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Abstract

Purpose of Review To find the best anesthesia practices for patients with aerodigestive disorders undergoing triple endoscopy.
Recent Findings While there is abundant literature on the utility of aerodigestive programs as well as the triple endoscopy
performed in aerodigestive patients, there is a lack of studies investigating the optimal anesthetic technique for this patient
population.

Summary Triple endoscopy has been shown to expedite diagnosis and treatment while exposing patients to less anesthesia
and decreasing the frequency of unnecessary evaluations. Due to the high-risk nature of airway procedures and the frequent
underlying comorbidities in this special patient population, perioperative respiratory complications are common. Collabora-
tive, multidisciplinary care among anesthesiologists, otolaryngologists, pulmonologists, and gastroenterologists is essential
to meet the specific needs of each aerodigestive patient and safely perform the triple endoscopy. This article outlines our
anesthetic approach and the perioperative considerations taken for each stage of the process.
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Introduction
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Aerodigestive disorders include a variety of conditions
affecting the respiratory and digestive systems and com-
Jennifer Yoo monly manifest with difficulty swallowing and/or feeding,
jeyoo@chla.usc.edu gastroesophageal reflux disease, failure to thrive, recurrent
pneumonia, stridor, shortness of breath, and chronic cough.
According to a consensus statement by Boesch et al., aer-
odigestive patients are children with a combination of mul-
tiple and interrelated congenital and/or acquired conditions
affecting airway, breathing, feeding, swallowing, or growth
that require a coordinated interdisciplinary diagnostic and
therapeutic approach to achieve optimal outcomes [1]. Aer-
odigestive programs have been emerging in many parts of
the USA since the 1990s, with the largest subset in chil-
dren’s academic centers [2, 3]. The aerodigestive program
at Children’s Hospital Los Angeles (CHLA) was launched in
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2016, to address the needs of children with these disorders
in Southern California. Table 1 illustrates the commonly
seen conditions in aerodigestive clinics at various centers.
Patients are initially evaluated by specialists from oto-
laryngology (ENT), pulmonology, and gastroenterology to
develop a comprehensive plan of care in the clinic. Dedicated
specialists from pediatric surgery, anesthesiology, speech, and
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Table 1 Common conditions managed by aerodigestive programs

Tracheo-esophageal fistula

Laryngomalacia

Tracheomalacia

Bronchomalacia

Laryngo-tracheoesophageal cleft (is “esophageal” typically part of
this diagnosis?)

Tracheomalacia or bronchomalacia secondary to other diagnosis (i.e.,
vascular rings)

Subglottic stenosis (primary or secondary)

Stridor

Vocal cord dysfunction/paralysis

Recurrent croup

Aspiration pneumonia

Recurrent pneumonia

Chronic cough

Eosinophilic gastrointestinal diseases (EGID)

Gastroesophageal reflux with persistent symptoms

Gastrostomy tube or nasogastric tube dependency

Oral aversions: sensory and or texture issues

Chronic dysphagia

language pathology as well as a registered dietitian are also
available for consultation during the same visit. Patients who
require further evaluation with a direct assessment of the aer-
odigestive tract are offered a triple endoscopy in the operating
room which consists of a flexible bronchoscopy and bron-
choalveolar lavage (BAL) performed by a pulmonologist, rigid
laryngoscopy and bronchoscopy by an otolaryngologist, and
upper gastrointestinal (GI) endoscopy with biopsies performed
by a gastroenterologist, all under one general anesthetic. We
conducted a literature search to review the best anesthetic
practices to care for aerodigestive patients undergoing triple
endoscopy.

Methods

PubMed, EMBASE, Google Scholar, and Cochrane data-
bases were searched using the keywords: anesthesia, aer-
odigestive, aero-digestive, triple scope, and triple endoscopy
from July 2002 to July 2022. To be included, articles had to
be human studies, in the English language, and concentrate
on the anesthetic considerations for aerodigestive patients
undergoing triple endoscopy. Two independent reviewers
(AK and JY) screened articles for inclusion, and any uncer-
tainties or disagreements were resolved via discussion.

