
 
 

 

Problem-Based Learning Discussions (PBLD) Anesthesiology 2015 © American Society of Anesthesiologists. All rights reserved. Note: 

This publication contains material copyrighted by others. Individual PBLD sessions are reprinted by ASA with permission. Reprinting or 

using individual PBLDs contained herein is strictly prohibited without permission from the authors/copyright holders. 

Page 1 

 

 
Session: L208 
Session: L417 
 
 

Stridor in an Ex-Premature Infant: Let’s Laser 
Matthew S. Wilder, M.D. 

Debnath Chatterjee, M.D. 
Children’s Hospital Colorado, Aurora, CO 

 
 

Disclosures: These presenters have no financial relationships with commercial interests 
 
 

Stem Case and Key Questions Content 
A 6-month-old, former 27-week premature infant with laryngomalacia is scheduled for 
microlaryngoscopy, bronchoscopy and possible supraglottoplasty. His past medical history includes 
chronic lung disease (on 0.25 L/min home oxygen), patent ductus arteriosus status post ligation, 
failure to thrive and gastroesophageal reflux disease. He has had multiple hospital admissions for 
respiratory distress and worsening stridor with URIs. His most recent admission was for increasing 
oxygen requirement secondary to viral bronchiolitis versus aspiration. 
 
Questions: 
What is the differential diagnosis for stridor in an infant? 
 
How is stridor different than wheezing? 
 
How would evaluate an infant presenting with stridor? 
 
What is laryngomalacia? 
 
How do patients with laryngomalacia present? 
 
What are the different treatment modalities for patients with laryngomalacia? 
 
What are the indications for surgical management of laryngomalacia? 
 
Case history and physical exam (continued): 
Physical exam reveals an afebrile infant in no acute distress. His oxygen saturations are 95% on 0.5 
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L/min of oxygen via nasal cannula. He has coarse breath sounds bilaterally and inspiratory stridor at 
rest that worsens with crying. The rest of his physical exam is within normal limits. He has no 
intravenous access and his mother states that he has had difficulties with intravenous access in the 
past. 
 
A transthoracic echocardiogram demonstrates normal cardiac anatomy and biventricular function with 
mild pulmonary hypertension. His chest x-ray reveals hyper expanded lungs with mildly coarsened 
interstitial markings, but no focal areas of consolidation. His blood cell count and electrolytes are 
within normal limits. 
 
Questions: 
What additional information would you want to know about this patient? 
 
What are the anesthetic concerns in a former premature infant with bronchopulmonary dysplasia? 
 
The patient has had a recent pneumonia. Explain your rationale for proceeding with or postponing the 
surgery? 
 
How would you optimize his respiratory status prior to proceeding with surgery? 
 
What is your plan for induction of general anesthesia? 
 
Anesthesia induction: 
After an uneventful induction, the operating table is turned 90° and the surgeon proceeds with direct 
laryngoscopy. He sprays the vocal cords and subglottis with 4% lidocaine and wishes to use CO2 
laser for the procedure. 
 
Questions: 
How would you maintain general anesthesia during the bronchoscopy? 
 
What are the anesthetic concerns with the use of CO2 laser in airway surgery? 
 
Anesthesia maintenance: 
Prior to the use of CO2 laser, attempts at reducing the FiO2 below 0.4 results in oxygen desaturation 
to 80%. 
 
Questions: 
Discuss from a physiological standpoint, the mechanism(s) of oxygen desaturation at this point in the 
case. 
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What interventions can be performed to improve the patient’s oxygen saturation? 
 
The surgery proceeds with the intermittent use of CO2 laser. When the endotracheal tube is in the 
patient's mouth, the laser is accidentally fired with the FiO2 being close to 1.0 and a puff of smoke is 

seen in the patient’s mouth. The surgeon yells FIRE⋯. 
 
Questions: 
What steps should you perform immediately? 
 
How would you manage the airway fire? 
 
What steps could have been taken to prevent the airway fire? 
 
What formal mechanisms exist for the reporting of surgical fires in the operating room? 
 
