result, patients may have a transient (usually no more than 2 
weeks, but some as long as 6 months) period of dysphagia. 
For this reason, for older patients most surgeons recommend 
a soft diet free of hard-to-swallow meats or breads initially, 
advice that is moot in the neonate. In some cases of persis-
tent dysphagia, surgeons have tried a short burst of solume-
drol or other corticosteroids to relieve the swelling but this 
has not been studied. Others patients may require gentle dila-
tation. Dysphagia that persists requires further workup 
(endoscopy, manometry) to determine if the wrap needs to be 

revised, or if actually there was another diagnosis (achalasia, 
eosinophilic esophagitis, etc.) that was mimicking GERD.   

   Essential Points 

•     GER is not the same as GERD. While virtually all infants 
exhibit GER, pulmonary manifestations are the hallmark 
of GERD.  

•   Pathological refl ux is a mechanical disease that benefi ts 
from a mechanical (that is, a surgical) solution. Acid 
blockade appears to be ineffective or even dangerous for 
routine use in infants.  

•   There is no single best test for GERD.  
•   Surgical fundoplasty is highly effective in properly 

selected patients, and the effectiveness of the operation is 
enhanced by proper postoperative feeding strategies.        
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           Overview 

    Bag mask ventilation has traditionally been used as the 
mainstay in neonatal resuscitation. The NRP guidelines 
maintain that positive pressure ventilation is the most 
important step in newborn resuscitation [ 13 ,  39 ,  62 ]. 
However, the recommended use of simple bag mask venti-
lation can be particularly diffi cult and, often times, ineffec-
tive in newborn infants. In a study of bag mask ventilation 
of almost 60 very preterm infants under 1 kg, 48 % demon-
strated signifi cant mask leak which could only be corrected 
with repositioning. Inappropriate positioning caused sig-
nifi cant airway obstruction 25 % of the time [ 49 ]. In another 
study using colorimetric detectors, airway obstruction 
occurred in a majority of low birth weight infants receiving 
bag mask ventilation during resuscitation [ 13 ]. 
Consequently, a well-prepared neonatal unit will have a 
well-defi ned process for addressing airway emergencies far 
beyond the use of bag mask ventilation.  

   Neonatal Specifi c Algorithms 

 Traditionally, there was no need for algorithms. As the 
patients have become more complex and varied, neona-
tologists have developed specifi c algorithms for our het-
erogeneous population of neonates and infants that we 
have refi ned, used, and taught for more than 10 years now. 
Due to the major increase in births of infants with con-
genital anomalies such as oropharyngeal teratomas, 
CHAOS, severe micrognathia and similarly complex air-
way disorders being born at our institution, this became a 
necessary part of overall preparation for airway emergen-
cies (Fig.  1a–c )   .

      Implementation of Strategy: Mobilizing 
the Airway Team 

 While unnerving, dealing with a critical airway in a small 
neonate can be managed with fi ve easy steps. When pos-
sible, anticipation, identifi cation, preparation, mobiliza-
tion, and execution should be the immediate steps that are 
set forth by the neonatal care team during an airway emer-
gency (Fig.  2 ).

     Anticipation 

 It is never a good idea to extubate or manipulate an unsta-
ble airway without alerting another skilled airway person. 
In the neonatal unit, emergency department, or in transport 
of an infant with a critical airway, alert another physician, 
anesthetist, or advanced practitioner. Making nurses and 
respiratory therapists aware of the plan to manipulate the 
endotracheal tube should be included in the fi rst step of 
the process as well, so the entire care team can anticipate 
the clinical course.  
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   Identifi cation 

 All caretakers should be made aware of the airway status of 
the neonatal patient. Furthermore, diagnoses and comorbidi-
ties need to be carefully evaluated for issues that would con-
found an airway emergency. Becoming familiar with the 
numerous and varied diagnoses causing acute airway 
obstruction (refer to Fig.   11     of chapter “Challenges of the 
Neonatal Airway”), is a good starting point. Additionally, 
measures should be taken so that patients with a history of a 
diffi cult or critical airway are readily available and recog-
nized as such.  

   Preparation 

 A solid airway emergency plan includes equipment that is 
both ready for use and well known to those who will use it. 
A simple tackle box with laryngoscopes, multiple sized endo-
tracheal tubes, stylettes, laryngeal mask airways, oral and 
nasal airways, and facemasks is all one needs to have at the 
bedside. Another option in a busy airway center is a dedicated 

mobile cart that has all the necessary equipment in labeled 
drawers. Additionally, more specialized ENT equipment, such 
as halogen light sources with fi beroptic bronchoscopes, spe-
cialized laryngoscopes, videolaryngoscopy and even a large 
display monitor should be available in large center neonatal-
infant ICUs with large airway pathology volume [ 19 ,  27 ,  28 ].  

   Mobilization 

 Recruitment of the airway team in an instant is essential to 
any successful airway emergency process. Specialized reli-
able paging systems should be able to quickly alert trained 
personnel (physicians, respiratory therapists, nurses, clerks) 
for quick activation and mobilization of the team.  

   Execution 

 With a well-organized team, equipment available at the bed-
side, and roles clearly established, the fi nal step in the pro-
cess is addressing the critical airway. The exact techniques 

  Fig. 1    Emergency Airway Management Algorithm for Diffi cult-
Critical Airways. Note the differences and similarities between neona-
tal emergency algorithms and pediatric algorithms. ( a ) Neonatal 

algorithm ( courtesy of The Neonatal Airway Program - CHOP ). ( b ) 
algorithm, (adapted from Wheeler and Shanley, et al. eds. Resuscitaiton 
and Stabilization of the Critically Ill Child. Springer, 2009           
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for establishing an airway are going to be specifi c for the 
individual patient. As attempts are made to rectify the 
obstruction, the team will work up the hierarchy of equip-
ment and personnel available until the problem is resolved.   

   Education/Simulation Drills 

 Integral to being prepared is education and simulation. 
Education has to be global, widespread, and include all care-
givers. An essential component of this education is frequent 
updates about equipment, new personnel, and newly estab-
lished algorithms. There also must be an insurance of com-
petency for all members of the team. The way to validate this 
competency is via simulated clinical scenarios. This is a rela-
tively novel approach to training and should be utilized fre-
quently, especially for procedures that do not occur often. 
Simulation should include key team members and key sce-
narios such as unplanned extubation, diffi cult airway condi-
tions, critical airway conditions, and unplanned delivery of 
an infant with a critical airway. 

 Software and mannequins that allow for simulated reality 
are integral support components for training. These technol-
ogies allow for immediate feedback during procedures via 
changes in vital signs, respiratory distress symptoms, etc. 
These simulations should occur on a regular basis, at least 
once a week, and in a variety of different environments 
where these emergencies may occur. Debriefi ng and feed-
back should be a regular part of concluding simulated train-
ing and education sessions [ 62 ].  

   Activating Airway Emergency Response 
Team (Fig.  3 ) 

      Necessary Equipment for Airway Emergency 
Preparedness in the Neonate and Infant 

   Noninvasive Equipment 
   Bag Mask Ventilation 
 Bag mask ventilation is the cornerstone of neonatal resusci-
tation and is always attempted fi rst. As mentioned previously 
in one study in premature infants, it can be diffi cult to ade-
quately seal the facemask during bag mask ventilation 
thereby underestimating the delivered tidal volume [ 13 ].  

  Fig. 3    “Algorithm of Action.” 
Useful for actionable steps to 
mobilize team members       

  Fig. 2    “Pyramid of Action.” Useful for quick thinking on step-by-step 
decision tree       
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   Oral Airway/Nasal Trumpet/Endotracheal Tube 
 Oral airways, nasal trumpets and nasal endotracheal tubes 
are often overlooked as a quick method to bypass tongue- 
based obstruction. These tools can provide a nasopharyngeal 
airway that can be used for hand ventilation and suctioning 
during emergencies (Figs.  4  and  5 ).

       Laryngeal Mask Airway (LMA) 
 Also often overlooked are laryngeal mask airways. The 
LMA is a simple, easy to place device that can provide 
immediate access to the airway. Recently, LMA has been 
added to the tool set for noninvasive neonatal resuscitation. 
In a study evaluating newborns requiring positive pressure 

  Fig. 4    Nasal Pharyngeal Airways. Guide to insertion, placement depth and stabilization of NP airways in life threatening oral obstruction. Note 
the nasal ETT is useful due to ease of bagging with connector       

  Fig. 5    Picture of essential intubation equipment-laryngoscopes, masks, LMAs, intubating nasal forceps       
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ventilation, the LMA was successfully inserted on the fi rst 
attempt and provided an airway with no complications 
recorded [ 39 ]. Intubating through an LMA is also possible 
when the proper equipment is mobilized beforehand. A 
bronchoscope spring-loaded with an endotracheal tube can 
be threaded through the LMA to intubate the trachea [ 27 ,  39 , 
 56 ] (Figs.  6  and  7a–e ).

    Having a well-equipped, sturdy, and mobile cart contain-
ing all the necessary equipment is a top priority in an effec-
tive response to an airway emergency. The cart should have 
6–7 drawers that are clearly labeled with basic airway equip-
ment. Scopes, tubes, and masks should be kept in the upper 

drawers for easiest access. Larger equipment (fi ber optic 
equipment and light sources, tracheostomy surgical trays) 
should be kept in the bottom drawers. Basic emergency 
equipment should also be kept in a medium-sized box kept 
atop the cart for rapid deployment to remote areas.   

   Direct/Indirect Laryngoscopy Equipment 
   Fiber Optic 
 Fiber optic laryngoscopy is frequently used for neonatal air-
way emergencies, particularly in sizes 2.2 and 2.8. Due to the 
size of the neonatal airway and limitations on the endotra-
cheal tube, these are the only scopes that can be used. These 

ETT Bronchoscope
Laryngeal Mask

Airway
Spring load Scope

2.5 None 1/1.5 No

3.0 2.2 1/1/5 Yes

3.5 2.2./2.8 1/1/5 Yes

  Fig. 6    Springloading a 
bronchoscope-LMA with an 
ETT. A useful skill to allow rapid 
intubation over a bronchoscope 
during intubation of critical 
airway       

  Fig. 7    AirwayCart and 
equipment: ( a ) airway cart, 
( b ) Olympus Monitor-video 
recorder, ( c ) bronchoscopes, 
( d ) special laryngoscopes—high 
intensity light source, 
( e ) Tracheostomy equipment       
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scopes are equipped with xenon gas light source to provide 
optimal visualization of structures. As mentioned previously 
these, can be spring-loaded and used through an 
LMA. Furthermore, visualization with these scopes ranges 
from the nares to the carina, making them incredibly versa-
tile. These are often specially handled and sterilized through 
very stringent procedures.  

   Fiber Optic Monitor/Light Source 
 Necessarily supporting fi ber optic scopes is a cart combining 
both the Xenon source and a large HD fl at-screen monitor 
with recording capabilities. This cart is mobile as to allow 
for rapid access to the bedside.   

   Direct 
   Traditional Neonatal Laryngoscope 
 The most commonly used laryngoscopes. These come in 
sizes 00 to 1-blade and should be available in all emergency 
airway carts.  

   Specialized Neonatal Laryngoscopes 
 More sophisticated scopes should be available for higher- 
level airway personnel (i.e., ENT and Anesthesia). These 
scopes require a portable halogen light source for illumina-
tion of the airway [ 61 ].   

   Indirect 
 Indirect video laryngoscopy has gained immense popularity 
for use in airway emergencies in neonatal units due to adop-
tion of appropriate sizes for the smallest of infants. There are 
a few products on the market that can be used in neonates. 
The learning curve for these technologies is a bit steeper than 
some the traditional techniques. Practice and frequent use 
are the mainstays for effi cacy (Fig.  8a, b ).

      A Last Resort: Cricothyroidotomy? 
 Cricothyroidotomies are not recommended in children less 
than 10 years of age as complication rates as high as 40 % 
have been reported, however recent discussion in pediatric 
critical care using large bore angiocatheter and transtracheal 
jet ventilation has been proposed as a life saving measure [ 63 ]. 
Due to the small almost nonexistent cricothyroid membrane in 
the infant and child needle cricothyrotomy is diffi cult to 
accomplish and not routinely recommended [ 27 ,  28 ,  56 ,  63 ].    

   Summary 

 Neonatal airway emergencies arise at any time and knowl-
edge of the variety of levels of obstruction, quick thinking to 
act rapidly and available specialized equipment is essential. 
Team work and preparation is key in avoiding unwanted con-
sequences in this population who lack reserve. Review of 
algorithms and maintenance of equipment is vital to comfort 
in response to neonatal airway emergencies.     
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           Section 1: Resuscitation in the Delivery 
Room 

 Saima Aftab 

   Preparation for a Routine Delivery 

 In general, in order to adequately resuscitate and stabilize a 
newborn with anticipated diffi culties, the delivery room 
should be prepared adequately. To do this effectively the 
most important basic questions that need to be answered are
    1.    What is the gestational age?   
   2.    Is the fl uid clear?   
   3.    How many babies are expected?   
   4.    Are there any additional risk factors?      

   Importance of Gestational age 

 Preterm newborns at high risk of primary apnea are more 
likely to need higher levels of resuscitation and establishing an 
airway is also more challenging. If time allows ensuring an 

advanced airway skills person such as a neonatologist, pedia-
trician, anesthesiologist be present at the delivery is helpful. In 
addition for resuscitation of the preterm neonate, additional 
equipment may be needed to ensure thermoregulation and 
establishing vascular access in the delivery room. Moreover 
and if possible, a preterm infant with suspected or confi rmed 
airway anomalies with an anticipated diffi cult or critical air-
way should preferably have a pediatric ENT in attendance.  

   Signifi cance of Meconium at the Delivery 

 Meconium-stained amniotic fl uid may be a sign of fetal dis-
tress, newborns born through meconium-stained amniotic 
fl uid are at risk for aspirating it after birth. The current NRP 
guidelines recommend that if a baby is delivered through 
meconium-stained amniotic fl uid, a quick assessment of the 
baby’s well being of vigor should be made. Vigor implies a 
baby who is not exhibiting signs of distress namely a HR 
>100, good tone and strong breathing or crying. If the baby 
is not vigorous i.e. missing any one of the above then it is 
recommended to intubate the baby for deep tracheal suction-
ing. Tracheal suctioning is done to prevent aspiration of 
meconium into the lungs. If meconium is recovered the fi rst 
time the provider may repeat tracheal suctioning provided 
the baby remains stable. If no meconium is recovered or the 
baby becomes unstable at any given point, one must immedi-
ately abandon intubation attempts and start resuscitation 
from the very top of the NRP algorithm.  

   Multiple Births 

 Multiple Gestation delivery babies may need more resuscita-
tion and always need more equipment and personnel. Often, 
there can be comorbidities that exist such as discordancy, 
twin-to-twin transfusion syndrome, and entrapment of one 
twin due to malposition.  
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   Other Risk Factors 

 Any signifi cant fi ndings in the history that could affect resus-
citation causing airway diffi culties such as polyhydramnios, 
suspected birth defects of the neck, trachea, esophagus, 
chromosome abnormality with severe micrognathia, and 
other craniofacial anomalies such as hemifacial microsomia 
can cause a serious situation for an unprepared team.   

   Evaluation of the Newborn at Delivery 

 After the delivery of the baby, answering three questions will 
determine the need for the initial steps at the radiant heat warmer
   Is the newborn term?  
  Is the newborn breathing or crying?  
  Does the newborn have good muscle tone?    

 If the answer is NO to any question start NRP. 
  Currently the  6th  Edition of the Neonatal Resuscitation 

Program is considered the standard of care in neonatal 
resuscitation. We have described steps of neonatal resuscita-
tion in detail in the following sections based on the NRP 
guidelines  (Please see 6th Ed. NRP manual for details) .   

   Initial Steps 

 The NRP algorithm recommends starting with warming and 
drying any newborn in need for resuscitation. This will stim-
ulate the baby to breathe, and a majority of newborns will 
just require this in order to start breathing. If the baby shows 
signs of airway obstruction oral and nasal suctioning can aid 
with stabilizing the airway. 

 At many large high volume obstetrical hospitals with 
academic connections, airway algorithms are available for 
staff review and preparation:  

   Administering Positive Pressure Ventilation 

 Positive Pressure ventilation may need to be administered 
according to the NRP algorithm after the initial steps or 
warming, drying, and stimulating the baby if the baby is 
apneic or gasping or has a heart rate of <100 beats per 
minute, persistent central cyanosis or desaturations despite 
increasing the FiO 2  to 100 %. 

 The two systems used for this purpose are a fl ow-infl ating 
bag, self-infl ating bag, or a T-piece resuscitator. When PPV 
is administered ensure there is a manometer in line to avoid 
barotraumas. The PPV is administered at a rate of about 30 
breaths per minute. 

 Ensure adequate chest rise and air entry to assess effec-
tiveness of PPV. The most consistent response to effective 
PPV will be an improvement in the HR and saturations. 

 Priority in Neonatal Resuscitation always remains estab-
lishing effective ventilation. 

 If the baby does not respond to the initial 30 s of PPV 
NRP recommends all providers to go through a series of 
ventilation corrective steps to ensure that PPV is in fact 
effective. The pneumonic is
    M : Adjust Mask in the face  
   R : Reposition the head to open airway  
   S : Suction mouth and then nose  
   O : Open mouth and lift jaw forward  
   P : Gradually increase Pressure every few breaths until visible 

chest rise is noted    
 If this does not lead to improvement in heart rate, an 

Artifi cial Airway (ETT or LMA) should be considered.  

   Intubation and Use of a Laryngeal Mask 
Airway or LMA 

 An LMA may be indicated as an alternative to intubation 
when facial or upper airway malformations render bag-
mask ventilations ineffective or PPV not effective and intu-
bation is not possible.  

   Pulse Oximetry and Evaluation of Color 

 Pulse oximetry is an important tool to gauge the saturations 
of a baby in distress. It should be used if:
    1.    Resuscitation is anticipated   
   2.    PPV is required for more than a few breaths   
   3.    Central cyanosis is persistent   
   4.    To confi rm your perception of central cyanosis   
   5.    Whenever supplemental oxygen is administered     

 In general, term infants may be resuscitated with 21 % O 2 . 
Preterm infants may begin with a somewhat higher oxygen 
concentration. When using pulse oximetry pulse Ox probe on 
right hand or wrist as it measures the pre-ductal saturation. 

 Of note one must place on patient before connecting to 
Pox machine to achieve the fastest readings. Supplemental 
oxygen concentration should be adjusted gradually to 
achieve pre-ductal Saturations summarized in the NRP 
diagram below (Both Term & Preterm).  

   Chest Compressions 

 Chest compressions may need to be initiated per the NRP 
algorithm if the HR <60 bpm despite effective ventilation. 
One must coordinate chest compressions with ventila tions for 
at least 45–60 s before stopping briefl y to assess heart rate. 

 Compress 1/3 diameter of chest with 90 compressions to 
30 ventilations/min (120 events). A good way to coordinate 
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the compressions with ventilations is to call out One & two 
& three & breathe & One & two & three & breathe &…. 

 Other things to remember are to increase FiO 2  to 100 % 
once you begin compressions. Pox may not work while 
newborn is receiving chest compressions. 

 Intubation is strongly recommended when compressions 
begin.  

   Umblical Venous Catheter UVC Placement 
and Epinephrine 

 Consider placement of UVC once compressions are initiated 
or if extended resuscitation is anticipated. Continue chest 
compressions by moving around to head of bed to allow 
room for MD to place UVC. Epinephrine is indicated when 
heart rate remains <60 despite 30 s of effective ventilations 
and at least another 45–60 s of coordinated compressions 
and ventilations. 

   Epinephrine 

 The ETT route has an unreliable absorption, which renders it 
less effective, but if it may be readily available so may be 
given while attempting to establish a UVC. 

 The UVC route is the preferred method for administering 
epinephrine; however, it requires a skilled person to place 
immediately. The IV epinephrine may be given as soon as 
the line is placed even after just giving via ETT. Doses of 
epinephrine are based upon the different concentrations used 
for different routes of administrations.   

   Post-resuscitation Care 

 There are two levels of post-resuscitation care: 
 Routine Care, which is for vigorous term infants with no 

risk factors or babies who required but responded to initial 
steps. These babies now can stay with their mothers and 
skin-to-skin contact recommended. 

 Extended Care is for babies with depressed breathing or 
activity such as those requiring supplemental oxygen &/or 
ongoing nursing care and those with high-risk factors 
requiring frequent evaluation may need to be evaluated in 
an ICU setting. These babies may possibly then transfer to 
routine care after a period of stability.  

   Role of T-Piece Resuscitator (TPR) 

 Effective positive pressure ventilation can be vital to neona-
tal resuscitation, in addition it is also important for uniform 
and effective surfactant distribution. A T-piece resuscitator 

TPR or the traditional fl ow bag valve mask apparatus can 
deliver this positive pressure. The TPR provides pressure- 
controlled, fl ow-delivered positive pressure ventilation. The 
positive end expiratory pressure (PEEP) valve can be rotated 
to modify the PEEP provided, and occlusion of the valve by 
the operator delivers peak inspiratory pressure (PIP). Its 
main purported advantages are the delivery of consistent 
pressures, the ability to adjust inspiratory time, and the 
control of PIP and PEEP. There is a wide variability in the 
use of T-piece resuscitator in neonatal resuscitations. 

 TPR users should also be aware of certain limitations of the 
device. Resuscitation is a dynamic process where the resusci-
tator needs to adapt to the response or non-response of the 
newborn. TPR users are not as good at detecting changes in 
compliance as users of the Self or Flow-infl ating bags. TPR 
users also need more time to change the infl ating pressures 
during resuscitation, compared to users of the SIB or 
FIB. Mask leak is greater with the TPR than with other devices. 

 TPRs are also the most technically diffi cult of the three 
devices to prepare for use. Operators who do not frequently 
use the device, and are not receiving regular training in its 
setup, forget how to prepare the device for use. Instructors 
should be aware that increases in gas fl ow before, or during 
resuscitation could result in signifi cant increases in pressures 
unless the operator adjusts the dials accordingly. 

 Until evidence of clinical benefi t is available, we recom-
mend that healthcare providers are appropriately and regu-
larly trained in the use of whatever device being used in their 
clinical practice, and are aware of the particular limitations 
of that device. 

   Identifi cation and Evaluation of High-Risk 
Neonate with Diffi cult/Critical Airway 

 Neonatal airway obstruction, a frequent cause of respiratory 
distress, is a common indication for NICU admission. 
Ventilation is the cornerstone of neonatal resuscitation and 
when airway obstruction presents in the delivery room, it 
poses a unique challenge to transition the neonate. Presence 
of airway obstruction in the delivery room may be unexpected 
and may escalate to life-threatening situations or present at 
facilities that do not routinely cater to high-risk population. 

 Prenatal history and fi ndings may give the neonatal pro-
vider valuable clues towards making the diagnoses. However, 
the same may not always be available or known prenatally. 
Thus, the delivery room may serve as the fi rst opportunity or 
site for the presentation and detection of neonatal obstruc-
tion. Ventilation is the cornerstone of neonatal resuscitation 
and when airway obstruction presents in the delivery room, 
it poses a unique challenge to transition the neonate. Thus it 
is of utmost importance for the neonatal provide to review all 
available prenatal information when available that maybe 
pertinent for the neonate’s delivery room needs.  
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   Prenatal Diagnoses and Fetal surveillance 

 Ultrasound remains the fi rst and main diagnostic modality 
for fetal assessment [ 1 ]. Anatomic fetal surveillance is usu-
ally performed at 18–22 weeks gestation. In high-risk case, 
fetal MRI has been employed with signifi cant benefi t. Fetal 
MRI does have technical challenges but gives a level of ana-
tomic detail that may have substantial prognostic and thera-
peutic implications [ 2 ,  3 ]. Table  1  lists the most common 
prenatal imaging and clinical fi ndings that raise the possibil-
ity of neonatal or fetal airway obstruction [ 4 ]. Many neo-
nates are now born in centers with “fetal therapy programs” 
and delivery units within specialized Children’s Hospitals. 
However, many of these neonates must be born in larger 
maternity hospitals due to maternal reasons: (severe pre- 
eclampsia; HELLP syndrome; acute bleeding; maternal car-
diac disorders). These are the infants that will be delivered in 
a perinatal center and those with airway issues will be the 
challenge for the team at resuscitation:

   It is important to note that while actual anatomical details 
such as cervical neck masses give a direct clue towards the 
likely airway obstruction, other fi ndings maybe more indirect 
and thus evade an easy association. These indirect clues may 

arise as a consequence of airway obstruction, such as hydrops 
or polyhydramnios. They may also be part of a syndrome of 
which airway obstruction is a feature. A good example of this 
is coexistence of structural heart anomalies and coloboma in 
a fetus may alert the provider to the possibility of choanal 
atresia as part of the CHARGE syndrome (previously thought 
to be an association). As such existence of major congenital 
anomalies should raise the index of suspicion for airway 
anomalies as part of a global pathology. Other syndromes 
such as Treacher Collins, Goldenhars and Pierre Robin syn-
dromes can also present with signifi cant airway obstruction 
due to the severe micrognathia. Common diagnoses associ-
ated with neonatal airway obstruction that may present in the 
delivery room are listed in Tables     2 ,  3  and  4 .

     However, during intubation, conditions affecting the supra, 
glottic and subglottic area may only then become obvious and 
hinder the neonatologist from routine intubation. Conditions 
such as subglottic stenosis, masses, vocal cord paralysis, or 
atresia can be uncovered in the delivery room.  

   Airway Emergencies in the Delivery Room 

 Specifi c airway-related diagnoses, such as listed above likely 
mandate a customized approach to neonatal resuscitation. 
Another group of conditions that deserves a special mention 
here, comprise conditions that are not directly associated 

   Table 1    Epinephrine administration guidelines for resuscitation   

 • Concentration 1:10,000 (0.1 mg/mL) 
 • ETT dose is 0.5–1 mL/kg 
 • UVC/IV dose is 0.1–0.3 mL/kg 
 • Follow with a 0.5–1 mL fl ush NS 
 • Re-check heart rate after 1 min of compressions and ventilations 
 • Repeat dose every 3–5 min 

   Table 2    Special considerations for preterm neonates   

 1.  Increase temperature of the delivery room to approx. 25–26°C 
(77–79°F) 

 2. Polyethylene plastic wrap 
 3. Place portable warming pad under the layers of 
 4. Towels at the radiant heat warmer 
 5. Use blended O 2  
 6.  Consider CPAP for good heart rate but an increased work 

of breathing 
 7.  May need to administer surfactant for preterm infants intubated 

for respiratory distress syndrome or RDS 

   Table 3    Prenatal ultrasound fi nding associated with neonatal airway 
obstruction. Congenital high airway obstruction, (CHAOS)   

 Non-immune Hydrops—severe neck edema 
 Polyhydramnios with tracheal atresia 
 Severe Micrognathia-craniofacial/genetic syndromes 
 Large echogenic fetal lungs-upper airway obstruction 
 Dilated airways with stenosis 
 Cervical lymphangiomas/teratomas 
 Neuromuscular condition with arthrogryposis and jaw immobility 

   Table 4    Common causes of neonatal airway that may present in the 
delivery room setting   

 Conditions associated with extrinsic compression of the airway 
 1. Cervical lymphatic malformation (cystic hygroma) 
 2. Cervical teratoma 
 3. Associated with mandibular hypoplasia: 
  (a) Pierre Robin sequence (Stickler syndrome) 
  (b) Nager Syndrome 
  (c) Treacher Collins Syndrome 
  (d) Bilateral hemifacial microsomia—Goldenhars Syndrome 
 4. Associated with macroglossia 
  (a) Down’s Syndrome 
  (b) Beckwith Weidmann Syndrome 
  (c) Lymphangioma 
 Conditions associated with intrinsic airway compression 
 1. Lingual thyroid 
 2. Vallecular cyst 
 3. Others, such as Nasal encephalocele, ranula, glioma, dermoids, etc. 
 Intrinsic airway obstruction 
 1. Choanal atresia/stenosis 
 2. Tracheal agenesis/stenosis 
 3. Laryngeal agenesis/stenosis 
 4. Congenital high airway obstruction sequence (CHAOS) 
 5. Vocal cord palsy (primary condition, associated with 
hydrocephalus) 
 6. Laryngeal web 
 7. Tracheomalacia/Laryngomalacia 
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with a specific airway diagnoses, nevertheless have 
implications for airway management in the delivery room. 
These mainly include conditions wherein the role of bag-
mask ventilation is limited and prompt orotracheal intuba-
tion is recommended for example, esophageal atresia, and 
congenital diaphragmatic hernia. 

 Once an airway obstruction has been identifi ed, the fetus 
needs to be evaluated for other possible coexisting conditions. 
The airway obstructions maybe an isolated fi nding or part of a 
global/syndromic condition. The latter raises serious ethical 
questions as more neonates with severe birth defects are now 
being born at Children’s Hospitals with immediate access to 

  Fig. 1    ( a – c ) Goldenhars Syndrome with severe micrognathia and airway obstruction requiring specialized airway management in immediate 
birth period       

  Fig. 2    Delivery room airway emergency algorithm:**Courtesy of Michael Posencheg, MD, medical director of the Hospital of the University 
of Pennsylvania neonatal unit. **       
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subspecialty services Figs.  1 ,  2 ,  3  and  4 .     show how organiza-
tion and practice can prepare for an airway emergency.  

