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Tracheal Agenesis

Tracheal agenesis (TA) is a rare, usually fatal congenital anomaly characterized by the
partial or complete absence of the trachea, often first evident at birth when the neonate
presents with respiratory failure, cyanosis, and an inability to be intubated. Despite being
known for over a century, tracheal agenesis remains poorly understood, underdiagnosed
prenatally, and difficult to manage surgically. With fewer than a few hundred cases reported
globally, recent literature continues to illuminate its varied presentations, classifications,
embryological origins, diagnostic challenges, and rare instances of surgical intervention.

The estimated incidence of TA is approximately 1 in 50,000 live births, with a 2:1 male
predominance. Mortality remains high, approaching 100% in some series. Floyd’s
classification, introduced in 1962, delineates TA into three anatomical types based on the
presence and connectivity of the distal trachea and bronchi. Type | involves agenesis of the
proximal trachea with the distal trachea connecting to the esophagus via a fistula. Type Il,
the most common variant, shows complete absence of the trachea with the carina or fused
bronchi connected directly to the esophagus. Type Il presents with each main bronchus
arising independently from the esophagus. A more granular classification, proposed by
Faro, expands this into seven subtypes, incorporating more nuanced embryological
failures.

TA often coexists with other congenital anomalies. As described in multiple cases, patients
frequently present with anomalies falling under the VACTERL association: vertebral,
anorectal, cardiac, tracheoesophageal, renal, and limb defects. Cardiac anomalies such as
atrial septal defects, patent ductus arteriosus, or double superior vena cava, along with
genitourinary anomalies like horseshoe kidney or bilateral hydronephrosis, are often
observed. Trisomy 18 has also been associated with TA, pointing to a possible genetic
contribution in certain cases.

Embryologically, TA results from aberrations in the division of the foregut into the trachea
and esophagus. The formation of the tracheoesophageal septum, necessary for the
separation of the respiratory and digestive tracts, is disrupted, resulting in a spectrum of
abnormalities from isolated agenesis to complex fistulization. In Floyd type Il TA, the
respiratory bud fails to elongate or differentiate, while in type I, partial elongation may occur
with secondary fistula formation. The coexistence of tracheoesophageal or
bronchoesophageal fistulas is more than an anatomic curiosity—it can be temporarily
lifesaving, allowing ventilation through the esophagus.
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Diagnosis of TA is rarely made prenatally. Antenatal ultrasonography may suggest
esophageal atresia or TA through indirect signs such as polyhydramnios, a dilated upper
esophageal pouch, and non-visualization of the stomach. In more severe cases, congenital
high airway obstruction syndrome (CHAOS) may present, characterized by echogenic
enlarged lungs, flattened diaphragms, and absence of fluid-filled airways. Fetal MRI can
help identify a blind-ending airway, but in practice, these modalities are underutilized, and
diagnosis typically occurs postnatally under emergent conditions.

At birth, neonates with TA often present in severe respiratory distress, silent crying, and
cyanosis. Standard intubation attempts fail, and mask ventilation offers little relief unless a
fistula is present. Esophageal intubation may inadvertently ventilate the lungs via a
tracheoesophageal fistula and is often the only temporizing measure. This phenomenon is
repeatedly documented and suggests that if TA is suspected—especially in the setting of
failed intubation—esophageal intubation should be intentionally attempted.

Computed tomography (CT), particularly when performed with controlled ventilation, is
essential in delineating airway anatomy. In the absence of spontaneous tracheal aeration,
ventilation through the esophagus can allow visualization of bronchial anatomy and fistulas.
Cases using this approach have successfully classified the type of TA and provided data
essential for surgical planning. However, these scans are often conducted only after initial
stabilization, which may be too late in many cases.

Surgical repair of TA remains highly experimental and carries significant risk. In rare,
reported survivors, complex reconstructive procedures have included esophageal
“trachealization,” wherein the esophagus is used to substitute for the absent trachea,
sometimes supported with external stents or splints. The success of such procedures
hinges on several factors: type of TA, presence and anatomy of fistulas, the patient’s size
and overall health, and the availability of multidisciplinary care. Centers in Japan have
pioneered strategies involving staged reconstructions—initially creating a cervical
esophagostomy for ventilation, followed by eventual gastrointestinal reconstruction using
interposed bowel segments.