 
Model Discussion Content 
Laryngomalacia 
Introduction 
Laryngomalacia is the most common congenital laryngeal anomaly, characterized by decreased 
laryngeal tone, shortened aryepiglottic folds and collapse of supraglottic structures during inspiration.1 
Laryngomalacia is the most common cause of stridor in infants and usually presents within 2 weeks of 
birth. Most cases are mild and self-limited, with resolution of symptoms by the age of 12-24 months.1 
 
Pathogenesis 
Multiple theories have been put forth to explain the etiology of laryngomalacia, including anatomic, 
cartilaginous, and neurologic differences in these patients.1 Anatomically, patients with severe 
laryngomalacia were found to have a mean ratio of aryepiglottic fold/glottic length that was 
significantly lower than that of controls without laryngomalacia. Another theory is that these infants 
have a congenital cartilaginous abnormality that caused airway collapse, but this has been disproven 
by histologic studies. More recent studies suggest that there may be neurologic problems in this 
population. The neurologic theory proposes that neurosensory dysfunction leads to lack of 
neuromuscular coordination of the supraglottic airway. In cases of congenital or “primary” 
laryngomalacia, there is actual anatomic variation such as the shortening of the aryepiglottic folds or a 
more pronounced omega-shaped epiglottis. 
 
It is well known that many patients with laryngomalacia also have gastroesophageal reflux (GER) 1. 
GER has been demonstrated to be at the least a comorbidity and likely the cause in a subset of 
laryngomalacia patients. It may be the case that airway obstruction causes severe negative 
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inspiratory pressure, causing secondary reflux. However in “secondary” laryngomalacia, GER into the 
larynx causes inflammation and edema that leads to airway obstruction. 
 
Clinical Presentation 
Inspiratory stridor is the primary sign of laryngomalacia. This high-pitched sound is positional and 
situational, worsening when the baby is supine, feeding, or crying.1 In fact, many of these patients 
suffer from failure to thrive because of the difficulty breathing while feeding. Signs of GER, i.e. crying 
after feeds, coughing, choking can all accompany stridor. One must be careful to consider other 
causes of stridor when evaluating an infant with this symptom. 
 
Conservative Treatment 
In mild cases of laryngomalacia, i.e. lack of respiratory distress and feeding difficulties, only periodic 
check-ups with a pediatrician are warranted. Feeding problems can often be treated with modification 
of feeding patterns. For patients with diagnosed GER, acid suppression medications should be 
started. Most cases of laryngomalacia will resolve spontaneously by 12-24 months of age. 
 
Surgical Treatment 
Surgery is indicated when there are severe symptoms of respiratory distress, failure to thrive, 
pulmonary hypertension or pectus excavatum. Surgery should also be considered if the patient is 
having weight loss, signs of aspiration, or evidence of sleep-disordered breathing. Approximately10-
20% of patients require surgery. Supraglottoplasty is an endoscopic procedure and is the preferred 
primary surgical intervention. It involves division of the aryepiglottic folds and excision of arytenoid 
mucosa and/or cartilage. Tissue can be divided or resected using microlaryngeal instruments or 
carbon dioxide laser. Improvement in stridor is seen in almost all patients after supraglottoplasty. 
Complications of supraglottoplasty are rare, but include laryngeal edema, granuloma formation and 
supraglottic stenosis. 
 
Former Premature Infant with Bronchopulmonary Dysplasia 
The care of a former premature infant poses several challenges to the anesthesiologist. 
Bronchopulmonary dysplasia (BPD) is the leading cause of chronic lung disease during infancy, 
occurring in infants born prematurely who require early mechanical ventilation and oxygen therapy for 
acute respiratory distress. The risk of developing BPD increases with decreasing birth weight and 
younger gestational age. 
 
Northway and colleagues first described BPD in 1967 in slightly premature infants (mean gestational 
age of 34 weeks) with respiratory distress syndrome who had been exposed to high concentration of 
oxygen and aggressive mechanical ventilation3. There was a high incidence of mortality with 
persistent respiratory symptoms and oxygen requirement beyond four weeks of age. Radiographic 
abnormalities included hyperinflation, bleb formation and interstitial densities. The histopathology 
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included diffuse airway damage, smooth-muscle hypertrophy, neutrophilic inflammation and 
parenchymal fibrosis4-6. 
 
