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Abstract: Asthma remains a common comorbid condition in patients presenting for anesthetic care. As a chronic inflammatory
disease of the airway, asthma is known to increase the risk of intraoperative bronchospasm. As the incidence and severity of asthma
and other chronic respiratory conditions that alter airway reactivity is increasing, a greater number of patients at risk for perioperative
bronchospasm are presenting for anesthetic care. As bronchospasm remains one of the more common intraoperative adverse events,
recognizing and mitigating preoperative risk factors and having a pre-determined treatment algorithm for acute events are essential to
ensuring effective resolution of this intraoperative emergency. The following article reviews the perioperative care of pediatric patients
with asthma, discusses modifiable risk factors for intraoperative bronchospasm, and outlines the differential diagnosis of intraoperative
wheezing. Additionally, a treatment algorithm for intraoperative bronchospasm is suggested.
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Introduction

Asthma is a chronic inflammatory disease of the airway, characterized by recurrent episodes of wheezing. Histologic
examination reveals the accumulation of inflammatory mediators (eosinophils and leukotrienes) that result in inflamma-
tion and provoke exaggerated smooth-muscle reactivity and constriction.! Common clinical manifestations include
intermittent episodes of reversible airway obstruction that may be manifested as coughing, shortness of breath, wheezing,
and chest tightness. Treatment algorithms can be separated into immediate acting agents to treat acute bronchospasm or
medications and interventions to achieve long-term control of airway reactivity. Common pharmacologic approaches
include bronchodilating medications, anti-cholinergic agents, and anti-inflammatory medications (corticosteroids and
leukotriene modifiers)." The following manuscript reviews the changing demographic pattern of asthma, current clinical
diagnostic criteria, and the pathophysiologic processes responsible for airway reactivity. Perioperative interventions are
reviewed, being divided into specifics of the preoperative anesthetic evaluation with a focus on identifying patients at
high risk for airway reactivity and suggestions for intraoperative care to lessen the incidence of bronchospasm.
Additionally, intraoperative interventions including the pharmacologic treatment of bronchospasm are provided as
suggestions to guide clinical care. The manuscript is meant as a brief review and to provide suggestions for the
perioperative care of patients with asthma and airway reactivity. It is not intended as a clinical guideline for all patients.

Demographic and Diagnostic Information

Throughout the world, it is currently estimated that there are more than 300 million people affected by asthma. The
prevalence across all ages in the United States is estimated at 6.7%.% It remains the most common chronic comorbid
condition disease in children in the United States with an estimated incidence of 8.4%* of the United States and asthma
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exacerbations are a leading cause of pediatric hospitalization.>* Over the past 4-5 decades, its impact in the pediatric
population has increased. The prevalence of asthma has increased most significantly in the younger age group (patients
0—4 years of age) with the mean age at diagnosis decreasing from 4.7 years (children born in 1993) to 2.6 years (children
born in 2000).*® While part of the increased incidence has been attributed to improved diagnostic techniques and
heightened clinical awareness, various patient-related and environmental factors may be increasing the true incidence of
the disease, including the incidence of obesity and its association with asthma.

Although the hallmark clinical sign of asthma is wheezing, various comorbid conditions other than asthma may be
associated with wheezing in children including allergies, gastroesophageal reflux disease (GERD), infections (wheezing-
associated respiratory illness or WARI), and obstructive sleep apnea.”® Childhood wheezing illnesses have two most
common phenotypes including atopic asthma classically associated with inflammatory markers (eosinophils and mast cells)
in the airway and episodic viral wheezing. At times, it remains challenging to determine whether the specific etiology of
recurrent wheezing is either asthma or episodic wheezing accompanying acute viral upper respiratory tract infections,
otherwise known as wheezing associated with respiratory illness (WARI).

WARI, without wheezing episodes during the interval between acute respiratory viral illnesses, is most commonly
diagnosed in preschool-aged children. The incidence and severity of such episodes tends to decrease with age. Asthmatic
wheezing usually occurs in school-aged children, is triggered by multiple factors like infection, cigarette smoke, allergens
or exercise. It tends to persist even during the in-between interval episodes of exacerbations. Although both groups may
be at risk for perioperative concerns, clinical differentiation may be helpful when deciding upon the need for chronic
treatment regimens. Specific factors that may help differentiate the two conditions have been proposed by the Global
Initiative for Asthma (GINA) guidelines. A diagnosis of asthma is generally supported by a cough that occurs without an
associated viral respiratory infection; is triggered by exercise or emotional changes (laughing or crying); or occurs when
the child is asleep (nocturnal cough).’