   Timing and Mode of Delivery 

 Understandably, the identifi cation of fetal airway obstruction 
has signifi cant implications for the plans surrounding the 
delivery. As with many other complex congenital anomalies, 
cases with suspected fetal airway obstruction should be 
referred for further evaluation to a tertiary center. Ideally 
such a referral center should have dedicated, multidisci-
plinary teams with advanced neonatal, otorhinolaryngology 
and pediatric surgery services with experience in fetal/
neonatal airway issues. The course based on the diagnoses 
may comprise minimal noninvasive support to requiring 
EXIT delivery [ 5 ]. (Discussed in Chapters “Prenatal 
Assessment and Perinatal Management of Suspected Airway 
Compromise in the Fetus and Neonate” and “Operative 
Surgical Management of Fetuses with CHAOS, (Congenital 

High Airway Obstruction Syndrome): Management at 
Delivery”). The timing and choice of delivery will also be 
infl uenced by fetal and maternal health, particularly in cases 
of fetal hydrops and/or maternal “mirror syndrome” [ 6 ]. The 
most important thing when there is time to prepare is 
having experienced pediatric ENT present with full service 
tracheostomy tray and set up. Everyone should be prepared 
Figs.  5 ,  6 ,  7 ,  8  and  9 .       

   Postnatal Diagnoses 

 In situations where the diagnoses of airway obstruction are 
not available or suggested prenatally, the clinician can get 
valuable information from the delivery room experience. 

 Respiratory distress, especially when unresponsive to 
routine resuscitative measures, is always an obvious present-
ing complaint of signifi cant airway obstruction. Externally 
visible masses and dysmorphic features suggestive of 
micrognathia and/or retrognathia [ 7 ] can be important clues. 

  Fig. 3    ( a ) BMV placement in a neonate. ( b ) LMA Placement in a neonate. ( c ) Different LMA types       
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  Fig. 4    ( a ) The Fisher Paykel NEOPUFF RD 900 Neopuff™ Infant 
Resuscitator. ( b ) Use of the mouthpiece with the Neopuff™ Infant 
Resuscitator       

  Fig. 5    Vocal Cord atresia causing airway obstruction during intubation       

  Fig. 6    Vocal Cord paralysis causing airway obstruction at delivery       

  Fig. 7    Epulis/Epignathus causing acute oral obstruction and an airway 
emergency at birth Tracheostomy may be the only treatment for these 
types of obstructions       
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Other such symptoms may include excessive secretions, 
stridor, and inability to pass suction catheters through one 
or both nostrils Figs.  10 ,  11 ,  12 ,  13  and  14 .

          Birth Trauma 

 Finally, the possibility of birth trauma causing airway 
obstruction or impairment should be considered. This is espe-
cially true for macrosomic neonates with history of prolonged 

shoulder dystocia. While, such delivery circumstances may 
result in perinatal asphyxia, the clinician should still be 
cognizant of the possibility of airway trauma. Cases of 
tracheal or laryngeal tears are rare but have been reported in 
the literature [ 8 ,  9 ].   

   Summary of Delivery Room Management 

 Benefi ts exist in standardizing the care patients receive. We 
have discussed how things should be done in the delivery 
room regarding thermoregulation, oxygen titration, and 
respiratory support. However, the infrastructure to perform 
these interventions including who should perform which 
tasks requires some more detail. Understanding that we are 
trying to provide the best medical care, while training resi-
dents and fellows. We recommend the following guidelines 
to establish roles and responsibilities:
    1.    Establish a team leader—this person is usually a fellow 

for attending.   
   2.    Airway—experienced personnel, usually a senior front 

line clinician, fellow for attending.   
   3.    Umbilical Lines—should have an experienced person 

assisting residents to balance effi ciency with training.   
   4.    Nursing—at least one for baby (thermoregulation) and 

one recording. If possible, an additional medication nurse 
is optimal.   

   5.    Respiratory Therapy—Need a dedicated person to man-
age CPAP nasal interface and oxygen titration. Surfactant 
administration if applicable.   

  Fig. 8    Giant lymphangiomas causing acute oral obstruction and an 
airway emergency at birth Tracheostomy may be the only treatment for 
these types of obstructions       

  Fig. 9    Laryngeal Hemangioma 
or Lymphangioma can easily 
obstruct the entrance to the 
glottis and only be found upon 
intubation in a neonate with 
respiratory distress       
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   6.    Limit traffi c—personnel without roles should leave the 
room, with rare exception. Attempt to keep doors closed 
to maintain room temperature.   

   7.    Be prepared to handle unexpected situations arising out 
of unanticipated airway emergencies. Simple cues on 
physical exam and history maybe very important to direct 
management.   

   8.    In cases of unexpected airway emergencies, understand 
your resources and involve specialists in a time-sensitive 
manner. Other teamwork guidelines apply with more 
focused communication and heightened sense of 
urgency.      

  Fig. 10    Standard type neonatal 
delivery room critical airway cart       

  Fig. 11    Emergency set up of delivery room resuscitation       
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  Fig. 12    Emergency tracheostomy set up       

  Fig. 13    Essential basic delivery 
room airway equipment: LED 
laryngoscope handles and blades, 
LMAs, ETTs, masks, ETTs, and 
stylettes       
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  Fig. 14    Videolaryngoscopy: 
Glidescope and Storz CMAC 
now available for neonatal 
patients with size 0 and 1 blades       
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  Fig. 15    Frequency of 
endotracheal intubation stratifi ed 
by age       
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   Section 2:  Resuscitation in the Emergency 
Department 

 Nathan W. Mick and Joshua Nagler 

   Background 

 Neonatal airway management in the Emergency Department 
(ED) is an infrequent but critically important skill for emer-
gency medicine providers. The psychomotor skills required 
to perform laryngoscopy and intubation in a neonate are 
similar to those utilized in the care of an older child or adult. 
However, there are key anatomic and physiologic differences 
between these disparately aged patient populations, which 
are most pronounced in neonates who are at the youngest 
end of the pediatric age spectrum. These differences impact 
the indications for airway management and necessitate mod-
ifi cations in approach. 

 Emergency medicine providers are further challenged by 
a relative inexperience in caring for critically ill neonates. 
Those with fellowship training in pediatric emergency medi-
cine may have some additional experience from their neona-
tal and pediatric intensive care rotations as well as scheduled 
training in the operating room setting. However, the vast 
majority of neonatal intubations in EDs occur outside of a 
tertiary care children’s hospital by providers with limited and 
often remote pediatric training. Nonetheless, neonatal and 
pediatric “readiness” is an essential component of general 
ED operations. Fortunately, most emergency medicine pro-
viders will have comfort in recognizing critical illness and 
responding quickly; however, there are a myriad of cognitive 
barriers (e.g., appropriate equipment sizes, drug doses) that 
make emergency airway management in neonates and chil-
dren a source of signifi cant anxiety. 

 Utilizing a systematic approach to airway management 
in young infants is paramount to success. This includes: 
(1) recognizing and addressing the predictable anatomic 
and physiologic differences in neonatal airway manage-
ment, and (2) consistently applying an approach to airway 
management that identifi es and addresses potential diffi -
culties. In this chapter, we will review the most common 
presentations of neonatal patients requiring airway man-
agement in the ED, as well as provide a methodical 
approach to addressing both anticipated and unanticipated 
challenges that may occur.   

   Epidemiology and Experience 

 Opportunities to perform direct laryngoscopy and intuba-
tion are much less common in the pediatric than the adult 
population. It is estimated that airway management is 
required in 1–3 patients per 1,000 pediatric visits in the 
average ED compared with 6–10 intubations per 1,000 adult 
visits [ 10 – 12 ]. This number is further diluted when looking 
specifi cally at the care of young infants. The distribution of 
ages of patients requiring endotracheal intubation at a single 
tertiary care center for a 1-year period suggests that only a 
fraction of the pediatric population requiring airway man-
agement are neonates or young infants (Fig.  15 ). Given that 
the average ED physician will be unlikely to encounter 
opportunities for a signifi cant number of pediatric airway 
procedures during typical clinical practice, skill acquisition, 
and retention can be diffi cult. Pediatric intubation success 
rates vary quite dramatically with experience. Studies per-
formed in the operating room with anesthesia providers sug-
gest that the success rate for endotracheal intubation after 
ten airways is less than 50 % while greater than 50 intuba-
tion attempts are required before success reaches 90 % [ 13 , 
 14 ]. Therefore for emergency medicine providers with lim-
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ited in situ clinical opportunities, the required number of 
intubations to attain “mastery” may therefore necessitate 
dedicated time in the operating room or augmentation of 
skills in a simulated environment [ 15 ].   

   Pathophysiology 

 There are many unique anatomic and physiologic features 
that impact emergent neonatal airway management. These 
differences are predictable, and therefore can be anticipated 
and addressed to optimize early success and mitigate adverse 
events. 

 Anatomic differences in neonates compared to larger 
children or adults include relatively large occiputs compared 
with body size, a superior and anterior larynx, a large tongue 
relative to the oral cavity, a weaker hyoepiglottic ligament, 
and a large fl oppy epiglottis. The impact of each of these 
unique features on airway management, as well as the strate-
gies to accommodate them is reviewed in Table  5 .  

 Physiologically, the most striking difference between 
neonates and their older pediatric and adult counterparts is 
the tendency toward rapid desaturation. This occurs as a 
result of increased oxygen consumption secondary to higher 

metabolic rates combined with decreased oxygen reservoirs 
refl ecting relatively smaller functional residual capacities 
[ 16 ]. Also notable in neonates is increased vagal tone. This 
translates into a higher likelihood of bradycardia secondary 
to hypoxia, pharyngeal manipulation during laryngoscopy, 
or select medications (i.e., succinylcholine).  

   Clinical Presentation 

 Indications for neonatal airway management in the ED are 
vastly different than those in the delivery room, and have 
only limited overlap with the Neonatal Intensive Care Unit 
(NICU) setting. Neonates returning after hospital discharge 
no longer have issues related to diffi cult transitions to 
 extrauterine life, and are rarely in need of suctioning of 
meconium or delivery of surfactant. Instead, most indica-
tions for airway management in the ED are related to acute 
illness or injury, though the cohort of neonates with under-
lying conditions (i.e., chronic lung disease) may be at 
increased risk for decompensation from superimposed acute 
insults. Respiratory embarrassment and apnea are most 
common. Depressed mental status from sepsis, head injury, 
seizure, or shock with resultant failure to maintain or protect 
the airway are also relatively frequent indications to secure 
a child’s airway (Fig.  16 ). Data suggest that the number of 
intubations performed on trauma and non-trauma patients 
on children in the ED is approximately equal, though this 
distribution may differ when looking exclusively at neo-
nates or young infants [ 11 ,  17 ].   

   General Algorithm 

 Consistently utilizing a systematic approach to airway man-
agement in patients of all ages is a sound strategy to reduce 
error, improve provider comfort, and minimize the “cogni-
tive burden” inherent in pediatric procedures. Cognitive 
 burden here refers to the mental load that is required to iden-
tify the correct drug dosing and equipment sizes across the 
age spectrum. There are several commercially available 
resuscitation aids (e.g., The Broselow–Luten System) that 
seek to minimize the challenge of addressing size or weight-
based variables that occur in pediatric resuscitation (Fig.  17 ). 
These guides provide a means to identify the correct medica-
tion doses and equipment sizes for a pediatric patient based 
on weight or length with minimal or no reliance on mathe-
matic calculations.  

 All patients who undergo intubation in the ED should 
have a pre-procedure airway assessment. Rapid sequence 
intubation (RSI) is the procedure of choice for emergency 
intubation in patients in whom diffi culty is not anticipated. 
The LEMON© mnemonic can be used as a quick, reliable 

   Table 5    Addressing anatomic differences in children   

 Anatomic 
difference  Effect  Approach to management 

 Large 
occiput 

 • Head fl exion causes 
airway obstruction 
and limits glottic 
view 

 • Shoulder or neck roll to 
open airway and help 
align airway axes 

 Superior/
anterior 
larynx 

 • May limit glottic 
view 

 • Look up during 
laryngoscopy 

 • Makes endotracheal 
tube delivery and 
passage diffi cult 

 • Apply external laryngeal 
pressure 

 • Create acute angle to 
styletted endotracheal tube 

 Large 
tongue 

 • Falls onto posterior 
pharyngeal wall 
when supine 
obstructing airway 

 • Airway maneuvers or oral 
or nasal airway to open 
upper airway 

 • Sweep the tongue when 
obstructing glottic view  • May impede 

laryngoscopy 
 Weak 
hyoepiglottic 
ligament 

 • Limits elevation of 
epiglottis through 
vallecular pressure 

 • Use straight laryngoscope 
blades 

 • Place the blade tip beneath 
the epiglottis and lift 
directly 

 Large 
epiglottis 

 • May fold on itself 
with placement of 
extragottic devices 
(EGD) 

 • Rotational technique for 
EGD insertion 

 • Direct elevation of 
epiglottis with straight 
blade  • Obscures view 

during 
laryngoscopy 
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method to screen for the diffi culty prior to laryngoscopy 
(Table  6 ) [ 18 ]. The LEMON© mnemonic can be summa-
rized as follows: 
   L—Look externally: This is the gestalt “feel” of the patient 

and the airway and involves assessing for evidence of 
anatomic disruption as well as specifi c fi ndings such as 
micrognathia (Fig.  18 ).   

  E—Evaluate 3-3-2: This step involves assessment of mouth 
opening, the length of the mandible, and the position of 
the glottis in relation to the base of the tongue (Fig.  19 ).   

  M—Mallampati score: This involves assessing how much of 
the posterior oropharynx is visible with the mouth open 
and the tongue protruded (Fig.  20 ). A modifi ed version in 
children involves the use of a tongue depressor rather than 
reliance on voluntary protrusion of the tongue.   

  O—Obstruction or obesity: Evidence of upper airway 
obstruction, either by foreign body or swelling (i.e., croup 
or epiglottis may make laryngoscopy diffi cult. Obesity 
ought not be an issue in neonates but has been associated 
with airway management diffi culty.  

  N—Neck mobility: Conditions that affect cervical spine 
mobility are very rare in neonates (either congenital or 
acquired). In the trauma setting, cervical spine immobili-
zation with a cervical collar may impact laryngoscopic 
success.    
 Aspects of diffi culty identifi ed during application of the 

LEMON© mnemonic can be helpful in prompting emer-
gency providers to alter their approach or recruit additional 
equipment or personnel prior to proceeding. Figure  18  shows 
an infant with Pierre Robin who would be identifi ed as a 
potentially diffi cult airway based on the “Look” and 
“Evaluate” components of this screening strategy. 

 Once an airway assessment has been performed and intu-
bation is felt to be indicated, RSI is the recommended 
approach. Prior to intubation, there are several preparatory 
considerations that will increase the likelihood of a smooth, 
successful procedure. As stated earlier, neonates have a high 
metabolic rate and are prone to rapid desaturation with 
apnea. Preoxygenation with a non-rebreather mask or BVM 
is critical if time allows. Neonates have a large occiput with 
respect to their bodies so proper positioning is important to 
allow for alignment of the oral, pharyngeal, and laryngeal 
axes. For these patients, a towel roll placed under the shoul-
ders will elevate the body in relation to the head and put the 
patient in the proper position for laryngoscopy. The BURP 
(backward, upward, rightward pressure) maneuver can be 
helpful for glottic visualization, particularly in patients in 
whom cervical spine immobilization is in place.   Fig. 16    Indications for intubation of pediatric patients in the 

Emergency Department.  Panel A : Data from the National Emergency 
Airway Registry.  Panel B : Data from Children’s Hospital of Philadelphia       

  Fig. 17    An example of the 
Broselow–Luten system for 
length-based estimation of 
equipment size and drug dosing       
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 Ideal equipment for intubation in neonates consists of a 
straight (i.e., Miller) laryngoscope blade and a styletted, 
cuffed endotracheal tube. Young children have large epiglot-
tises that are most amenable to manipulation with a straight 
blade. Stylets can be safely used in pediatric patients and 
have benefi ts in both direct and video laryngoscopy to direct 
the tip of the tube through the cords. Although uncuffed 
endotracheal tubes have been traditionally used in airway 
management in the ED, there are many situations where a 
cuffed tube may be benefi cial. The admonition to “never use 
a cuffed tube” in pediatric patients is a historical argument 
arising from a time when large cuffs would necessitate use of 
signifi cantly smaller diameter tubes, and cuff pressures could 
not be reliably monitored. High cuff pressures placed the 
patient at risk for tracheal ischemia and resulting subglottic 

  Fig. 18    Micrognathia in the Pierre Robin sequence       

  Fig. 19    (a–c) Show key features of the 3-3-2 rule to assess for likely 
anatomic diffi culty aligning the oral, pharyngeal, and laryngeal axes for 
intubation. Used with permission from Walls RM and Murphy MF: 
Manual of Emergency Airway Management, 4th Edition, Philadelphia, 
Walters Kluwer, 2012       

  Fig. 20    The Mallampati scale used to predict diffi cult laryngoscopy 
based on the extent of the posterior oropharynx visible with the mouth 
open and tongue protruding. Used with permission from Walls RM and 
Murphy MF: Manual of Emergency Airway Management, 4th Edition, 
Philadelphia, Walters Kluwer, 2012       

   Table 6    Key features in applying the LEMON assessment in children   

 Look  •  Gestalt   is most important predictor 
 • Dysmorphic features associated with abnormal 

airways 
 Evaluate (3:3:2)  • Not tested in children, diffi cult with “pudgy” 

necks 
 • If attempted, use child’s fi ngers 

 Mallampati  • Cooperation may be an issue 
 • Mixed data in children 

 Obstruction  • Common indication for airway management in 
children 

 • Focused disease history is key 
 • Obesity is growing concern in children 

 Neck  • Limited positioning secondary to trauma 
similar to adults 

 • Intrinsic congenital or acquired anomalies are 
rare 

   Used with permission from Walls RM and Murphy MF: Manual of 
Emergency Airway Management, 4th Edition, Philadelphia, Walters 
Kluwer, 2012  
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stenosis. Recently, there has been increasing use of cuffed 
tubes in the ED, ICU, and operating room owing to modern 
tubes that are manufactured with the ability to more carefully 
monitor cuff pressures. In addition, increasing cuff infl ation 
may be useful to prevent air leak in cases where high airway 
pressures are necessary or changing lung compliance is 
likely (i.e., ARDS, reactive airway disease). 

 Correct endotracheal tube placement should be confi rmed 
using either quantitative or qualitative end-tidal carbon diox-
ide monitoring. Disposable qualitative end-tidal carbon 
dioxide devices are most frequently used. They typically 
come in an “adult” and “pediatric” size. The pediatric-sized 
devices are appropriate for use in neonates (as low as 1 kg 
body weight) and have the advantage of a smaller internal 
volume and lower resistance to fl ow. There is concern that 
applying an adult qualitative device to an intubated neonate 
will result in a false “negative” reading even when the endo-
tracheal tube is correctly placed due to the low tidal volumes 
circulating through the device. Similar concerns have been 
raised about using the pediatric size for extremely low birth 
weight infants. However, for patients large enough to have 
been discharged from the NICU, these colorimetric capo-
graphs have been deemed to be reliable. 

 Post-intubation management of the neonate intubated in 
the ED revolves around careful attention to patient move-
ment to prevent tube dislodgement and appropriate sedation. 
Multiple different methods of securing the endotracheal tube 
have been shown to be effective. These include taping to the 
mouth/upper lip, tape around the neck, and commercially 
available tube holders. 

 Young age has been shown to be an independent risk fac-
tor for ETT dislodgement [ 19 ]. Appropriate sedation can 
limit this risk. Post-intubation sedation is best achieved in 
the ED with intermittent boluses of a sedative such as mid-
azolam or lorazepam. Continuous infusions of propofol, a 
staple in adult airway management post-intubation, is to be 
avoided due to the risk of propofol infusion syndrome.  

   Rapid Sequence Intubation 

 The immediacy of need for neonatal resuscitation in the 
delivery room means that airway management often occurs 
prior to vascular access. As such, both bag-mask ventilation 
and endotracheal intubation in this setting almost always 
occur without premedication. In the NICU, however, the uti-
lization of premedication for intubation is becoming more 
common, particularly in non-emergent cases; a practice sup-
ported by AAP issued guidelines [ 20 – 22 ]. 

 In the Emergency Department, the vast majority of 
patients, regardless of age, are intubated using RSI. Based on 
the systematic approach described above, any neonate who is 
deemed to require intubation and is not immediately identi-

fi ed as a crash airway should be screened for diffi culty. If no 
risk factors for diffi culty are identifi ed, these patients should 
undergo RSI. 

 By defi nition, RSI involves the delivery of premedica-
tions, sedatives, and neuromuscular blocking drugs for the 
purpose of decreasing awareness, pain, and movement 
(including protective airway refl exes) to facilitate emergent 
endotracheal intubation and to minimize the risk of aspira-
tion. Given the certainty of apnea in this approach, preoxy-
genation is vital to reduce the likelihood of clinically 
signifi cant hypoxemia. There is no single combination of 
medications that is optimal in all circumstances. Instead, 
selection will vary based on hospital protocols, clinical con-
text, and provider familiarity and comfort. However, an over-
view of commonly used medications follows below. 

 Given the propensity for bradycardia from increased 
vagal tone in this young population, premedication with 
atropine is recommended. Although the data to support the 
ability of atropine to diminish the occurrence or severity of 
bradycardia is limited, its use is supported by anecdotal 
experience as well as biological plausibility. In addition, as a 
medication with very little cost or downside, the potential 
benefi t outweighs the relatively low risk of harm. Atropine 
may also be helpful in drying secretions though this effect 
does not occur for 15–20 min after administration which will 
often be well after the patient has been intubated. 

 The safety profi le and effi cacy of various sedatives and 
analgesics in neonates continues to emerge. In addition, hos-
pital protocols will guide which medications are available 
for use in EDs. However, there are certain mainstays within 
the pharmacopeia that should be familiar to emergency med-
icine practitioners. Opioids have the advantage of combining 
a potent analgesic effect with sedative properties. Although 
morphine can be used, fentanyl has a pharmacokinetic pro-
fi le that is much better suited for RSI, with onset of action 
within 30 s and peaking in just a few minutes. Remifentanil 
is used in many NICUs, though it is not commonly used in 
EDs. Midazolam is commonly used in combination with fen-
tanyl to provide additional sedative as well as amnestic qual-
ities. When using this drug combination, careful attention for 
compromise in spontaneous respiratory effort and hypoten-
sion is warranted. Data regarding isolated midazolam use in 
preterm infants shows a high rate of peri-intubation decom-
pensations, though this has not been similarly demonstrated 
in term infants and therefore is not an issue for ED manage-
ment [ 23 ]. Etomidate is a favorite sedative for RSI in pediat-
rics given its predictable effi cacy and stable hemodynamic 
profi le. Ketamine has the advantage of analgesic and amnes-
tic effects, hemodynamic support, and bronchodilatory 
effects. It has been demonstrated to be effective and safe for 
use in the neonatal age group, and concerns related to neuro-
degenerative effects in neonatal animal models have not been 
shown to translate into use in human infants or older children [ 24 ]. 
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Propofol induction is a favorite of anesthesiologists, and is 
becoming more commonly used in EDs. It has been shown to 
be both safe and effective for RSI with extremely rapid and 
predictable effects. There are, however, three relevant pre-
cautions regarding the use of propofol: (1) prolonged infu-
sions should be avoided given the risk of propofol infusion 
syndrome, (2) optimal dosing for RSI has not been well 
established in young infants, and (3) hypotension is a rela-
tively common effect and should be anticipated. 

 Use of neuromuscular blocking drugs is commonplace 
for older children and adults; however, many providers are 
more reluctant to do the same when attempting neonatal 
intubation in the ED. One reason for this is that it is relatively 
easy to overcome the limited strength of neonates and per-
form laryngoscopy and endotracheal intubation without 
pharmacologic assistance. A second reason is that providers 
may have reluctance to deliberately compromise spontane-
ous respiratory effort based on fear that they may have 
 diffi culty successfully intubating the child. Nonetheless, 
studies have demonstrated that intubation success rates of 
newborns in the NICU as well as pediatric patients in the ER 
favors the use of neuromuscular blocking drugs [ 17 ,  25 ]. 
Succinylcholine has the advantage of rapid onset and offset, 
and predictable pharmacokinetics whether given intrave-
nously or intramuscularly. It should not be used in patients 
with hyperkalemia, or patients known or suspected to have 
any type of neuromuscular disorder. Although an FDA Black 
Box warning exists for succinylcholine use in children, it 
includes the qualifi er that is “should be reserved for emer-
gency intubation or instances where immediate securing of 
the airway is necessary.” This justifi es its common use in the 
ED setting. Rocuronium is the other neuromuscular blocking 
drug frequently used in neonatal and pediatric intubation in 
the ED. Initial dosing at 0.6 mg/kg resulted in a longer time 
to intubating conditions. However, currently supported dos-
ing at 1.2 mg/kg has been shown to reach intubating condi-
tions in an equivalent time frame as succinylcholine. 
Rocuronium has the advantage of safe use in patients in 
whom hyperkalemia or neuromuscular disease exists, or 
simply is not known. However at the higher dosing schedule, 
it also has a much longer duration of action than succinyl-
choline. This needs to be considered in a patient in whom 
diffi culty with intubation is possible, or in patients in whom 
a neurological examination or a return to spontaneous respi-
ration is needed quickly.  

   Videolaryngoscopy 

 If a patient has clinical features that suggest airway 
 management may be diffi cult (e.g., LEMON screen is 
 positive), then alternative approaches should be considered. 
Videolaryngoscopy has emerged as a favored approach in 

these clinical circumstances. Given that neonates are likely 
to have the most anterior and superior larynx, the wider 
viewing angle offered by these devices may afford improved 
visualization, even in those not anticipated to be “diffi cult.” 
Therefore, many emergency medicine providers will use 
videolaryngoscopy as a primary approach even for routine 
neonatal intubations as well. 

 Numerous studies demonstrate that videolaryngoscopy 
offers improved views over conventional direct laryngoscopy 
in children. The benefi t of “seeing around the corner” of the 
airway rather than needing to line up the oral, pharyngeal, and 
laryngeal axes to provide a direct line of site has been clearly 
described [ 26 ]. In addition, data suggest that videolaryngos-
copy has a relatively shorter learning curve than traditional 
direct laryngoscopy for less experienced laryngoscopists, 
which is likely to be true for most emergency medicine pro-
viders caring for neonates. Finally, although more of a sec-
ondary benefi t, the shared view during videolaryngoscopy 
also provides an educational opportunity for more experi-
enced providers to teach or guide this critical procedure. 

 Although a number of video-assisted devices exist for the 
management of pediatric patients, only a few currently 
include a complete range of sizes that would allow for their 
use in a child as small as a neonate. Glidescope has blades 
sizes for use down to preterm infants, Storz C-MAC has a 
Miller 0 blade, and Airtraq has a size 0 device that accom-
modates endotracheal tubes down to size 2.5 mm. Different 
options exist for disposability versus reusable blades, proce-
duralist viewfi nder versus video screen display, and record-
ing abilities. Importantly, differences in construction and 
blade angle require somewhat different technique for each, 
and therefore separate training and experience is required for 
any given device to be used. 

 Clinical data support the successful use of videolaryngos-
copy in the ED; however, pediatric-specifi c data in this con-
text is limited. The majority of reported experience using 
videolaryngoscopy in children comes from anesthesia litera-
ture, with several case series demonstrating successful use 
specifi cally in neonatal airway management, both routine 
and diffi cult [ 27 – 29 ] Therefore, given emergency medicine 
providers comfort and familiarity with videolaryngoscopy 
with demonstrated benefi t in the ED setting, coupled with 
data demonstrating feasibility and safety in neonates, this 
approach is becoming increasingly common in the emer-
gency management of critical neonatal airways.  

   Extraglottic Devices 

 Another available approach to the management of critical neo-
natal airways in the ED is the use of extraglottic devices (EGD). 
Case series and observational trials as well as randomized con-
trolled trials support laryngeal mask airways as a 
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feasible and safe modality for neonatal resuscitation [ 30 ]. EGD 
may be helpful as the primary approach for patients anticipated 
to have diffi cult airway management or as a rescue device in 
circumstances of unexpected inability to intubate. 

 Bag-mask ventilation, as described above, is the most 
fundamental and immediately available approach to support-
ing a child’s respiratory effort emergently. However, the abil-
ity to maintain an adequate mask seal and patency of the 
airway requires ongoing effort. This may consume personnel 
resources and requires persistent, deliberate attention to the 
task, which can easily wane in the chaotic environment of the 
ED. In addition, mask ventilation, even when using appropri-
ately limited pressures can easily lead to gastric insuffl ation 
as positive pressure breaths travel from the hypopharynx 
down the esophagus as well as into the trachea, unless gentle 
cricoid pressure is maintained. An appropriately placed EGD 
allows for similar ventilation pressures without the need for 
a continuous mask seal. The risk of gastric infl ation is lower, 
and some devices now have a channel through which to pass 
a nasogastric tube to allow gastric decompression. 
Nonetheless, an EGD is not considered a “secure” airway, 
and the patient remains at risk of aspiration were secretions 
or gastric contents to pass the glottis. 

 The fi rst clinical circumstance where an EGD might be 
used in the ED is in a child anticipated to have an anatomi-
cally diffi cult airway. In this circumstance, proceeding to 
RSI and relinquishing spontaneous ventilation may be risky. 
Primary placement of an EGD provides a relatively secure 
means to support oxygenation and ventilation. Awake 
patients will not tolerate an EGD, therefore this strategy is 
only effective in patients who have a depressed level of con-
sciousness secondary to their underlying illness or injury, or 
secondary to pharmacologic sedation. 

 A more commonly recognized use of EGDs in the ED is 
as a rescue device following failed airway interventions. 
That is, for patients requiring respiratory support but in 
whom laryngoscopy and endotracheal intubation is not suc-
cessful, an EGD can be placed as an alternative management 
strategy. 

 First pass success rates for placement of EGDs is very 
high, even by less experienced providers [ 30 ]. For young 
children, placement using a rotational technique may be 
advantageous to insure that epiglottis does not fold on itself 
and block the glottic opening following placement [ 31 ]. 
Once placed, the EGD may serve as the primary means of 
oxygenation and ventilation until a patient no longer 
requires respiratory support, or may serve as a bridge until 
endotracheal intubation can be performed by an experi-
enced provider. In addition to serving as a temporizing 
approach, select EGDs can be used as conduits for endotra-
cheal intubation, most safely accomplished with a fl exible 
bronchoscope. Although many EGDs have aperture bars 
that preclude the passage of a scope or an endotracheal 

tube, newer generation devices use alternative designs with 
no obstructing features allowing easy passage of a tube 
through the EGD into the glottic opening.  