Advances in neonatology including the advent of prenatal steroids, surfactant replacement treatment, 
gentler ventilation strategies to prevent volutrauma and ventilator-induced lung injury, improved 
nutrition, careful monitoring of oxygen therapy and other factors have improved the clinical course and 
outcome of premature infants born with respiratory distress syndrome4-6. A new milder form of BPD 
has been described in premature infants who have not been exposed to high-inspired oxygen 
concentrations and need minimal ventilatory support6, 7,8. The histopathology of the new milder form 
of BPD reveals less fibrosis and inflammation. However, there are fewer and larger alveoli with 
reduced gas exchange surface4, 6. 
 
The overall incidence of BPD has not changed over the past decade, probably because of the 
increased survival of infants born with the lowest birth weight. BPD is now mostly seen in premature 
infants born at less than 30 weeks gestational age and weigh less than 1500g. 
BPD is currently defined as the need for supplemental oxygen for at least 28 days after birth6. The 
presence of BPD is evaluated at 36 weeks postmenstrual age in infants born before 32 weeks 
gestational age and at 56 days after birth in infants born after 32 weeks gestational age. The severity 
of BPD is graded as mild, moderate or severe, based on the oxygen requirement and the need for 
ventilatory support (Table 1). 
 
Gestational age 
32 weeks 
Time point of assessment 36 weeks PMA or dischargea >28 days but 21% for at least 28 days plus 
Mild BPD Breathing room air at 36 weeks PMAb or hospital dischargea Breathing room air by 56 days 
postnatal age or dischargea 
 
Moderate BPD Need for <30% oxygen at 36 weeks PMAb or dischargea Need for <30% oxygen at 56 
days postnatal age or dischargea 
 
Severe BPD Need for >30% oxygen and/or positive pressure at 36 weeks PMAb or dischargea Need 
for >30% oxygen and/or positive pressure at 56 days postnatal age or dischargea 
Table 1. Classification and diagnostic criteria for BPD6 
 
aWhichever comes first; bPost menstrual age (PMA) is post conceptual age +2 weeks. 
The pathogenesis of BPD is multifactorial with prematurity showing the strongest association. Other 
factors that have been implicated in the pathogenesis of BPD include oxygen toxicity, 
barotrauma/volutrauma, prolonged mechanical ventilation, fluid overload, patent ductus arteriosus, 
chorioamnionitis and prenatal infection, preeclampsia and possible genetic predisposition4-6. 
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Anesthetic considerations 
Infants with moderate to severe BPD often present with tachypnea, rales, failure to thrive and a 
persistent requirement for supplemental oxygen. They have significant airway hyperreactivity and a 
superimposed lower respiratory tract infection often causes worsening of symptoms. Infants with 
milder forms of BPD may be asymptomatic, but the airway hyperreactivity persists. 
 
The preoperative assessment of an infant with BPD is geared towards optimization of their respiratory 
status. A thorough history and physical examination must be performed. Baseline oxygen saturation 
must be measured with a pulse oximeter. Many patients will benefit from the prophylactic 
administration of an inhaled β2 agonist preoperatively. 
 
Endotracheal intubation should be avoided, if feasible. While intubating infants with BPD, the use of a 
smaller than appropriate for age endotracheal tube must be considered to account for subglottic 
narrowing from prolonged ventilation. Gentle ventilatory strategies include the use of smaller tidal 
volumes, low inspired oxygen concentration, permissive hypercapnea, lung recruitment strategies and 
the use of PEEP5. 
 
Airway management during laser surgery in the airway 
Several methods have been employed to manage the airway during laser surgery. Both spontaneous 
and controlled ventilation techniques have been described7-11. Spontaneous ventilation with total 
intravenous anesthesia (TIVA) is often preferred to provide an uninterrupted source of general 
anesthesia and to decrease OR pollution from inhalational agents. Propofol and remifentanil infusions 
are commonly used to maintain general anesthesia7-11. Adequacy of ventilation is determined by 
observing chest rise and auscultation of breath sounds using a precordial stethoscope. Oxygen can 
be insufflated through an endotracheal tube either secured to the side port of the laryngoscope or 
positioned in the hypopharynx above the level of arytenoid cartilages. It is critical to maintain the FiO2 
below 0.4 during active laser use. 
 