Even when surgical repair is technically successful, complications such as infection, poor
pulmonary compliance, or neurologic insult from prolonged hypoxia can compromise
outcomes. In several case reports, despite achieving surgical airway continuity, infants
succumbed postoperatively to systemic complications or multiorgan failure. These
experiences emphasize the critical importance of early diagnosis and careful case selection
for surgical intervention.

In terms of management frameworks, tracheal agenesis underscores the need for a well-
coordinated multidisciplinary response. Teams must include neonatologists, pediatric
surgeons, otolaryngologists, cardiothoracic surgeons, radiologists, geneticists, and
palliative care specialists. With the advent of technologies such as high-resolution CT,
ECMO, and even 3D-printed airway scaffolds, there is cautious optimism that survival could
improve for select cases.
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However, the ethical and medical challenges remain profound. The natural history of TA is
one of high lethality, and the decision to pursue aggressive surgical therapy must be
balanced with the infant’s quality of life, likelihood of meaningful survival, and presence of
additional anomalies. In numerous cases, parents declined postmortem examinations,
leaving gaps in anatomical understanding that could have informed future care.

Despite its rarity, tracheal agenesis is a powerful example of the limits of neonatal
resuscitation and the importance of recognizing rare congenital anomalies early. From
airway management innovations to pioneering reconstructive efforts, each case expands
the frontier of what may be possible—but also what should be considered reasonable and
humane. Emerging diagnostic tools and surgical strategies may incrementally improve
prognosis, but the condition remains one of the most formidable challenges in neonatal
medicine.

In conclusion, TA demands heightened clinical suspicion, especially in neonates with
respiratory failure and failed intubation attempts. Prenatal imaging, when available and
interpreted with attention to subtle signs, can aid early recognition. Postnatal stabilization
may be possible through esophageal ventilation in the presence of fistulas. Though surgical
survival is rare, evolving techniques and interdisciplinary collaboration continue to reshape
possibilities in the management of this devastating condition.
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Pharyngeal Perforation in Newborns

Pharyngeal perforation in newborns is a rare but serious medical complication, typically
resulting from medical procedures such as feeding tube insertion, intubation, or pharyngeal
suctioning. Although infrequent, this injury poses significant risks, especially to premature
and very low birth weight (VLBW) infants, whose fragile anatomy makes them more
susceptible to trauma. A review of six reported cases and clinical experiences reveals
consistent patterns in causes, diagnosis, presentation, and treatment that help clinicians
better understand and manage this delicate condition.
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The primary cause of pharyngeal perforation in neonates is iatrogenic trauma—
unintentional injury from medical interventions. Even standard procedures like placing an
orogastric (OG) or nasogastric (NG) feeding tube can cause mucosal tears if performed
without adequate caution. Premature infants, particularly those under 1500 grams, are
especially at risk due to the narrowness of their pharyngoesophageal junction and the lack
of protective muscular tone. In some instances, hyperextension of the neck during the
procedure increases the likelihood of injury. The injury often goes unnoticed at the time of
the procedure and only becomes apparent later through signs of respiratory distress,
feeding difficulties, or unusual radiographic findings.

One case involved a full-term newborn with no apparent complications at birth who later
developed severe respiratory distress. Imaging eventually revealed a large retropharyngeal
air collection caused by a hypopharyngeal perforation from initial intubation and suctioning.
Despite the initial mystery surrounding the respiratory symptoms, further evaluation with
neck CT and contrast studies clarified the diagnosis. The injury resolved with conservative
care—no surgical intervention was required.

Three other infants, all extremely premature and weighing under 1,200 grams, presented
with complications following pharyngeal suctioning or feeding tube placement. In each
situation, the cause was a mechanical injury to the upper gastrointestinal tract—either a
feeding catheter embedding in the esophageal wall or suction catheter repeatedly striking
the same mucosal area. Flexible endoscopy proved invaluable in these cases, allowing for
direct visualization of the injury site and helping to guide safe re-placement of the feeding
tube. In all three cases, treatment included cessation of tube feeding, intravenous
antibiotics, and a period of bowel rest. All patients recovered fully.

In another report, a term infant undergoing rigid esophagoscopy for a suspected foreign
body experienced a mucosal tear during the procedure. Though initially stable, the child
developed fever and subcutaneous emphysema. A contrast study revealed periesophageal
air, and the child was successfully managed with intravenous antibiotics and temporary
discontinuation of oral feeding. This case emphasized that perforation symptoms may
emerge hours or even days after the initial insult, and that subtle imaging findings can be
pivotal for diagnosis.