   Surgical Devices 

 The incidence of truly diffi cult pediatric intubations is esti-
mated to be much less than 1 %. Airway diffi culty may be 
encountered in the rare case of a previously undiagnosed 
congenital midface abnormality or in acquired conditions 
such as upper airway infection (i.e., tracheitis) or trauma. In 
the rare case of a neonate who cannot be intubated orotra-
cheally and in whom ventilation via BVM or EGD is not 
possible (can’t intubate, can’t ventilate CICV), a surgical 
approach to airway management is indicated. In the CICV 
scenario in a neonate, surgical cricothyrotomy is exceed-
ingly diffi cult due to the small size of the cricothyroid mem-
brane and its position high in the neck. In small infants, 
needle cricothyrotomy (or more aptly named needle trache-
ostomy) is indicated. Needle tracheostomy has its basis in 
early animal studies using dogs, during which oxygenation 
was accomplished through a percutaneous catheter in the 
neck [ 32 ]. Using this technique, oxygenation was main-
tained for up to 1 h which conceivably could allow for addi-
tional orotracheal attempts as well as summoning additional 
resources to the bedside to aid in defi nitive airway 
management.  

   Diagnosis 

 The clinical conditions most commonly associated with the 
need for ED endotracheal intubation in the neonate are respi-
ratory emergencies such as bronchiolitis, sepsis, and trauma. 

   Bronchiolitis 

 Neonates with bronchiolitis frequently require airway man-
agement due to centrally occurring apnea as well as respira-
tory fatigue from secretions and increased work of breathing. 
Nasal continuous positive airway pressure has been shown to 
improve respiratory outcomes in neonates with bronchiolitis 
and may be considered prior to intubation in select infants 
[ 33 ,  34 ]. If intubation is indicated and no diffi cult airway pre-
dictors are present, RSI is the procedure of choice. 
Preoxygenation will potentially be very diffi cult due to lower 
respiratory tract congestion. Atropine (0.02 mg/kg, minimum 
0.1 mg) should be a strong consideration due to age. Induction 
with either etomidate (0.3 mg/kg) or ketamine (1–2 mg/kg) 
followed by paralysis with either succinylcholine (2 mg/kg) 
or rocuronium (1.2 mg/kg) would be reasonable choices.  
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   Sepsis 

 Neonatal sepsis can present with fever or hypothermia or 
more protean manifestation such as increased sleepiness, 
poor perfusion, or poor feeding. Intubation may be indicated 
in situations in which the child’s oxygenation is poor due to 
a pulmonary source of infection (i.e., pneumonia, viral 
causes) or the infant’s work of breathing is leading to respira-
tory failure and fatigue. In the poorly perfused infant with 
sepsis, pretreatment with aggressive IVF (60 cc/kg over the 
fi rst hour of resuscitation in 20 cc/kg aliquots) and consider-
ation of vasopressor support can be critical to ensure that 
circulatory collapse does not occur peri-intubation. Atropine 
should again be strongly considered. Etomidate is somewhat 
controversial in the setting of sepsis due to concerns about 
cortisol insuffi ciency in critical illness [ 35 ,  36 ]. It is known 
that etomidate reversibly suppresses adrenal hormone pro-
duction but it has not been shown to conclusively affect mor-
tality. If etomidate is felt to be contraindicated, ketamine is a 
reasonable alternative for induction with either succinylcho-
line or rocuronium given for paralysis.  

   Trauma 

 In the setting of trauma, airway management may be indicated 
due to failure of oxygenation or ventilation or depressed men-
tal status with the inability to protect the airway. Many of these 
neonates may be in a cervical collar which will make it diffi -
cult to optimally position these children. This diffi culty can be 
overcome by removing the front of the cervical collar and 
holding manual in-line stabilization during direct laryngos-
copy and employing videolaryngoscopy (if available) which 
allows for better visualization of the glottis. In the hemody-
namically unstable trauma patient, induction with etomidate, 
which has a stable cardiovascular profi le, or ketamine is pref-
erable. There is a growing body of literature suggesting ket-
amine is safe, even in cases of neurotrauma, particularly when 
the patient is hemodynamically compromised [ 37 ,  38 ].   

   Multidisciplinary Considerations 

 Advanced airway management in the neonatal population is 
a rare procedure for many practicing emergency providers. 
RSI should only be performed by practitioners skilled in the 
practice. In cases where no practitioner who has trained in 
intubation is present, ventilation with BVM or an EGD can 
be lifesaving. When feasible, it may be helpful to consider 
consultation with a neonatal intensivist, ENT surgeon, or 
pediatric anesthesiologist and approach airway management 
in a multidisciplinary fashion.   
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           Part I. Overview of Transport Systems, Models, 
and Regulations 

   Introduction 

 The safe transport of the neonate is the culmination of well- 
trained, highly skilled hospital teams working in well- 
organized transport systems. These programs function best 
when adhering to institutional, regional, and nationally 
accepted safety and quality standards. There are multiple 
successful transport team models, with no one model being 
universally acknowledged at “the gold standard.” Each insti-
tution must maximize its available staff and resources to 
optimize their ability to safely retrieve patients. 

 The Section on Transport Medicine of the American 
Academy of Pediatrics conducted a National Consensus 
Conference on pediatric and neonatal transport in 2011. This 
conference, and subsequent panels and forums led to the 
publication of a “State of Transport” Consensus document 
[ 1 ]. The document outlined current transport models, dis-
cussed best practices, reviewed regulations, and gave recom-
mendations for optimal transport systems, as well as future 
direction of the fi eld. For transport programs to optimally 
meet the needs of the patient populations, institutions, and 
communities which they serve, their infrastructures must be 
solid, their protocols clear, and all must be cognizant of the 
rules which govern interfacility transport.  

   EMTALA and the Principles of Transporting 
Patients 

 The Emergency Medical Treatment and Active Labor Act 
(EMTALA), passed in 1986 as part of the Consolidated 
Omnibus Budget Reconciliation Act (COBRA), is the corner-
stone of transport law [ 2 ]. These federal acts were established 
to prevent inappropriate transfers and prohibit any transfer 
decision based on fi nancial considerations. While the 
EMTALA obligations technically end when a patient becomes 
an inpatient, other regulatory statutes, medical–legal implica-
tions, and medical ethics have guided many to embrace these 
transport principles as best practices for safe and high-quality 
patient management across the continuum of care. 

 One such principle revolves around patient stabilization. 
EMTALA mandates that a patient presenting to an Emergency 
Department receive a medical screening examination by a 
qualifi ed person to ascertain if an emergency medical condi-
tion exists [ 3 ]. An emergency medical condition is one with 
acute symptoms of suffi cient severity in which the absence 
of immediate medical attention could seriously jeopardize 
patient health, or health of an unborn child [ 4 ]. If none exists, 
the EMTALA obligation ends. If an emergency medical con-
dition exists, the hospital must admit, stabilize, or transfer. 
If the hospital cannot provide necessary patient care, then 
transfer is warranted. 

 Importantly, stability is not a prerequisite for transport. 
EMTALA defi nes “stabilized” to mean that no deterioration 
is likely to result from, or occur during transfer. The refer-
ring institution is required to stabilize the patient to the best 
of their institutional capabilities [ 5 ]. For example, a neonate 
with a critical airway might optimally be stabilized with a 
surgical airway. However, if the referring institution does not 
have those capabilities, they must secure the airway to the 
best of their abilities, and enact the transfer. 

 Once the transfer decision is made, the transferring physi-
cian must obtain acceptance from a receiving physician. 
For non-inpatients, a receiving hospital must accept a transfer 
request if it can provide specialized care not available at the 
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referring facility if it has the capacity to do so [ 6 ]. Even if the 
receiving hospital believes that a transfer is not warranted, it 
is highly suspect to refuse. The receiving hospital should 
avoid judgment about referring hospital capabilities. For 
cases in which the team feels that transport may not be 
warranted, a complaint should be fi led with the Centers for 
Medicare and Medicaid Services (CMS). For inpatients not 
under the EMTALA umbrella, it should always be kept in 
mind that a “refusal to accept patients” is subject to intense 
scrutiny from moral, as well as legal, standpoints.  

   Pre-Hospital Decision-Making 

 Decision-making responsibilities of the referring versus the 
accepting physician is frequently misunderstood and improp-
erly interpreted. In short, the referring physician is the ultimate 
decision-maker. This is true for all decisions, including mode 
of transfer (air vs. ground), transport team composition, and 
clinical management. For example, the neonatologist may 
not mandate that a neonate be intubated prior to transport. 
While the receiving neonatologist is an “obligate consul-
tant,” the referring physician is not obligated to follow the 
receiving physician’s advice. Moreover, transfer acceptance 
should never be contingent on the referring physician carrying 
out diagnostic or therapeutic recommendations. Of course, 
ideally, collaboration and collegiality should be the rule for 
both the receiving and accepting physicians.  

   Team Composition 

 While the composition of the transport team is ultimately the 
decision of the referring physician, the accepting physician 
should advise the referring physician on this important deci-
sion. A crucial axiom espoused by the “State of Transport” 
Consensus document [ 1 ] was that “the goal of critical care 
transport is to take services to the patient and begin advanced 
care rapidly.” This goal dispels the notion that medical trans-
port is merely transferring patients between institutions. 

 Many neonatal transports are performed by general trans-
port teams without specifi c pediatric or neonatal training. 
Research has shown that critically ill children can be trans-
ferred most safely using a dedicated pediatric transport teams 
[ 7 ]. Even with very experienced groups, technical skills in 
general adult transport do not necessarily translate into ade-
quate technical skills to manage smaller patients [ 8 ]. There is 
growing momentum in favor of such teams; this may be 
especially important when considering the transport of the 
neonate with a critical airway [ 9 ]. 

 It is important to remember that there are several common 
models of transport teams across the country. Dedicated 
pediatric transport teams are free-standing teams whose 

primary responsibility is to transport patients. These teams 
routinely take on no non-transport patient assignments, 
though often assist throughout the hospital during “down-
time.” Most dedicated teams transport neonatal as well as 
“pediatric” patients, although some teams are exclusively 
“neonatal transport teams.” Another model is the “unit- based” 
team. These teams mobilize team members from clinical 
units when a transport request is made. For example, a 
neonatal nurse is pulled from a patient assignment to go 
retrieve a patient for the NICU. Finally, there are some pro-
grams that utilize hybrid models of the above. 

 Personnel composition of each specifi c team also varies 
widely from center to center. A recent study reported the most 
common model for neonatal transport teams is one registered 
nurse and a respiratory therapist [ 10 ]. The same study, 
however, found 26 different team confi gurations. The second 
most common model is two nurses, but other combinations 
add physicians (residents, fellows, or attendings), nurse prac-
titioners, physician assistants, and paramedics. Most experts 
recommend at least two clinical members on each team, but 
some one-person teams still exist. Other teams routinely uti-
lize three members. Transport-specifi c training and experi-
ence may be more important than the specifi c combination of 
professional individuals [ 11 ]. Simulated team training has 
become standard at most institutions, to augment both didactic 
and “hands-on” training (Fig.  1 ). Of course, there should be 
someone with advanced neonatal airway skills on all trans-
ports of neonates with known or potential critical airways.

      Mode of Transport 

 The neonate with a critical airway is amongst the highest 
acuity patient. Consequently selection of the optimal trans-
port mode—ground vs. air—is a crucial decision. In certain 
situations, critically ill neonates may be most appropriately 
transported by rotor-wing aircraft (helicopter). There are 
many variables which must be considered in this decision- 
making, and a well-designed, well-staffed “Transport 
Command Center” is often invaluable in these decisions. 

 Weather is often the initial determinant of whether air 
transport is feasible. Rain, snow, wind and fog may all pre-
clude rotor-wing transport in most cases. It is important that 
the pilots of fl ight teams make their decision to fl y without 
any knowledge of the degree of critical illness of the patient. 
This best practice prevents the acuity of the patient from 
compromising the safety of the crew—and patient. 

 Distance is also of obvious importance. Specifi c practice 
paradigms vary widely for “how far” or “how long” should 
prompt fl ight (versus ground) consideration, but many start 
considering fl ight near the 60 min ground transport time. 
Consequently, traffi c patterns are also major factors. A pre-
mier Transport Command Center will have continual traffi c 
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pattern monitoring to aid in decision-making. The presence 
or absence of an on-site helicopter landing zone is also 
crucial. An on-site helipad is highly preferable (Fig.  2 ). If the 
helicopter must land remotely, the patient must be trans-
ferred to a ground ambulance at the remote site; this may 
negate some of the benefi ts of air transport.

   Of course, the acuity of the patient factors heavily into the 
decision-making. It often seems intuitive that “fl ight is better” 
for the very sick babies because it allows for more rapid trans-
port; however, in some cases, the opposite may be true. A 
small, cramped cockpit restricts access to the critical neonate, 
so some life-saving interventions (e.g. endotracheal intubation) 
may be more diffi cult. Monitoring is also more challenging, 
from auscultation of breath sounds to pulse oximetry measur-
ing. Some of these factors are discussed in more detail below. 

 Other variables to consider include team or mode 
availability (e.g., aircraft wait times), ability of the aircraft to 
accommodate equipment (e.g., isolettes), weights of staff 
(fuel requirements are heavily contingent on both air tem-
perature and weight of aircraft), and request of parents to 
travel with their transported baby. Sometimes, a hybrid 
transport method, such as sending team via ground ambu-
lance, with planned return via helicopter, may be the quick-
est and safest option available. 

 There has been much media, professional, and govern-
ment attention directed at the safety of medical helicopter 
transports in recent years, with some high-profi le tragedies 
[ 12 ]. One report noted the use of rotor-wing transport may be 
more dangerous than other methods and should only be 
utilized when medically necessary [ 13 ]. While there is 

  Fig. 1    ( a ) The Children’s Hospital of Philadelphia Transport Team includes nurses, respiratory therapists, paramedics, EMTs, physician assis-
tants, nurse practitioners, doctors, communications specialists, and other essential staff. ( b ) Members of the transport team participating in 
“Simulated Team Training” at the on-site helipad       

  Fig. 2    Helicopter landing with a 
critical neonate at the on-site 
Children’s Hospital of 
Philadelphia transport helipad       
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considerable disagreement over whether air transport is 
“more dangerous,” it is not controversial that each time fl ight 
is considered, the risks and benefi ts should be carefully con-
sidered (Table     1 ) and the safety of the crew, patient, and fam-
ily should not be compromised if there are any concerns 
from any team member.

      Transfer of Responsibility 

 Regardless of how the team is to get there, after transfer 
acceptance, the referring facility must continue to manage 
the patient until the transport team arrives. The referring 
facility must keep the accepting facility updated on changes 
in the patient’s condition, as well as important diagnostic 
study results. The accepting facility continues to serve as a 
consultant, but again, the ultimate decision-making lies in 
the hands of the referring physician. 

 Upon arrival at the referring institution, transferring clini-
cians should provide further clinical updates. The transport 
team should be congenial and professional, and avoid any 
insinuations of suboptimal management. While collabora-
tive management is always paramount, as long as the trans-
port team is in the referring hospital, ultimate responsibility 
rests with the referring physician. The transporting team 
assumes full control of medical decision-making when they 
leave the referring facility.  

   Medical Records and Consents 

 The referring institution must copy all records and 
include copies of all radiologic images. For patients sub-
ject to EMTALA, it is a violation to send only radiologic 
reports and not actual copies of the radiologic studies. 
Again, it is logical that all patients be transferred with 
radiologic studies which can be reviewed by the receiv-
ing institution. 

 The referring facility must also obtain consent for transfer 
[ 14 ]. Medical necessity and risks must be explained to the 
parent or legal guardian. This requirement may be waived if 
an emergent transfer is necessary.   

   Part II. Transport of the Neonate 
with a Critical Airway 

   Initial Triage 

 The transport starts with initial triage of the patient, with 
active involvement from both the referring and accepting 
medical teams. As detailed above, a dedicated transport 
communication center is crucially important. All calls from 
outside hospital providers should be on recorded lines for 
quality assurance and improvement purposes, as well as for 
medical–legal considerations. It is most helpful for a 

   Table 1    Pros and cons of ground vs. helicopter vs. fi xed-wing aircraft transports   

 Ground  Helicopter  Fixed wing 

 Advantages  Availability Convenience (only two 
transfers of patient required: hospital to 
ambulance and ambulance to hospital) 
Ideal environment for “mobile ICU” 
Relative cost 

 Rapid transit time  Rapid transit time over extremely long 
distances 

 Ability to reach inaccessible or 
remote areas 

 Able to fl y above or around inclement 
weather 
 Cabin size larger than helicopter cabin 
 Cabin pressurization 

 Disadvantages  Not ideal for long distance transports  Adequate, unobstructed landing 
space required (fi eld, helo pad, etc.) 

 Airport required 

 Limitations of road and traffi c conditions  Limitations of weather conditions 
(more prone to weather restrictions 
than ground transport) 

 Multiple transfers required (at least four 
transfers required: hospital to ambulance, 
ambulance to aircraft, aircraft to 
ambulance, ambulance to hospital) 

 Multiple transfers may be required  Long distance from airport to either 
referring or referral hospital 

 Limited range because of fuel 
capacity (compared with both ground 
and fi xed wing) 

 Noise and vibration interfere with 
monitoring the patient 

 Limited cabin space  Environment stresses of altitude 
 Lack of cabin pressurization  High maintenance cost 
 Noise and vibration interfere with 
monitoring of patient 

 Expensive 

 High maintenance costs 
 Expensive 
 Safety? 
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member of the communications center staff to be actively 
listening to conversations between the referring and accept-
ing physicians. This allows for “real-time” decision-making 
between the two clinicians and the transport team. It also 
allows for optimal coordination with groups not otherwise 
privy to these discussions, such as inpatient nursing leader-
ship, bed management, and security. It also has the benefi ts 
of keeping the medical record up to date in a timely fashion. 
Finally, the transport team staff will often ask additional 
questions which may not be obvious to the medical com-
mand physician, but essential for transport. Some examples 
include questions about patient weight, the security of cur-
rent intravenous access, the presence of copied radiographic 
studies and completion of consents, and parental availability 
at the referring hospital. 

 The medical command physician must, of course, ascer-
tain the current adequacy of the airway and determine if 
recommendations are warranted for alternative airway pro-
curement. A focused, pertinent history must be obtained to 
assess for prior diffi culties with intubation or anatomic 
anomalies that might increase the likelihood of a critical 
airway. The respiratory status must be evaluated, along 
with the current mode of ventilation. Hemodynamic stabil-
ity and support should be reviewed, as well as the current 
state of intravenous access. Teams must consider if there is 
specifi c time sensitivity for potential treatment protocol 
(i.e., therapeutic hypothermia) or surgical procedures (i.e., 
volvulus reduction.)  

   Pre-dispatch Preparation 

 After the decision has been made to transport a patient, 
preparations must be made to dispatch the team. Once the 
team composition and mode are determined (see above) 
the medical command physician and transport team clini-
cians must determine the equipment necessary for safe 
transport. This might include, for example, assuring that the 
isolette is compatible with the chosen mode of transport, and 
if inhaled nitric oxide is being used, ensuring its requisite 
set-up is appropriate (Fig.  3 ). Transport-ready “go-bags” 
(Fig.  4 ) stocked with a consistent set of common medications 
and standard equipment (Tables  2 ) are a must. In some cases, 
additional medications or equipment might need to be 
obtained prior to departure.

      The transport team must ensure that an adequate supply 
of oxygen is available for the duration of transport. This must 
factor in unexpected acute decompensations. The oxygen 
supply of each tank can be determined by the following 
formula: 

 Minutes of O2 fl ow = cylinder pressure x cylinder factor / 
fl ow of oxygen (in L/min). 

 Standard size tanks each have a coordinating cylinder 
factor: D (0.16), E (0.28), and H (3.14). 

 A pre-transport “Safety Checklist” is an invaluable tool 
for every transport team. This should be a comprehensive 
review of necessary equipment, medications, oxygen supply, 
essential demographic information, and other important 

  Fig. 3    Neonatal transport isolette with all standard equipment including a “built-in” neonatal ventilator, cardiopulmonary monitoring, inhaled 
nitric oxide all mounted on a sturdy sled       
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reminders. All team members should participate in the 
completion of the safety checklist. This should be done for 
all modes of transport. A checklist should also be com-
pleted prior to departing for and from the referring institu-
tion. Fig.  5  depicts a sample checklist from The Children’s 
Hospital of Philadelphia.

      Considerations upon Arrival to Bedside 

 The arriving transport team should quickly perform an assess-
ment to confi rm clinical status. It is possible that the patient’s 
condition may have changed and be signifi cantly different than 
anticipated. The transport team should establish continuous 
monitoring and confi rm placement of all support tubes and 
lines. Care should be taken to minimize tangling of lines, which 
can increase risk of dislodgement. It is extremely important to 
have unobstructed intravenous access and to have all lines 

carefully labeled for fl uid boluses, re-administration of sedation, 
or in case resuscitation medications become necessary. 

 Special attention should be made to the pre-transport 
stabilization of any advanced airway and widely used non-
invasive airways such as nasal CPAP. Importantly, the use 
of nasal CPAP has risen substantially over the last ten years, 
with many more infants now being transported on these 
devices (Fig.  6 ).

   Before departing, recent radiographs should be reviewed 
to confi rm endotracheal tube location and vascular access 
placement. A single-center study found that post-intubation 
chest radiographs resulted in endotracheal tube position 
change in nearly half of neonates awaiting transport. Not sur-
prisingly, this was also associated with an increased time at 
referring hospital [ 15 ]. 

 While all team members ideally should function in prede-
termined roles to streamline the process, it is also useful to 
have a team approach to ensure all duties at the outside hospital 

  Fig. 4    Transport-ready 
“Go-bags” with all needed 
equipment and medications       

   Table 2    Basic equipment 
necessary for neonatal transport   

 Monitoring  Access  Point of care  Airway 

 Mapleson bag  IV catheters  I-Stat Cartridges  Laryngoscopes 
 Face masks  UV catheters  Capillary Tubes  Endotracheal tubes 
 Nasal cannulas  IO supplies  Finger/Heel Lancets  Styletes 
 Manometer with tubing  Tape  Glucometer  Magill forceps 

 Flushes  Meconium aspirator 
 Needles  Pedi-caps 
 Syringes  Butterfl y needles 

 Electrodes  T-connectors  Ventilator set-up 
 Oximeter probe  Stopcocks  Inhaled nitric oxide set-up 
 End-tidal CO 2  monitor  Alcohol/Betadine 

 Arm boards 
 Tegaderm dressing 
 Gauze 
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  Fig. 5    Pre-Transport Safety Checklist used prior to departure       

  Fig. 6    Critical preterm neonate on nasal CPAP 
modifi ed for transport       
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are completed in a timely fashion. Constant communication 
is paramount, and frequent reevaluations are necessary.  

   Consent 

 As above, the responsibility for obtaining consent for 
transport is primarily the role of the transferring institution. 
However, it is always good practice for the transport team 
to review the risks and benefi ts of the transport with the 
family. When practical, one team member may leave the 
immediate bedside to have this discussion with the parents. 
The needs for transport and additional resources available 
at accepting institution should have been reviewed with 
the family by the transferring physician, but these topics 
may be reinforced. Parents should have the opportunities 
to ask questions. Many institutions hand out a “Welcome 
Pamphlet” with important information about the receiving 
institution. When practical, support, such as clergy, should 
be present if requested.  

   Transfer of the Patient in an Isolette 

 The physical transfer of the patient to the isolette may be 
the point of greatest vulnerability to the patient. The team 
member executing the transfer is responsible for assuring 
lines and equipment do not tether patient. Astute attention 
must be paid to vital signs and patient response to transfer, 
with a team member free to respond quickly if intervention 

is required. The transfer process should be performed 
while attached to the referring hospital’s oxygen and medi-
cal air supply, thus reserving transport isolette resources 
for time out of hospital. Once the patient is in the transport 
isolette, a quick but thorough repeat assessment is performed 
of all support apparatuses before securing the patient into 
a neonate restraint system. After it is determined all neces-
sary emergency equipment is accessible and belongings 
have been gathered, the last step is to disengage from refer-
ring hospital oxygen source, medical air, and electrical 
sources.   

      Prior to Departure from Referring Hospital 

 Once again, the team must review roles, discuss manage-
ment plan, confi rm what parameters will be targeted for 
return trip, and develop an emergency plan for unexpected 
acute decompensations. This plan should be carefully 
reviewed with the medical command physician. As a fi nal 
check, the team should confi rm that all appropriate docu-
mentation and copies of all radiographic studies are 
accompanying the patient.  

   Parental Accompaniment 

 At times, a parent will accompany the patient on transport. This 
is a best practice, when possible. On ground transport of sick 
neonates, the parent will often ride in the front of the ambulance, 

  Fig. 7    Restrictive seating for 
Transport Staff inside Helicopter 
with loaded Isolette       
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next to the driver, to ensure maximal contact and proximity of 
the transport clinical staff with the critical baby. Air transport is 
more challenging due to the limited weight and seating capacity. 
While helicopter seating is extremely restrictive (Fig.  7 ), even
fi xed-wing transport, seating is at a premium (Fig.  8a, b ). Team 
members must be very mindful of their dialogue in front of the 
parents to prevent misunderstandings and to avoid unnecessar-
ily frightening the family. If the parents will not be able to 
accompany the baby on the transport, they should be given time 
to say goodbye to their baby prior to the transport.

      Transit to the Ambulance or Aircraft 

 Once in transit to ambulance, heliport, or tarmac, there should 
be one team member monitoring vital signs, while the 
remaining team members are managing isolette travel. 
As best as possible, trauma to the isolette should be 
minimized, as this could result in serious harm to the 
baby, such as interruption of continuous infusions, or dis-
lodging of a piece of respiratory circuit tubing. Upon arrival 
to the ambulance or aircraft, the team must again work 
together to safely load the isolette (Figs.  9a ,  b ). Great care 
must be taken for the safety of the patient, as well as the 
team members. There are several crush points to hands and 
fi ngers when loading an isolette. Serious lifting injuries 
may also occur. Situational awareness is paramount 
throughout the transport process.

      Considerations during Ground Transport 

 Once the patient is safely loaded into ambulance, isolette 
resources must again be conserved by quickly converting to 
ambulance oxygen, medical air, and electricity. Note that with 
any change in air source, there is a risk of change in pressure 
delivery to patient; the knobs may have to be adjusted to 
keep delivery constant. 

 Prior to the departure, thought again should be given to all 
supplies, medicines, and equipment that may potentially be 
needed en route. It is important to realize that space is limited 
even with a ground ambulance (Fig.  10 ). Nevertheless, every 
attempt should be made to have everything needed within 
arm’s reach and properly secured. Nothing that has potential to 
become a projectile in the event of a sudden stop, swerve, or 
collision, should be unsecured. Team members should make 
every attempt to not be unrestrained in a moving vehicle.

   Developmental care and thermoregulation are especially 
challenging during this phase of transport, but remain impor-
tant, particularly for the low birth-weight infant. Longer 
length of transports and temperature instability correlated 
with more severe transport physiological stability scores in a 
retrospective analysis of neonatal transports [ 16 ]. High lev-
els of sound and vibration exposure in both ground and air 
transports have led some groups to recommend neonatal ear 
protection [ 17 ]. Nesting, minimal stimulation, and creating a 
calm environment are challenging, but can have tremendous 
positive effects. 

  Fig. 8    ( a ,  b ) Limited seating inside a crowed fi xed-wing jet and ambulance leaves little room for extra personnel       
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 Interestingly, ground ambulance transport has been asso-
ciated with increased physiological stressors, as compared 
even with rotor-wing fl ight [ 18 ]. 

 Once the team has arrived at the destination hospital, the 
same care used to load the patient into the ambulance should 
be used to off-load. Prior to disconnecting from ambulance 
resources, a careful assessment of the isolette should be per-
formed to ensure adequate oxygen and medical air is avail-
able. If not, these can be brought to the ambulance bay prior 
to off-loading. Transport is not completed until the patient 
has been safely transferred from the transport isolette to the 
receiving radiant warmer bed or isolette. The same mindful 
process used to move the patient into the isolette is repeated 
in reverse order.  

   Special Considerations for Rotor-Wing 
Transport: Monitoring and Access 

 Situational awareness is never more critical than during a 
rotor-wing fl ight. All team members are now part of a med-
ical fl ight crew, in addition to their roles as care providers 
to a critically ill patient. The safety of each crew member 
relies on those around them staying acutely aware of their 
surroundings. All members of the medical team should 
have undergone a helicopter orientation prior to embarking 
on their fi rst rotor-wing fl ight. This should include a didac-
tic session, as well as a helipad and helicopter session. The 
basics of safety are reviewed at such an orientation, includ-
ing how to even approach the helicopter (i.e., never near 

  Fig. 9    Transport Team carefully loading the isolette with multiple mounted pieces of equipment into ( a ) the helicopter, and ( b ) the ground 
ambulance       

  Fig. 10    Transport nurse working 
within limited space in a 
fi xed-wing jet       
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the tail wing!). Despite having to transport a sick neonate, 
a helicopter fl ight on a nice day can be a rewarding experi-
ence as the team is privileged to soar above the ground 
(Figs.  2  and     11 ).

   Lift-off and landing are the most dangerous times in air 
travel. During this period, it is standard to have a “sterile 
cockpit,” meaning no talking except for fl ight-safety issues. 
As possible, attention should be paid to potential air traffi c, 
wire hazards, and migratory birds. Observing a sterile cock-
pit can create a signifi cant challenge if the patient should 
decompensate and require active resuscitation. It is an option 
for the pilot to isolate the cabin microphones in such cases, 
but that should never be done without serious consideration 
and agreement of the entire crew, as the pilot will not be able 
to hear if a team member should need to alert them to a haz-
ard. Of course, Communication with the accepting medical 
command physician is rarely feasible at this time. 