Jet ventilation has also been used to ensure adequate oxygenation and ventilation during airway laser 
surgery. Jet ventilation may be administered supraglottically or subglottically9. It is important to allow 
adequate exhalation time to prevent the risk of pneumothorax, pneumomediastinum and 
subcutaneous emphysema. Subglottic jet ventilation should be used with extreme caution in pediatric 
airways because the small airways do not usually allow adequate exhalation. Supraglottic jet 
ventilation is a true Venturi type of ventilation, entraining outside air through the laryngoscope and 
resulting in better ventilation of the patient9. A jet ventilation needle is attached to the internal lumen 
of the suspension laryngoscope. Generally 100% oxygen is used and the amount of air insufflated is 
gradually increased until adequate chest rise is visualized. The rate of ventilation depends on the 
patient’s age and size. Jet ventilation is often used intermittently in conjunction with the laser. Propofol 
and remifentanil infusions are commonly used to maintain general anesthesia. 
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Intermittent endotracheal intubation is another technique described during airway laser surgery9. After 
endotracheal intubation, the patient is ventilated until fully oxygenated. Then the patient is extubated 
and the surgery is performed, while the patient is apneic. When the patient’s oxygen saturation falls to 
a predetermined level, the laser is turned to standby mode and the patient is reintubated and 
ventilated. 
 
CO2 LASER for airway surgery 
LASER is an acronym for Light Amplification by Stimulated Emission of Radiation. 
Laser light differs from normal light in three properties7,8 
1. Laser light is monochromatic with a well-defined specific wavelength or color. 
2. Laser light is coherent which means all the wavelengths of the laser light are in phase in space and 
time. 
3. Laser light is directional or collimated which means it is emitted as a relatively narrow beam in a 
specific direction with minimal dispersion. 
 
The basic components of a laser are7,8 (Fig 1) 
1. A lasing medium or gain medium that may be liquid (dyes or organic solvents), gases (CO2, argon, 
krypton, helium), solid (crystals, glasses) or semiconductors. 
2. A pump source that provides energy to the laser that may be electrical discharges, xenon flash 
lamps, chemical reactions, light from another laser etc. 
3. An optical resonator, which consists of a cavity containing the lasing medium, with two parallel 
mirrors on either side. One of the mirrors is highly reflective and the other mirror is partially reflective, 
allowing some of the light to leave the cavity to produce the laser’s output beam. 
CO2 laser is a gas filled tube with CO2, nitrogen, hydrogen and helium between a pair of resonating 
mirrors excited by an electrical discharge. Electrical activation of the gas mixture results in nitrogen 
and CO2 particles getting excited and they subsequently lose their excited state by releasing energy 
in the form of photons. This results in a discharge of light that is amplified as it travels through the gas 
tube, making it extremely powerful. 
 
Fig 1. Basic components of a laser (Adapted from Lasercons.svg/Lakkasuo/Wikimedia Commons by 
Nathan Billington) 
 
The CO2 laser is the most commonly used laser in airway surgery. It can be focused to a point as 
small as 250 microns allowing it to be used as a precise cutting tool9. Additionally, the wavelength of 
the CO2 laser is 10.6μm and is strongly absorbed within the first 200μm of any tissue, resulting in 
minimal damage to underlying tissue10. This minimizes postoperative edema and scarring. 
A significant disadvantage of the CO2 laser is its “line-of-sight” requirement, with no commercially 
available fiberoptic delivery system. For airway surgery, this usually necessitates suspension 
laryngoscopy with direct visualization of the lesion or pathology. Once the CO2 laser beam is 
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delivered in proximity to the surgical site, an operating microscope is used to focus the CO2 laser 
beam precisely. 
 
Hazards of CO2 laser surgery 
Atmospheric contamination 
CO2 lasers produce a significant amount of smoke and fine particulates resulting from the 
vaporization of tissue. A smoke evacuator is used in close proximity to the surgical site to prevent 
dissemination and pollution of the operating room. Special high efficiency surgical masks are required 
to catch laser plume particles and prevent provider inhalation of potentially infectious materials7, 8,10. 
 