@ Springer

Results

After an extensive search, we did not find any other arti-
cles meeting the inclusion criteria other than our previously
published article on perioperative respiratory adverse events
(PRAE) in aerodigestive patients [4ee]. While there were
studies describing the utility and feasibility of the multidis-
ciplinary approach of aerodigestive clinics and triple endos-
copy, there were no published studies on best practices for
anesthesia for triple endoscopy or studies describing out-
comes other than PRAE.

Anesthesia Implications of Triple Endoscopy

Due to frequent underlying respiratory comorbidities and
the high-risk nature of airway procedures, intraoperative
complications are not uncommon. Among pediatric patients
undergoing elective bronchoscopies, perioperative respira-
tory complications have been previously reported in 33% of
patients [5]. This study also demonstrated that patients with
complex syndromes and cardiac comorbidities experienced
a higher rate of severe complications.

In our 2019 review of triple endoscopies in aerodigestive
patients (n=122), 57% of the patients were noted to have
at least one perioperative respiratory adverse event (PRAE)
which included oxygen desaturation less than 90% that lasted
longer than 1 min, any severe oxygen desaturation (< 70%)
for any length of time, bronchospasm, laryngospasm, or
escalation in the level of respiratory support compared to
baseline [4e¢]. Other than the male sex, patient characteris-
tics such as age, weight, body mass index, and comorbidi-
ties including preexisting lung disease were not statistically
significant for increased risk of PRAE. Procedure-specific
risk factors such as the experience level of the anesthesi-
ologist, anesthetic technique (induction and maintenance
of anesthesia), and adjunct medications (i.e., opioids and
ketamine) used were also not statistically significant. There
was no statistically significant difference in the incidence of
perioperative respiratory events between those children who
had an illness at the time of surgery, those who had an illness
up to 4 weeks before surgery, and those who did not have an
illness. However, there was a higher incidence of patients
with respiratory illness, particularly those with symptoms at
the time of surgery, ultimately having a respiratory adverse
event. Due to the high risk of respiratory complications,
triple endoscopy in aerodigestive patients warrants a high
degree of vigilance, planning, and communication with all
team members.
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Aerodigestive Anesthesiology Protocol

There is limited literature describing anesthesia protocols
for triple endoscopy; however, the principles for perform-
ing anesthesia during dynamic upper airway evaluation (i.e.,
drug-induced sleep endoscopy) and distal airway evaluations
generally apply [6, 7]. The following perioperative outline
summarizes what we find to be a rational approach to provid-
ing anesthesia in these cases. As the clinical presentation can
vary, adjustments are made based on the anesthesiologist’s
experience and clinical assessment along with the patient’s
specific needs and comorbidities.

Preoperative

Given the high incidence of pulmonary comorbidities in
aerodigestive patients, special attention is given to evaluat-
ing the patient’s pulmonary status before and on the day of
surgery. Premedication with albuterol has been suggested
to decrease PRAE in children undergoing airway surgery,
although the utility of this practice remains mixed in the lit-
erature [5, 8]. Patients with a cough, reactive airway disease,
or wheezing on exam receive albuterol in the preoperative
area if they had not already received treatment on the morn-
ing of surgery. Patients prescribed inhaled corticosteroids
are encouraged to continue these perioperatively. Premedica-
tion with oral midazolam up to 0.5 mg/kg is commonly used
to reduce anxiety unless there are concerns for obstructive
sleep apnea (OSA), in which case intravenous (IV) or intra-
nasal dexmedetomidine may be substituted.

Intraoperative

The primary anesthetic goal during flexible and rigid bron-
choscopy is to maintain spontaneous ventilation while
achieving an adequate depth of anesthesia to avoid unwanted
coughing and movement. This balance can prove challeng-
ing; therefore, patience and open communication between
aerodigestive team members are crucial for preoperative
planning, intraoperative execution, and post-operative care,
especially since the airway is shared among specialties in a
confined space. While definitive data on the agent of choice
is lacking, volatile anesthetics and IV anesthetics such as
propofol, remifentanil, dexmedetomidine, and ketamine have
all been utilized in sleep endoscopies [9].