 In general, most helicopter fl ights do not impose signifi -
cant fl ight physiology concerns. Flights over mountainous 
areas such as the Rockies, however, may present similar alti-
tude concerns as with some fi xed-wing transports. Altitude 
concerns and management adjustments are described in the 
fi xed-wing section below. 

 The most common and important in-fl ight concerns on 
rotor-wing transports revolve around patient monitoring and 
physical access to perform care. While auscultation of breath 
sounds is diffi cult and highly inaccurate during ground 
ambulance transport, there is usually the option of safely 
pulling over to the side of the road. As this is obviously not 
possible for helicopter fl ights, it is important to realize that 
breath sound auscultation is essentially impossible during 

rotor-wing fl ight [ 19 ,  20 ] Heart sound auscultation has the 
same limitations. Moreover, for the neonate with the critical 
airway, there should be no realistic expectation that “upper 
airway sounds,” such as stridor, will be audible during fl ight. 

 Pulse oximetry, usually reliable on ground transports, 
may be problematic on rotor-wing fl ights. Other noninva-
sive monitoring, such carbon dioxide monitoring, can be 
useful adjuncts. End-tidal CO 2  and transcutaneous CO 2  have 
been successfully employed for neonatal transport. However, 
some evidence suggests these methods are imperfect, and 
may not correlate well with arterial CO 2 ; their ability to reli-
ably trend CO 2  is controversial [ 21 ,  22 ]. Nonetheless, non-
invasive carbon dioxide monitoring may be a useful method 
to identify loss of an artifi cial airway on transport. 

 Limited access to the patient has been discussed above, 
but should again be emphasized. Simple things including 
checking the integrity of IV sites may become fraught with 
challenge. Staff, who should ideally be seat-belted at all 
times, must unbuckle themselves and sometimes maneuver 
toward the patient in awkward positions. Even essential clin-
ical skills such as assessing for abrupt color changes (e.g., 
cyanosis, mottling, or pallor) can be problematic. Procedures, 
such as endotracheal intubation or intravenous line placement, 
are sometimes impossible.  

   Special Concerns for Fixed-Wing 
Transport: High Altitude 

 Fixed-wing transport can be utilized for transports of longer 
distances. Most of these aircraft are relatively compact jet 

  Fig. 11    The walk from the helicopter along a narrow path to the hospital       
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planes; some are used exclusively for medical fl ights 
(Fig.  12a ). Again, each team has varying mileage range stan-
dards, geographic constraints, airport access variables, and 
fl ight vendor availability factors to consider. Additionally, 
due to rigid FAA restrictions, long fl ights may require an 
overnight stay due to mandated pilot “time out” rest. All 
equipment requires FAA approval for use during fl ight and 
everything must be secured to avoid injury (Fig.  12b ). Once 
again, meticulous attention to limited oxygen, medical air, 
electricity, medical supplies, and medications is crucial. 
Communication with the medical command physician can 
be restricted during periods of fl ight, making advanced 
detailed planning especially important. Transfer of isolettes 
or stretchers into a fi xed-wing cabin, like with rotor-wing, is 
challenging. The quarters within a fi xed-wing aircraft, while 
not as restrictive as within a helicopter, are still space- limited. 
Extreme care to the physical stability of the isolette and to 
team safety to prevent injury is fi rst and foremost.

   Altitude considerations should be reviewed before each 
fi xed-wing (and some rotor-wing) fl ights. As above, only 
high altitude fl ight signifi cantly affects decision-making for 
helicopters, but it should always enter into fi xed-wing dis-
cussions. Cabin pressurization (which must be discussed 
with the pilot in advanced) offsets some of the fi xed-wing 
concerns, but does not eliminate them. 

 Fixed-wing fl ights require careful attention to the principles 
of fl ight physiology. At higher altitudes, there is an 
increase in size of enclosed air spaces, and a decrease in 
oxygen availability. The first concern relates to Boyle’s 
law, which states that at constant temperatures, 
 P  1  V  1  =  P  2  V  2  ( P  = pressure;  V  = volume) for an enclosed 
volume of gas. At increased altitudes, there is a decrease 

in barometric pressure. Therefore, there is an increase in 
trapped gas volume at higher altitudes (Table  4 ). This is 
important to consider in infants with pulmonary, cardiac, 
and abdominal pathophysiologies. Additionally, moni-
toring with near-infrared spectroscopy suggests that 
clinically significant changes in cerebral oxygenation 
manifest at above 5,000 ft [ 35 ]. 

 In neonates with air trapping physiology, most classically 
meconium aspiration syndrome, there will be an increased 
volume of trapped air compartments within the lung. This 
can result in worsening ventilation-perfusion mismatch, 
increased intrathoracic pressure (with decreased venous 
return to the heart), need for higher ventilation pressures, and 
increased risk of pneumothorax. A small air collection, such 
as a simple pneumothorax, can become clinically signifi cant 
at higher altitudes. 

 Infants with known or suspected bowel obstruction also 
must very carefully scrutinized prior to transport for the 
presence of free air in the abdominal cavity. The increased 
volume of entrapped bowel air at higher elevations can 
become painful and increase abdominal competition on the 
lungs. Any draining devices (chest tubes, peritoneal drains, 
gastric tubes, ventricular drains) may require increased vent-
ing at higher altitudes. Care must be taken for any devices 
with entrapped air components, such as cuffed endotracheal 
tubes, tracheostomy tubes, Foley catheters, and even blood 
pressure cuffs. For example, to keep volume stable, the air in 
a cuffed endotracheal tube must be halved for a transport at 
an (unpressurized) altitude of 18,000 ft. 

 The second major concern related to altitude change is the 
decrease in oxygen availability. Dalton’s law, 
 P   T   =  P  1  +  P  2  +  P  3  +  P  4 … states that the total pressure of a mix-

  Fig. 12    ( a ,  b ) Compact fi xed-wing jet used for medical transport with the isolette securely strapped to the anchoring sled       
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ture of gases is equal to the partial pressures of the gases 
within the mixture. Although the components of air remain 
stable at increased altitudes (i.e., oxygen 21 %, nitrogen 
78 %), the decrease in barometric pressure means that air is 
less dense. Therefore, there is less oxygen available within a 
given volume of inhaled air. As altitude increases, there is a 
resultant alveolar hypoxemia, which can cause hypoxic pul-
monary vasoconstriction leading to increased pulmonary 
vascular resistance. This can be combated by administering 
increased percentage of FiO 2  to keep oxygen availability 
stable at higher elevations during fi xed-wing transport. 

 For example, there will be a similar PaO 2  attainable at 
30,000 ft if given 100 % oxygen compared with the 21 % in 
room air on the ground. For patients who are hypoxemic on 
100 % FiO 2  in hospital, the team must anticipate worsening 
hypoxia in-fl ight. Pressurization of cabins results in effective 
barometric pressures equivalent to altitudes of approximately 
5,000–8,000 ft; as above, this will diminish, but not elimi-
nate these problems. Increases in delivered pressure to the 
patient are typically not effective in reversing this problem. 
Finally, like oxygen, P A CO 2  also decreases with altitude, 
because of hypoxic stimulation of the arterial chemorecep-
tors and subsequent increase in alveolar ventilation (Table  5 ).

      Sedation and Paralysis 

 The use of sedatives and paralytics (Tables  3 ) is an unresolved 
topic in neonatal medicine, and their use in transport is no dif-
ferent. Adverse consequences have been shown after exposure 
to untreated pain, as well as after administration of pharmaco-
logic agents used to treat pain [ 23 ,  24 ]. The safety and long- term 
effects of opioids remain controversial, especially with preterm 

infants [ 25 ]. Benzodiazepines are often used as adjuncts for 
neonatal sedation, but also have potential adverse effects on the 
developing brain [ 26 ]. The neonate should be made as comfort-
able as possible on transport using non-pharmacological tech-
niques such as swaddling and limiting unnecessary stimulation. 
However, clinicians must recognize that acute events which can 
usually be quickly and safely addressed in the hospital may be 

   Table 5    Effect of altitude on gas partial pressures   

  Altitude    P   B     PIO   2     PACO   2     PAO   2     PaO   2   

  Sea level 0 ft   760  150  40  110  105 
  Cleveland, OH 450 ft   747  147  40  107  120 
  Denver, CO 5280 ft   640  125  34  91  86 
  Pike’s Peak, CO 14114 ft   450  85  30  55  52 
  Mount Everest 29028 ft   253  43  7.5  35  30 

    Table 3    Sedatives and paralytics commonly used for neonatal transport   

 Agent  Mechanism  Dose  Use  Onset  Recovery 

 Ketamine  NMDA antagonist  1–2 mg/kg IV  Dissociative agent  1–2 mins  5–10 mins 
 3–4 mg/kg IM 

 Propofol  From Wheeler & 
Wong—[ 36 ,  37 ] 

 2–4 mg/kg IV  Hypnotic, amnestic  30–60 secs  3–5 mins 

 Midazolam  GABA agonist  0.05–0.1 mg/kg IV/IM  Sedation, anxiolysis  3–5 mins  20–30 mins 
 0.2–0.3 mg/kg IN  2–6 h (IM) 

 Lorazepam  GABA agonist  0.05–0.1 mg/kg IV  Sedation, anxiolysis  15–30 mins  Up to 8 h 

 Pentobarbitol  GABA agonist  2–3 mg/kg IV/IM  Sedation, anxiolysis  3–5 mins  15–45 mins 
 Fentanyl  μ-opioid agonist  1–2 μg/kg/ IV  Analgesia  30–60 secs  30–60 mins 
 Morphine  μ-opioid agonist  0.05–0.1 mg/kg IV  Analgesia  20 mins  3–5 hrs 
 Atracurium  NDNMB  0.25–0.4 mg/kg IV  Paralysis  2–3 mins  20–30 mins 
 Cisatracurium  NDNMB  0.1 mg/kg IV  Paralysis  2–3 mins  25–40 mins 
 Rocuronium  NDNMB  0.45–0.6 mg/kg IV  Paralysis  60 secs  25–35 mins 
 Vecuronium  NDNMB  0.1–0.2 mg/kg IV  Paralysis  1–2 mins  20–40 mins 
 Pancuronium  NDNMB  0.05–0.1 mg/kg IV  Paralysis  2–3 mins  45–120 mins 

    Table 4    Effect of altitude on oxygenation   

 Altitude (ft)  Gas volume 

 Sea level, 0  1 
 5000  1.2 
 8000  1.3 
 10,000  1.5 
 15,000  1.8 
 18,000  2 
 20,000  2.2 
 25,000  2.7 
 30,000  3.4 
 35,000  4.2 

  Lower PaO 2 s are seen with higher altitude due to the lower 
barometric pressures 
  P   B   atmospheric pressure,  PIO   2   partial pressure of O 2,   PACO   2   
partial pressure of CO 2 ,  PAO   2   alveolar oxygen pressure,  PaO   2   
arterial oxygen pressure  
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catastrophic on transport. Chief among these for the neonate 
with a critical airway is an accidental extubation or tracheos-
tomy decannulation, which quickly become life-threatening 
events during transport. Sedation decreases the likelihood of 
unplanned extubations [ 27 ]. Therefore, a different calculus is 
required when assessing the risks and benefi ts of sedation and 
paralysis within the transport setting. The same level of sedation 
that would be acceptable in a neonatal intensive care unit may 
be inadequate for transport. 

 Similarly, there exists debate regarding the appropriate use 
of neuromuscular blocking agents in neonates. A systematic 
review of paralysis in neonates suggested a benefi t in patients 
with asynchronous respiratory efforts [ 28 ]. Very limited neo-
natal literature is available, and the long-term safety profi le 
and neurodevelopmental effects are unknown [ 29 ]. Paralysis 
can be a useful tool to maximize ventilation strategies and 
minimize risk of unplanned extubations during patient trans-
port. Although each must be approached on a case-by-case 
basis, if the transport team and the medical command physi-
cian feel that the neonate’s activity level increases the risk of 
life-threatening device dislodgment, then additional pharma-
cological sedation or paralysis is reasonable. Short-acting 
medications, with repeat doses en route as required, enable 
limited patient exposure, and minimize risk. It can be reason-
able to consider longer-acting medications or infusions, espe-
cially in patients with previous opioid exposure. 

 Newer agents continue to be developed and applied to neo-
nates. Dexmedetomidine, a G-protein coupled α 2 -agonist, has 
been suggested as an alternative to opioid infusions, although 
the available data in neonates are limited [ 30 ]. This agent 
appears to have increased volume of distribution, decreased 
clearance, and increased half-life in infants, especially prema-
ture neonates [ 31 ]. Synthetic fentanyl derivatives such as 
remifentanil, sufentanil, and alfentanil are very short-acting 
opioids, but have very limited data available regarding neona-

tal use [ 32 ]. (See Table  3 ) The list is short for the more com-
mon sedatives and paralytics used for neonatal transports.  

   Advanced Airway and Ventilation 
of the Critical Neonate 

 As mentioned in other chapters, various advanced techniques 
for obtaining artifi cial airways are at the disposal of neona-
tologists treating patients with critical airways. Beyond 
endotracheal tubes and laryngeal mask airways are video 
laryngoscopy devices such as the C-MAC ®  and GlideScope ® . 
If a diffi cult airway is anticipated, these can be brought with 
the transport team to the referring hospital. Of note, even 
commonly available devices may not be available in neonatal 
sizes at many hospitals; it is generally best to assume that the 
transport team will need to bring all necessary airway equip-
ment (Fig.  13 )   .

   Ventilation support available on transport varies widely, 
but virtually all support that can be employed in the NICU 
can be provided by most transport teams. Nasal CPAP is a 
frequently employed method, but requires close attention on 
transport because of the risk of dislodgement from nares; this 
may require conversion to face-mask administration. 
Conventional ventilation can be provided in pressure control 
mode, rather than volume control, both because of device 
capability, and the diffi culty to maintain pressure control 
ventilation with vibration and movement of transport. 

 High-frequency ventilation may be available to transport 
teams, including jet and percussive devices. Although very 
limited data are available, some centers have reported 
improved ventilation outcomes in extremely ill neonates 
requiring transport for surgical or ECMO evaluation [ 33 , 
 34 ]. In babies with pulmonary hypertension, inhaled nitric 
oxide can be dramatically effective. Ideally, these advanced 

  Fig. 13    Videolaryngoscopy used 
for intubation in critical or 
diffi cult neonatal airway 
emergencies. The Glidescope and 
Storz CMAC are the 2 “neonatal 
sized” videolaryngoscopes that 
are commonly used for transport       
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interventions and therapies should be trialed prior to team 
arrival, in order to allow for an appropriate period of assess-
ment. However, in some circumstances, these interventions 
may be started immediately upon transport team arrival at 
the referring hospital. Once again, a period of observation as 
to adequacy of the trial is mandatory. 

 A few centers have the capability to perform surgical 
cannulation for ECMO upon arrival at a referral site, and/or 
the ability to transport a patient who has been started on 
ECMO at another center. The detailed of use of such modes 
of support is mentioned elsewhere in this book. The use or 
anticipated use of complex modes of ventilation support 
may require additional personnel on transport, such as 
respiratory therapy, additional nursing, or ECMO special-
ists. Physical space is often a constraining factor, especially 
in air transports.  

   Responding to Acute Decompensation 

 Within the inherently high-risk environment of neonatal 
transport, a relatively minor or moderate patient status change 
can have severe consequences. One of the most common and 
most feared events is an endotracheal extubation, with subse-
quent rapid decompensation of a neonate in respiratory fail-
ure. If this should occur in a moving ambulance, the driver 
should be asked to pull over so that team members can be 
safely unrestrained to assess the emergency. The patient 
should then be removed from the isolette to adequately per-
form a complete assessment and give better access for a poten-
tial reintubation. Such lifesaving procedures may lead to a 
loss of temperature control, so it is essential to replace the 
patient into the isolette as soon as possible Table  5    .

   If the infant’s condition should deteriorate so profoundly 
such that the patient will not tolerate the time to reach the 
home facility, diversion may be necessary. Returning to the 
referring center, when practical due to proximity, is an excel-
lent option, as they are already familiar with the patient. 
Diverting to any local hospital, however, is also reasonable, 
as it allows for patient stabilization under more controlled 

circumstances. Even an ambulatory urgent care center will 
have bright lights, solid ground, electricity, oxygen, and 
medical air. However, if it is clear that defi nitive care can 
only be provided by the destination/receiving facility, pro-
ceeding by ground may be the only viable option. 

 Every effort should be made to anticipate and prepare 
for decompensations in advance. Still, however, some 
changes cannot be predicted. An important option for 
ground transports, whether at the initial referring institu-
tion or at a diverted institution, is rotor-wing retrieval of the 
team and patient. Whether mode of transport needs to be 
altered due to patient changes (e.g., new pulmonary hemor-
rhage) or non- patient issues (e.g., weather, fuel, traffi c), the 
medical command physician should be actively involved in 
the decision-making.  

   The Infant with an Unstable Tracheostomy 

 A special note should be made of infants with unstable trache-
ostomies who may require transport. Safe transport of this group 
of patients is often very tenuous. Prior to transfer to transport 
isolette, the stoma should be examined and the tube stability 
confi rmed. There should be replacement tracheostomy tubes 
immediately available of the same size and one size smaller. 
These patients should be well sedated prior to and during trans-
port in order to maximally protect their critical airways. 

 If the tracheostomy tube should be become dislodged, 
replacement should be primary goal (Figs.  14  and  15 ). If 
unable to immediately replace a tracheostomy tube 
through the stoma, oral endotracheal tube intubation or 
laryngeal mask placement may be life-saving options. If 
a patient with an open stoma is reintubated from above, 
care should be taken to cover the stoma with gauze and 
occlusive dressing to create an air- tight seal. Other emer-
gency techniques that may be attempted in life-threaten-
ing situations include nasally inserted endotracheal tubes, 
and endotracheal tube insertion through the tracheostomy 
stoma. These critical airway techniques are also dis-
cussed elsewhere.   

  Fig. 14    Securing a tracheostomy 
during transport takes knowledge 
and skills learned during practice 
and simulation. (Courtesy of 
Michael Rutter, MD; Cincinnati 
Children’s Hospital. Adapted 
from the CINCINNATI TRACH 
MANUAL)       
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       Conclusion 

 This chapter has given the reader a solid background into the 
world of Transport Medicine as it relates to neonatal trans-
port. Knowledge of interfacility transport laws, such as 
EMTALA, as well as decision-making responsibilities of the 
referring vs. the accepting physicians is imperative to ensure 
proper planning and outcomes. Because ground ambulance, 
rotor-wing, and fi xed-wing transports all have their advan-
tages and unique challenges, a thorough understanding of 
these modes of transport allows for maximal safety and opti-
mal outcomes. The management on transport of this fragile 
population of neonates with critical airways must be swift 
and precise; a comprehensive understanding of the clinical 
factors and potential pitfalls cannot be overstated.      
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      Abbreviations 

   AAR    After action review   
  ACGME    Accreditation Council for Graduate Medical 

Education   
  ANTS    Anesthesia nontechnical skills   
  BMV    Bag mask ventilation   
  CT    Computed tomography   
  DL    Direct laryngoscopy   
  ENT    Ear nose throat   
  EXIT    Ex utero intrapartum treatment   
  ICU    Intensive care unit   
  LMA    Laryngeal mask airway   
  NICU    Neonatal intensive care unit   
  NP    Nasopharyngeal   
  NRP    Neonatal resuscitation protocol   
  OP    Oropharyngeal   
  OR    Operating room   
  PPV    Positive pressure ventilation   
  SBML    Simulation-based mastery learning   
  TIAE    Tracheal intubation associated events   

         Introduction 

 Educating the next generation of medical professionals and 
refreshing the skills of current professionals around man-
agement of the diffi cult neonatal airway are of paramount 
importance. Infants with diffi cult-to-manage airways are at 

extremely high risk of adverse outcomes and long-term mor-
bidity and mortality. Advanced prenatal imaging and height-
ened awareness of infants at risk in the Neonatal Intensive 
Care Unit (NICU) have led to better anticipation of diffi cult 
airway situations. However, infants with undiagnosed airway 
or head and neck malformations may deliver in community 
hospitals without pediatric subspecialty support, present in 
well baby nurseries, or come to medical attention in local 
emergency departments when a concurrent illness pushes 
them into distress. As such, the fi rst medical provider who 
sees such an infant could be a nurse, nurse practitioner, physi-
cian assistant, pediatric resident, community hospital provider 
or outpatient clinician who may not have advanced training in 
management of infants who require artifi cial airways. 

 Every medical professional who will interact with neo-
nates and infants needs to be trained to identify risk factors, 
signs, and symptoms of airway problems. Additionally, every 
provider should be competent with basic airway management 
skills necessary to stabilize these infants until they can be 
evaluated by personnel with advanced airway skills. The 
Pediatric Residency Review Committee requires that pediat-
ric residents receive suffi cient training with neonatal endotra-
cheal intubation prior to independent practice, and in a survey 
of program directors, neonatal intubation and bag mask venti-
lation (BMV) rank as “extremely important” among proce-
dures for trainees [ 1 ,  2 ]. In the past, airway education took 
place on the job, but the relative rarity of these events combined 
with limited exposure at the individual level has created a 
knowledge and skill gap that may put patients at risk. 

 Historically, physician training relied heavily on patient 
volume to ensure profi ciency. Long hours, clinical focus on 
inpatient care, and limited in-house attending and subspe-
cialty supervision on call meant that residents had multiple 
chances for hands-on exposure to patients with airway con-
ditions requiring intervention. Training was predominantly 
with live patients in actual clinical settings, and the majority 
of patients with pulmonary pathology were intubated, mak-
ing opportunities for intubation more plentiful. Over time, 
global clinician exposure to intubation and diffi cult airways 
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has steadily decreased. For example, the Neonatal 
Resuscitation Program (NRP) no longer recommends that 
vigorous infants with meconium staining be intubated for 
tracheal suctioning [ 3 ]. Additionally, more patients are man-
aged with noninvasive ventilation techniques, reducing the 
number of opportunities to use intubation skills [ 4 ]. 

 Over the years, the traditional model of physician training 
has changed in many ways. Duty-hour restrictions have lead 
to greatly reduced patient care hours, thus decreasing the 
number of opportunities for procedural performance. Since 
the 1990s, intubation opportunities at some pediatric resi-
dencies have been reduced over 50 % to less than 20 chances 
per resident to attempt intubation [ 5 ]. As attempts are suc-
cessful only about 20–30 % of the time in pediatric residents, 
a resident may graduate with less than six successful intuba-
tions and even fewer neonatal intubations [ 4 ,  5 ]. Studies 
done with anesthesia residents have shown that a trainee 
needs approximately 40 intubations in order to achieve an 
80 % success rate [ 8 ]. This means that many, if not most, 
pediatric residents lack suffi cient experience to perform neo-
natal intubations upon residency graduation. Additionally, 
neonatal resuscitation skills, including airway management, 
are diffi cult to master; despite NRP training, many residents 
still lack basic delivery room skills [ 9 ]. 

 Along with the many changes to training, pediatric resi-
dencies are working to create tract systems that allow resi-
dents with specifi c interests to use their limited training time 
to focus their rotations on their chosen career paths. For resi-
dents pursuing a primary care career, this may mean as little 
as 2 months of time devoted to neonatal intensive care. To fi ll 
the gap in neonatal front line patient care created by duty- 
hour restrictions and tract systems for residents, most hospi-
tals have switched to having non-resident front line clinicians. 
Front line clinicians may include nurse practitioners, physi-
cian assistants, clinical nurse specialists, and hospitalists. In 
addition to residents needing extra training to manage the 
diffi cult neonatal airway, a large group of front line clini-
cians also require the same education. In an age where fewer 
infants require advanced airway management and there are 
more clinicians to train and ensure profi ciency, creative edu-
cational solutions are required. 

 With the known gaps in basic airway management skills, 
it is reasonable to assume that the majority of residents and 
front line clinicians lack adequate training and exposure to 
manage infants with normal airways, let alone those with 
diffi cult or abnormal airways. To fi ll these gaps, educators 
have many options including lecture, operating room train-
ing, and simulation. In a large meta-analysis, simulation was 
shown to be the superior training method for airway manage-
ment [ 10 ]. Simulation training can fi rst be used to elucidate 
knowledge gaps and identify areas for improved training. 
Subsequently, simulations can be designed to address these 
identifi ed gaps in knowledge and performance. 

 Infant care providers require education in many areas of 
airway management. Even the most basic skill of bag mask 
ventilation requires training to perform properly. Procedures 
such as the use of laryngeal mask airway, oropharyngeal or 
nasopharyngeal airways, oral intubation, nasal intubation, 
and care of tracheostomy tubes all require education and 
practice to perform competently. Airway education pro-
grams can use manikins, animals, or live or deceased 
patients to practice important airway maneuvers. Manikin-
based simulation provides an easily accessible and risk free 
means for many healthcare providers to obtain this valuable 
education. 

 Acceptance of and requirements for simulation-based 
education are expanding. Simulation and skills laboratories 
are required by the Accreditation Council for Graduate 
Medical Education (ACGME) for accredited general surgery 
programs [ 11 ]. Simulation has been recognized as such a 
valuable airway training tool in the fi eld of Anesthesia that 
all attending anesthesiologists must participate in a simula-
tion program, including diffi cult airway management, in 
order to satisfy their Maintenance of Certifi cation require-
ments for the American Board of Anesthesiology [ 12 ]. 
Additionally, insurance premiums have been reduced for 
obstetricians and for general surgeons who have undergone 
simulation training [ 13 ]. Ziv et al. challenges physicians to 
consider that training using simulation, when available and 
appropriate, is an ethical imperative [ 14 ].  

    Models of Airway Training 

 Simulation training programs can span a wide range of options 
ranging from simple, supervised patient encounters to multi-
disciplinary simulations using highly realistic patient simula-
tors [ 15 ]. Traditional medical training programs often used 
actual or standardized patients, providing trainees an opportu-
nity to practice taking a medical history and performing a 
physical exam. This type of model has obvious signifi cant 
limitations, both for infants and airway management. Live 
patients provide the most valuable learning experience but 
carry risks to patients and occur under unpredictable condi-
tions. As such, new modalities were created to assist trainees 
to improve their airway management skills. These include live 
animal or human cadaveric models, airway task trainers, vir-
tual models, and low- and high- technology patient manikins. 

 Airway models do not necessarily need to include the 
entire body or even the entire respiratory tract. Task trainers 
are models designed to replicate only the anatomic area nec-
essary to practice a specifi c procedure. For example, an air-
way task trainer needs only to include the upper respiratory 
tract down to the trachea (Fig.  1 ). Task trainers can be used to 
practice bag mask ventilation, jaw thrust, oral and nasal endo-
tracheal intubation, and the use of alternative airway devices. 
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Task trainers are ideal for procedural training but have limited 
utility in practicing comprehensive emergency airway man-
agement. Educational objectives in broader airway manage-
ment scenarios are often better achieved with manikins.  

 There are many options for simulation manikins available 
on the market that range in cost from a few hundred to sev-
eral thousand dollars. The fi delity, or technological capabil-
ity, of a manikin refers to how closely the model represents 
an actual patient. A high-fi delity patient simulator incorpo-
rates a manikin upon whom procedures such as intubation 
and chest tube placement can be performed, as well as physi-
cal exam fi ndings that can be manipulated, and real time vital 
sign monitors that are controlled by computer software. The 
available software programs allow the simulation facilitator 
to change the manikin’s physical exam fi ndings and vital 
signs as the clinical scenario progresses. Centers with high-
fi delity simulators often perform simulations in situ or have 
a space set up to resemble their unit’s standard patient room 
or resuscitation room to add realism (Fig.  2 ).  

  Fig. 1    Task trainer model of upper airway. This photo shows the view 
of the manikin’s vocal cords as seen during intubation.       

  Fig. 2    High fi delity simulation center. This simulation center has a 
high-fi delity manikin connected to monitors and controlled by a laptop. 
The standard neonatal bed space includes a warmer bed, ventilator, IV 

poles and a bedside cart. In the upper left is a camera for recording 
simulation for later review       
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 Low-fi delity simulators span a wider range of options but 
do not have integrated software or electronics. In its most 
basic form, a low-fi delity simulator may be a simple doll or 
homemade approximation of an airway. Low-fi delity options 
on the market range from manikin head task trainers to full 
body manikins with many interactive features for the learner 
such as infl atable lungs to simulate ventilation. Both the 
homemade and purchased manikins can be modifi ed to cre-
ate diffi cult airway models (Table  1 ). Both low- and high- 
fi delity manikins can also be used to practice intubation in 
nonstandard positions, such as might be needed for a patient 
with an open neural tube defect or after spinal surgery [ 16 ] or 
with conjoined twins (Figs.  3  and  4 ).

     One high-technology option for simulation is virtual 
patients. Software can be used to model the human airway 
and adjust the view on screen depending on input from the 
user. The model can be created from 3D reconstructions of 
actual patient airways or built from scratch to demonstrate a 
particular condition. The user input can be obtained from a 
laryngoscope wired to sense the user’s movements so that 
the screen view changes based on the accuracy of their move-
ments. A virtual model constructed from 3D CT scan images 
has been shown to be as effective as a manikin for intubation 
training [ 17 ]. This technology permits educators to make air-
way models from CT scan images of real patients with dif-
fi cult airways or airway malformations, allowing multiple 
trainees to get experience from one patient without risk to the 
actual patient. 

 Cadaver and animal airway models have high rates of sat-
isfaction among learners, as they have been shown in small 
studies to improve patient level outcomes [ 10 ]. There are no 
reported studies of neonatal cadaveric models for intubation, 
but in adult models, fresh frozen cadavers have the highest 
rate of realism for intubation [ 18 ]. Animal model programs 
have reported using ferrets and piglets to simulate the neona-
tal airway. This technique is generally considered safe for the 
animals and adds a signifi cant level of realism to the encoun-
ter without any risk to human patients. This method can be 
used to train clinicians in the intubation of patients with nor-
mal airways but is less useful in diffi cult airway manage-
ment. Technology-based strategies can help to improve the 
learning experience using many different types of airway 
trainers.  