The presence of atopic dermatitis, allergic rhinitis, parental asthma, and wheezing apart from colds are used as major

19712 76 aid in the differential diagnosis of wheezing and the

and minor criteria in the Asthma Predictive Index (API).
diagnosis of asthma, clinical guidelines recommend pulmonary function testing. Reversible airway obstruction is the
hallmark of asthma. The spirometry is the main test to detect airway obstruction in children more than 5 years of age.'
Among asthmatic children, a FEV1 <60% is a risk factor for exacerbations and the severity of the decrease is associated
with increasing asthma severity.'> The assessment of bronchodilator reversibility with spirometry not only helps in the
clinical diagnosis of asthma, but also in monitoring treatment efficacy. The American Thoracic Society recommendations
define a significant bronchodilator response (BDR) as an increase in FEV1 >12% and/or 200 mL.'* If bronchodilator
reversibility is absent on forced spirometry, specific challenges or provocative tests such as exercise or aerosolized
histamine in specialized lung function testing laboratories can be performed to assess bronchial hyper-responsiveness.
Although bronchial provocation tests are not routinely performed in asthmatic children, the exercise test may be an
important tool in assessing bronchial hyper reactivity indirectly.'> Peak expiratory flow monitoring can be used in
children over 5 years of age to guide variability in airway obstruction. However, due to variations in peak expiratory flow
values, the “personal best” is generally used in children to monitor therapy and guide changes in progression of asthma.
Allergy testing and measuring serum IgE levels may help when features are atypical and simple treatments to relieve
wheeze, breathlessness and cough are not working.

With the recognized increased incidence of asthma and its prevalence in a younger aged population, a greater number
of children with asthma and chronic comorbid conditions that impact airway reactivity can be expected to present for
perioperative care.! Regardless of the surgical procedure, intraoperative bronchospasm remains one of the more
commonly encountered, acute life-threatening adverse events. In addition to preoperative preparation and optimizing
of patients, having a specific treatment algorithm in place may facilitate safe care. In the remainder of this review, the
pathophysiology of airway reactivity and wheezing is presented and the preoperative preparation of the patient with
airway reactivity is discussed. Additionally, the differential diagnosis of intraoperative wheezing is reviewed, risk factors

for intraoperative bronchospasm discussed, and a treatment algorithm presented.
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Pathophysiology of Wheezing

The key pathological features of asthma at the cellular and tissue level are bronchoconstriction, airway edema and inflamma-
tion, airway hyperreactivity, and airway remodeling with smooth muscle hypertrophy. Various triggers including allergens,
viruses, cold, exercise, and various genetic factors such as HLA gene mutation or defects in bronchial airway epithelium
function can result in activation of the antigen presenting dendritic cells. This leads to sensitization of T helper (TH)-memory
cells with Th-1 mediated release of IFN-gamma, lymphotoxins, IL-2 and Th-2 mediated interleukin (IL-4, IL-5, IL-13)
release. The Th-1 response leads to cell mediated immunity and neutrophilic inflammation. The Th-2 cascade amplifies IgE-
mediated activation of mast cells, basophils and eosinophils. This shift of the Th-2 cytokine profile results in the eosinophilic
inflammation characteristic of asthma.'® Eosinophils contain inflammatory enzymes, generate leukotrienes, and express
a wide variety of pro-inflammatory cytokines. Th-2 cytokines cause widespread release of inflammatory mediators like
histamine, prostaglandins, leukotrienes and enzymes. These factors increase the vascular permeability of the airway mucosa,
lead to goblet cell hyperplasia, increase mucus secretion, and augment bronchial smooth muscle contraction resulting in
airway inflammation and narrowing of the airways. Airway narrowing results in the classic wheezing noted in asthmatic
patients as air passes through the narrowed small and medium airways, the pathognomonic feature of asthma. Acute and
chronic inflammation increase bronchial reactivity and the susceptibility to bronchospasm.

Overall, the mechanisms influencing airway hyperresponsiveness include inflammation and dysfunctional neuror-
egulatory mechanisms. The inflammatory infiltrate in the airway epithelium and smooth muscle leads to airway
remodeling with epithelial desquamation, subepithelial fibrosis, angiogenesis, mucus gland hyperplasia and hypersecre-
tion, and smooth muscle hypertrophy. These pathologic changes result in the classic symptoms of asthma including
recurrent wheezing, chest tightness, cough, and shortness of breath. These episodes are associated with spontaneous or
therapeutic reversibility of airflow obstruction.

