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KEY POINTS

Perioperative bronchospasm in the asthmatic is a rare but potentially catastrophic event.
The preoperative evaluation of the asthmatic patient should identify risk factors for
bronchospasm or acute asthma exacerbation.

Optimization of preoperative asthma management can reduce the incidence of periop-
erative bronchospasm.

Asthmatic patients may experience sudden and severe bronchospasm during
anesthesia.

Regional anesthesia is preferred when possible because it avoids tracheal instrumentation
and other potential triggers of bronchospasm.

Histamine releasing drugs should be avoided.

Exacerbation of asthma during general anesthesia and positive pressure ventilation may
cause air trapping from dynamic hyperinflation that will impair venous return, decrease
cardiac output and, in severe cases, lead to pulseless electrical activity.

Light levels of anesthesia may precipitate bronchospasm and this complicates the
management at the end of the operation.

Deep extubation at the end of surgery should be considered if appropriate.
Optimization of postoperative pain relief to facilitate early mobilization should decrease
the incidence of postoperative respiratory complications.
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INTRODUCTION

Patients with asthma have a small but definite increase in the risk for major
complications during anesthesia (/, 2). The information presented here is intended to
help nonanesthesiologists provide perioperative care and consultation that will minimize
these risks. The essentials of preoperative assessment are reviewed along with the goals
and possible approaches to preoperative optimization. The possible choices for anesthe-
sia (general or regional) are reviewed along with the options for airway management and
intraoperative techniques with an emphasis on avoiding bronchospasm or air trapping
and dynamic hyperinflation. The management of acute intraoperative bronchospasm is
reviewed as well as the critical components of the immediate postoperative care that
should be emphasized to minimize the incidence of perioperative complications.

PREOPERATIVE ASSESSMENT

The goal of the preoperative assessment in patients with asthma is to risk-stratify the
severity of asthma and assure optimal medical management to minimize the potential
for perioperative complications (3). The NIH Guidelines for Asthma Education and
Prevention classify the severity of a patient’s asthma as intermittent or persistent and
subdivide the latter as mild, moderate, or severe depending upon the frequency of the
symptoms (4). This classification can be correlated with the American Society of
Anesthesiologists physical status classification to provide a general assessment of the
perioperative risks for a patient (Table 1). The patient’s own subjective assessment of
the control of their asthma symptoms can be simply assessed by the Asthma Control
Test (5) but their responses are often not reliable if there is a strong desire for a surgical
procedure. In addition, pulmonary function studies may normalize or stabilize between
exacerbations of their symptoms. The preoperative assessment should therefore attempt
to objectively quantify the baseline severity of the patient’s disease. The peak expiratory
flow (PEF) is a useful monitor of preoperative asthma control. The normal range for the
PEF is quite variable (200-600 L/min) and dependent upon the patient’s age, gender,
height, and weight. It is more useful to make comparisons with the patient’s previous
personal best performances. A decline in PEF may herald worsening airway obstruction.
In general, values >80% of usual predicted peak flow are considered normal variation,

Table 1
Asthma Severity Classification

NHLBI asthma guidelines
ASA physical status severity classification Frequency of symptoms

—_

. Normal, healthy - -

2. Mild systemic disease Intermittent/persistent <2x per week/>2x per week,
(mild) but not daily
3. Severe systemic disease Persistent (moderate) Daily
4. Constant, life-threatening Persistent (severe) Daily with frequent nighttime
disease awakenings

5. Moribund
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while values <80 to <50% of predicted should alert the examiner to potentially
significant changes and values that are <50% of previous or predicted usually signifies
that medical attention is needed.

The severity of the asthma is not necessarily correlated with the risk of intraoperative
complications; rather it is the quality and stability of the medical management and con-
trol of symptoms that are more critical. Complications are reported to be more frequent
in older patients and in patients with more poorly controlled symptoms (/, 3, 6). The
preoperative assessment should consequently detail the patient’s exercise capacity and
ability to perform activities of daily living. Poor exercise tolerance has been correlated
with an increased risk of postoperative complications. The preoperative evaluation
should also characterize any markers of changes in the severity of the patient’s symp-
toms or any incubating infections that could exacerbate symptoms. An increase in res-
cue inhaler use, a history of emergency room visits or hospitalizations for the treatment
of asthma, or past history of difficulties during anesthesia should alert the practitioner
to the potential of poorly controlled asthma. Other symptoms such as fever, cough, or
increased sputum production that suggest a developing infection and consequent wors-
ening of asthma symptoms may warrant the postponement of an elective operation.

Known triggers of asthmatic symptoms for each patient should be detailed including
specific allergies, response to cigarette smoke, cold air, or dust as airway reactivity to
these antigens may correlate with intraoperative bronchoreactivity. Avoidance of any
precipitants and treatment of allergies in the preoperative period may prevent later
attacks. Medications and previous reactions to medications must be reviewed in detail.
In particular, bronchoreactivity to aspirin or other nonsteroidal anti-inflammatory drugs
may be seen in the triad of aspirin-induced asthma and would preclude the use of these
drugs for perioperative analgesia. Commonly associated comorbidities including con-
gestive heart failure, chronic obstructive pulmonary disease, and obstructive sleep apnea
should also be carefully evaluated.

Comprehensive assessment and preoperative preparation that optimizes control of
asthmatic symptoms minimizes the risk of perioperative complications (7). The patient’s
compliance to their treatment regimen and avoidance of potential triggers such as
known allergens or smoking are central to this effort. All therapies should be continued
up to and including the day of surgery. Key components of the preoperative evaluation
of patients with asthma are summarized in Table 2 (8).