    Bag Mask and Alternative Airway Training 

 Infants with diffi cult and critical airway issues may not be 
able to be intubated at delivery or presentation to care, even 
by experienced airway personnel. For these fragile infants, 
provider profi ciency with bag mask ventilation (BMV) and 
alternate airways can mean the difference between survival 
and death. During a 6-month period of neonatal training, one 
group of Australian residents had an average of 17 opportu-
nities to provide BMV [ 17 ]. In the current American pediat-
ric training model most residents will get only 2–3 months of 

    Table 1    Manikin modifi cations of diffi cult airways   

 Condition  Goal  Modifi cation 

 Subglottic stenosis  Narrow airway below vocal cords  Apply external pressure to trachea with 
zip-tie or insert putty below vocal cords 

 Laryngospasm a   Narrow airway above vocal cords  Apply external pressure to airway above 
vocal cords 

 Macroglossia a   Provide an obstruction in the oral cavity  Overfi ll the manikin tongue or add volume 
to the outside of the tongue 

 Meconium in the airway or airway bleeding  Obstruct the view of the vocal cords with 
an opaque substance 

 Insert thinned paste dyed green or red into 
the oropharynx 

 Micrognathia or Pierre Robin a   Increase diffi culty with jaw retraction and 
view of the vocal cords 

 Move manikin jaw posterior to standard 
position 

 Enlarged epiglottis  Obstruct the view of the vocal cords with the 
epiglottis 

 Apply putty to enlarge or elongate epiglottis 

 Unable to bag mask ventilate or intubate a   Force learner to perform cricothyroidotomy  Replace airway below vocal cords with 
disposable tubing/skin covering and/or use 
putty to fully obstruct airway 

 Cervical tumor/mass a   Obstruct the view of the vocal cords, restrict 
neck movement 

 Insert bean bag or fi rm mass under skin 
of manikin’s neck, pushing on airway 

 Cervical spine immobility a   Restrict available movement of airway  Place cervical spine brace around 
manikin’s neck 

 Spinal condition requiring side-lying position  Intubation in nonstandard position  Turn manikin on side 
 Tracheostomy tube obstruction a   Force learner to remove/replace 

tracheostomy tube 
 Occlude tracheostomy tube lumen 

   a Specifi c models or features commercially available  

M. Gray and H.M. French



349

training in neonatal care, potentially reducing their 
 opportunities to learn and practice this life saving skill to less 
than ten instances throughout residency. Opportunities for 
use of alternative airways, such as a laryngeal mask airway 
(LMA), are even less frequent. As with other airway proce-
dures and tools described in previous sections, lack of famil-
iarity and infrequent use can result in poor performance of a 
task. In a study of the effectiveness of resident positive pres-
sure ventilation (PPV) delivery to preterm infants, one quar-

ter of the resuscitations demonstrated signifi cant airway 
obstruction during PPV, and another quarter were noted to 
have signifi cant mask leaks [ 18 ]. Simulation manikins can 
provide an important opportunity to practice these life saving 
skills. For experienced providers, manikin demonstration is 
more effective at decreasing mask leak during PPV then 
watching simple instructional videos [ 21 ]. 

 BMV is a critical component of the NRP algorithm and 
the fi rst step in resuscitating a depressed infant. Both low- 
and high-fi delity manikins can be used to practice BMV and 
LMA placement. Providing adequate BMV requires correct 
hand placement, correct mask position on the neonate’s face, 
adequate jaw thrust, and appropriate pressure on the mask 
(Fig.  5 ). All of these tasks can be assessed on a manikin. 
High-fi delity manikins may also be able to record the vol-
ume or pressure of the delivered breaths to provide feedback 
regarding the effectiveness of the mask seal and delivered 
inspiratory pressures [ 22 ]. Providers must be able to trouble-
shoot mask air leaks and airway obstruction during 
BMV. Even in the hands of experienced providers, neonatal 
facemasks can still have signifi cant air leaks that compro-
mise ventilation [ 23 ]. The steps to resolve inadequate venti-
lation described in NRP follow the acronym “MR SOPA” 
and include: mask and patient repositioning, suctioning, 
opening the mouth, increasing pressure, and considering an 
alternative airway support device [ 3 ]. Manikins with articu-
lating jaws and realistic upper airways can provide an impor-
tant opportunity to practice these steps, including the use of 
alternative airways.  

 The LMA has been shown to be effective for establishing 
ventilation and resolving bradycardia in the delivery room [ 24 ]. 
LMAs are simple to insert and come in many sizes. A size 1 

  Fig. 3    Side-lying intubation. 
This manikin has been modifi ed 
to have an open neural tube 
defect, forcing the learner to 
intubate in a nonstandard 
position       

  Fig. 4    Conjoined twin intubation. In this scenario two manikins were 
used to simulate the anticipated delivery of omphalopagus conjoined 
twins, allowing the team to practice airway management prior to 
delivery       
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LMA is approved for use in infants less than 5 kg and there are 
reports of its successful use in premature infants as small as 
1.1 kg [ 25 ]. As residents may be the only providers present at 
a delivery and have low reported success with endotracheal 
intubation, an LMA may provide a safe temporizing measure 
while advanced airway providers are called to the bedside. 
LMAs also have a major role in stabilizing infants with dif-
fi cult or critical airway conditions, such as cervical neck 
masses (Fig.  6 ).  

 Nasopharyngeal and oropharyngeal airway insertion 
should also be included in airway training programs. 
Nasopharyngeal (NP) airways use a tube inserted in one nos-
tril that opens a conduit between the nostril and the naso-
pharynx above the level of the epiglottis and can be used to 
bypass obstructions at the levels of the nose, nasopharynx, 
and base of the tongue. Oropharyngeal (OP) airways use a 
small piece of curved plastic inserted into the unconscious 
patient’s mouth that bypasses obstructions at the base of the 
tongue. Both NP and OP airways can be inserted into term or 
near-term neonates and can be combined with BMV to 
achieve adequate ventilation when intubation is not possible. 
These devices are especially useful in infants with microgna-

thia, such as in Pierre Robin Syndrome, who may present 
unexpectedly at delivery. As both of these devices can be 
inserted quickly and easily, it is imperative that trainees be 
profi cient in their use in case of an emergency. Most airway 
manikins can be used to practice NP and OP airway inser-
tion, and all delivery room providers should practice their 
insertion regularly to maintain competence.  

    Intubation Training 

 Learning and maintaining profi ciency for complex proce-
dures like endotracheal intubation can be divided into two 
steps: a cognitive step and a psychomotor step [ 26 ]. The cog-
nitive step is a period devoted to learning about the proce-
dure and developing an understanding of the indications, 
contraindications, and motor actions involved. Cognitive 
steps about intubation should include a review of normal and 
abnormal anatomy, types of equipment needed, and the pro-
cedural steps. The important strategies of didactic learning 
include cognitive engagement, repetitions, feedback and vari-
ety [ 27 ]. Learners can be cognitively engaged by interactive 

  Fig. 5    Bag mask ventilation techniques. ( a ) One person BVM demon-
strating correct hand and mask placement. ( b ) Two person BMV dem-
onstrating correct hand and mask placement       

  Fig. 6    LMA insertion. This manikin has been modifi ed to have a dif-
fi cult airway due to cervical neck mass requiring the learner to use an 
LMA       
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teaching, such as walking through case examples, asking 
questions, and using videos or live demonstrations. Although 
didactic teaching alone is often insuffi cient for procedural 
training, a well-designed and executed class can add impor-
tant layers to a provider’s understanding of a process. For 
instance, knowing the names of anatomic landmarks aids 
communication during a diffi cult procedure, and understand-
ing airway mechanics can aid in provider decision- making 
during emergencies. For these reasons, didactics should be 
integrated into simulation-based learning to maximize 
understanding. 

 The psychomotor step of procedural training involves 
practicing the procedure with correction and reinforce-
ment. Allowing the trainee the opportunity for practice of 
the procedure in a safe learning environment using a partial 
task trainer, manikin, or virtual-reality training is known to 
be superior to traditional clinical medical education in 
achieving specifi c skill acquisition (Fig.  7 ) [ 27 ]. 
Instructional design features shown to improve simulation-
based training can easily be incorporated into simulation 
training for endotracheal intubation. These include group 
practice, individualized learning, mastery level training, 
and variation in task complexity [ 27 ]. Repetition and 
instructor feedback remain crucial learning strategies, 
regardless of the training methodology.  

 Teamwork skills for intubation can occur in a multidisci-
plinary setting. During a standard intubation in the ICU there 
is a provider skilled in airway management, a bedside nurse, 
and a respiratory therapist. All of these people have individ-
ual roles that must integrate tightly together to successfully 
manage an airway emergency. A multidisciplinary intuba-

tion simulation could include a nurse who administers rapid 
sequence intubation medications and monitors vital signs, a 
respiratory therapist who prepares the equipment and secures 
the endotracheal tube, and a front line clinician who orga-
nizes the group and performs the procedure. By practicing 
these skills together, the team of care providers can improve 
communication, effi ciency, and patient safety. Group prac-
tice can also be used to train a group of front line clinicians 
where each provider takes a turn in the different roles. This 
gives each person a chance to practice skills outside of his or 
her usual scope, which may be important as it provides per-
spective on communication and teamwork. 

 Individualized learning can take place both within the 
group practice model and in one-on-one instruction. Using 
this method, an individual learner’s specifi c needs or defi -
ciencies are identifi ed, and the learner uses deliberate prac-
tice with facilitator input to improve his or her performance 
(Fig.  8 ). As defi ned by Ericsson, deliberate practice describes 
a regimen of effortful activity designed to optimize improve-
ments in the acquisition of expert performance [ 29 ]. 
Deliberate practice with intubation simulations has been 
shown to improve resident success with intubation [ 29 ]. 
Deliberate practice can also be used to remediate individuals 
or provide additional experiences for learners that require 
additional training. For instance, if fellows in Neonatology 
programs identify the desire to have more practice with intu-
bations, they can have individualized learning programs to 
practice intubation with different manikins and task trainers 
in both conventional and unconventional settings.  

 One critical component to intubation training is variation 
in procedural complexity. Once trainees have demonstrated 

  Fig. 7    Using a manikin to practice intubation. This airway manikin is 
being used to practice the physical skills of intubation. ( a ) Correct 
laryngoscope positioning, proper arm movement shown with  green 

arrow . ( b ) Incorrect laryngoscope positioning restricting view of the 
airway, improper arm movement showing rocking of the laryngoscope 
shown with  red arrow        
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profi ciency at standard intubation, they should be challenged 
with increasingly complex scenarios to solidify their skills. 
Even intubation of the normal infant airway can be made 
more complex by varying the scenario to include different 
disease processes, different clinical environments, and a 
range of equipment availability. Specifi c intubation skills 
such as endotracheal tube replacement and nasal intubation 
should be rotated through the varied scenarios. 

 Endotracheal tube replacement can be used for upsizing 
the tube diameter or to remove a plugged tube. Patients 
requiring tube replacement may be too unstable to tolerate 
prolonged time without an artifi cial airway and so may not 
tolerate the time required for an existing endotracheal tube to 
be replaced. The procedure requires practice, because the 
timing element and coordination of steps can be diffi cult to 
manage. For example, in an endotracheal tube replacement 
scenario, the patient may be ventilating poorly due to a large 
air leak around a small endotracheal tube. The team would 
need to recognize that patient decompensation was due to 
improper tube size, choose an appropriate sized replacement 
tube, coordinate a secondary person to stabilize the existing 
tube, obtain an adequate view of the vocal cords, and coordi-
nate the tube exchange while minimizing the length of time 
without ventilation. Multidisciplinary practice of this type of 
scenario is important, as it often requires a nurse or respira-
tory therapist to assist with the endotracheal tube 
replacement. 

 Another advanced airway skill amenable to simulation 
training is nasal intubation. Nasal intubation is ideal for 
patients with excessive oral secretions, surgical wounds in 
the mouth, older infants requiring prolonged intubation, 
and patients with facial malformations precluding proper 
oral tube securement. Some intensive care units may even 

use this as their primary method of endotracheal intuba-
tion. As such, all airway providers should be trained to per-
form nasal intubation. This procedure varies from 
traditional oral intubation in equipment and sequence of 
events. Magill forceps are unique to nasal intubation and 
unfamiliar to many providers. After inserting the endotra-
cheal tube through a nare and advancing the tube down 
into the larynx, the provider uses a traditional laryngo-
scope to view the vocal cords while actively placing the 
endotracheal tube into the airway using Magill forceps 
(Fig.  9 ). Newer techniques using ENT “cupped ear” for-
ceps allow easier instrumentation of the oral airway to 
facilitate nasal intubation in smaller infants. These forceps 
are jointed at the end of the device, limiting trauma to the 
epiglottis and other airway structures (Fig.  10 ). Many air-

  Fig. 8    Deliberate practice with facilitator. The facilitator provides 
instruction to help the trainee learn to intubate the manikin       

  Fig. 9    Nasal intubation. ( a ) The provider prepares the manikin for 
nasal intubation by placing the endotracheal tube in the nare and obtain-
ing a view of vocal cords using direct laryngoscopy. ( b ) The provider 
inserts the Magill forceps into the mouth, using them to guide the endo-
tracheal tube through the vocal cords       
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way task trainers and  high- fi delity manikins have patent 
and anatomically correct nasal passages for use with nasal 
intubation, providing a valuable training experience for a 
rare intubation event.     

 Training programs often need to show that their gradu-
ates have adequate experience to practice independently and 
thus have designed procedure log systems to track both the 
frequency and success of trainee procedural attempts. As 
intubation experiences become increasingly rare, programs 
may need to fi nd alternate ways to show regulatory agencies 
that they are producing clinicians who have mastered 
advanced airway management. One way to assess profi -
ciency with procedures is through simulation-based mastery 
learning (SBML). SBML sets a predetermined minimal 
passing standard (e.g., “mastery level”) and has several key 
characteristics which include practice that is focused on 
reaching mastery level performance, skill testing to assess 
achievement of mastery level performance, and continued 
practice, as needed, until the mastery level performance is 
achieved [ 31 ]. SBML can be used to verify profi ciency with 
both commonly and uncommonly performed clinical and 
procedural skills. SBML augments deliberate practice 
through the addition of a clearly delineated level of perfor-
mance that defi nes “mastery” with a given procedural skill 
and the requirement for continuous practice until mastery 
level performance is achieved [ 32 ]. Additionally, scenarios 
promoting mastery level skills should strive for realism; for 
intubation training this should include a realistic airway 
model, standard unit airway equipment, and airway person-
nel. Success metrics should include a time element and mea-
sures of communication, teamwork, and technical 
profi ciency. A well-designed simulation program can be 
used to verify mastery level skills and can serve as evidence 
of profi ciency for regulatory agencies.  

    Video Enhanced Laryngoscopy 

 The fi eld of intubation has had many technologic advances. 
Using traditional direct laryngoscopy, only the user is able to 
see the airway; there may be delayed or no feedback regard-
ing the success of the procedure, and there is no way to 
review the procedure after the event. New models of video or 
fi beroptically enhanced laryngoscopes allow more than one 
provider to see the airway. If the device has recording ability, 
it allows trainees to review their performance at a later time 
with supervisor feedback. In these devices a camera or 
 fi beroptic scope sits near the light source on the laryngo-
scope blade and shows a magnifi ed view on either a screen 
attached to the handle or a separate monitor. This method of 
intubation also improves awareness of procedural success 
since trainees have an enlarged view of the airway as the 
endotracheal tube is introduced. Furthermore, providers can 
receive feedback in real time about their skills. Even in expe-
rienced airway providers, fi beroptic and video laryngoscopes 
improve airway view grades [ 33 ] (See chapters “Anesthesia 
Challenges for the Diffi cult and Critical Neonatal Airway 
and Airway Emergencies in the Neonate: Preparedness at the 
Bedside” for full video laryngoscopy details). 

 Video and fi beroptic intubation devices can also be com-
bined with patient manikins, both for task training and for 
use in larger airway emergency scenarios. This method of 
teaching advanced airway skills has been shown to be bene-
fi cial in the adult fi eld. Anesthesia and Internal Medicine 
residents trained using a simulation manikin showed signifi -
cantly better success in live patient intubation and time to 
intubation with a fi beroptic laryngoscope compared to resi-
dents trained via lecture from expert airway providers [ 34 ]. 

 Identifying abnormal anatomy is an important step in the 
training of advanced airway providers such as anesthesiolo-
gists and intensivists but patients with these conditions are 
infrequently seen in standard practice. For rare airway anom-
alies, a video taken from within the airway, such as with a 
fi beroptic laryngoscope or fl exible bronchoscope, allows 
multiple trainees and providers to learn how to recognize and 
manage the airway condition. Dynamic video recording can 
aid in the diagnosis of functional airway issues such as vocal 
cord paralysis or airway malacia [ 34 ]. This method is often 
employed in Otolaryngology training programs, where video 
recording of procedures is common but is rarely utilized by 
nonsurgical providers.  

    Tracheostomy Training 

 Infants with tracheostomies represent a very small propor-
tion of the population but are frequently encountered in the 
intensive care units and operating rooms. They are a 

  Fig. 10    Cupped ear forceps are more useful for nasal intubation for 
smaller neonates and infants than the larger MaGill-type forceps. 
Signifi cantly small and longer with the movable joint at the tip allows 
for easy grab of the ETT       

 

The Use of Simulation Training in Preparation for Neonatal and Infant Airway Emergencies



354

 particularly vulnerable group of patients, as many have crit-
ical airway issues or severe lung disease. The National 
Audit Project of the Royal College of Anesthetists and the 
Diffi cult Airway Society emphasized the importance of tra-
cheostomy care by stating: “displaced tracheostomy, and to 
a lesser extent displaced tracheal tubes, were the greatest 
cause of major morbidity and mortality in [the] ICU” [ 36 ]. 
To mitigate this risk, medical providers need to be familiar 
with the care and management of patients with tracheosto-
mies, yet one-third of pediatric, non-otolaryngology health-
care providers rate their comfort with tracheostomy care as 
poor. Knowledge of tracheostomy tube management, even 
for advanced providers such as anesthesiologists, remains 
inadequate. In a series of questions regarding the care of 
tracheostomies, anesthesia residents scored only slightly 
higher than 50 % correct [ 37 ]. Fortunately, even one experi-
ence with changing a tracheostomy tube as a resident is cor-
related with a signifi cant increase in comfort with the 
procedure [ 38 ]. Simulation provides a means to address 
these knowledge and skill defi ciencies [ 39 ]. 

 Many manikins can be modifi ed or purchased to simulate 
an infant with a tracheostomy. Tracheostomy manikins can 
be used to practice technical skills such as tracheostomy tube 
changes or used in more elaborate simulation scenarios. 
Tracheostomy scenarios can include obstruction, dislodge-
ment, or retrograde intubation depending on the discipline 
and level of the learner. Beginners may benefi t from learning 
to provide PPV via a tracheostomy tube and performing a 
simple tracheostomy tube replacement. More advanced pro-
viders may benefi t from practicing the management of a sce-
nario in which a newly placed tracheostomy tube is dislodged 
and cannot be replaced. 

 Providers of all levels, from nurses to intensivists, should 
be familiar with simple tracheostomy tube care, making this 
an ideal topic for multidisciplinary simulation training. For 
example, a multidisciplinary scenario might start with a tra-
cheostomy tube obstruction which progresses to bradycar-
dia despite nursing efforts to suction and provide PPV via 
the tracheostomy. This scenario could require the resident or 
front line care provider to attempt a tracheostomy tube 
change and evolve to a full team code after the tracheostomy 
tube cannot be replaced through the stoma. Scenarios such 
as this happen infrequently in most institutions but carry a 
high risk of morbidity and mortality, especially in inexperi-
enced hands. 

 Specially trained teams and protocols for how to manage 
emergency tracheostomy situations are starting to be used in 
institutions with high volumes of tracheostomy patients. 
Simple protocols regarding suctioning depth and pressure 
can improve patient safety [ 40 ]. Additionally, staff specially 
trained in tracheostomy care, such as nurse specialists or 
dedicated multidisciplinary teams can greatly improve out-

comes in patients with tracheostomies with regards to 
 complications and ICU admissions [ 40 ,  41 ]. Many of these 
care protocols and multidisciplinary teams are lead by 
Otolaryngology specialists who have the most experience in 
managing patients with critical airways. Once a protocol or 
team is created, disseminating the information can be accom-
plished through simulations with bedside nurses and front 
line care providers. As the care protocols and team assembly 
may rarely be needed, ongoing simulation provides a means 
to maintain a safe level of knowledge and skills.  

    Diffi cult Airway Management Simulation 

 Simulation allows for directed learning in an environment 
that is both safe for the learner and poses no threat to patient 
safety. Even a low-fi delity manikin can add realism to an 
airway emergency scenario. Appropriately designed simula-
tions using high-fi delity simulators can come very close to 
the high pressures of a life-threatening emergency. In a large 
meta-analysis, simulation was found to be the superior 
method for teaching advanced airway management skills 
such as direct and fi beroptic intubation and surgical airways [ 10 ]. 
Manikins improve learner comfort with routine airway man-
agement and interventions, which can be translated to 
 management of the diffi cult or malformed airway. For exam-
ple, BMV, an essential skill for NRP algorithms, can be more 
challenging to perform effectively in an infant with severe 
micrognathia. 

 Each simulation scenario can be geared towards specifi c 
learning goals. A scenario may focus on procedures such as 
BMV, management of specifi c conditions such as subglottic 
stenosis, or on nontechnical skills of an airway code like 
teamwork and communication. Each type of scenario can 
also be tailored to different learner levels and disciplines 
(Table  2 ). During a scenario, if a learner is struggling with an 
objective, the facilitator can pause the scenario, provide 
immediate feedback, and then restart the simulation to allow 
the learner to improve upon his or her performance. Important 
advantages to simulation training include the ability to recre-
ate a diffi cult or rare clinical presentation, allowing the 
trainee or team to redo the event with feedback, and for train-
ees to experience and practice the management of a rare 
event, especially if it has not been previously encountered 
during training.

   Low-fi delity scenarios might use simple equipment such as 
a doll and a printed list of vital signs and events. The focus in 
this type of simulation may be on history taking, teamwork, 
or the cognitive exercise of decision-making. Low- fi delity 
simulation is low cost, portable, and does not require an expe-
rienced simulator operator. For example, a scenario involving 
an infant in the emergency department with respiratory 
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 distress may use only a facilitator and a non- mechanical doll 
where the trainee’s goals are to elicit a history of airway 
symptoms and determine whether provided vital signs and 
exam fi ndings are pathologic. This type of scenario may be 
ideal for beginner trainees who are encouraged to focus on 
simple history and physical exam techniques without the anx-
iety of a high- stakes situation. The main drawbacks are a lack 
of interactivity with the manikin and limitations to practicing 
procedures on some low-fi delity manikins. An exception to 
this is in learning to manipulate a laryngoscope or fi beroptic 
bronchoscope, in which the focus is on psychomotor dexter-
ity. This type of low-fi delity simulation does not require the 
manikin to provide cues to learners or react to their manipula-
tions. In comparing low-fi delity and high-fi delity simulation 
models for fi beroptic intubation, anesthesia residents seem to 
benefi t equally from both models [ 43 ]. 

 In contrast, high-fi delity simulation uses mechanical 
manikins, allowing the facilitator to pre-program responses 
or adjust the vital signs and manikin behaviors as the learner 

makes medical decisions. As the scenario plays out on the 
monitors and in the manikin’s responses to interventions, the 
learner can stay within the moment, undistracted by interrup-
tions in the fl ow of the scenario. This type of simulation is 
ideal for practicing physical exam skills, invasive proce-
dures, and complex team-based scenarios. For example, a 
scenario involving a patient’s extubation with subsequent 
stridor, where the goal is recognition of respiratory distress 
and reintubation, could be geared towards a team with clini-
cians, respiratory therapists, and nurses who would need to 
work together to accomplish goals to improve patient out-
comes. High-fi delity manikins help the learner “suspend dis-
belief” by providing a more realistic experience (Fig.  11 ). 
The drawbacks of high-fi delity simulation are cost and the 
need for trained simulation facilitators and manikin opera-
tors. In some centers there are elaborate simulation facilities 
with mock delivery rooms and operating rooms, video 
recording, and full time simulation staff. However, these are 
not necessary to meet educational objectives.  

   Table 2    Airway simulations for different levels of training   

 Trainee level  Example scenario  Goals  Objectives 

 Medical student  • Baby with small jaw 
presenting for a 
preoperative visit prior to 
hernia repair 

 • Identify risk  • Recognize signifi cance of exam 
fi nding 

 • Anticipate issues  • Identify risk of airway obstruction 
 • Teamwork  • Anesthesia or ENT consult prior 

to OR 
 Nurse or respiratory therapist  • Infant with worsening 

stridor 
 • Recognize signs of respiratory 

distress 
 • Recognize stridor 

 • Use airway stabilizing maneuvers  • Attempt airway repositioning 
 • Call for help at appropriate time  • Use bag mask appropriately 

 • Use code bell to get help 
 Resident/front line clinician  • Delivery of infant with 

prenatally diagnosed 
Down syndrome 

 • Prepare for delivery  • Anticipate risk of airway issue 
 • Manage equipment  • Prepare delivery room equipment 
 • Recognize unstable patient  • Use bag mask appropriately 

 • Call for help when airway 
obstructs 

 Neonatal or ICU fellow  • Delivery of infant with 
prenatally diagnosed 
cervical mass 

 • Prepare team for resuscitation  • Prep team/assign roles 
 • Manage airway emergency  • Rapid assessment of airway status 
 • Use alternative airway  • Attempt intubation with DL 

 • Use LMA when intubation 
unsuccessful 

 ENT resident or fellow  • Previously undiagnosed 
grade 4 subglottic stenosis, 
unplanned extubation 

 • Diagnose airway malformation  • Recognize subglottic stenosis on 
DL 

 • Use advanced intubation 
equipment 

 • Attempt intubation with fi beroptic 
scope 

 • Emergency cricothyroidotomy  • Preform emergency 
cricothyroidotomy 

 Advanced provider team  • EXIT procedure for a 
newborn with tracheal 
atresia requiring 
tracheostomy 

 • Organize large group resuscitation  • Assign team roles 
 • Anticipate airway emergency  • Prep emergency equipment 
 • Use advanced airway equipment  • Manage multi-organ system code 

 • Use advanced equipment to 
establish airway 

   EXIT  Ex Utero Intrapartum Treatment,  DL  Direct Laryngoscopy,  LMA  Laryngeal Mask Airway  
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 As stated earlier, both homemade and purchased mani-
kins can be modifi ed to create diffi cult airway models 
(Table  1 ); (Video 1). Many modifi cations are simple and able 
to be added temporarily or permanently to existing airway 
manikins (Fig.  12 ). There are also commercially available 
diffi cult airway models that can be substituted for the stan-
dard manikin airway. Low- and high-fi delity manikins can 
also be used to practice intubation in nonstandard positions, 
such as might be needed for a patient with an open neural 
tube defect or after spinal surgery [ 16 ] or with conjoined 

twins. These diffi cult airway models can provide experience 
with the management of infants that many clinicians may 
rarely see in practice.   

    Nontechnical Skills Training 

 Simulation plays a critical role in nontechnical skills training 
including teamwork, leadership, and crisis resource manage-
ment. These skills are particularly important in the critical 
care, emergency, and surgical fi elds. The principles of good 
teamwork include situational awareness, communication, 
leadership, and shared mental models [ 44 ]. Teamwork has 
long been known to be an important factor in patient out-
comes, and in a study of surgical outcomes, poor teamwork 
skills was highly associated with patient complications and 
death [ 45 ]. Due to this concerning fi nding, team skills have 
been identifi ed as an important factor in patient safety [ 45 ]. 
Fortunately, simulation has been found to be an effective 
means for teaching team skills [ 44 ]. This focus on patient 
safety has lead to government sponsored training programs 
that include simulation of nontechnical skills, such as the 
TeamSTEPPS program, which showed signifi cant improve-
ment in communication, leadership, and team behaviors fol-
lowing structured simulation [ 47 ]. 

 The principles of teamwork can be translated into measur-
able simulation outcomes. For instance, situational aware-
ness, defi ned as the perception of the environment and 

  Fig. 11    High-fi delity manikin. This high-fi delity manikin has realistic 
facial features, responds to interventions and helps the learner “suspend 
disbelief”       

  Fig. 12    Diffi cult airway manikin modifi cations. ( a ) A mass has been 
added under the neck skin to simulation a cervical teratoma. ( b ) A zip-
tie has been placed around the subglottis to mimic subglottic stenosis. 

( c ) A stoma was created in this manikin’s neck to create a place for a 
tracheostomy tube. ( d ) The facial skin has been modifi ed to simulate a 
cleft lip       
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anticipation of the situation’s trajectory, can be measured by 
assessing how a learner collects necessary data and synthe-
sizes it to formulate a plan and then adjusts that plan once 
new data is available. Communication measures can include 
the use of closed-loop feedback, clarity of speech, and sub-
jective assessments of how well each team member worked 
together. The shared mental model is the idea that team per-
formance improves if team members have a shared under-
standing of the necessary tasks and teamwork required to 
meet goals. This can be achieved by vocalizing clinical obser-
vations, patient information and a summary of the case and 
plans for management. A clear, unambiguous comment gives 
the rest of the team members an opportunity to refl ect on the 
information and revise their situational awareness and their 
own mental model based upon new information. One method 
to measure non-procedural simulation performance is the 
Anesthesia Nontechnical Skills Scale (ANTS), which mea-
sures four main skill categories: situational awareness, team 
working, decision-making, and task management [ 48 ,  49 ]. 
Using a standard, validated measure allows for consistency in 
evaluating teamwork and provides a uniform way to report 
improvements in teamwork following a training session. 