Preoperative Care

Intraoperative bronchospasm can be manifested by decreased airway exchange, wheezing, a prolonged expiratory phase or
increased peak airway pressure during positive pressure ventilation. During spontaneous ventilation, increased work of breathing
or air hunger may be noted. Profound reductions or absence of air flow may result in no air exchange and hence no audible
wheezing. The clinical scenario in which bronchospasm occurs may vary significantly. Airway hyper-reactivity and bronchos-
pasm are commonly seen in patients with pre-existing conditions including asthma, prematurity, acute respiratory infections
(WARI), pulmonary edema, and acute lung injury. Alternatively, it may occur as an acute, isolated event related to sudden airway
reactivity in a patient with no associated comorbid conditions.'”'® Bronchospasm may also be a component of other acute life-
threatening conditions including aspiration or anaphylaxis. Airway sounds that mimic wheezing may occur with a mal-positioned
endotracheal tube (mainstem intubation), mucus plugging, and obstruction of any component of the breathing circuit.

Care of the patient at risk for bronchospasm begins with a thorough preoperative examination with an evaluation of
the previous history of airway reactivity including provocative factors. During this time, patient comorbid risk factors for
perioperative bronchospasm are identified and treatment algorithms initiated to limit their impact on airway reactivity.
Although proper preoperative preparation of patients may limit the need for cancellation of surgical procedures, acutely
ill patients, such as those who present with worsening upper respiratory infections, fever, wheezing, stridor, rales, or
purulent nasal discharge, may require cancellation or postponement of elective surgical procedures.”

Patients with a history of frequent prior asthma exacerbations, especially those requiring ICU admission, frequency of
emergency Vvisits, use of systemic corticosteroids, may be at higher risk for bronchospasm during intraoperative care and
also post-operative major adverse outcomes.'® Specific anatomic abnormalities may increase the incidence of intrao-
perative airway and respiratory complications, including cleft lip or cleft palate.” Patients may benefit from referral to
a pediatric pulmonary specialist. Chronic medication regimens including the use of inhaled corticosteroids should be
optimized. Additional interventions include avoiding second-hand tobacco smoke and ensuring that there are no acute
infectious concerns. The preoperative administration of a short course of oral corticosteroids and an inhaled B-adrenergic
agonist and anticholinergic agent on the day of surgery can decrease airway reactivity and lessen the incidence of

perioperative bronchospasm (Box 1).2'"%°
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Box | Preoperative Interventions for the Patient with Asthma

. Consultation with pediatric pulmonary or allergy specialist.

. Maximize chronic medication regimens including inhaled corticosteroids and oral leukotriene antagonists.
. Avoid second-hand tobacco smoke.

. Ensure that there are no acute infectious concerns.

. Administration of a 5-7-day course of oral corticosteroids.

o U1 AW N —

. Inhaled B-adrenergic agonist (albuterol) and anticholinergic agent (ipratropium) on the day of surgery.

Tobacco smoke is a significant risk factor for perioperative bronchospasm as it increases respiratory complications
and prolongs postoperative stays, even in patients without comorbid respiratory conditions such as asthma.?**> Parental
and patient smoking cessation at least two months prior to anesthesia has been advised. In the absence of exposure
to second-hand smoke, postoperative respiratory complications were reported in 8 of 96 patients compared to 44 of 156
patients with second-hand smoke exposure.?” Laryngospasm after tracheal extubation was 10 times more likely in those
exposed to second-hand some. These effects were noted were exposure to as few as 10 cigarettes/day. Children exposed
to second-hand smoke also have a higher incidence of airway reactivity, acute and chronic respiratory disorders, and
asthma exacerbations.”® These effects are magnified by active or recent upper respiratory tract infections. Other
associated conditions known to increase the incidence of intraoperative bronchospasm include bronchitis, atopy, and
viral upper respiratory tract infections.?**>

There also exists an association of obesity and asthma. It has also been observed that there is an increase in
intraoperative bronchospasm in obese children even without a diagnosis of asthma. In a prospective study of 1465
pediatric patients, ranging in age from 2 to 16 years, there were increased rates of arterial oxygen desaturation, difficult
mask ventilation, airway obstruction, and bronchospasm in obese children during perioperative care.'® Additionally, the
relative risk (RR) of adverse respiratory events was higher among obese subjects than non-obese subjects. There was
a significant association between obesity with both asthma and obstructive sleep apnea. The association with asthma was
higher odds in the younger age group. Although the immunopathological mechanisms underlying obesity-associated
asthma require further investigation, it is generally accepted that the imbalance in the quantity of adipose tissue favors
a pro-inflammatory state both systemically and in the airways.