A different infant, misdiagnosed with esophageal atresia and a tracheoesophageal fistula,
was about to undergo unnecessary thoracic surgery when a careful esophagoscopy
revealed a pharyngeal tear instead. A review of the chest radiographs showed the NG tube
coiled at an unusual level, raising suspicions. The injury was managed non-surgically with
antibiotics and cessation of feeding. The tear healed completely, and the child was
discharged on day 13 of life in stable condition.

Seven more cases, all in the NICU setting, provided additional insights through a detailed
pictorial analysis of radiographic findings. These included false lumens, retroesophageal air
pockets, and perforations that extended into the pleural space. All patients were premature,
and most weighed less than 750 grams. The common theme was again traumatic injury
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during tube insertion. In one particularly dramatic example, a feeding tube entered the right
pleural space and caused a pneumothorax. Prompt recognition and chest tube placement
resolved the issue. Radiographic signs such as aberrant catheter trajectory, air tracking in
soft tissues, and unusual lucencies in the mediastinum served as critical diagnostic clues.

In a 29-year analysis of NICU records from a single institution, six VLBW infants out of over
2,000 were identified with iatrogenic pharyngoesophageal perforation. Most injuries
occurred during the initial tube insertion, typically within minutes after birth. Three cases
were initially mistaken for esophageal atresia due to resistance encountered during tube
placement and the coiling or aberrant positioning of the tube on X-ray. Clinical symptoms
included difficulty with tube insertion, bloody oral secretions, and increased salivation.
Lateral radiographs and contrast studies revealed characteristic signs such as contrast
pooling in the mediastinum or beaded tracts representing false lumens. Laryngoscopy
helped confirm the location of the perforation in most patients.

Interestingly, none of the patients in this report required surgery. All were managed with
antibiotics, temporary cessation of feeds, and in some cases, thoracentesis for
pneumothorax. Feeding tubes were carefully reinserted under visualization, and all six
infants survived with no long-term complications. The importance of early diagnosis was
highlighted, as delayed recognition could lead to prolonged symptoms or even severe
infections like mediastinitis.

Across all cases, the anatomical vulnerability of the pharyngoesophageal junction plays a
central role. This area, just above the cricopharyngeal muscle, is not only the narrowest
part of the upper digestive tract but also prone to injury when the neck is hyperextended—a
common position during tube insertion. This explains the frequent occurrence of perforation
at this specific site, particularly in premature infants.

Diagnosis remains challenging due to the non-specific nature of symptoms. Respiratory
distress, excess oral secretions, failure to tolerate feeds, and vomiting are common but not
definitive. Routine chest X-rays may be misleading or normal at first. Therefore, when
clinical suspicion exists—especially if the NG or OG tube appears misdirected or coiled—
additional imaging such as lateral radiographs, contrast esophagrams, and even CT may
be necessary. Flexible endoscopy offers the most direct and reliable means of visualizing
the injury and can also be used to guide subsequent safe interventions.

Treatment in most cases can be managed without surgery. Broad-spectrum antibiotics,
bowel rest, and cautious refeeding under controlled circumstances form the cornerstone of
therapy. Surgical drainage is rarely needed unless complications like abscesses or large
pneumothoraces develop. The overall prognosis is good when the condition is recognized
and treated early.

In sum, pharyngeal perforation in newborns, though rare, is an important clinical entity that
all neonatal and pediatric care providers must be prepared to recognize and manage. The
key takeaways are:
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latrogenic perforations often occur during routine procedures like NG/OG tube
insertion or suctioning.

e Premature and VLBW infants are at the highest risk due to anatomical and
physiological vulnerabilities.

« Early diagnosis is essential and relies heavily on imaging and endoscopy.
« Conservative management is highly effective, especially when initiated promptly.

« Prevention is best achieved through gentle technique, proper training, and
verification of tube placement via imaging.

Raising awareness, improving procedural safety, and maintaining a high index of suspicion
for iatrogenic injuries can significantly improve outcomes and reduce unnecessary surgical
interventions in this vulnerable population.
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Endoscopic balloon dilation for Gastric Outlet Obstruction

Endoscopic balloon dilation (EBD) has emerged as a meaningful, often underutilized,
option in the management of gastric outlet obstruction (GOO) in pediatric patients.
Historically considered a domain of surgical intervention, pediatric GOO has seen a
paradigm shift toward minimally invasive endoscopic approaches. This transition has been
driven by both the evolution of endoscopic tools and a growing body of case-based
evidence supporting the safety and efficacy of EBD in carefully selected children.