 There are many models and theories of leadership, but 
some of the common themes are proactivity, fl exibility, abil-
ity to delegate, openness, team management, and situational 
awareness. While some leadership skills are inborn or a 
product of early learning, many can be or must be specifi -
cally taught. Simulation provides a controlled arena for 
teaching leadership, since scenarios can be designed to 
involve high-tension situations, limited resources, and 
altered team dynamics. Leadership principles can be both the 
focus of a simulation or a secondary learning objective in 
group scenarios. For example, a scenario involving the deliv-
ery of an infant with an unanticipated critical airway can 
challenge the learner to take charge while testing his or her 
medical management skills. Alternatively, the scenario could 
be altered so that the focus is on managing a diffi cult team or 
family member rather than on the medical management. 
While research on leadership training programs has thus far 
been limited to learners’ reactions to the experience, partici-
pants overwhelmingly report that training had a positive 
impact on their leadership skills [ 50 ]. 

 Crisis resource management refers to how well a team 
uses its available equipment and personnel during an 
 emergency. This can range from a scenario with a nonfunc-
tioning bag and mask to an airway emergency with only a 
resident and bedside nurse present. These scenarios are espe-
cially important to incorporate into a simulation curriculum, 
as they are extremely rare and can result in signifi cant mor-
bidity and mortality for patients if the clinicians are unpre-
pared to act quickly. Simulation has been shown to be 
effective for teaching crisis resource management with 
improvements in both transfer of learning to the workplace 

and in patient outcomes [ 51 ]. The focus of these scenarios 
should be on how well the learner or team is able to cope 
with the limiting factor and improvise alternative strategies.  

    Educational Venues 

 Airway management education can take place in multiple 
venues. Individual scenarios can be devised for use at an 
unoccupied patient bedside (in situ simulation) or in a space 
specially designated for simulation. A simulation center 
affords the opportunity to have a stable location with reus-
able equipment, while in situ simulation provides opportuni-
ties to learn in a true clinical environment. Depending on 
learning objectives, a given location may be preferable to 
another. For example, if a team is doing a simulation around 
the anticipated delivery of conjoined twins, the scenario is 
best acted out in the actual delivery suite so that the team can 
focus on their available resources, systems, and workfl ow. 
For skills that are more physical learning-based such as pro-
cedures, multiple simulations can be combined in one ses-
sion as part of a skills fair in a simulation center. If time is 
limited, simulation “boot camps” can allow a group of pro-
viders to practice many scenarios in one day. Boot camps are 
especially useful for new provider orientation where a large 
group needs to learn about their specialty’s or unit’s practices 
quickly. Skills workshops or “skills boot camps” have been 
shown to increase resident confi dence and competence with 
both common and rare procedures [ 52 ]. Both otolaryngology 
and neonatology boot camps have been previously described 
in the literature [ 52 ,  53 ].  

    Measuring Simulation Outcomes 

 For a simulation program to be successful, ideally, it should 
demonstrate measureable outcomes. Both qualitative and 
quantitative outcomes require creative outcome metrics. 
One classical model of assessing training is the Kirkpatrick 
model, in which there are four described levels of evaluat-
ing an educational program [ 55 ]. This model was originally 
developed for the non-medical fi eld but has been adapted to 
medical training programs such as simulation [ 15 ]. Level 
one is “reaction,” which refers to how a trainee reacts to the 
experience. Level two is “learning,” in which the trainee 
demonstrates a quantitative improvement in his or her skills 
during simulation. Level three is “behavior,” where a 
trainee is observed to have improvements in his or her per-
formance with live patients. Level four is “results,” where 
patient outcomes are measurably improved by a training 
program (Table  3 ).

   The easiest qualitative outcome metrics to collect are sur-
veys of learners’ perceived competence and confi dence. 
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These metrics are usually collected via simple self-report 
surveys given immediately following a simulation. 
Simulation is generally well liked and accepted by trainees, 
and pediatric trainees report improvements in self- confi dence 
immediately following simulation experiences [ 9 ]. 
Unfortunately, improvements in self-confi dence and clinical 
competence often degrade over time without continued rein-
forcement. Additionally, profi ciency of rarely used skills 
tends to degrade over time. In a study of residents following 
their standard neonatal resuscitation training, simulation was 
able to demonstrate a time-dependent degradation of airway 
management and BMV skills within 3–5 months of their ini-
tial training [ 56 ]. The goal of simulation is to provide a 
means to maintain confi dence and clinical competence over 
time. Data regarding the positive effect of repeated simula-
tions have shown that on average, airway and resuscitation 
skills degrade within 12 months of training without contin-
ued practice [ 56 ,  57 ]. There are more studies looking at train-
ees than experienced providers, so more research is needed 
to determine the optimal frequency of simulation training to 
maintain profi ciency [ 58 ,  59 ]. 

 Subjective and objective measures of learner performance 
can be assessed in real-time by simulation facilitators or on 
video review using a checklist of tasks completed. For 
instance, reviewers can rank specifi c performance elements 
such as teamwork or length of time to complete time- 
sensitive tasks such as initiating chest compressions. 
Validated checklists exist in the adult and pediatric literature 
for both quality of teamwork and quality of overall airway 
emergency management [ 60 – 62 ]. High-fi delity manikins 
using simulation software can be particularly helpful, 
because the software can record time data and display physi-
cal measures of success, such as depth of chest compressions 
or effectiveness of BMV. 

 The ultimate goals of simulation are to improve individ-
ual and team performance in real life situations and posi-
tively impact patient outcomes. These metrics have been 
much harder to measure, but some small studies have been 
published. The majority of studies published on simulation 
and patient outcomes have been completed with paramedics 
and anesthesia trainees working with adult patients [ 64 ]. 

Simulation is known to improve compliance with airway 
protocols, such as emergency cricothyroidotomy, in adult 
airway providers [ 58 ]. Simulation is also reported to improve 
performance of airway management, including airway emer-
gencies, by surgical residents when incorporated into tradi-
tional airway training programs [ 58 ]. Medical fl ight crews 
have demonstrated both improvements in intubation success 
and a decrease in tracheal intubation associated events 
(TIAE) following manikin training [ 65 ]. 

 Pediatric airway management issues, such as intubation 
success, can be tracked prospectively, but linking this data to 
trainee participation in simulation can be challenging. Brief, 
refresher training just prior to an intubation attempt has not 
yet been shown to improve resident fi rst-attempt success or 
decrease TIAEs in the pediatric ICU [ 66 ], but it has been 
shown to improve overall intubation success when multiple 
members of the ICU team are trained [ 67 ]. Tracking success 
with diffi cult airway management is even more challenging, 
given the rarity of these events. Scheduled events, such as the 
delivery of an infant with a known airway anomaly, provide 
a unique opportunity to simulate the encounter with the team 
participating in the delivery prior to the event (Figs.  3  and  4 ). 
This sort of goal-directed learning fi ts well with adult learn-
ing theory, emphasizing relevancy and practicality [ 69 ].  

    Debriefi ng 

 Debriefi ng is the process of refl ective thinking following an 
event. For medical simulation training, this consists of 
reviewing the scenario and performance with the partici-
pants after the simulation using one of the many described 
debriefi ng frameworks in the literature. Fifty-one studies of 
high-fi delity simulation reported that debriefi ng was the sin-
gle most important part of simulation training in a large 
meta-analysis [ 70 ]. The theory behind debriefi ng is that by 
actively refl ecting on events group and individual perfor-
mance, the learners can gain a deeper understanding of his 
own mental models. If a learner’s mental model of a patient’s 
airway anatomy and function is not correct, his or her resul-
tant interventions will likely also not be correct. In order to 
effectively address why an intervention was incorrect, learn-
ers must dig into their mental models to discover their 
thought processes that led to the intervention. The debriefi ng 
facilitator can then help reframe incorrect thought processes 
by prompting the learners to refl ect on their previous experi-
ences with the current topic and compare their own mental 
models with the ideal mental model (Video 2). Ideal mental 
models and standards of practice can be explicitly offered by 
the facilitator if he or she is a content expert, or they can be 
“discovered” by the group through discussion [ 71 ]. The most 
effective time for debriefi ng appears to be immediately fol-
lowing the scenario, when memory is clearest and the learner 

   Table 3    Examples of simulation evaluations using the Kirkpatrick 
model   

 Level  Example 

 1  Reaction  Trainee felt simulation was valuable and educational 
 2  Learning  Trainee shortens length of time to successful 

endotracheal intubation on manikin 
 3  Behavior  Trainee improves fi rst-attempt intubation success 

on live patients 
 4  Results  Patients experience less Tracheal Intubation 

Associated Events (TIAE) and have 
fewer complications 
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is still engaged. Multiple studies comparing timing of 
debriefi ng have supported this as the optimal timing for 
refl ective debriefi ng [ 72 ]. 

 There are many different types of debriefi ng, including 
instructor-facilitated debriefi ng, video-assisted debriefi ng, 
and self-debriefi ng. Instructor-facilitated debriefi ng is the 
most commonly used debriefi ng technique. In this type of 
debriefi ng, an experienced facilitator asks open-ended ques-
tions and leads the learners through a review of their perfor-
mance, reinforcing correct behaviors and actions as well as 
identifying areas for improvement. With video-assisted 
debriefi ng, the facilitator uses a recorded video of the simu-
lation to help point out specifi c instances of superior and 
inferior performance by the learners. In contrast, self- 
debriefi ng uses a set of written questions to prompt the learn-
ers to review their own performances without the assistance 
of a facilitator. There are few studies directly comparing 
these methods, but in a small meta-analysis, video-assisted 
debriefi ng was found to be superior to standard facilitator- 
led debriefi ng [ 73 ]. 

 For programs with signifi cant budget limitations, self- 
debriefi ng may be an excellent method for guiding refl ection 
without the need for additional trained staff. Furthermore, a 
program can use senior trainees as facilitators for junior 
trainees to reduce the need for faculty involvement. In one 
small study, emergency medicine residents were shown to be 
as effective at debriefi ng medical students as faculty [ 74 ]. 
Programs with trained facilitators have shown that even 
brief, focused facilitator-led debriefi ng can lead to signifi -
cant improvements in lifesaving skills such as chest com-
pressions [ 74 ]. In theory, an effective facilitator needs only 
to understand the ideal management of the clinical scenario 
being presented and be able to follow a framework for struc-
tured debriefi ng. 

 There are multiple frameworks described for simulation 
debriefi ng. One example of a debriefi ng framework is the 
modifi ed U.S. Army’s After Action Review (AAR) method, 
which has seven steps: defi ne the rules of the debriefi ng, 
explain the learning objectives of the simulation, benchmark 
performance, review what was supposed to happen during 
the simulation, identify what actually happened, examine 
why events occurred the way they did, and formalize learn-
ing by reviewing with the group what went well, what did 
not go well, and what they would do differently if faced with 
a similar situation in real life [ 76 ]. Another published debrief-
ing framework is the “3D” method of debriefi ng consisting 
of defusing, discovering and deepening [ 71 ]. Defusing 
allows the learners to discuss any emotions the scenario may 
have brought up and recap the events of the scenario. 
Discovering takes the learners through the events to refl ect 
on their thinking at the time and offer alternative mental 
models for the events. Deepening guides the learners to con-
nect the scenario to real life instances that may occur in clini-

cal practice to cement their newfound knowledge. While 
these are just two frameworks for structured debriefi ng, there 
are many more described in the literature. Studies are still 
required to determine the optimal debriefi ng framework. For 
now, a framework should be chosen that matches the needs 
of a program’s learners. 

 Given the high-stakes nature of airway management, the 
debriefi ng process may bring up issues from previous clini-
cal experiences, such as emotionally signifi cant events, posi-
tive and negative role models, and relationships with patients 
[ 76 ]. Discussing these types of topics can be valuable in cre-
ating an environment of open communication. Facilitators 
need to be prepared to recognize and address emotions and 
anxieties that come up during the scenario and debriefi ng. 
Uncovering emotions and experiences with previous clinical 
encounters, patients, and supervising physicians can help 
learners grow and build empathy. One study using standard-
ized patient simulation was shown to improve measures of 
empathy in medical students [ 76 ]. Empathy and communica-
tion skills are critical to both patient care and long-term pro-
vider health. 

 In addition to debriefi ng after simulations, debriefi ng 
after a real airway emergency can be an invaluable learning 
opportunity. Video cameras can be mounted above resuscita-
tion tables in the delivery and trauma rooms. Ideally, a video 
would be focused on the patient but also include a view of 
the team, have audio recording, and be time-stamped. When 
the video is reviewed by the team, they can observe the time-
liness and skillfulness of interventions and identify areas for 
clinical improvement [ 78 ]. Teamwork and other nontechni-
cal skills can also be reviewed. Video recording has the 
added benefi t of being able to be reviewed by experts or 
supervisors. Resuscitations and airway emergencies may 
happen at unpredictable hours when advanced providers are 
not available to provide feedback. If there is a video of the 
event, advanced providers can review the team’s perfor-
mance and give valuable feedback at a later time.  

    Conclusions 

 Airway emergencies in neonates and infants are high risk 
and increasingly rare. As such, all pediatric trainees and pro-
viders working with this population need education on the 
basic skills required to stabilize the airways of these patients. 
Simulation-based medical education provides an excellent 
way to impart instruction and maintain skills in a safe learn-
ing environment. Simulation can be used to teach technical 
skills such as BMV, use of alternative airways, oral and nasal 
intubation, fi beroptic or video laryngoscopy, and care of tra-
cheostomies as well as nontechnical skills such as teamwork, 
leadership, and communication. These skills benefi t both the 
large number of infants with anatomically normal airways 
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who require respiratory assistance and the small number of 
infants with diffi cult or critical airway diseases.     
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 The Journey Home with a Tracheostomy: A Roadmap to Success. 

      Abbreviations 

   AARC    American Association of Respiratory Care   
  ATS    American Thoracic Society   
  CPR    Cardiopulmonary resuscitation   
  DME    Durable medical equipment supplier   
  ENT    Ear, nose, and throat   
  EtCO 2     End-tidal CO2   
  HME    Heat-moisture exchanger   
  ICU    Intensive care unit   
  IPV    Intrapulmonary percussive ventilation   
  LRTI    Lower respiratory tract infection   
  RT    Respiratory therapist   
  SSI    Supplemental security income   
  TSV    Tracheostomy speaking valve   
  VACHP    Ventilator Assisted Children’s Home Program   
  VAP    Ventilator associated pneumonia   
  WIC    Women, Infants, and Children   

        Not all those who wander are lost.—J.R.R. Tolkien, The 
Fellowship of the Ring. 

   Frequently, the process of sending a child home with a 
tracheostomy has been described as a long road, however in 
reality, it is better described as a journey for the child and fam-
ily. The principal reasons that a tracheostomy may be recom-
mended for an infant are (1) to provide a safe airway, (2) to 
give them an airway through which they get chronic mechani-
cal ventilation, (3) to better manage pulmonary secretions, and 
(4) to bypass extrathoracic airway obstruction. The advantage 
of a surgical airway is that it allows the patients to be sedation 
free so they can fully interact with their environment and prog-
ress with childhood developmental milestones. It also allows 
children to be discharged from the acute hospital environment 
and go home with their parents or caregivers, or go to a transi-
tional care facility if home is not a viable option. 

   Which Road to Travel? 

 The journey really starts with a decision about which path to 
take. The medical team should include families early in the 
decision-making process when it is fi rst deliberating about 
whether an infant may benefi t from a tracheostomy. The vast 
majority of families have had little or no exposure to this 
type of medical device. This lack of knowledge will impact 
the family’s ability to give informed consent, accept the need 
for a tracheostomy, and comprehend its impact on future 
home life. The American Academy of Otolaryngology, Head 
and Neck Surgery, in recently published consensus state-
ments for tracheostomy care, recommends that when possi-
ble (patient) and family education should begin before 
tracheostomy is performed [ 12 ]. 

 The reason for tracheostomy impacts both the decision- 
making process and the timing of the decision. Offering the 
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tracheostomy as a possible therapeutic option should not 
occur in conjunction with an extubation trial. The family 
should not be suspicious of the earnestness of the extuba-
tion endeavor. The primary principles of “doing good” 
(benefi cence) and “doing no harm” (nonmalefi cence) 
should be in the forefront of discussions between profes-
sionals and parents. The treatment option must clearly ben-
efi t the child and outweigh the associated burdens and 
harms [ 5 ]. If an infant is severely medically compromised 
and a tracheostomy does not add to the child’s prognosis or 
quality of life, then palliative care should be discussed as a 
medical option. Permitting suffi cient time between intro-
duction of the tracheostomy as a possible treatment option 
and the need for a decision to be made by the family allows 
opportunity for the family to gather information and sup-
port. There is no “right” decision or even “best” decision 
and often the considerations may need to include multiple 
viewpoints [ 3 ]. The decision not to prolong an infant’s life 
with a tracheostomy is emotionally diffi cult, yet there are 
cases where this may be the best choice. Parents rely on the 
medical team to present this option. An explanation of how 
the infant will be kept comfortable and medically supported 
during the dying process can help the family manage the 
devastating experience without guilt. 

 In most cases the tracheostomy should be explained as a 
medical device that can help the infant transition to a health-
ier state. It is important that the need for tracheostomy not be 
presented merely as a consequence of failure to extubate. 
The medical team must realize if a tracheostomy is done, the 
expectation is that the family will either be able to learn the 
necessary care or be aware that the infant will require place-
ment in a pediatric nursing care facility (when ready for dis-
charge). The placement may be needed only until the family 
 can  assume the care or until the child is decannulated and 
medically stable.  

   Starting the Journey 

 The journey home and the necessary discharge planning 
starts the day the family is in agreement with the recommen-
dation to perform a tracheotomy on their child. Discussion 
with the family should take place on several different levels. 
Some opportunities for discussion include bedside rounds, 
multidisciplinary meetings, interactions with the bedside 
nurse, or meeting with an experienced ENT (Ear, Nose, and 
Throat specialist) nurse practitioner or physician assistant. 
Typically, a mid-level provider within the ENT specialty 
practice is more accessible than a resident or attending phy-
sician and is able to provide very detailed information to the 
family. It is essential to document and share with the infant’s 
care team all discussions with the family, detailing the topics 
covered and the family’s understanding of them. 

 Before having a detailed, informative talk with the baby’s 
parents, it is useful to know what they recall having been told 
by the primary (usually intensive care unit(ICU)) team, and 
whether they have had interactions with someone who has a 
tracheostomy. This provides the starting point for the discus-
sion. If possible, this should be a face-to-face conversation in 
a private area, without distractions, and in an unhurried man-
ner. It is benefi cial to bring actual tracheostomy tubes and a 
doll with a tracheostomy tube in place for parents to see and 
handle. The conversation should cover several points, many 
of which are listed below.
•    The reason why a tracheostomy is being considered for 

their infant.  
•   The benefi ts to tracheostomy over current airway man-

agement (safer airway, more comfortable, less need for 
sedation, improved nutrition and growth, more opportu-
nity for normalizing development.)  

•   Basic airway anatomy.  
•   Basic tracheostomy tube anatomy.  
•   The tracheotomy surgical procedure, including risks, ben-

efi ts, alternatives.  
•   What to expect during the fi rst postoperative week 

(appearance of site, care of site while healing, need for 
minimal movement, pain and sedation management, tim-
ing of fi rst trach change.)  

•   Routine care of tracheostomy (site cleaning, trach tube 
and tie changes, suctioning.)  

•   Future care when ready for discharge-home versus facil-
ity, possible home care nursing.  

•   Training requirements for family if baby will be going 
home, including approximate timeline.  

•   Tracheostomy and communication (varies by child and 
situation: neurologic status is a factor, some can vocalize 
around trach, some will learn sign)  

•   Tracheostomy and eating by mouth (varies by child and 
situation: will require assessment by Speech Language 
Pathologist prior to discharge to assess safety.)  

•   Length of time the tracheostomy will be needed (minimum 
1 year or more, until reason for the need has resolved.)    
 It is helpful to provide the family with some basic infor-

mation sheets to review independently. The Parent-Family 
Education manual for tracheostomy care at our institution, 
which is appropriately titled “Breathe Easy,” is accessible 
online by all staff members. Although available as a com-
plete binder of information, individual pages can be printed 
from our internal hospital website. This manual provides 
answers to many commonly asked questions and is written in 
language that is understandable at a basic 5th grade reading 
level. Some institutions have information on their websites 
that families can access at their convenience. 

 The next phase of the journey towards home requires that:
    1.    The child is medically stable and his/her care is practical 

for a home or transitional care setting.   
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   2.    Caregivers are trained thoroughly and appropriately to 
deliver all the necessary care, and   

   3.    Services are in place to assist with home care, including 
private duty shift nursing, home respiratory care, phar-
macy services and a durable medical equipment supplier.     
 These resources can be mobilized anytime during the hos-

pitalization, even before the child has received the tracheos-
tomy. Ideally, staff will address these activities concurrently, 
so that all aspects of discharge planning can be well- 
coordinated and completed in a timely fashion. 

 Institutions should develop standardized education and 
training to ensure safe care of the child with a tracheostomy 
at home. The expectations for the caregivers must be out-
lined in writing, discussed in full at the beginning of the pro-
cess, and periodically reviewed by the medical team as 
training takes place to gauge the competency and comfort of 
the parents to provide the care. Others have described guide-
lines for the skills caregivers should be taught and what sup-
ports will be needed at home [ 2 ,  6 ]. Ultimately, the success 
of the transition depends on how comfortable an institution 
is with helping families on their journey and what infrastruc-
ture supports there are in the community. 

 The program most often used at a full service children’s 
hospital like our own is based on the expectation and stan-
dard that a child will go home in the care of a primary care-
giver and a back-up caregiver. Frequently both parents are 
the caregivers. We have been fortunate that most of the 
families we work with live in the mid-Atlantic area, par-
ticularly in the state of Pennsylvania, and qualify for 
16–24 h of private duty nursing per day. We are also fortu-
nate that services such as nursing and medical equipment 
supply are generally readily available. However, we do fi nd 
that depending on the family’s insurance there is variability 
in the amount of  approved  home nursing services. Some 
policies do not include a benefi t for private duty nursing in 
the home. Families may be able to use secondary insurance 
policies, including state Medicaid, to get coverage for pri-
vate duty nursing. However, if the family’s income level is 
above that of Medicaid eligibility, the family will be able to 
receive Medicaid assistance through a state waiver pro-
gram. The fl exibility of Medicaid waivers varies from state 
to state and may have limited enrollment. Families should 
be encouraged to check requirements with their local 
Medicaid or county assistance offi ce. In some states, the 
expectation is that only a single caregiver is trained in the 
child’s care and there may not be availability of trained pri-
vate duty nursing,  particularly with the skill set required for 
the care of technology- dependent children. An added com-
plication is that some states lack transitional care facilities, 
requiring children to be moved to a different state should 
they require these services.

  Today is your day! Your mountain is waiting. So… get on your 
way.—Theodore Seuss Geisel. 

      A Steep Climb But a Clear Path 

 For a successful trek home, the family must manage several 
obstacles along the path. The largest obstacle, but the one 
that the family has the most control over, is the mountain 
known as  Training . Th e  task requires parents or other care-
givers to become experts in their child’s care and to be able 
to deliver that care independently for short periods of time in 
the event that home nursing is not available. Although it 
seems Herculean for a lay person to train to a skill level near 
that of a healthcare professional in a short time period, a vast 
majority of parents and caregivers are able to meet the chal-
lenge. In many cases, family members who are trained care-
givers are so successful that they play a signifi cant role in 
orienting new nursing staff. The hope is also that the trained 
caregivers are comfortable enough with the child’s care that 
they can train others. 

 In a full-service children’s hospital like our own, a mul-
tidisciplinary team is responsible for family education. 
This team consists of hospital-based physicians, respira-
tory therapists, physical and occupational therapists, and 
nurses as well as home care respiratory therapists who 
collaborate to help the family achieve full competence in 
caring for their child. 

 While some institutions may compress their training cur-
riculum into a 2 week period, our caregiver training program 
spans 8 weeks or more, depending on the patient’s medical 
stability, the availability/schedule of the caregivers and the 
literacy capabilities of those caregivers. This program 
includes not only training with written material and class-
room sessions but also a substantial amount of bedside 
“ hands-on ” practice. There is no declared standard for a 
training curriculum, but organizations such as the American 
Thoracic Society (ATS) have come up with consensus state-
ments [ 1 ]. Occasionally, families require substantially longer 
than 8–12 weeks to train and may benefi t from transitioning 
to a chronic care facility to complete their training. Figure  1  
summarizes our curriculum.

   There are several challenges in training family members. 
They have varied comfort levels in participating in their 
child’s care. Many have diffi culty with the complexity of a 
tracheostomy or a gastrostomy tube, let alone the equipment 
that might be connected to it. Families are often apprehen-
sive about learning their child’s care for fear of causing harm, 
especially if they and their children have gone through a dif-
fi cult course in the ICU. Because of these and other factors, 
the primary and secondary caregivers may train at a different 
pace. Some “fear” is not necessarily a bad thing. Each care-
giver will have a different comfort level with the new facts 
and terminology as well as varying levels of literacy. Lay 
caregivers, just like medical caregivers, also have different 
learning styles; some are more comfortable with reading 
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  Fig. 1    Tracheostomy Educational Checklist—this checklist summarizes the basic curriculum that is covered in training caregivers to be able to 
care for a child with a tracheostomy       
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about facts and tasks while others are more visual and 
“hands-on.” The varied comfort levels, backgrounds and 
learning styles require different approaches to education. We 
have found that it is important to appreciate these differences 
and adjust our teaching accordingly. Yet, there are families 
on the opposite end of the spectrum who seem to lack an 
appreciation of how important it is to learn and practice well 
the new skills required for their child’s care. 

 Although there are defi ned, discrete tasks and steps nec-
essary to care for a technology-dependent child, we fi nd that 
it is even more essential that the family learn  how  and  when  
and  why  to combine individual steps and apply what they 
learn in the process of caring for their technology-depen-
dent child. Our emphasis is not just to help them learn indi-
vidual tasks but also help them understand how they fi t in 
the whole algorithm of care. Often the best way for families 
to learn how to synthesize tasks and perform assessments is 
by doing care at the bedside. We fi nd that the most success-
ful families are the ones that can spend the most time at the 
bedside. They will have the best chance to render care in 
both ideal and non-ideal circumstances and will have the 
opportunity to do so with the safety net of our inpatient 
medical and nursing staff. 

 At the start of the education process, we provide the fami-
lies with the “Breathe Easy” binder which includes all of the 
fundamentals that families need to learn to care for their 
child at home. The binder’s content has been translated and 
is available in Spanish. For families speaking other lan-
guages, we review the content with an interpreter. In some 
cases, this binder is distributed ahead of the tracheostomy 
procedure so the family can better understand why the proce-
dure is being done and they get a sense of what to expect. 
The book is divided into several sections ranging in content 
from anatomy to discharge planning (Table  1 ). For consistent 
and standardized education practices, hospital-based  and  
home care-based clinicians use this “Breathe Easy” binder 
and equipment manuals during teaching sessions. Many 
teaching sessions involve the use of the teach-back method.

      Mapping the Path 

 Scaling the training “mountain” starts with understanding 
the destination. In our hospital, we have a unit that is more 
focused in caring for technology-dependent children and 
training families/caregivers for independent care at home, 
although training can start anywhere in the hospital. We 
hold a formal interdisciplinary meeting with families to ini-
tiate the concept of bringing their child home. During the 
meeting, we outline the training program and educational 
milestones, inform families about the multidisciplinary 
treatment team that will be supporting them, discuss the 
need s  for continual and ongoing meetings to review prog-

ress, and articulate how training will culminate in an 
extended bedside stay (most often a 24-h independent stay) 
as a “ fi nal exam ” or competency assessment (Table  2 ). This 
24-h independent hospital stay occurs after completion of 
all the training, much of which has involved portable home 
equipment. During this stay, two trained parents or caregiv-
ers are responsible for administering all medications, check-
ing ventilator settings, responding to ventilator and other 
alarms, weighing, feeding and performing anything else 
needed for the child.

   We emphasize that the discharge process starts  at  on 
admission and that the more families practice their child’s 
care, the more comfortable they will be when caring for their 
child at home. We give them an outline of the eight-week 
training program, which lists all the steps that are necessary 
to bring a technology-dependent child home (Table  3 ). We 
adjust specifi cs in the curriculum to the child’s individual 
medical needs. The actual length of training time depends on 
the child’s medical stability, the family’s availability for 
training, and caregiver mastery of the educational materials 
and accompanying skills. Frequently one or both caregivers 
have to work or care for other siblings, which can limit their 
availability to learn care. We ask families to give us a calen-
dar of their availability so we can plan training sessions and 
ensure we have the necessary nursing or respiratory therapy 
(RT) staff available for teaching.

   The training involved is a combination of classroom 
education in our centralized family learning center, which 
helps assure that all caregivers will get the same training, 
and bedside hands-on training. Staff nurses and respiratory 
therapists provide hands-on training for most of the care 
that the family needs to learn. They assess caregiver’s 
learning needs on an ongoing basis. The goal of caregiver-
in-training is profi ciency in each task without requiring 
additional reinforcement by the completion of the training. 
All disciplines track each caregiver’s progress on one 
interdisciplinary form. Once caregivers are deemed profi -
cient, they are encouraged to use that skill to help with the 
child’s care as opportunities arise. Although there is a pre-
scribed number of times that the family must demonstrate 
 a  certain tasks, we are careful to emphasize that the goal is 
NOT demonstrating a skill the requisite number times, but 
repetition of skills as often as needed to gain comfort in 
that skill. We also stress critical thinking skills and trou-
bleshooting techniques.  