Induction

Mask or IV induction is performed at the discretion of the
anesthesiologist; however, mask induction is more com-
monly done given the young age of these patients. Inhala-
tional induction is typically done with sevoflurane, and the
addition of nitrous oxide is decided by weighing the benefit

of speeding up induction versus the risk of decreasing the
oxygen concentration. If IV induction is performed, then
propofol 2-4 mg/kg is administered as needed. Anesthesia
is maintained with a propofol infusion starting at 200-300
mcg/kg/min, and this is titrated to a dose to maintain an ade-
quate plane of anesthesia to safely allow for airway evalua-
tion while preserving spontaneous ventilation. At this stage,
inhaled anesthetics are often avoided due to operating room
contamination and the inability to maintain a steady state.
Supplemental agents such as ketamine 0.5-1 mg/kg and dex-
medetomidine 0.5—-1 mcg/kg can be administered as intra-
venous boluses, as needed. Low-dose remifentanil infusion
at 0.05 mcg/kg/min has also been used successfully at other
institutions. Dexamethasone 0.5 mg/kg IV (maximum dose
10 mg) is given prophylactically to prevent airway edema.
Topicalization of the airway with aerosolized lidocaine with-
out epinephrine, up to 5 mg/kg, can be effective in reducing
anesthetic requirements.

We recommend avoiding opioids such as fentanyl during
induction as well as maintenance, as it has been shown that
under inhalational anesthesia, administration of fentanyl 0.5
mcg/kg may lead to apnea in 5% of patients without OSA
and in 46% of patients with OSA [10].

Flexible Bronchoscopy With or Without BAL

During flexible bronchoscopy, the pulmonologist passes an
endoscope via the nares to assess the nasopharynx, orophar-
ynx, larynx, and trachea. BAL is then performed as indicated
[9]. The pulmonologist first assesses the airway dynamics
of the upper airway and observes for any abnormalities like
upper airway collapse, laryngomalacia, tracheomalacia,
and abnormalities of the vocal cords. Evaluating the air-
way dynamics in a state that resembles sleep is important in
the diagnostic workup; therefore, our pulmonologists pre-
fer the patient to be at a lighter anesthetic plane if deemed
safe by the anesthesiologist [11]. A lighter plane will
allow for coughing that may reveal a diagnosis of dynamic
tracheomalacia.

After evaluating upper airway dynamics, the depth of
anesthesia is increased for evaluation of the lower airway
anatomy. For this portion of the procedure, a natural airway
is maintained and supplemented with a traditional low-flow
nasal cannula, as it allows for ETCO2 monitoring without
additional equipment. However, a traditional nasal cannula
can only effectively provide only up to 4 to 6 | per minute of
supplemental oxygen which equates to a FiO2 of approxi-
mately 0.37 to 0.45. Higher flows can lead to the drying of
the nasal mucosa and an increased potential for bleeding. As
an alternative, a high-flow nasal cannula (HFNC) such as
transnasal humidified rapid-insufflation ventilatory exchange
(THRIVE) can deliver up to 100% humidified and heated oxy-
gen at a flow rate of up to 60 1 per minute and has been shown
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Fig. 1 Modified NPA with an ETT adapter

to extend the apneic time and improve upper airway patency
in pediatric patients undergoing sleep endoscopy [12, 13].
Upper airway obstruction commonly occurs during the
evaluation of the lower airway anatomy. Due to the larger
occiput in pediatric patients, overextending the neck may
worsen airway obstruction, especially in the presence of
tracheomalacia. A combination of head tilt-chin lift or jaw-
thrust maneuvers may be helpful in selected cases to relieve
obstruction from a large floppy tongue. As an initial step,
an oropharyngeal or nasopharyngeal airway (NPA) can be
utilized to assist with oxygenation and ventilation until the
airway obstruction improves by titrating the level of anes-
thesia. These airway adjuncts also serve as a bridge to more
advanced airway placement like a laryngeal mask airway

Fig.2 Pathway for post-
operative disposition in patients
following airway surgeries
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(LMA) or endotracheal tube (ETT), if clinically indicated.
A modified NPA can also be used to relieve the upper airway
obstruction and allow for end-tidal carbon dioxide (ETCO2)
sampling. This is easily achieved by inserting a 15-mm plas-
tic adapter from an appropriately sized ETT into an NPA,
which can then be connected to the circuit (Fig. 1). The NPA
may need to be withdrawn if it obscures the view during the
bronchoscopy.