GOO in children encompasses a diverse range of etiologies, each with unique
pathophysiological mechanisms. While infantile hypertrophic pyloric stenosis (IHPS) is the
most well-known cause in neonates, older children can present with GOO due to peptic
ulcer disease, caustic ingestion, congenital antral webs, NSAID-induced ulcers, and post-
surgical strictures. The clinical hallmark across these etiologies remains consistent:
persistent non-bilious vomiting, poor weight gain, early satiety, and signs of gastric
retention.
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In select cases, such as peptic ulcer-induced pyloric stenosis or post-ingestion injury, the
primary process involves inflammation followed by fibrosis and cicatrization. These
strictures are typically short and amenable to endoscopic dilation. The rationale for EBD in
such scenarios is clear: it targets the mechanical obstruction without the need for extensive
surgical disruption.

The technique involves the use of through-the-scope (TTS) balloon catheters, which are
inserted over a guidewire and positioned under endoscopic and often fluoroscopic
visualization. Gradual inflation of the balloon to target diameters—typically between 8 and
15 mm—permits controlled radial expansion of the narrowed lumen. In children, balloon
sizes and inflation pressures must be calibrated carefully due to the anatomical constraints
and fragility of the tissues involved.

A series of reports has documented favorable outcomes with EBD. For example, children
with corrosive GOO, especially those resulting from acid ingestion (like hydrochloric acid-
based toilet cleaners), have shown substantial improvement following serial dilations.
Typically performed over several weeks, the stepwise approach helps avoid perforation and
permits tissue remodeling. In these cases, some physicians combine EBD with intralesional
steroid injections (e.g., triamcinolone) to further inhibit fibrotic re-narrowing.

Similarly, NSAID-induced pyloric strictures in children have responded well to EBD. In one
reported case, a 7-year-old developed GOO following concurrent ibuprofen and aspirin
therapy for an upper respiratory infection. After initial stabilization and acid suppression
therapy, multiple EBD sessions restored pyloric patency and resolved the obstructive
symptoms without need for surgical correction.

Another compelling scenario for EBD is in the treatment of congenital antral webs—thin
mucosal diaphragms that occlude the distal stomach. These lesions, while rare and often
misdiagnosed, can be visualized directly during endoscopy, and successfully treated with
dilation alone. Long-term follow-up in these patients often reveals sustained symptom
resolution and normal growth trajectories, making a strong case for primary endoscopic
therapy.

EBD also has demonstrated potential in managing complex or atypical cases, such as
hypertrophic pyloric stenosis (HPS) beyond the infantile period. Although Ramstedt
pyloromyotomy remains the gold standard for IHPS in infants, older children with delayed
diagnosis or atypical presentations—such as those with comorbidities like Down
syndrome—may benefit from EBD. In at least one documented case, a combination of
endoscopic pyloromyotomy and balloon dilation proved effective in alleviating symptoms in
a six-year-old with HPS who was not an ideal surgical candidate.

Despite these successes, several practical considerations remain. First, the need for repeat
dilations is common. Inflammatory and fibrotic strictures may rebound after initial
improvement, requiring careful follow-up and sometimes multiple procedures. Second,
there is a modest risk of complications, including bleeding and perforation, especially when
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using larger balloon diameters or in areas of active ulceration. Nevertheless, most adverse
events are self-limited, and the overall complication rate in pediatric EBD remains low when
performed by experienced hands.

Endoscopic electrocauterization and steroid augmentation have been explored as adjuncts
to balloon dilation. Electrocautery can weaken fibrotic bands or allow for controlled
myotomy in cases of thickened tissue. Steroids, when injected intralesionally, may mitigate
the inflammatory cascade and delay or prevent restenosis. These techniques, though
promising, require further validation in pediatric cohorts but offer additional options for
refractory cases.

In conclusion, endoscopic balloon dilation stands as a safe, effective, and repeatable
alternative to surgery for a range of pediatric gastric outlet obstructions. While it is not
universally applicable—long or angulated strictures, complex congenital anomalies, or
malignancies still warrant surgical consideration—its role continues to grow with experience
and technological advancement. With appropriate patient selection, skilled endoscopic
technique, and rigorous follow-up, EBD can offer children relief from GOO while minimizing
the trauma and recovery associated with operative interventions. For physicians managing
such cases, EBD should no longer be viewed as experimental or secondary, but as a
frontline therapeutic strategy in the right clinical context.
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