   Hiking to the Mountain: Understanding 
and Seeing Their Child in a New Light 

 We teach families the basics of airway anatomy (from nose 
to alveoli), the muscles of respiration, and the role of the 
respiratory system in the body. Staff also reviews what a 
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tracheostomy tube is and what it looks like, the function of a 
tracheostomy, and what to expect after the initial surgery. 
There is also a list of frequently asked questions (and 
answers) in the training materials that parents often have 
about tracheostomy tubes. The goal is to teach them the pur-
pose of the tracheostomy tube in their child’s care and help 
them appreciate that the facts they are learning are important 
to their child’s well-being (Fig.  2 ).

   Since the ability to do a respiratory assessment in this 
population is critical, we teach caregivers to do a thorough 

clinical respiratory assessment. We teach them to count their 
child’s respiratory rate accurately and know the differences 
between inspiration and expiration. We also teach caregivers 
to use a stethoscope properly, where to auscultate and how 
to describe what they hear. We emphasize that it is important 
for them to know their child’s “normal” respiratory status 
and the value of assessing their child’s respiratory status 
regularly so that deviations from the baseline can be recog-
nized and addressed quickly if appropriate. They are expected 
to be able to recognize the symptoms of respiratory distress 

   Table 1    Contents of the “Breath Easy” binder   

 1. The basics  (a) Ventilator 
 (a) Respiratory system  (b) Tracheostomy only 
 (b) General tracheostomy information  (c) Safety 

 • Learning about tracheostomies  11. Managing Emergencies 
 • Questions parents often ask about a tracheostomy  (a) Critical Airway 

 2. Discharge Process  (b) Emergencies 
 (a) Discharge Plan  (c) CPR 
 (b) Teaching Plan  (d) Artifi cial Airway Bedside Card 
 (c) Questions about classes  (e) Contact List 
 (d) 24 Independent Stay  12. Monitoring 

 3. Assessment Skills  (a) Pulse oximeter 
 (a) Taking a temperature  (b) Capnograph (ETCO2) 
 (b) Fever  (c) Apnea monitor 
 (c) Respiratory rate and breath sounds  13. Prepare the Home/Home Safety 

 4. Airway Clearance  (a) Preparing the Home 
 (a) Chest physiotherapy (PDPV)  • Activities of Daily Living 
 (b) Mechanical In/Exsuffl ator (MI-E)  • Safety/Inspection Checklist 

 5. Tracheostomy Skills  • Home nursing 
 (a) Suctioning your Child  • General supplies 

 • Tracheostomy  • Cleaning Equipment—Reusables and disposables 
 • Mouth/Nose  14. Communication Development 
 • Suction Equipment  (a) Passy Muir valve 

 6. Manual Ventilation  15. Additional Information 
 (a) Stoma Care  (a) Glossary 
 (b) Changing Trach Ties  (b) Hand Hygiene 
 (c) Tracheostomy “Go-Bag”  (c) Phone update Information sheet 
 (d) Changing tracheostomy tube  (d) Discipline 

 • Routine 
 • Emergency 
 • Care of the cuffed tracheostomy tube 

 7. Humidifi cation 
 (a) HME (Heat-Moisture Exchanger) 
 (b) Heater/humidifi er or T-piece if asleep 

 8. Respiratory medications 
 (a) MDI 
 (b) Nebulized 

 9. Ventilator 
 (a) Settings 
 (b) Alarms and troubleshooting 
 (c) Circuit Changes 
 (d) Portability 

 10. Oxygen in the home 
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such as the presence of retractions, nasal fl aring, wheezing 
and cyanosis. Finally, they are expected to know when to 
call a healthcare provider and how to describe their 
observations. 

 Caregivers are also expected to understand and trou-
bleshoot monitoring devices, including pulse oximetry 
(which all of our patients go home with) and end-tidal 
CO 2  monitoring (which many of our patients go home 
with). Fewer of our patients also go home with apnea 
monitoring. Pulse oximetry is the mainstay of noninvasive 
respiratory monitoring since it can be done continuously 
and serves not only to directly monitor oxygenation and 
pulse rate but also indirectly monitors ventilation 

(although its sensitivity to ventilation declines with 
increasing levels of supplemental oxygen). It should be 
emphasized that pulse oximetry is NOT a substitute for 
frequent and direct observation of the child with a trache-
ostomy   since hypoxemia and bradycardia may be rela-
tively late signs of problems with ventilation, particularly 
due to an occluded or displaced tracheostomy tube. We 
teach that when the pulse oximeter alarms, parents should 
check the child fi rst, then the monitor. 

 End-tidal CO 2  (EtCO 2 ) monitoring is often useful as 
direct monitor of ventilation in the hospital setting, and can 
be quite sensitive to occlusion or displacement of a tracheos-
tomy tube. However, the EtCO 2  monitors available in-home 

   Table 2    The 24-h stay—the “fi nal exam”   

 Nurse and Respiratory Therapist Responsibilities  Family Responsibilities 

 Arrange the 24-h stay  A trained caregiver needs to be awake at all times 
 Complete the necessary paperwork for the caregivers before the stay. This 
includes the Daily Care Schedule, the 24-h Stay Checklist and the 
medication schedule 

 Provide  all  necessary care for the child 

 Review paperwork with all caregivers  Perform paperwork to document that you performed care and 
certain tasks 

 Measure vital signs  Measure vital signs three times in the 24-h period unless your 
child needs more frequent monitoring  Check ventilator settings 

 Perform assessments as usual 
 Document above care 
 Remains alert to all alarms and respond if necessary  Respond appropriately to all alarms 
 Place the monitor in the  Monitor Pause  mode if nurse call and central 
monitoring are available on the unit. The patient remains visible on the 
central monitor at all times but alarms only sound in patient’s room. (A 
doctor’s order is required for Monitor Pause for this 24-h time period) 

 Respond to all alarms. Request assistance as needed 

 Obtain pulse oximeter  Monitor child on home equipment 
 Obtain feeding pump if necessary 
 Post medication schedule  Give medications at the correct time according to the medication 

schedule  Double check that medications administered by caregivers have correct 
name, dose, time, route and indication  Ask nurse for the correct medicine at the correct time 
 Give meds to the caregivers upon request if above parameters are correct  Understand the indications for all medications 
 Watch the caregiver give each medication  Have nurse observe 
 Respiratory therapy observes respiratory treatments  Perform all respiratory treatments at the correct time and 

according to schedule 
 Have RT observe 

 Respiratory therapy observes vent tubing change to assure that it is done 
correctly 

 Change ventilator tubing change at some point during the stay. 
Check the ventilator settings and document this on the 24-h Stay 
Checklist 

 Is knowledgeable of time for trach change and available for emergency 
assistance during trach change 

 Change trach without help from the staff. Have nurse available in 
case of an emergency 

 Double check that the caregivers have all necessary equipment for the walk 
off the unit. The patient will be on his highest ventilator support 

 Gather the necessary equipment for an independent walk off the 
unit and make the ventilator portable 
 Have nurse and/or respiratory therapist check equipment and 
settings 

 Evaluate 24-h stay and family’s ability to care for child independently  Review/Discuss the 24-h experience with nursing and respiratory 
staff 

 Document the caregivers’ ability during the 24-h stay in a Progress Note in 
the chart and on the Interdisciplinary Patient-Family Education Flowsheet 

 Evaluate success or need for remediation 

 Reinforce training. Reschedule 24-h hospital stay if fi rst attempt is 
unsuccessful 

 Reschedule 24-h hospital stay if fi rst attempt is unsuccessful 
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   Table 3    The “8 week” plan of care—this is the roadmap that many families follow to fi gure out what they should be doing and when during their 
training   

 Timeframe  Task  Responsible parties 

 Before tracheostomy  Initial meeting to discuss discharge options. Review 
tracheostomy info 

 Family with current healthcare team 

 Explore shift nursing, therapy and equipment benefi ts  Case manager 
 SSI disability or Waiver application  Family and social worker 
 Identify 2 Caregivers, if home is the goal  Family 

 Week 1 (once medically 
stable) 

 Family Focus meeting to set discharge goals/tentative 
discharge date 

 Family and healthcare team 

 Develop Letter of Medical Necessity for nursing  Nurse practitioner/doctor and case manager 
 Obtain  Breathe Easy :  Caring for Your Child with a 
Tracheostomy at Home  

 The family learning center 

 Develop training plan—schedule on calendar  Family and registered nurse 
 Begin training  Caregivers and healthcare team 

 Week 2  Training continues  Family and healthcare team 
 Home Nursing Agencies interviewed  Family 
 Durable Medical Equipment (DME) companies interviewed 
and one chosen 

 Family (and case manager) 

 Initial equipment list submitted  Case manager. Respiratory therapist, nurse 
 Home Evaluation by DME scheduled  Family and case manager 
 Application for Home Ventilator Program begun 
(Pennsylvania residents) 

 Social worker and family 

 Application for Handicapped Parking placard  Social worker 
 Initiate age-appropriate school planning  Family and social worker 
 Consults to therapies for home adaptive equipment—special 
stroller, wheelchair and other equipment— prescription (Rx) 
and letter submitted 

 Physical and occupational therapists and case manager 

 Week 3  Training continues  Family and healthcare team 
 Home nursing agency chosen  Family (and case manager) 
 Therapists schedule a home visit, if needed  Family, physical therapist and occupational therapist 
 Home evaluation by DME completed  Family and case manager 
 DME Report communicated to family  Family, case manager and DME 

 Week 4  Training continues/documentation reviewed  Family and healthcare team 
 Initiate referrals for Outpatient Therapy, if needed  Therapists and case manager 
 Wheelchair ordered if needed  Physical therapist 
 Home Vent Application submitted (Pennsylvania residents)  Social worker 
 Therapists home visit completed; recommendations given to 
the family 

 Therapists, family, case manager and social worker 

 Week 5  Training continues  Family and healthcare team 
 Family/Team Meeting to discuss progress, evaluate tentative 
discharge date 

 Family and healthcare team 

 Review home readiness, (stroller, car seat) 
 Identify Primary Care Pediatrician  Family and nurse practitioner/physician assistant 

 2 weeks before discharge 
(~week 6) 

 Training continues  Family and healthcare team 
 Discharge meeting scheduled for Week 7  Family and case manager 
 Home Equipment delivered to hospital and vent used  DME, case manager and respiratory therapy 
 Review transportation needs  Family, social worker and case manager 
 Pre-authorizations for medications obtained; pharmacy 
chosen 

 Case manager, nurse practitioner/doctor/physician 
assistant 

(continued)
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Table 3 (continued)

 Timeframe  Task  Responsible parties 

 1 week before discharge 
(~week 7) 

 Training completed; 24 h stay scheduled  Family and healthcare team 
 Submit any changes to home equipment list  Nurse and respiratory therapist 
 Home equipment delivery date set  Family, case manager and DME 
 Home repairs/alterations completed  Family 
 Adaptive equipment needs fi nalized  Family, therapists and case manager 
 Discharge family/team meeting occurs  Inpatient and outpatient healthcare team 
 Prescriptions forwarded to pharmacy  Family and healthcare team 
 Initiate Early Intervention paperwork  Family and social worker 
 WIC application completed and appt made  Family and social worker 

 Week of discharge  Home equipment delivered and inventoried  Family and case manger 
 Letters sent to local emergency response and utility companies  Family, case manager and social worker 
 24 h stay completed, home medications reviewed  Family 
 Formula preparation reviewed  Family and nutrition 
 Discharge transportation plans completed  Family and case manager 
 Home Nursing schedule completed and approved by 
outpatient attending physician 

 Family, case manager and doctor/nurse practitioner 

 Outpatient therapy services confi rmed; summaries to parents  Case manager, nurse practitioner and doctor 
 Chest X-ray copied for home  Case manager 
 Complete plans for Early Intervention or school 
reintegration 

 Family and social worker 

 Follow up appointments reviewed  Nurse practitioner/doctor/physician 

care are not well suited for continuous monitoring. These 
monitors are frequently sidestream (aspirating), instead of 
mainstream, and are more prone to failure due to moisture 
and occlusion with secretions. 

 Patients on mechanical ventilation at home have addi-
tional alarms that may be helpful in detecting airway issues, 
such as low and high pressure, low minute ventilation and 
apnea alarms. These are not perfect and may not detect par-
tial occlusion. Also, a high incidence of false ventilator 
alarms may lead to decreased responsiveness by caregivers, 
which can be dangerous.  

   Climbing Up the Mountain: Learning to Do 
the Care 

 Since assistance in airway clearance is something this patient 
population frequently needs, we train caregivers in perform-
ing percussion and postural drainage, and targeting different 
lobes. For those patients who are receiving adjunctive clear-
ance therapies such as cough assist, intrapulmonary percus-
sive ventilation (IPV), or Vest ®  Percussion systems, we train 
caregivers in the use of these machines as well. 

  Fig. 2    Nurse and parent review 
airway anatomy to understand 
tracheostomy placement       
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 Our team spends a substantial amount of time in 
helping caregivers achieve comfort and competence with 
caring for the tracheostomy tube. We do “hands-on” 
training after first reviewing the basic concepts of pulmo-
nary anatomy and assessment with caregivers. The first 
part of training is devoted to suctioning, including how to 
operate and clean a suction machine and how to suction a 
tracheostomy tube as well as the nose and pharynx. Many 
of our patients now go home with in-line suctioning so 
we review the use of in-line catheters as well as connect-
ing them to the tracheostomy. 

 Although our hospital standard is to use fl ow infl ating 
bags, our default home care standard is to use self-infl ating 
bags. The advantage of the self-infl ating bag is that it is sim-
pler to use and does not require an external gas source for 
use. Disadvantages are that it cannot reach the FiO 2  that a 
fl ow infl ating bag can, is not as effective at maintaining a 
positive end-expiratory pressure (PEEP), and cannot be left 
on a breathing patient without assisting the patient. 
Sometimes we will send families home with PEEP valves to 
try to ensure some level of positive end-expiratory pressure 
but these valves will not help if there is a leak around the 
tracheostomy tube. We train our caregivers in how to use 
these bags and sometimes will have staff use the self- infl ating 
bag in the care of a patient in the hospital to make sure that it 
can be used successfully over the course of the patient’s care 
and in the patient’s home.  

   Scaling the Cliff: Conquering 
the Tracheostomy Tube 

 Perhaps the part of the care that creates the most anxiety for 
families is manipulating the tracheostomy tube. We teach 
this material fi rst in our Family Learning Center and rein-
force it with bedside training. Families begin with learning 
how to care for the stoma and then progress to changing tra-
cheostomy ties (Fig.  3 ). Much of the emphasis is on the orga-

nization required for this task—to get needed supplies ahead 
of time and to have these supplies laid out ahead of time. 
This kind of anticipatory planning also helps them to orga-
nize and create their own “ Go-Bag ” of supplies that they will 
need to take their child out of the house. We provide a small 
travel bag with multiple see-through compartments during 
the inpatient stay. This “ Go - Bag ” is a hospital standard for 
all inpatients with a tracheostomy and is required to be with 
them at all times (Fig.  4a, b ).

    Among the most critical tasks that we teach families are 
when and how to change a tracheostomy tube. As with 
stoma and string care, we emphasize with families that 
they need to be organized and have their supplies arranged 
ahead of time. We also train them to do this as a clean pro-
cedure and as a two-person team (one removing tracheos-
tomy, verifying proper position and securing the airway, 
the other inserting and stabilizing the airway, and each 

  Fig. 3    A grandparent does “hands-on” training with a nurse for string 
care. Notice that the infant is bundled to make care easier. Because one 
parent may need to continue to work to get the insurance benefi t to pay 
for private duty nursing, the caregiver team often consists of a parent 
and grandparent       

  Fig. 4    Tracheostomy supplies bag (the “Go-Bag”). This bag includes 
all the supplies that would be needed to change a tracheostomy tube, 

including a backup which is slightly smaller, as well as items to be able 
to do airway toilet. ( a ) is bag folded and ( b ) is bag unfolded       
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clearly communicating to the other). They are taught how 
to infl ate and defl ate a cuff if that is applicable. We also 
teach families techniques to master challenging airway 
insertions, such as using an obturator, positioning their 
child properly, waiting for the inspiratory phase, use of a 
smaller size tracheostomy tube, and sometimes even bun-
dling the child to minimize extraneous movement. As care-
givers become more experienced with tracheostomy 
changes, they may be taught “last resort” measures such as 
inserting a suction catheter into the stoma (attached to 
oxygen), and mouth to stoma resuscitation, and bag-mask 
ventilation. The need for these last resort measures would 
necessitate emergency transport to a hospital for further 
treatment. There are some programs that train caregivers in 
a single-caregiver technique of changing tracheostomies, 
but this requires a cooperative child or the use of a restraint 
device. Caregivers are initially trained on a mannequin in 
our centralized Family Learning Center, and are then 
invited to see a tracheostomy change done by our staff. 
They eventually directly participate in the tracheostomy 
change themselves. Although in our routine practice, a tra-
cheostomy change may be done every 1–2 weeks, we often 
will have families change the tracheostomy tube as fre-
quently as every other day (if deemed medically safe) to 
ensure they have the opportunity when they are available. 
The “checklist” goal is for each caregiver to achieve profi -
ciency by the time they do three removals and three inser-
tions, but again our emphasis is not so much the quantity, 
but the comfort level of each caregiver.  

   Down the Slope: Things that Connect 
to the Tracheostomy 

 In addition we train caregivers in the purpose and practice of 
providing airway humidifi cation, a necessary skill since the 
tracheostomy tube bypasses the natural humidifi cation of the 
nasal, oral, and pharyngeal passages. In our patient popula-
tion, the default humidifi er is a heated humidifi er in the ven-
tilator circuit or used in a T-piece or tracheal mask setup. For 
patients on mechanical ventilation, providing humidifi cation 
is straightforward since the ventilator provides a source of 
gas fl ow to be humidifi ed. For patients not requiring a venti-
lator, there has to be some other source of gas fl ow for active 
humidifi cation to work; in the home environment, this is 
typically done by using an air compressor (enriched with 
supplemental oxygen if necessary) to drive fl ow through the 
heated humidifi er. 

 For portability, a passive heat-moisture exchanger (HME) 
device can be connected to the tracheostomy to maintain air-
way humidifi cation. This device contains absorbent material 
such as paper or cloth, which traps exhaled water vapor and 
is also warmed by exhaled gas. The HME works by conserv-

ing the exhaled moisture and energy to re-humidify air from 
the surroundings when the patient inhales. Some HME 
devices have additional features such as a connector through 
which supplemental oxygen may be bled in and a port that can 
be opened so that airway secretions can be suctioned without 
needing to remove the HME from the tracheostomy. 

 Many children with tracheostomies have some element of 
chronic lung disease or reactive airway disease and so will 
require some sort of aerosolized medication for maintenance 
therapy or to treat exacerbations of underlying conditions. If 
applicable, caregivers are trained in the use of devices such 
as metered dose inhalers or nebulizers with tracheostomies 
and ventilator circuits. 

 Verbal communication for a child with a tracheostomy 
may be challenging since their ability to make sounds largely 
depends on their ability to move gas across their vocal cords 
to generate sounds that can be modulated to form the ele-
ments of speech. The tracheostomy is a low resistance path-
way for air and oxygen to fl ow into the tracheobronchial tree 
and lungs, thus gas fl ow is diverted from the natural airway. 
Also obstructive pathophysiology such as high grade sub-
glottic stenosis that would require a tracheotomy may also 
prevent fl ow across the cords. Finally, the degree of mechani-
cal ventilator support that a child needs may mandate the use 
of a tracheostomy with a cuff, which will also decrease gas 
fl ow through the natural airway. 

 With time and treatment, the underlying obstructive 
pathophysiology and need for mechanical ventilator support 
may decrease, particularly as the child grows. There may be 
fl ow that develops around the tracheostomy tube as the tra-
chea becomes larger in diameter or there is less need to use a 
tracheostomy tube with an infl ated cuff. This will become 
manifest as a “leak” through the nose and mouth that may 
become evident with ventilator breaths or as sounds coming 
from the child. To develop or relearn verbal communication 
skills, it will be helpful to periodically make use of this leak 
to generate sounds from the vocal cords. This involves the 
use of a speaking valve (also known as a tracheostomy 
speaking valve (TSV)—a commonly used brand is the Passy- 
Muir  ®  valve). These devices are inserted in between the ven-
tilator circuit and tracheostomy (if the patient is on 
ventilation) or are connected to the tracheostomy directly. 
These valves are one-way valves: they allow airfl ow through 
the tracheostomy on inhalation, but close on exhalation, 
diverting fl ow around the tracheostomy tube and through the 
trachea. The use of these valves requires the presence of a 
suffi cient leak around the tracheostomy tube. This is assessed 
by checking for a leak pressure by auscultating for sound 
over the suprastomal trachea and glottis. The pressure needs 
to be low (typically below 10–15 cm H 2 O air pressure) since 
an inadequate leak will lead to a higher end-expiratory pres-
sure because of breath stacking, causing patient discomfort 
or even a pneumothorax. The valve can be used on and off 
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mechanical ventilation (a different version is required for use 
on mechanical ventilation). If the tracheostomy tube has a 
cuff, then the patient must be able to tolerate having their 
cuff defl ated. TSV use is prescribed by or in coordination 
with a speech therapist, and is often scheduled in coordina-
tion with therapy sessions. The valve is also useful in helping 
a child with a tracheostomy to learn or relearn how to feed 
orally as the positive glottis pressure is thought to be helpful 
in developing coordination of sucking and swallowing. 

 Not all children with tracheostomies require mechanical 
ventilation, but for those that do, their families are expected to 
learn about their ventilator. The vast majority of our patients 
go home on a Carefusion LTV™ series ventilator, although 
some go home on a Philips Respironics Trilogy™ series ven-
tilator. Caregivers are expected to understand the different set-
tings of the ventilator (both modes and  parameters that are 
prescribed), what the different alarms mean (such as high 
pressure and low pressure), how to disassemble and reassem-
ble the breathing circuit, and how to troubleshoot alarms and 
issues. The reason that this level of detailed knowledge is 
required is so that families are able to put their children on or 
take them off of mechanical ventilation, are able to do routine 
circuit changes, and are able to make them portable for trans-
port outside of the home. They may be expected to be able to 
change modes or some settings if required. Although there is 
basic information and diagrams in their handbook, most of the 
teaching is done at the bedside by staff respiratory therapists 
and is also reviewed by the home care respiratory therapists 
and/or durable medical equipment suppliers. We also review 
mobility and traveling with the child and his/her equipment, 
and expect that caregivers will take advantage of the equip-
ment’s portability by taking their children on walks around the 
unit (and off the unit once they are signed-off on skills such as 
tracheostomy changes and cardiopulmonary resuscitation 
(CPR) in a child with tracheostomy) (Fig.  5 ).

   Some children, whether ventilated or not, may require 
supplemental oxygen during part or all of their day. We teach 
caregivers about the different sources of supplemental oxy-
gen (compressed, liquid, and from a concentrator) and how 
to enrich the oxygen concentration their children are receiv-
ing. Selection of sources of supplemental oxygen outside of 
the hospital will depend on the child’s needs and are deter-
mined by the medical equipment supplier in collaboration 
with the child’s medical staff. Factors will include the FiO 2  is 
required, the range of the child’s minute ventilation, and por-
tability needs. These factors will help decide what combina-
tion of enrichment, compressed gas and/or liquefi ed gas will 
best serve the patient’s needs. It should be noted that for 
commercial air travel, a concentrator is the standard for oxy-
gen delivery since this obviates the need to transport com-
pressed gas cylinders. A home care respiratory therapist may 
select different oxygen systems to meet the physician’s 
orders and the patient’s clinical needs. The RT will select 

different oxygen systems dependent on FiO 2 , fl ow and porta-
bility capabilities, and applications. 

 Supplemental oxygen can be delivered through the tra-
cheostomy using an HME or a speaking valve, via the venti-
lator, via a transtracheal oxygen catheter, or transiently using 
a self-infl ating bag system. Since oxygen in the home envi-
ronment is a potential hazard in the home, families who take 
home children with tracheostomies are also taught principles 
of oxygen safety that must be observed, ranging from the 
obvious guidance of “no smoking” to the subtleties of plac-
ing oxygen supplies relative to home appliances, which may 
increase the risk of igniting fl ammable material (Table  4 ).

      Bumps Along the Path: Learning to Put Skills 
Together 

 We teach caregivers the signs and symptoms of respiratory 
distress and how these might be signals of issues with the 
tracheostomy tube such as occlusion or displacement. The 
response to these situations may need to be individualized 
depending on how severely affected the child’s natural air-
way is. For example, a child who has a tracheostomy for 
mechanical ventilation but has little obstruction in their natu-
ral airway may be able to be supported by mask ventilation 
through their nose and mouth, but if a child has severe sub-
glottic stenosis or a surgical tracheal diversion, this type of 
support will not be an option. We teach parents about the 
natural history of a displaced tracheostomy tube, including 
the potential for the stoma to close and require a smaller 
emergency airway to be inserted before the child’s standard 
airway can be reinserted. They also learn about the possibility 
that a false tract or passage may be encountered on attempts 

  Fig. 5    A mother learns the skills needed to make her son “portable,” or 
transitioned from crib to a stroller. This mother was from the Dominican 
Republic and spoke only Spanish, so an interpreter was provided for all 
of her training sessions       
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   Table 4    Our home care group’s commandments for safe oxygen use   

 Oxygen safety guidelines 

 Oxygen must be handled with care. It makes things burn faster and ignite easier. Anything that sparks or catches fi re will burn faster with oxygen 
present. As a Home Care patient, you must follow these safety guidelines to prevent a fi re and/or injury to yourself or others 
 • A sign that says “Warning: No Smoking. No Open Flame. Oxygen in Use” must be posted on the front door or the door used as the entrance 

to your home. The signs will be provided by Children’s Hospital Home Care 
 • Place a sign that says “Warning: No Smoking. No Open Flame. Oxygen in Use” in your home where you most often use or store oxygen 
 • DO NOT allow anyone to smoke, light a match or use a cigarette lighter in the home with oxygen in use 
 • If you or your child is using an oxygen tank while traveling in a car, DO NOT allow anyone to smoke in the car 
 • The rooms where oxygen is used and stored must be well ventilated 
 • Keep oxygen tanks at least 10 ft away from space heaters, radiators, gas stoves or other heat sources 
 • Keep oxygen tanks at least 3 ft away from electrical outlets 
 • DO NOT use electrical appliances such as electric razors or hair dryers while wearing oxygen 
 • DO NOT use open fl ames such as gas stoves, lit candles or lit fi replaces when oxygen is in use 
 • DO NOT store or use fl ammable products such as spray cans, nail polish remover, rubbing alcohol, paint thinners and other oil-based 

lubricants near oxygen 
 • DO NOT use any oily, greasy, petroleum-based products on your child or near your oxygen. They are highly fl ammable and can cause burns 

when oxygen is in use. Make sure to use NON-petroleum-based or water-based products 
 • Secure oxygen cylinders in stands 
 • Secure oxygen tubing to avoid tripping and falls 
 • If there is a fi re near the oxygen, turn off the oxygen and carry the child to safety 
 • Turn off the oxygen when it is not being used 
 • Notify your fi re department that you have oxygen in your home 
 • If possible, avoid using clothes or bedding made of wool, nylon or other materials that tend to build up static electricity. Try to use cotton 

materials to limit static electricity 
 • DO NOT store oxygen in closed vehicles or car trunks 
 • Liquid oxygen must be stored in a well ventilated area. Liquid oxygen stationary and portable units must be stored in the upright position 
 • Never touch liquid oxygen, if exposed. Its cold temperature can cause frostbite 
 • Always be sure to have a functioning back-up oxygen system 

to reinsert the airway and that this needs to be recognized if 
it happens. To be fully prepared for emergencies, we teach 
caregivers about how to do and coordinate rescue breathing 
via a tracheostomy while delivering chest compressions 
when they do CPR. 

 We review several emergencies scenarios with caregivers-
in- training (“ what would you do if your child ….”). At the 
conclusion of training, it is expected that caregivers success-
fully respond with trouble shooting activities when quizzed. 

 Our hospital also trains caregivers of children who are 
dependent on noninvasive ventilator technologies. We have 
been successful with this patient population in training 
 caregivers for emergencies using high-fi delity simulation 
and scenarios, and hope to use this approach in the near 
future with caregivers of children that have tracheostomies. 
Our current limitation is that our mannequins do not accom-
modate a tracheostomy tube.  

   Other obstacles: Stormy weather… 

 Technology-dependent children are medically fragile and 
over the course of hospitalization, may become ill or may be 
deemed not “stable” enough for transfer home. Among the 

requirements we have to discharge a tracheostomy- or 
technology- dependent child home safely are that they are 
medically stable and their medical care is simplifi ed so it can 
be safely provided in the home setting. Medical stability is 
important so that the family has a baseline against which to 
judge so that will have a way to evaluate when their child is 
ill and needs medical attention. “Simplifying” medical care 
may mean that the frequency of therapies such as nebulizer 
treatments or clearance therapies can be carried out by home 
care providers, the amount of supplemental oxygen required 
can delivered at home, or the ventilator settings are judged to 
be “safe” by the pulmonologist. There are also other practi-
cal considerations, such as the limits of pressures and vol-
umes that can be provided by the home ventilator, and 
whether there is “wiggle room” to temporarily increase 
parameters in the setting of acute illness. 

 Some organizations, such as the American Association of 
Respiratory Care [ 4 ] and the American College of Chest 
Physicians [ 10 ] have guidelines for what characterizes a 
patient as “stable” and “safe” for home care, although there 
is certainly some subjectivity to these criteria. Some practi-
tioners will deviate from these criteria, depending on the 
anticipated improvement in quality of life for patient and 
family that a discharge will bring as well as the comfort level 
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of the medical, respiratory and nursing staff who will be 
managing care in the home setting. Another consideration, 
especially in this era, is what the goals of care will be and 
whether the move home is considered “palliative,” where the 
overarching goal is comfort and maximizing the remaining 
quality of life. 

