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Goals:
1. Understand the basics of respiratory physiology and breathing mechanics.
2. Identify the physical exam findings of intrathoracic vs extrathoracic airway obstruction and
develop a differential diagnosis for these findings.
3. Examine the perioperative considerations of an anesthetic for a child with respiratory
compromise of unknown etiology.
4. Discuss how shared airways are managed in different institutions and identify common
effective strategies and barriers to smooth care.
5. Consider the importance of good communication amongst all members of the operating
room team while also recognizing the recurrent types of communication failure and their effects
on patient care.
Case Description:
A term four-month-old female infant with intermittent stridor and chronic subcostal retractions
since birth presents to her Pediatrician with poor weight gain and increased cough and work of
breathing. She is found to have tachypnea, retractions, hypoxemia, and decreased breath sounds
on the right. A chest X-ray is obtained in the office and demonstrates complete loss of right lung
aeration with left lung hyperinflation and tracheal and mediastinal shift. She is sent to the
Emergency Department via ambulance for further evaluation and management where it is
determined she will require flexible and rigid laryngoscopy and flexible bronchoscopy with
Otolaryngology and Pulmonology.
Questions:
What are your immediate concerns for this child? What is on your differential diagnosis? What
further information would you like prior to developing an anesthetic plan?
The infant was born at 37w4d, induced for polyhydramnios and small fetal measurements. She
had a 2-vessel umbilical cord without other identified anomalies on multiple fetal ultrasound
evaluations. Delivery was uncomplicated with 1 and 5 minute Apgars of 8 and 8, respectively.
She has had poor weight gain and noisy breathing with intermittent retractions since birth, and
recently underwent in-office awake flexible laryngoscopy by ENT that demonstrated no upper
airway abnormalities. For the past 3 days, she has had worsening dry cough, fussiness, and ear
tugging prompting parents to bring her for evaluation at the Pediatrician’s office.
On examination, you find a small-for-age infant receiving supplemental O2 via face mask. She
has suprasternal tugging and supraclavicular and intercostal retractions. Her suprasternal tugging

worsens with increased agitation and she exhibits a forced expiratory phase. She is lying still
with very little extraneous movement.
Do your history and examination findings narrow your differential diagnosis? Can you use
physical examination findings to determine the level of airway obstruction?
Prior to going back to the operating room, a CT chest is obtained that confirms near complete
right lung collapse, associated shift of the left lung along with trachea and esophagus into the
right hemithorax with no noted endobronchial foreign body.
What are the anesthetic considerations for this child? Would you premedicate her prior to going
back to the operating room? What is your plan for induction and maintenance of anesthesia?
The infant has a single working PIV in place from the ED and remains on O2 via facemask. You
decide to give 2mg of IV midazolam incrementally prior to induction in the operating room and
note a decrease in expiratory accessory muscle use. Is this expected?
Slow mask induction is performed with intermittent boluses of propofol to maintain spontaneous
ventilation until ENT completes the rigid bronchoscopy and securely places an endotracheal
tube. Following intubation and neuromuscular blockade, you note that her end tidal waveform
has an increased alpha angle and variability of phase 3.

What does this suggest about her respiratory pathology?
Intraoperative findings along with subsequent transthoracic echocardiogram and CT angiogram
confirm a diagnosis of absent right pulmonary artery with single right pulmonary vein, right
bronchial tree hypoplasia and moderate left mainstem bronchomalacia.
What is bronchomalacia? How does a diagnosis of bronchomalacia affect your anesthetic plan
or intraoperative management? Which phase of the respiratory cycle is predominantly affected
by bronchomalacia and what are the expected physical exam findings? What is the natural
history of absent pulmonary artery?

Shared airway cases such as this one, present unique challenges both for the anesthesiologist
and for the surgeon, requiring efficient and effective communication and detailed planning. How
are shared airways managed in your institution? What types of communication have you seen
work well? What are common communication failures and how can they affect patient care?
Discussion:
Respiratory distress in infants and children can be broadly classified as dynamic vs static,
inspiratory vs expiratory, and obstructive vs atelectatic, airways vs parenchymal vs chest wall
disease processes. This framework can direct the history and physical examination process to
assess for both severity and specificity of findings and to guide subsequent evaluation.
In our patient, extensive or complex abnormalities were suspected with severe inspiratory
accessory muscle use, intermittent stridor, and volume loss of the right lung with shift of leftsided structures. Periods of expiratory accessory muscle use were also observed, and the
intraoperative capnogram showed features suggestive of both intrathoracic obstruction
(increased alpha angle) and heterogeneity of parenchymal structures (variability of phase 3).
Although obstruction was present in the form of moderate left mainstem bronchus collapse due
to bronchomalacia, no right-sided obstruction was found, and instead lung hypoplasia with
associated right pulmonary artery agenesis was discovered as the underlying disorder with
further disruption of her respiratory physiology from acute viral illness.
Tracheomalacia (TM) and Tracheobronchomalacia (TBM) are classified into congenital disease
(primary) and acquired disease (secondary). Congenital disease is thought to be due to
immaturity of the tracheobronchial cartilage or possibly to inappropriate division of the foregut
during embryologic development. It is the most common congenital anomaly of the trachea,
more common in premature babies and possibly in males, although this is reported
inconsistently. It can also be idiopathic, a consequence of disease processes affecting cartilage
development or structure such as Ehlers-Danlos Syndrome or chondromalacia, or present in
association with congenital syndromes (ie: CHARGE, VACTERL, mucopolysaccharidosis,
Pierre-Robin Sequence) or congenital anomalies (ie: tracheoesophageal fistula,
bronchopulmonary dysplasia, esophageal atresia with or without laryngeal cleft). The majority of
TM cases are self-limited and are outgrown by age 2 years in the absence of connective tissue
disorders or other syndromes.
Acquired disease is more common than congenital and is caused by the degeneration of
previously normal cartilage in the trachea and bronchi. This form of TM is more common in
males and is most commonly caused by tracheotomy or by prolonged intubation with associated
high airway pressures, O2 toxicity, and recurrent infections. This is seen especially in premature
infants with respiratory distress syndrome. Less commonly, acquired TM is caused by external
compression of the trachea by cardiovascular anomalies (ie: double aortic arch, anomalous left
pulmonary artery, left atrial hypertrophy), skeletal disorders such as scoliosis or pectus
excavatum, or space occupying lesions (ie: goiter, abscess, tumor, cyst).