Energy transfer to an inappropriate location 
Laser beams travel through air and are well reflected by smooth metal surfaces without any 
attenuation in the power of the laser beam. Using matte surfaces rather than smooth mirror like 
surfaces diffuses the reflection, reducing the power of the laser beam. Accidentally pressing the laser 
control trigger can deliver laser light to an unintended surgical site or across the room into someone’s 
eyes7, 8,10. 
 
Eye protection 
The eye is the most susceptible tissue to injury by laser radiation. As CO2 beams are absorbed within 
the first 200 microns of tissue, they are not a hazard to the retina, but can cause corneal injury. 
Operating room personnel must wear safety goggles. The patient’s eyes should be taped shut and 
covered with saline-soaked gauze or a metal shield7, 8,10. 
 
Fire Hazard 
Endotracheal tube fires are the most dreaded complication of airway laser surgery. The focused laser 
beam is an intense heat source capable of igniting almost all rubber and plastic materials. PVC 
endotracheal tubes are more easily ignited by CO2 lasers than red rubber tubes. Wrapping the 
endotracheal tube with a variety of material including metalized foil tape has also been suggested to 
prevent ignition. Laser resistant metal endotracheal tubes are also commercially available7, 8, 10. 
 
Surgical Fires 
Surgical fires occur in, on or around a patient who is undergoing a surgical or medical procedure. 
Though surgical fires in the operating room are rare, they may potentially result in devastating 
complications. The fire triangle includes an ignition source, a fuel and an oxidizer. A fire occurs when 
the elements of the fire triangle come together in the right proportions and under the right conditions. 
Different members of the surgical team are primarily associated with different sides of the triangle and 
must try to keep the triangle’s elements apart. Typically, anesthesiologists control the oxidizers, 
surgeons control the ignition source and the nurses control the fuel. 
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Prevention of Airway Fires 
The use of laser for airway surgery brings an ignition source in proximity to an oxidizer-enriched 
atmosphere, increasing the risk of an airway fire. The laser must be placed in standby mode when not 
in active use and must be activated only when the active tip is in view, especially if looking through a 
microscope. Before activating the laser, the surgeon must announce the intent to use laser and give 
the anesthesiologist sufficient notice11. The anesthesiologist should 
1. Reduce the delivered oxygen concentration to the minimum required to avoid hypoxia. 
2. Stop the use of nitrous oxide. 
3. Wait for 1-3 minutes before approving activation of the laser. 
 
If an endotracheal tube is present in the airway, a laser resistant endotracheal tube must be chosen if 
clinically appropriate. The use of cuffed endotracheal tubes is preferred and the balloon of the cuffed 
endotracheal tube must be filled with saline colored with methylene blue to quickly identify cuff 
rupture. 
 
Management of Airway Fires 
When an early warning sign is noted, it is imperative to halt the procedure and call for help. Early 
warning signs include unusual sounds (pop, snap or foomp), unexpected flash, smoke or heat and 
unusual odors. In the event of a definite fire, the presence of a fire should be loudly announced, the 
procedure should be halted and the surgeon and anesthesiologist need to act quickly and decisively.  
 
The suggested actions include11 
1. Remove endotracheal tube. 
2. Stop the flow of all airway gases. 
3. Remove sponges and any other flammable material from the airway. 
4. Pour saline into the airway. 
 
If the airway fire is extinguished, mask ventilation should be re-established and the operative field 
should be examined for residual endotracheal tube fragments and debris13. A rigid bronchoscopy 
may be necessary to remove endotracheal tube fragments and debris from the trachea and bronchus. 
If the airway fire is not extinguished with the above-mentioned maneuvers, a carbon dioxide 
extinguisher should be used in, on or around the patient11. If the fire persists, the fire alarm should be 
activated and the patient must be evacuated from the operating room if feasible. Attempts must be 
made to contain the fire in the operating room by closing the doors and shutting off the medical gas 
supply to the room. Fires in the operating room should be reported to the local fire department, State 
Department of Health and the Food and Drug Administration11. 
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