Upper respiratory infections increase airway reactivity for several weeks following an acute infection. Perioperative
adverse respiratory events are 4—7 times more likely in children with active or recent URIs.*’ Airway reactivity in
response to provocative agents (cold air, histamine, or citric acid) is also increased in the setting of acute or recent URIs.
Muscarinic receptors (M2) on vagal pre-synaptic nerve endings, which respond to acetylcholine release, are inhibited by
viral neuraminidases. These pre-synaptic M2 receptors act as negative feedback receptors, decreasing ongoing acetylcho-
line release. The decreased affinity of the receptor for acetylcholine, blunts the negative feedback loop and results in
increased acetylcholine release with facilitation of the cholinergic pathway and increased airway responsiveness. As
universal cancellation of surgical procedures due to recent or ongoing URIs is not practical, decisions regarding the
postponement of surgical procedures mandates considering the or balance of risk and benefit. The decision as to whether
or not to proceed must consider the urgency of the procedure as well as the severity and course of the infection. For
elective procedures, other considerations include the duration of the procedure, its complexity, and the requirements for
airway management. For example, it may be reasonable to proceed with a brief otolaryngologic procedure that can be
accomplished with a mask or an LMA, while more thought may be given to cancellation of surgery for congenital heart
disease or upper abdominal procedures requiring endotracheal intubation. Children with severe symptoms including
mucopurulent secretions, productive cough, fever >38°C, lethargy, or signs of pulmonary involvement should have
elective surgical procedures postponed.

For procedures that are cancelled, the question arises as to the appropriate symptom-free period prior to elective
surgery. This is especially true in younger children who may average 6—8 URIs a year. Hence, if one insists on a 6-week
period following URIs prior to proceeding with elective surgery, scheduling may be impossible. As such, the recom-
mendations for proceeding in the presence of milder URI symptoms have been modified. In general, procedures can
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generally proceed in afebrile and otherwise healthy appearing children without significant cough and no audible
wheezing or rales in the setting of an uncomplicated URI with clear secretions.”>**” Furthermore, the time period after
an acute infection does not generally need to be as long as 6 weeks.

In patients with asthma or in those with airway reactivity related to a recent URI, a preoperative course of oral
corticosteroids is a useful adjunct to decrease perioperative complications. Although chronic corticosteroid therapy for
patients with asthma has shifted to the preferential use of inhaled corticosteroids to limit the systemic effects, there are
limited prospective clinical data comparing the efficacy of oral versus inhaled corticosteroids prior to a surgical procedure.
However, as the preoperative regimen entails a 5—7-day course, the adverse effect profile is limited compared to chronic,
long-term administration.”®* In adult patients, various regimens have been shown to be effective, including both oral and
intravenous administration.>**>° Intravenous administration can be considered the day of the surgery with one dose
administered preoperatively and the other postoperatively. Recommendations for pediatric dosing include oral prednisone
(1 mg/kg/day, maximum 60 mg) for 3—5 days prior to surgery, a two-day course of oral dexamethasone (0.6 mg/kg,
maximum 16 mg once a day), or a single dose of oral methylprednisolone (1 mg/kg) 48 hours before surgery.** Systemic
corticosteroids decrease airway inflammation, blunt airway hyperreactivity, and enhance ,-adrenergic and M, receptor
function. Corticosteroids act increase adrenergic and cholinergic receptor number and function, acting synergistically with
inhaled f,.adrenergic agonists and anticholinergic agents to treat and prevent bronchospasm.**!

The preoperative administration of inhaled p,-adrenergic agonists (albuterol) 1-2 hours before surgery blunts airway
reactivity, including the response to endotracheal intubation.”'”"'® These medications may be administered at home by the
parent using the patient’s standard drug regimen with a metered dose inhaler (MDI) or administered after arrival to the
hospital via a standard nebulizer. The addition of an inhaled anticholinergic to the B,-adrenergic agonists (albuterol) acts
synergistically through an effect on airway muscarinic cholinergic receptors. Combined nebulized ipratropium bromide and
albuterol results in greater bronchodilation than a f,-adrenergic agonist alone. The combination may be useful in treating
bronchospasm or in treating those with a poor initial response to ,-adrenergic agonist alone. These two agents (ipratropium
bromide and albuterol) are available combined in a commercially available solution (DuoNeb®™) or can be administered
from separate vials. Anti-cholinergic agents are recommended in patients with viral-induced airway reactivity as these
effects are partially mediated through enhanced cholinergic transmission due to dysfunction of the pre-synaptic M,
receptor. In our practice, for patients who routinely use a B,-adrenergic agonist and/or anticholinergic agent, we ask parents
to administer these the evening before and the day of surgery, frequently before travelling to the hospital for their surgical
procedure. Alternatively, these can be administered preoperatively prior to transport to the operating room.