Rigid Laryngoscopy and Bronchoscopy

Rigid bronchoscopy is considered the gold standard for diag-
nostic airway assessment of structures below the vocal cords,
including the trachea and bronchi. It offers the ability to meas-
ure the size of areas of narrowing and provides an opportunity
to perform a variety of interventions such as biopsy, laryngeal
cleft injection or suturing, supraglottoplasty, balloon dilation,
vocal cord injection, and laryngotracheal reconstruction [14,
15]. The anesthetic goal for this portion is to preserve sponta-
neous ventilation while maintaining a level of anesthesia deep
enough to avoid movement during laryngoscopy or bronchos-
copy. Supplemental oxygen can be provided through an ETT
placed in the oropharynx by ENT or by ventilating through the
side port of the rigid bronchoscope.

Bronchoscopy whether rigid or flexible yields infor-
mation based on anesthesia level. Close communication
between the anesthesiologist and bronchoscopist is impor-
tant not just for patient safety but also to obtain a valuable
and meaningful evaluation [6, 11].

AIRWAY SURGERIES
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Upper Gastrointestinal Endoscopy

The gastroenterologist’s evaluation and assessment of the esopha-
gus, stomach, and duodenum for any anatomical or mucosal abnor-
mality is a vital step in aerodigestive assessment [16]. For this part
of the procedure, the airway can be managed with a natural airway,
LMA, or ETT at the discretion of the anesthesiologist, patient’s
comorbidities, and intraoperative course. After completion of the
upper endoscopy, the gastroenterologist will confirm the evacua-
tion of any gastric contents such as air and secretions.

Postoperative

Parents are informed in advance that patients may take
longer (up to 2 h) to fully emerge from anesthesia in the
post-anesthesia care unit (PACU). This is due to the con-
text-sensitive half-time of agents typically used. There
are currently no evidence-based guidelines for overnight
admission criteria specific to the aerodigestive popula-
tion. Many patients can be discharged home; however,
overnight admissions are indicated in a subset of patients.
At our institution, we follow the post-operative admission
indications used for patients undergoing airway surgeries.
Patients are admitted if they have severe OSA or obe-
sity with OSA symptoms (Fig. 2), a history of signifi-
cant cardiovascular disease, multiple episodes of apnea
or hypoxia in the perioperative period, or an inability to
return to respiratory baseline in the postoperative period.
Overall, 9% of aerodigestive patients undergoing triple
endoscopy at our institution required ICU admission post-
operatively, of which the majority (78%) were planned
admissions due to the medical complexity of the patient.
Patients with recent or frequent respiratory illness who
undergo triple endoscopy are at higher risk for respiratory
complications and are admitted overnight for observa-
tion. The final disposition eventually depends on their
perioperative course.

Discussion

Triple endoscopy has been described to expedite diag-
nosis and treatment for patients with symptoms such as
chronic cough, obstruction, or aspiration. The multidis-
ciplinary approach allows several specialists to discuss
and make treatment plans on real-time findings during
the procedures [16]. In 2019, Fracchia et al. reported
that of the children who underwent triple endoscopy
for chronic cough, 83% had at least one positive finding
and 41% had more than one specialty-specific finding
that would have not been found with a single procedure

[8]. This has been shown to decrease the frequency of
unnecessary evaluation and exposure to anesthesia. Ruiz
et al. found that the average anesthesia time for a tri-
ple endoscopy was significantly less than the estimated
time of having all three procedures done separately
[17ee]. In addition, multiple studies have shown there
have been significant cost reductions for the patients
and their families with an integrated aerodigestive
approach, compared to when patients had to see indi-
vidual specialists sequentially. Overall, this approach
led to high family satisfaction [8, 15, 17ee,18-20].

Conclusion

Aerodigestive programs have shown that the multidiscipli-
nary approach to taking care of these patients provides many
advantages over the fragmented approach of individual eval-
uations by isolated specialists. Anesthesiologists care for
the subset of aerodigestive patients who come to the operat-
ing room for triple endoscopy. Given the high incidence of
PRAE:S associated with this procedure, a thorough preopera-
tive assessment and an individualized anesthetic plan are
needed for these complex patients. This article outlines a
common sequence of events during a triple endoscopy and
one rational anesthetic approach. We found that there were
no articles that specifically investigated the best practice for
anesthetic management of aerodigestive patients undergoing
triple endoscopy. More research is needed for a consensus
on anesthetic management for this patient population.
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