 Whatever the defi nition of medical stability and simpli-
fi ed care is, a general principle that our team tries to adhere 
to is not making changes in the care plan for a certain speci-
fi ed window of time prior to discharge. “Last minute” 
changes in care may make things confusing for the family, 
home care nursing and respiratory staff, medical equipment 
suppliers and outpatient pharmacy, and may lead to medical 
errors. More importantly, the stress of transport and changes 
in environment have the potential to cause the patient to be 
clinically different after he/she    is discharged. A change in the 
medical care regimen too close to discharge may also cause 
a clinical change around the time of discharge, which can 
add to the confusion. 

 Caregivers must also have a complete understanding of 
their child’s individualized emergency management plan. 
First is the environmental plan related to storms, power 
issues and fi re plan; second is an equipment emergency man-
agement plan which is developed based on the patient’s 
dependence on particular pieces of equipment; last is a clini-
cal emergency plan based on clinical needs and physician’s 
orders, such as titration instructions for supplemental oxygen 
in the case of hypoxemia.  

   Traveling Companions 

 Just as it takes a multidisciplinary team to get a technology- 
dependent child through an acute hospital stay, it takes 
another multidisciplinary team to streamline that child’s care, 
train the family and make arrangements to get the child home. 

 We remind families that they are not alone in their journey 
home. Our hospital is fortunate to have helpful sherpas in our 
social work, case management staff and a home care depart-
ment. Social work is an invaluable resource that can help 
families navigate through issues with insurance, applying for 
medical assistance if the insurance does not have benefi ts for 
private duty nursing or home equipment, and putting fami-
lies in touch with programs in the community such as Early 
Intervention for development, Supplemental Security Income 
(SSI), Women, Infants, and Children (WIC) food and nutri-
tion programs, and any other resources that may be available 
to help support families with tracheostomy and technology- 
dependent children. Social work can also help direct families 
how to:
•    Notify utilities that their home will need priority for 

restoring services such as electricity to minimize the 
threat to their technology-dependent child.  

•   Contact their local emergency medical service providers 
to familiarize them ahead of time with their child’s medi-
cal condition and special needs, and  

•   Apply for handicapped placards/license plates to decrease 
the burden of traveling with a child with assistance needs.    
 Our case managers are incredibly helpful to families in 

terms of assisting them to understand what their insurance 
benefi ts are and what the needs will be relative to staffi ng, 
equipment, transportation, medications, and clinical follow 
up. They also help families recognize what they should be 
thinking about and what questions to ask when choosing a 
home care company, durable medical equipment supplier 
and private duty nursing agency. They are the ringmasters 
who coordinate the hospital discharge process so that it goes 
as smoothly as possible. 

 There are other vital staff members who are travel com-
panions with the family on their journey home. The bulk of 
teaching and evaluation is done by our nurses and respiratory 
therapists who, in addition to their clinical duties of patient 
care, are responsible for training families and caregivers, 
evaluating their performance, and giving them feedback and 
suggestions for improvement. Our home care colleagues also 
participate in discharge teaching, working collaboratively 
with inpatient clinicians on joint teaching responsibilities 
from the same scripts, materials and documentation tools 
(Fig.  6 ). They also touch on more complex elements such as 
emergency management, use of portable home care equip-
ment, and traveling safely away from home.

   Some of the medical equipment suppliers may also do 
focused training on pieces of equipment such as the pulse 
oximeter, suction machine, and ventilator. 

 Our child life staff addresses the emotional and develop-
mental needs of our patients, making sure they are able to 
cope with the changes in their lives and that of their siblings 
as well (Fig.  7 ). Some also use modalities such as music and 
art therapies to help them cope with their hospital stay. In 
this way, they are able to help with coping by providing ther-
apeutic activities for self-expression/emotional expression, 
developmentally appropriate education for patients and sib-
lings, and providing procedural support to initiate a coping 
plan for things like tracheostomy care that can be used at 
home. If siblings need to be brought to the hospital so that a 
caregiver can be trained, a child life specialist can work with 
the siblings so they are comfortable with the concept of a 
technology-dependent brother or sister coming home. 
Volunteers, under the direction of a child life therapist, may 
also work with younger siblings to allow caregivers focus on 
training without the distraction of the other children.

   Physical, occupational, and speech therapists not only 
tend to the rehabilitation and development needs of the 
patients, but also teach parents and caregivers skills they will 
need to help their children with his/her development and 
 recovery. They also evaluate the children for specialized 
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  Fig. 6    Form used to track progress of parents and caregivers as they journey over the training “mountain.” A sheet is maintained for each indi-
vidual learner. Results are summarized on the checklist in Fig.  1        
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equipment that may be required to help with the activities of 
daily living, assist with completing the necessary prescrip-
tions and letters of medical necessity, and teach parents and 
caregivers how to use the equipment. 

 To provide the best assistance to the family along their 
way, representatives from all disciplines meet weekly to get 
a medical update on each patient and discuss the progress 
their families are making, helping us coordinate our efforts.

  It is good to have an end to journey toward; but it is the journey 
that matters, in the end. —Ernest Hemingway. 

   Although families go through the tracheostomy journey 
with the goal of getting home, another journey immediately 
starts when they get home. It takes a village to support a 
tracheostomy dependent child in the community. The family 

will need support services at home, which include private 
duty nursing services, home respiratory therapy, and a dura-
ble medical equipment (DME) supplier as well as coordina-
tion with medical specialists, developmental specialists and 
a pediatrician who is comfortable with a technology- 
dependent child. 

 Ideally private duty shift nurses will work collaboratively 
with the inpatient team and home respiratory therapists prior 
to and post-discharge to develop a care plan around physi-
cian orders. Private duty nursing can be invaluable in helping 
the family care for a child with a tracheostomy, especially if 
the child is ventilator dependent. A child with a tracheos-
tomy needs constant supervision, particularly since the mon-
itors available in the home are limited and may not alert the 
care provider in a timely fashion. Shift nursing gives the 
family a break from care responsibilities to do their other 
activities of daily living such as working and caring for sib-
lings. However, when we train families to take children with 
tracheostomies home, our goal is to make them experts in 
their child’s care because they will have to cover missed 
nursing shifts and also help acquaint nursing staff with their 
child’s care, as the experience level and skill set of private 
duty nursing can be variable. There are specifi c skill sets 
required for nurses to help care for this population of high 
risk patients [ 9 ]. The selection of a private duty nursing com-
pany is determined by the family subject to limitations of 
their insurance and availability of staff in the area where they 
live. The parents or caregivers interview agency staff while 
the child is still a patient in the hospital. Sometimes the 
duties may need to be shared amongst more than one agency. 

 Inevitably, children with tracheostomies will have spe-
cialized equipment needs in the home. A Durable Medical 
Equipment (DME) supplier will contact the family ahead of 
time to make sure that equipment will be available in the 
home by the time of discharge. Staff from these companies 
visit the family’s home ahead of time to perform safety 
assessments that address fi re safety, fall prevention, and 
environmental and electrical needs (Fig.  8 ). It is imperative 
that the house be evaluated for proper wiring, outlets and 
current to power any needed equipment. In some cases, the 
local electric company will need to increase amperage to the 
home. The safety assessment also checks that there is a func-
tional smoke detector and working telephone, that the home’s 
layout will accommodate any assistive equipment such as 
wheelchairs and that there are  not  any issues with pests or 
pets that need to be mitigated. DME staff may also help the 
family to deal with the potential need to rearrange the home. 
The technology-dependent child will have new needs in 
terms of increased electrical capacity for devices, space for 
equipment and a place for a home care nurse to work. 
Frequently the child will have a “day” area where he/she will 
spend time during the day in addition to his/her own bed-
room. Families will have to fi nd places to store the new 

  Fig. 7    A child life specialist does an activity with the younger sister of 
a technology-dependent patient to help her cope with his tracheostomy       
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  Fig. 8    Safety checklist use by our home care company to do home inspections       
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equipment they will be using to take care of their child as 
well as other supplies they will need to keep their medically 
fragile child’s living area clean (hand sanitizer, bleach wipes) 
and other cleaning supplies (which can include vinegar, per-
oxide, sterile/boiled water, bleach or isopropyl alcohol), 
which they will use to clean equipment. DMEs can also give 
families strategies to keep equipment and supplies orga-
nized, using readily available items like stacking bins, shoe 
racks, and rolling carts (Fig.  9 ).

    In the week prior to discharge, the DME company 
prepares the home for the child’s return. As part of this 
preparation, a home care respiratory therapist works with 
the family and shift nurses to identify a safe and convenient 
location to outfi t a room for the child. The goal is to fi nd 
space that best meets the family’s life style and the patient’s 
clinical needs, and makes ergonomic sense for caregivers. 
At this time, the respiratory therapist also rechecks the 
home’s electrical capacity and/or enhancements made by 
the electric company as follow-up to the initial electrical 
inspection. This confi rms that the home has enough amper-
age to power all required equipment. 

 Just before the child is discharged, the DME company 
delivers the prescribed medical equipment to the home. 
Equipment generally includes:
•    Back-up ventilator (primary home ventilator is delivered 

to the patient at the hospital)  
•   Capnometer  
•   Pulse oximeter  
•   Two Heaters/Humidifi ers  
•   Two Suction machines  

•   Two Oxygen tanks: (Oxygen back-up is a safety requirement 
per Joint Commission regulations)  

•   Enteral feeding pump (if needed)    
 Also before discharge, the home care team holds a case 

conference with shift nurses, home respiratory therapy and 
the entire home care team to review patient’s care, orders and 
needs. Then in conjunction with the family, the home care 
RT reviews discharge orders for completeness, assembles the 
equipment and sets up the environment. To promote smooth 
workfl ow and convenient care, rolling carts and power strips 
organize equipment and related supplies. The RT checks that 
all the required equipment functions properly, alarms are 
audible and oxygen is placed at safe distances from electrical 
outlets and heat sources.  

   The End of a Journey…and the Beginning 
of Another 

 Also preceding discharge, a home care RT who has been 
communicating with the family and inpatient healthcare 
team, and joint teaching with inpatient RTs for nearly two 
months, formally participates in the fi nal inpatient interdisci-
plinary discharge team meeting. He/she also makes one last 
inpatient visit with the family to perform medication recon-
ciliation, and discuss patient/family rights and responsibili-
ties related to home care. At this fi nal inpatient meeting, the 
caregiver signs consent for home care treatment and together 
with the home care RT, shift nurse and physician reviews the 
medication profi le, fi nal physician orders, and the  go-bag , 

  Fig. 9    Home bedside cart and 
crib setup       
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and also develops a home care plan. Once home, the family 
will have access to a 24-h on-call system for contacting their 
home care company and/or DME company about clinical 
and equipment issues. Families that are Pennsylvania resi-
dents will also be referred to the Pennsylvania Ventilator 
Assisted Children’s Home Program (VACHP), a program 
funded by the Pennsylvania Department of Health for over 
30 years, which provides consultation and support. 

 Hospital discharge is an exciting as well as intense time. 
For the initial discharge to home, the child is almost always 
transported home by a transport team, generally accompa-
nied by a parent/caregiver. Once at the home, the transport 
team relays pertinent patient information to the home care 
RT, home care nurse and private duty shift nurses. The 
home team reviews medical orders, performs in-home med-
ication reconciliation together and jointly creates/reviews a 
care plan. Now, this home care team begins to work as a 
unit just as the inpatient interdisciplinary team worked. 
Home care personnel will perform ongoing intermittent 
assessments and teaching at specifi ed intervals. Follow-up 
plans and visit intervals are based on patient acuity and pro-
tocols but our home care department makes daily visits for 
the fi rst week post-hospitalization. Private duty agency 
nurses will tend to the child 16–24 h each day. Open and 
ongoing bidirectional communication with physicians, the 
home care company and shift nursing is essential for a safe 
and successful transition to home.  

   The Journey Continues… 

 Acute awareness of psychosocial stressors may prompt a 
social worker referral. Research outlines several principle 
stressors that these families face. There may be feelings of 
fear, frustration, fatigue and depression [ 11 ] along with 
issues resulting from the family’s complex roles of caregiver, 
advocate, activist, educator and case manager [ 8 ]. Social 
workers from inpatient units, outpatient clinics, and/or 
home care agencies support families by helping them 
achieve a sense of hope and accomplishment. 

 Costs to care for such technology-dependent children can 
be a fi nancial burden for many families. Most care for these 
children is covered by insurance. Patients are generally cov-
ered all or in part by their state’s Medical Assistance pro-
gram that covers chronic illnesses. In some regions of the 
country, there is reluctance for insurors to pay for redundant 
equipment that may be life-saving, such as a back-up ventila-
tor. Also, associated hidden costs may include:
•    Lost wages of mother or father  
•   Out of pocket expenses for non-reimbursable items  
•   Co-pays, when only 80 % of fees (and frequently even 

less) are covered by insurance  
•   Cost of skilled nursing care     

   But So Does the Support… 

 There are many ancillary issues that may be inadvertently 
overlooked because of overwhelming attention to a medi-
cally complex child’s basic physiologic needs and safety. 
These include:
•    Support groups for parents to address their mental health 

needs  
•   Assistance with respite care and funds  
•   Advocacy for services and funding to meet the healthcare, 

developmental and basic social needs of the ventilator- 
dependent child    
 Outpatient social workers in primary care or specialty 

care clinic or social workers in the VACHP can help assist 
families to access these resources. 

 There are also agencies to help families make physical 
accommodations to their homes that will improve accessibil-
ity for their ventilator-dependent child. Some are non-profi t 
organizations, many of which have been established by par-
ents of technology-dependent or special needs children. 
Others are church-based groups. 

 Although insurance companies will provide case manag-
ers to help families manage care in the outpatient setting, 
most of those managers are unfamiliar with the needs of a 
technology-dependent child. 

 Our hospital is fortunate enough to have a home care 
department that provides not only DME services but also 
some nursing, pharmacy, nutrition, social work, and other 
supports as well. The home care team is able work closely 
with the private duty nursing agency as well as the physi-
cians and specialists who provide follow-up care for the 
child. Because they are tightly integrated in our healthcare 
network, they are able work on initiatives to improve care, 
such as follow-up of hospitalizations and readmissions. 
When home ventilator program patients become hospital-
ized, the home care department looks to evaluate and iden-
tify the reason for admission, trying to determine if the 
patient has a lower respiratory tract infection (LRTI) or ven-
tilator associated pneumonia (VAP) that could have been 
prevented. (This home care company uses its VAP rate as a 
quality indicator.) 

 For all patients with VAPs or repeated admissions for 
other LRTIs, respiratory therapists investigate and make 
additional home visits to identify the source of infection. As 
part of infection surveillance activities, he/she may investi-
gate the family’s technique for changing circuits, managing 
humidifi cation, suctioning, hand hygiene or exposures to ill-
nesses. This is always followed by additional education or 
reinforcement of techniques for performing specifi c tasks. 

 Each year with feedback from patients, caregivers and 
community partners, our home care department works to 
enhance its program. Early enhancements have been related to 
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organizing communication and educational responsibilities 
between inpatient and home care respiratory therapists. One of 
the more recent and very successful enhancements has been an 
outreach effort. The home care department has created a pro-
gram to educate private duty shift nursing agencies about 
shared patients. Local home health nurses are invited to the 
home care facility, where home care respiratory therapists cre-
ate simulation experiences that mimic the home environment 
of a ventilator-dependent child. Two things occur during ses-
sions. The fi rst is that the shift nurses become acquainted with 
the technology and equipment associated with a specifi c 
patient. The second is that the home care respiratory therapy 
management reviews patient- specifi c scenarios so that the in-
home care team will be prepared for specifi c events such as 
desaturation episodes, bradycardia, or abdominal distension 
after feeding. In this manner, our home care RTs create care 
paths/algorithms targeted to a specifi c patient and educate 
shift nurses about managing unexpected events. 

 The home care department is continually re-evaluating 
and enhancing its Home Ventilator Program to provide the 
safest and most comprehensive up-to-date services. Some 
additional activities that are being developed include incor-
poration of high-fi delity simulation training for families and 
home care health providers, establishing outcomes measures 
to formally evaluate the effectiveness of home care’s ser-
vices, and a formal survey directed towards the technology- 
dependent patient population with focus on quality of life, 
satisfaction with existing services, ideas for additional ser-
vices and areas for improvement. In addition, the home care 
department has begun piloting protocol-driven weaning 
orders that allow an increase in weaning trials based on a 
patient’s clinical status (e.g., change in vital signs, weight 
gain velocity, tolerance of therapies).  

   Refl ecting on the Journey 

 To limit burden of care and improve family satisfaction and 
quality of life, a home ventilator management program must 
focus on: [ 7 ]
    1.    Safe home environment   
   2.    Early planning for discharge   
   3.    Understanding insurance rules   
   4.    Simplifying care plans   
   5.    Allowing for adequate training time   
   6.    Promoting effective communication and hand-offs   
   7.    Organizing and coordinating follow-up   
   8.    Recommending parent-to-parent support groups   
   9.    Partnership all around    

  We have been privileged to help shepherd families with 
infants and children with tracheostomies on their journey 
home for over 30 years. Our program continues to evolve, 
but its success stems from three elements: standardization 

of fundamental components, orchestrated communication, 
and interdisciplinary collaboration between and among 
inpatient staff and the home care department, and commit-
ment from personnel. 

 We strive to provide the same comprehensive program 
and the same quality care to every patient, every time. 

 Closed loop communication and complete hand-offs 
between hospital and home care staff are critical factors to 
success. Because there are so many players that support dis-
charge of the technology-dependent child, it is essential that 
all involved remain in the communication loop. This is 
accomplished through hospital rounds, regular interdisci-
plinary team meetings at the hospital prior to discharge, 
inpatient and home care department interdisciplinary care 
plans, clinical notes in a common electronic medical record 
accessible by both inpatient and home care personnel, com-
mon teaching plans and documentation of competencies, and 
ongoing phone interactions from the hospital to home care, 
skilled nursing services agency and the family. 

 Finally our staff’s commitment to problem solving and 
pursuing the best for each child and family is remarkable, 
and has contributed to the program’s continuous quality 
improvement. 

 Our experience has shown that it is medically possible, and 
in most circumstances socially, emotionally, and fi nancially 
benefi cial, to move the ventilator-dependent child out of the 
acute-care setting to home. Over the past 30 years, the staff of 
many children’s hospitals have learned how best to support this 
experience, and have developed a best practice for the commu-
nity that sets the standard of care. Whether the child goes home 
or to a transitional facility, the goal is to see that each infant and 
child progresses as far as their potential will allow (Fig.  10 ).

   Never measure the height of a mountain until you have reached 
the top. Then you will see how low it was. —Dag Hammarskjold. 

  Fig. 10    Another child happy that his family made the journey home…       
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           Overview 

 Airway emergencies are life-threatening situations that have 
little tolerance for errors and require immediate responses by 
qualifi ed surgeons, neonatologists, and support staff. 
Therefore to ensure patients do not suffer harm from airway 
emergencies, an airway safety program must not only have 
rapid and effective response processes that are reliable, but 
also processes that can identify and mitigate high risk situa-
tions. Principles of high reliability organizations (HRO), 
which include sensitivity to operations, preoccupation with 
failure, deference to expertise, resilience, and reluctance to 
simplify [ 1 ], are applied to drive a higher state of mindful-
ness. The goal is to cultivate a workplace culture where all 
providers become stakeholders and engaged in HRO prac-
tices, and eliminate unnecessary variations in healthcare 
delivery that can lead to miscommunication and suboptimal 
care. By making practice more consistent amongst providers 
wherever possible, we are able to better practices for better 
outcomes. Numerous quality improvement collaboratives 
have embarked on such efforts and have contributed signifi -
cantly to understanding factors that affect success [ 2 – 5 ]. 

 Literature review on system design models that supports 
quality improvement and patient safety [ 6 – 8 ] appears to illus-
trate a common theme: such systems are built to accomplish 
certain goals by synergizing people, process, and tools. Below 
is an example of an airway safety program that targets improv-
ing airway emergency response, perioperative handoff, and 
bedside airway management. To support this  program, a sys-
tem was built to operationalize functions that drive vigilance, 
improvement, and safety such as (1) engage frontline in its 
purpose; communicate effectively amongst stakeholders, and 
judicious use and feedback of actionable data. Figure  1  is a 
worksheet that describes such a system, where the people, 
process, and tools that support each function is detailed.

   For the program to succeed, those taking care of the 
patients must believe in the program’s mission and support 
the methods of its execution. Establishing a decision-making 
team of six to eight members that represents the gamut of 
provider types is recommended. This team can reach out to a 
larger frontline provider group through focus groups and 
brainstorming sessions [ 9 ]. 

 Providing effective avenues for stakeholders to communi-
cate with one another is critical [ 10 ]. For example, how will 
a neonatologist caring for the patient know what the sur-
geon’s concerns are in the postoperative period? How will 
the overnight nurse inform the morning medical team that 
they had issues with the airway’s security? How will the 
team ensure that important information on the patient is 
passed off accurately and completely from shift to shift? 
From a patient handoff standpoint, the most effective com-
munication mode is live, person-to-person while the least 
effective is a written note. The choice of using live (in per-
son, phone call, video conferencing) and non-live (email, 
text messaging) methods depend on (1) the information to be 
communicated, (2) urgency, (3) whether a response is 
required and how quickly, (4) number of people/disciplines 
involved, and (5) whether the team can overcome compet-
ing processes that prevent live communication. Periodic 
monitoring of how well the team is communicating is 
critical because the contextual environment is not static and 
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frequently can introduce process changes that impact com-
munication. For example, if the surgeons are doing more 
cases, they may be more absent in postoperative handoffs. 
If the N/IICU adds more beds and expand location, the 
emergency airway response process will likely need to 
accommodate the geographical challenges. As the patient 
census grows and the unit becomes busier, safety rounds 
may need to happen more frequently and require more lead-
ers to participate (Fig.  1 ). 

 Identifying actionable, meaningful data directly related to 
the active improvement efforts is critical. Allowing important 
(but extraneous to the effort) metrics to “scope creep” into the 
monitoring process is discouraged. Regular review of all emer-
gency airway calls can reveal insights into system vulnerabili-
ties often missed with surveys and questionnaires. Furthermore, 
data must be collected in a manner that is capable of refl ecting 
whether improvements in processes ensure safety. Importantly, 
monitoring outcome and process metrics at frequent intervals 
over a wider range of scenarios is more useful that collecting 
numerous amount of data in one scenario. 

 Supporting the above operations systems, we describe an 
airway safety program, centered on airway emergency 
response protocol, effective perioperative communications, 
and weekly multidisciplinary rounds.  

   Improving Airway Emergency Response 

 Safety and effi cacy in response to airway emergencies are 
critical to the success of any airway program. As such, qual-
ity improvement relies heavily on the ability to identify the 

defi ciencies in safety and effi cacy of emergency responses. 
Upon activation of an advanced airway response, the respi-
ratory therapist brings a critical airway emergency cart 
containing a fl exible fi ber optic bronchoscope, a video laryn-
goscope, and other emergency anesthesia and surgical air-
way equipment to the bedside. At the end of the event, the 
respiratory therapist completes a questionnaire documenting 
the type of airway, nature of emergency, time to response, 
interdisciplinary communication, use of emergency airway 
equipment including the use of fl exible bronchoscope and 
the fi nal disposition (Fig.  2 )   .

   To provide an example of the application of these initia-
tives, in-house data collected since the beginning of the 
Children’s Hospital of Philadelphia QI program was 
reviewed retrospectively. Airway emergency response was 
activated more than 120 times since the start of the program. 
The average response time was 5.5 min (±3.1 min); critical 
airway emergency cart was at the bedside 100 % of the times. 
Otolaryngologists identifi ed themselves to the other caregiv-
ers > 85 % of the times. Interdisciplinary communication 
between the otolaryngologist and neonatologist was noted in 
>92 % of all instances. Flexible laryngoscope was used in 
78 % of all instances. 2.8 mm laryngoscope was used 
in 60 % of cases, whereas 2.2 mm laryngoscope was used in 
40 % of cases. Majority of the airway emergencies (>97 %) 
were resolved by repeat tracheal intubation (>98 %) via use 
of either Miller laryngoscope (>60 %) or Benjamin laryngo-
scope (<35 %). Most (98 %) of airway emergencies were 
resolved in the N/IICU, whereas <2 % were resolved in the 
operating room. A multidisciplinary airway emergency 
response program can improve the quality of care in a cost- 

  Fig. 1    Organizational system chart showing components of a successful airway safety program. People, process, and tools make up the system       
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effective manner by improving both the response time, time 
to tracheostomy, duration of procedure and post-procedural 
intensive care unit stay.  

   Improving Perioperative Communications 

 Poor perioperative communication affects medical decision- 
making, patient safety, and productivity and invariably leads 
to surgical delays, patient inconvenience and, sometimes, 
serious errors. Recent specialization of otorhinolaryngology 
surgical care in neonates and a growing number of tracheos-
tomies and bronchoscopies performed potentiate an increased 
risk of experiencing serious errors in perioperative commu-
nications. Inadequate handoffs between attending physicians 
continue to be a problem as growth of staff and patient beds 
outpace the existing infrastructure. 

 To identify the defi ciencies in perioperative communica-
tion during neonatal ENT surgeries and in the large Children’s 
Hospital of Philadelphia N/IICU, two separate initiatives 
were enacted. The fi rst includes weekly “Airway Rounds” 
with ENT and neonatology to identify patients. The second 
involves use of a “Tracking Sheet” for perioperative commu-
nication during every procedure and documentation of pre- 
and post-care communication between ENT and neonatology 
practitioners. Cell phones and email between all physicians 
were used as the primary mode of communication. A daily 
“ENT patient list” was sent out each morning to identify the 
neonatal patients a “tracking sheet” was completed prior to 
every procedure documenting all communication, what was 
learned, and would have been missed without this communi-
cation. The construction of a swim lane algorithm was then 
applied. A 14-question online survey examining many aspects 

of perioperative communications was sent out to all ENT and 
neonatology faculty. Responses were received from 100 % of 
ENT surgeons and 85 % of neonatologists. The following 
critical information was gained from perioperative communi-
cation: unexpected fi ndings on bronchoscopy, unexpected 
change in size and type of tracheostomy, confi rmed genetic 
diagnosis, need for cardiac anesthesia, critical family issues 
and resuscitation wishes, and changed date or cancellation of 
procedure. The data acquired from the physician survey sug-
gested positive benefi ts with communication, awareness, and 
collaboration that are achievable and sustainable when all 
stakeholders share the same goal (Fig.  3 ).

      Airway Safety Rounds 

 The authors’ institution has an extensive neonatal airway 
program with more than 3,000 consult days per year. There 
is an active tracheostomy program with upwards of 50 tra-
cheostomies performed annually under 1 year of age. Most 
of these infants receive their preoperative and postoperative 
care in the N/IICU or CICU. Notable repeated anecdotal 
reports of serious errors such as tracheostomy care orders, 
improper size tracheostomy tube size and cuff volumes 
recorded in the EMR, led to several “Near Miss Safety 
Events.” As a response to this, weekly airway safety rounds 
were initiated, which complemented the hospital-wide ini-
tiative of patient safety. Airway rounds involved multidisci-
plinary bedside rounds once a week with a neonatologist, an 
ENT fellow or advanced practice nurse, a respiratory thera-
pist, and bedside nursing. The team kept a document for 
each patient and checked for accuracy of orders regarding 
the proper tracheostomy size, cuff status, cuff volumes, and 

  Fig. 2    Emergency airway 
tracking sheet to be used as 
a tool to gather information at 
each airway emergency and 
create QI metrics for 
improvement. ( Courtesy of 
Neonatal Airway Program, 
The Children’s Hospital of 
Philadelphia )       
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presence of emergency replacement tracheostomy tube at 
the bedside. Lastly, patients were identifi ed as either 
 DIFFICULT  or  CRITICAL  airways and labeled at the bed-
side as such (Fig.  4 ).

   The following metrics were organized into a process and 
outcome metric chart used to assess the effectiveness of the 
airway safety program QI process (Fig.  5 ):

   Consistent improvement in the outcome metrics was 
noted over an entire 1-year period following initiation of the 
airway safety rounds. Substantial improvement showing 
bedside nursing and respiratory therapist awareness for their 
patient’s tracheostomy tube size and cuff volume improved 
to well over 95 % of instances. Most importantly substantial 
improvements in all bedside emergency back up tracheos-
tomy equipment being correct and matching the patient was 
present in 100 % of instances. Unfortunately, the information 
on the bedside card regarding the size of the tracheostomy 
tube, cuff status and cuff volume did not match the orders or 
documentation in the EMR in over 50 % of the cases. This 
was found to be the most defi cient metric, which was the 
basis for another rigorous QI project.  

   Closing Statements 

 Advances in neonatal medicine have signifi cantly improved 
the survival of critically ill newborns, including those born 
with extreme prematurity and those with extensive congeni-
tal anomalies affecting the airway. Due to the increased com-
plexity of these patients, neonatal airway emergency remains 
a life-threatening event commonly encountered in a tertiary 
care neonatal intensive care unit. Management of neonatal 
airways is an essential skill for the neonatal physician and is 
fundamental to the practice of neonatal otolaryngology. 
There are no specifi c guidelines for response to airway emer-
gencies in neonates, as compared to pediatric and adult pop-
ulations, and the NRP guidelines are often used for all airway 
emergencies. 

 While adverse events in neonatal airway emergency are 
rare, the occurrence represents the end result of an interac-
tion of numerous factors including anatomical and physio-
logical differences in the neonatal airway, congenital and 
acquired causes of upper airway obstruction unique to 
neonates, practitioner competence in securing the airway, 

  Fig. 4    ( a ,  b ) Diffi cult; critical airway label cards—kept at the bedside providing visual recognition of infants with specifi c airway problems. 
( Courtesy of Neonatal Airway Program, The Children’s Hospital of Philadelphia )       

  Fig. 3    Flow diagram: 
perioperative communication 
map deemed necessary before 
and after airway procedures to 
insure effective peer-to-peer 
communication       
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standard practices for response to airway emergencies and 
specialized equipment. Enhancing safety and effi cacy in 
response to airway emergencies is critical to the success of 
any airway program and represents a vast opportunity to 
improve patient safety.     
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