Intraoperative Care: Induction and Maintenance of Anesthesia

Choices regarding intraoperative care in patients with asthma or those at risk for perioperative respiratory adverse events
(PRAESs) can be focused on the method of anesthetic induction (intravenous versus inhalational), choice of induction
agent, choice of maintenance agent(s), and the airway device used (Box 2). In patients with two or more risk factors for

Box 2 Intraoperative Considerations for the Patient with Asthma

Intravenous induction may be superior to inhalation induction.

Intravenous induction agent: propofol or ketamine preferable to barbiturates or etomidate.

Choice of airway: laryngeal mask airway or face mask preferred over endotracheal tube.

If endotracheal intubation is necessary, consider use of a neuromuscular block agent.

Consider adjunctive agents prior to endotracheal intubation such as an anticholinergic agent (glycopyrrolate) and lidocaine.
Neuromuscular blocking agent: vecuronium or cis-atracurium may be preferred over rocuronium.

Intraoperative administration of dexamethasone especially if oral corticosteroids were not administered preoperatively.
Maintenance anesthesia: total intravenous anesthesia may be preferable to volatile agents. Sevoflurane preferred over desflurane.
Reversal of neuromuscular blockade with sugammadex preferable to neostigmine.

Avoid medications that cause histamine release such as morphine.

— © 0 ® N U h W —

Theoretical concerns suggest avoidance of non-steroidal anti-inflammatory agents including ketorolac.
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PRAESs, intravenous induction with propofol may limit the incidence when compared to inhalational induction with
sevoflurane in nitrous oxide.*® Propofol suppresses the laryngeal reflex and blunts the reflex bronchoconstriction that
occurs following mechanical stimulation of the airway to a greater degree than the inhalational anesthetic agents.
Propofol has been shown to be superior to thiopental, thiamylal or methohexital, in limiting airway reactivity and
wheezing with intravenous induction.®® Respiratory resistance after endotracheal intubation was lower following the
induction dose of intravenous propofol compared to thiopental or etomidate.**

Aside from the evidence-based medicine showing the efficacy of propofol, ketamine has remained the time-honored agent
for the induction of anesthesia in patients with asthma. Following ketamine, bronchodilatation is achieved through the release
of endogenous catecholamines. Ketamine has been shown to effectively prevent or treat bronchospasm.*~*® In animal models,
propofol and ketamine also produce local bronchoprotective effects by diminishing vagally induced airway constriction.

The inhalational anesthetic agents act as bronchodilators of tracheal smooth muscle by a variety of mechanisms including
direct and indirect actions. Volatile anesthetic agents relax airway smooth muscle through a reduction of intracellular free
calcium with inhibition of protein kinase C, decreased calcium release from sarcoplasmic reticulum, and modulation of
voltage-dependent calcium channels.>” > Although these direct effects are equivalent regardless of the volatile anesthetic
agent used, the direct irritant effects of desflurane may counteract its bronchodilatory properties, provoking airway and
bronchial constriction.*”*! When considering the choice of agents for maintenance anesthesia, there is limited evidence-based
medicine to definitively demonstrate improved outcomes when comparing the volatile agents with total intravenous anesthesia
(TIVA) using propofol and an opioid such as remifentanil. However, some authorities have suggested advantages of TIVA
with propofol over volatile agents including reduced airway reactivity, bronchodilatation, reduced laryngospasm and
bronchospasm, improved ciliary function, improved pulmonary shunt fraction, preservation of hypoxic pulmonary vasocon-
striction, and reduced coughing on emergence.*>*® These effects may translate into a decreased incidence of laryngospasm
and bronchospasm during the postoperative period especially follow airway procedures.

The airway device and whether or not a neuromuscular blocking agent (NMBA) is used to facilitate endotracheal
intubation may impact the incidence of bronchospasm. As clinically appropriate, an LMA or facemask is preferable over
an ETT as a greater incidence of bronchospasm has been reported with the use of an ETT in patients with an ongoing or
recent URL*’ Direct laryngoscopy stimulates oropharyngeal reflexes and may provoke bronchospasm directly or
following placement of an ETT. During the intubation process, the administration of a NMBA may blunt these processes
and decrease the incidence and severity of airway reflexes, wheezing, and bronchospasm during endotracheal
intubation.*®*’ In a study evaluating 566 adult patients undergoing emergent endotracheal intubation in the ICU, the
administration of a NMBA was associated with a lower incidence of hypoxemia and procedure-related complications
with significantly improved conditions for endotracheal intubation.”®