Signs and symptoms of TM can include stridor, retractions, prolonged expiratory phase, barking
cough, cyanosis, failure to thrive, recurrent pulmonary infections, and even cardiac or respiratory
arrest in extreme cases. On bronchoscopy, anteroposterior collapse of the trachea or mainstem
bronchi along with indistinct tracheobronchial rings may be seen. Visualized decrease in tracheal
diameter of greater than 50% is considered abnormal, but the majority of children with TM have
collapse of greater than 75% with complete tracheal collapse seen in up to 1/3 of cases. CT and
MRI can also be helpful in the diagnosis of TM, but it is difficult to see dynamic changes in
small children due to their limited cooperation.
Treatment of TM depends on severity and etiology. Most children with mild to moderate disease
have resolution of disease by 1 to 2 years of age due to strengthening and stiffening of their
tracheobronchial cartilage. Some may benefit from chest physiotherapy, humidified oxygen, and
of course treatment of any underlying respiratory infections that may temporarily worsen
symptoms. In more severe cases, CPAP or even tracheostomy, external tracheal stenting or
splinting, or aortopexy may be necessary.
TM causes a variable intrathoracic obstruction during which the size and resistance of the large
airways varies dramatically with changes in pleural pressure. This is due to the absence of rigid
cartilage and the subsequent lack of structural integrity that is present in non-malacic airways.
This can be better understood by comparing normal and pathologic respiratory mechanics. In a
normally functioning respiratory system, air flow (V) into and out of the lungs is determined by
the gradient between atmospheric (Patm) and alveolar pressure (Palv) divided by airway
resistance (R):
V = (Patm – Palv)/R
Alveolar pressure itself is the sum of pleural pressure (Ppl) and lung elastic recoil pressure (Pl):
Palv = Ppl + Pl
Finally, airway transmural pressure (Ptm) is the difference between the pressure within the
airway (Paw) and the pleural pressure:
Ptm = Paw – Ppl

Figure 6. Changes in pleural pressure, alveolar pressure, pressure inside the airway, and airway transmural pressure (Ptm) during
tidal breathing. (A) End-expiration; (B) during inspiration; (C) end-inspiration; (D) during passive expiration.
Annals ATS, 2013
https://www.atsjournals.org/doi/abs/10.1513/AnnalsATS.201301-004EM

The use of accessory muscles such as internal intercostals and abdominal wall musculature
increases pleural pressure, which subsequently leads to increased airway pressure and collapse of
malasic areas affected by TM. This collapse increases resistance to flow and leads to the typical
findings of intrathoracic airway obstruction including upsloping of the alveolar plateau on the
capnogram and flattening of the expiratory limb on spirometry flow volume loops.

Figure 8. Pleural pressure, alveolar pressure, pressure inside the airway, and airway transmural pressure (Ptm) during forced
expiration (A) and deep inspiration (B) in a patient with variable intrathoracic large airway obstruction. During forced expiration,
the loss of structural rigidity causes the large airways to collapse as Ptm becomes increasingly negative.
Annals ATS, 2013
https://www.atsjournals.org/doi/abs/10.1513/AnnalsATS.201301-004EM

Considerations for anesthetic management of patients with TM focus primarily on preventing
airway collapse and air trapping by minimizing coughing and using appropriate PEEP or CPAP.
Topical anesthesia and opioids may help to decrease cough, while anticholinergics can be used to
decrease secretions and blunt the vagal response; deep extubation when appropriate can also be
performed to limit coughing upon emergence from anesthesia. Care to avoid air trapping is
crucial as this can lead to high intrathoracic pressures, decreased venous return, and eventual
PEA arrest if not recognized and treated. In these situations, it may be necessary to physically
compress the chest wall while holding ventilation to force an exhalation.
Our patient presented with symptoms of an underlying but previously undiagnosed airway
pathology that can be classified as dynamic, expiratory, obstructive, and involving primarily the
airways with some likely parenchymal disease. These chronic symptoms were worsened by an
acute pathology that can be classified as both dynamic and static, inspiratory and expiratory,
obstructive and atelectatic, and involving primarily the airways. Due to agenesis of the RPA
concurrent with right lung hypoplasia, our patient was not hypoxic when well due to minimal

V/Q mismatch; however, her baseline retractions and increased work of breathing, likely due to
moderate bronchomalacia of the single mainstem bronchus participating in meaningful airflow,
were worsened with the increased resistance to airflow associated with mucosal edema and
secretions from an upper respiratory tract infection.
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