Once the decision is made to use a NMBA, the choice of NMBA may also affect airway reactivity and the potential
for bronchospasm. In general, given its effects on airway responsiveness and bronchospasm, NMBAs associated with
histamine release (atracurium, mivacurium, and d-tubocurarine) should be avoided.”' Cholinergic fibers innervate the
smooth musculature of the trachea and bronchi, modulating airway tone through the release of acetylcholine.
Acetylcholine regulates airway tone through pre-synaptic (M2) and post-synaptic (M3) receptors. M2 receptors of the
muscarinic system act as negative feedback receptors, decreasing further release of acetylcholine. M3 receptors on the
smooth muscle cause bronchoconstriction. Although NMBAs specifically block nicotinic receptors (cholinergic) on
skeletal muscle, they may have secondary effects on muscarinic (cholinergic) receptors as well. These include partial
blockade (anti-cholinergic effects) of M2 receptors thereby augmenting the release of acetylcholine.

These effects, as well as facilitating of the action of acetylcholine on M3 receptors, have been identified as the
mechanisms responsible for bronchospasm with the non-depolarizing NMBA, rapacuronium.>*>* Although rapacuro-
nium was subsequently withdrawn from clinical care due to its potential to provoke bronchospasm, other NMBAs may
modulate cholinergic transmission.* Rocuronium has both M2 and M3 muscarinic receptor blocking effects in clinically
used concentrations. As its effects at the M2 receptor exceed those at the M3 receptor, it may inhibit the negative
feedback loop and potentiate cholinergic transmission. These effects may cause bronchoconstriction in clinical scenarios
where there is enhanced vagal stimulation, such as tracheal intubation. Furthermore, just like rapacuronium, rocuronium
has positive allosteric effects at the M3 muscarinic receptor, which may further enhance any bronchoconstriction.
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However, there is limited evidence-based medicine to suggest that rocuronium is contraindicated in patients with
a history of asthma or airway reactivity.

Another issue to consider revolving around the use of neuromuscular blockade during intraoperative care is which
reversal agent is optimal. Although the muscarinic effects can be partially blocked by the administration of an antic-
holinergic agent, neostigmine potentiates cholinergic transmission, increases airway reactivity, and increases respiratory
and upper airway secretions.”® Given its different mechanism of agent and lack of cholinergic effects, reversal with
sugammadex may be preferable in patients with airway reactivity.”® However, its use may be associated with a higher
incidence of allergic reactions (see below).

Another issue that must be considered when bronchospasm occurs intraoperatively is the identification of a possible
anaphylactic or anaphylactoid reaction. In such instances, bronchospasm may be one component of the systemic clinical
manifestations of allergy. Neuromuscular blocking agents (NMBAs), latex containing products, radiologic contrast
agents, and antibiotics have been identified as the agents most commonly responsible for perioperative hypersensitivity
reactions.’” Rocuronium administration is associated with more frequent allergic reactions compared to other NMBAs,
while the incidence of hypersensitivity to latex is decreasing as a result of its elimination from the perioperative
environment and identification of at-risk patients.’’ >’ During allergic reactions, bronchospasm is generally one compo-
nent of the clinical manifestations which may also include an erythematous rash frequently with urticaria and cardio-
vascular manifestations ranging from hypotension to cardiovascular collapse.®” Separation of these two clinical scenarios
(primary bronchospasm from an allergic reaction) is necessary as treatment of the latter requires the immediate
administration of epinephrine to increase the probability of an optimal outcome. Delayed diagnosis and the late
administration of epinephrine may lead to a prolonged or biphasic clinical course, or even fatal outcome.®® %2

Other pharmacologic agents may provide protection against reflex bronchoconstriction following endotracheal
intubation including an anticholinergic agent or lidocaine. Although the use of inhaled anticholinergic agents (ipratro-
pium) is not generally effective in providing acute and immediate relief of bronchospasm, there may be some benefit
from the administration of an anticholinergic agent prior to endotracheal intubation. Given its lack of central nervous
system effects, glycopyrrolate is frequently chosen over atropine. When administered prior to endotracheal intubation, it
may provide protection against cholinergic-mediated bronchoconstriction.®> However, conflicting data were reported by
Tait et al in a prospective trial of 130 children with upper respiratory tract infections presenting for elective surgery.*®
Following randomization to glycopyrrolate (0.01 mg/kg) or placebo, there was no difference in the incidence of
perioperative respiratory adverse events between the two groups. However, compared with the placebo group, children
in the glycopyrrolate group had significantly shorter discharge times and less postoperative nausea and vomiting. The
administration of aerosolized or intravenous lidocaine may also minimize reflex bronchoconstriction through neural
blockade of vagal reflex pathways or direct effects on airway smooth musculature.®*®> Finally, a single intraoperative
dose of the corticosteroid, dexamethasone, may provide protection against postoperative bronchospasm through its anti-
inflammatory effects, especially in patients who have not received preoperative oral corticosteroids.®®

Treatment of Intraoperative Bronchospasm
Of primary importance during intraoperative care of patients with asthma is to have a specific algorithm for recognizing
and treating acute bronchospasm (Box 3). Treatment is directed at maintaining adequate oxygenation and ventilation
while providing effective pharmacologic management to treat and reverse bronchospasm. Initial management includes
the administration of 100%, manual ventilation, and cessation of any interventions including surgical stimulation that
may be precipitating bronchospasm. This is followed by auscultation to ensure bilateral breath sounds are present with
proper positioning of the ETT, ensuring appropriate positioning of the endotracheal tube, to identify ETT obstruction,
secretions or pneumothorax. One should also rule out that the respiratory concern is not related to a mechanical problem
such as ETT obstruction or kinking, mainstem intubation or ventilatory malfunction.®” As indicated, a suction catheter
should be passed through the ETT and a chest radiograph obtained.

When bronchospasm is confirmed, the depth of anesthesia should be deepened with an intravenous anesthetic agent
(propofol) or the administration of increased concentration of the volatile anesthetic agent, sevoflurane. Close monitoring
of hemodynamic function is mandatory as the depth of anesthesia is increased and ventilator support augmented as
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Box 3 Acute Intraoperative Treatment of Bronchospasm

I. Manual ventilation with 100% oxygen. Ensure adequate exhalation time.

2. Auscultation to ensure bilateral breath sounds are present. Must rule out that respiratory concern is due to bronchospasm and not ETT
obstruction or kinking, mainstem intubation, ventilatory malfunction.

. Cessation of surgical or airway stimulation.

. Chest radiograph as clinically indicated.

. Identification of potential allergic reaction (anaphylactic or anaphylactoid).

. Inhaled albuterol delivered via metered-dose inhaler.

. Deepening the level of inhalational anesthesia or administration of a bolus dose of propofol.

0 N O U1 AW

. Intravenous epinephrine: bolus dose (-2 pg/kg) and infusion (0.02-0.1 pg/kg/min). Alternatively may use intravenous f3-adrenergic agonist such
as terbutaline.

9. Magnesium: bolus dose (25-50 mg/kg) followed by an infusion at 10-20 mg/kg/hour.

10. Ketamine: bolus dose (0.5—1 mg/kg) followed by an infusion (0.5—1 mg/kg/hour).

I'l. Corticosteroids (if not administered previously).

12. Aminophylline.

hypotension may ensue due to increases in airway pressure. Attention is directed at ensuring adequate oxygenation and
ventilation with the administration of 100% and manual ventilation. Ventilation should be directed at minimizing peak
inflating pressure and allowing ample time for exhalation to prevent the development of auto-PEEP.°® This can be
facilitated by using higher inspiratory flow rates and lower tidal volumes. Monitoring the end-tidal carbon dioxide
(ETCO2) capnograph is helpful to evaluate response to therapy as the capnograph can be used as an index of expiratory
airway flow. However, as bronchospasm worsens, the ETCO2 to PaCO2 gradient widens, making ETCO2 an unreliable
indicator of PaCO2. As time permits, placement of an arterial cannula should be considered to allow for monitoring of
arterial blood gases.

Pharmacologic therapy starts with the administration of a B-adrenergic agonist (albuterol) via a metered dose inhaler
(MDI) with a spacer attached to the connection between the anesthesia circuit and the 15 mm adaptor of the ETT.
Alternatively, the MDI device can be placed into a 60 mL syringe and the puffs administered into the port used for
attachment of the ETCO2 monitoring tubing in the elbow of the anesthesia circuit. Due to deposition of the medication in
the ETT, 8—10 puffs are recommended. Adverse effects of albuterol are generally rare in pediatric-aged patients and may
include tachycardia, hypotension, or arrhythmias. Hypokalemia may occur due to intracellular shift related to B-
adrenergic effects. Repeat dosing in 10 minutes should be considered for persistent bronchospasm, provided heart rate
is within acceptable ranges.

If bronchospasm is severe, limiting gas exchange, and preventing the effective delivery of aerosolized albuterol,
intravenous epinephrine (1-2 pg/kg) should be administered early in the course. Persistent bronchospasm may require
further pharmacologic therapy including the administration of a bolus and a continuous intravenous infusion of
magnesium, ketamine, or even epinephrine.®®’' Magnesium has seen significant clinical use in the treatment of status
asthmaticus in the ICU setting. It results in bronchial smooth relaxation independently of the ,-receptor, by decreasing
the pre-synaptic transmembrane movement of calcium and inhibiting acetylcholine release. Magnesium dosing includes
a bolus dose (25-50 mg/kg) over 10—15 minutes followed by an infusion at 10-20 mg/kg/hour if a therapeutic response is
noted with the bolus dose. Adverse effects include hypotension from vasodilatation of the vascular smooth musculature.
Additionally, magnesium can result in skeletal muscle weakness and potentiation of neuromuscular blockade from the
effects of magnesium at the neuromuscular junction. Hypotension can frequently be prevented by the slow administration
of the bolus dose or the administration of an isotonic fluid bolus. When a continuous infusion of magnesium is required,
serum levels should be monitored every 4—6 hours and the infusion adjusted accordingly. An additional therapeutic
intervention for the treatment of bronchospasm is the administration of a ketamine bolus (1 mg/kg) followed by
a continuous infusion. Ketamine stimulates the release of endogenous catecholamines and decreases vagally induced

airway constriction, thereby preventing bronchospasm.
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Aminophylline and theophylline have been used for decades in the treatment of acute exacerbations of asthma.”*"* Although
still occasionally used to treat refractory status asthmaticus in the PICU setting, aminophylline has been moved to an alternative
option in treatment algorithms following continuous inhaled B-adrenergic agonists and anticholinergic agents, corticosteroids,
magnesium, and ketamine. Its use in the perioperative setting especially intraoperatively will generally be limited.

Emergence from Anesthesia and Postoperative Care

As the patient emerges from anesthesia, bronchospasm may recur or worsen. There remains limited evidence-based
medicine to demonstrate whether the patient’s trachea is best extubated awake or deep (while still anaesthetized).
Although deep tracheal extubation has been practiced and advocated for decades in various clinical scenarios,”> even
following uneventful deep tracheal extubation, bronchospasm and adverse respiratory events can occur as the patient
emerges. The keys to minimizing postoperative pulmonary complications are continuous patient monitoring so as to
determine early clinical signs of bronchospasm or deterioration in respiratory status, prevention of emergence delirium and
agitation, adequate pain control, and ongoing bronchodilator therapies. This process may be facilitated by the administra-
tion of dexmedetomidine (0.3-0.5 pg/kg) prior to the emergence process.’®’’ In addition to its efficacy in preventing
agitation and allowing for a smooth emergence from anesthesia, it may have other physiologic and therapeutic effects in
preventing or reversing bronchospasm.’® Should bronchospasm and increased work of breathing during emergence fail to
respond to effective bronchodilator therapy, non-invasive ventilation using BiPAP should be considered (Box 4).7%%

Summary
As the incidence and perhaps severity of asthma is increasing worldwide, there are an increased number of children
presenting to the operating room with a history of airway hyperreactivity and asthma. Overall, with improvements in
treatment modalities in the outpatient and inpatient setting, rates of morbidity and mortality continue to decrease. The
chances of an adverse perioperative respiratory event can be decreased by an organized preoperative approach and
appropriate therapeutic interventions to maximize bronchodilator and anti-inflammatory therapies. This manuscript, its
tables, and references have been provided as an algorithm to be considered when caring for patients with asthma and
reactive airway disease who present for perioperative care. The provided outline and tables are meant only to suggest
options for clinical care and are not meant to be specific clinical guidelines. All clinical care should be individualized
with each patient evaluated and considered on a case by case basis. Furthermore, availability of interventions and
medications may vary from country to country and center to center further impacting the clinical care decision process.
Preoperative interventions should focus on maximizing treatment regimens, including inhaled therapies (corticosteroids,
anticholinergic agents, and -adrenergic agonists), an evaluation for potential acute upper respiratory infections, avoidance
of second-hand tobacco smoke, and the administration of a short course of oral corticosteroids. When intraoperative
bronchospasm occurs, a structured algorithm for investigation and treatment is recommended. These therapies may need to
be continued or accelerated during emergence from anesthesia and throughout the perioperative course.

Box 4 Postoperative Treatment of Bronchospasm

. Auscultation to ensure bilateral breath sounds are present and rule out other causes of respiratory insufficiency.
. Treatment of emergence delirium with dexmedetomidine.

. Ensure adequate analgesia.

. Chest radiograph as clinically indicated.

. Inhaled albuterol delivered via metered-dose inhaler or aerosol.

. Continued dosing of inhaled anti-cholinergic agents.

N O AW —

. Follow same treatment pathway as intraoperative treatment including intravenous epinephrine bolus or infusion, magnesium, ketamine,
corticosteroids, and aminophylline.

o

. Non-invasive ventilation with bilevel positive airway pressure (BiPAP).
9. ldentification of potential viral illnesses for diagnostic purpose — nasal swab for viral antigen identification (film array viral panel).
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