PREOPERATIVE PREPARATION

The physical examination of the asthmatic patient on the day of surgery is critical,
but may be misleading and provide a false sense of security. An absence of wheezing
does not predict the likelihood or severity of an acute exacerbation. In the setting of
severe air trapping, wheezing may not be auscultated at all due to the complete lack of
airflow. Elderly patients and patients with long-term chronic asthma may not experience
the sensation of dyspnea until symptoms are severe. The respiratory rate and rhythm
should be observed. Signs and symptoms of right heart failure should be assessed.
If there are concerns, a preoperative chest X-ray may demonstrate signs of air trapping
and may be invaluable for comparison should complications occur in the perioperative
period, but also may be normal even in the setting of severe bronchoconstriction.
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Table 2

Preoperative Anesthetic Evaluation of Patients With Asthma

Presentation

Concern

Risks

Asymptomatic asthma

Chronic asthma

Asthma history
with acute symptoms

Unexpected preoperative
wheezing (no previous
asthma diagnosis)

Minimal

Possibility of irreversible
airway disease
and chronically
decreased reserve

Possibility of suboptimal
medical control

Possibility of poor
compliance with chronic
therapy or onset of new
respiratory tract infection

Undiagnosed medical
problem
No prior treatment

Possible bronchospasm secondary
to common triggers

Possible perioperative pulmonary
complications, especially with
thoracic or upper abdominal
surgical site

As above

As above — risk may be reduced
by delay for preoperative
treatment or initiating
treatment immediately for
emergency surgical procedures

Possible mistaken diagnosis of
asthma and incorrect treatment

Possible perioperative pulmonary

complications, especially with
thoracic or upper abdominal
surgical site

Risk may be reduced by delay
for preoperative treatment
or initiating treatment
immediately for emergency
surgical procedures

Comprehensive pulmonary function tests including spirometry, lung volume, and
diffusion capacity measurements in addition to bronchodilator testing may aid in the
prediction of operative outcomes (9) and may reveal other respiratory limitations such
as chronic obstructive disease or restrictive ventilatory disorders, but these tests are
logistically difficult to obtain and of less help in the immediate preoperative setting. The
measurement of the PEF rate and comparison to the patient’s previous performance may
be helpful and if a peak flow meter is not available a forced expiratory time can be
measured by instructing the patient to exhale forcefully from maximal inspiration while
listening for gas flow over the trachea. The time to the end of expiration should be
shorter than 6 s.

If poor asthma control is identified prior to an elective surgical procedure, the case
should be canceled and medical optimization should be coordinated in consultation with
the patient’s primary care physician or pulmonologist. If the surgical procedure is more
urgent, a short course of oral steroids may be indicated to stabilize the acute asthmatic
symptoms. Oral methylprednisolone 40 mg daily for 5 days prior to surgery has been
shown to decrease postintubation wheezing in newly diagnosed or poorly compliant
patients with reversible airway obstruction (/0). If the surgical procedure is emergent,
an intravenous steroid regimen would be similarly indicated though controlled trials
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validating this approach are lacking. Concerns over wound healing and increased risk
of infection as a side effect of administration of corticosteroids in the preoperative
period have not been supported by clinical reviews (7, 11). In this setting, the 2009
Global Strategy for Asthma Management and Prevention (GINA) guidelines recom-
mend systemic glucocorticosteroid use during the operative period with rapid reduction
within 24 h of surgery. However, this recommendation is based on observational studies
and nonrandomized trials (/2). Preoperative assessment of the patient with asthma
should also include a review of the plasma electrolytes. High doses of 3-agonist drugs
are associated with the development of hypokalemia, hyperglycemia, and hypomag-
nesemia. These should be normalized prior to any surgical procedure.

Premedication becomes an important component of the preoperative preparation for
the patient with asthma because anxiety may exacerbate asthmatic symptoms.
Benzodiazepines such as midazolam are commonly used for this indication, but the
a,-agonist dexmedetomidine is increasingly recommended as an alternative with dis-
tinct advantages in this setting. It is an anxiolytic but also sympatholytic and an anti-
sialagogue, both desirable actions in these patients, and it does not have the respiratory
depressant effects of abenzodiazepine (/3). There are multiple case reports demonstrating
the ability of dexmedetomidine to suppress upper airway responses to stimulation
during awake intubations, but there are no trials to date of its use for premedication in
patients with asthma. Takasaki et al. (/4) report the successful use of dexmedetomidine
as a sedative in patients requiring noninvasive positive pressure ventilation for treatment
of asthma.

INTRAOPERATIVE MANAGEMENT

Some of the intra- and postoperative risks associated with anesthesia in the patient with
asthma are summarized in Table 3. Severe intraoperative complications in patients with
asthma include hypoxia and cardiac arrest. Bronchospasm and mucus secretions may
compromise oxygen delivery with consequent tissue hypoxia. Cardiac arrest may occur
as a result of hypoxemia, as a side effect of the drugs used to treat severe bronchospasm,
secondary to underlying electrolyte abnormalities, or as a result of dynamic hyperinfla-
tion. Intraoperative management is therefore designed to minimize the risk of bronchos-
pasm by avoiding known triggers (Table 4). Closed claims analysis demonstrates that
bronchospasm leading to severe complications is a rare occurrence (/5). In addition,
bronchospasm occurs in nonasthmatic patients as well so the guidelines for perioperative
management presented here have applications beyond this specific patient group.

Foremost among the recommendations for anesthetic management of the patient with
asthma is to avoid instrumentation of the airway by using a regional anesthetic when
possible. This does not, however, guarantee the absence of bronchospasm. Referring
back to the close claims analysis, 20% of the claims in which bronchospasm led to
severe complications occurred during a regional anesthetic (/5). In addition to avoiding
instrumentation of the airway, regional techniques minimize the use of cold, dry medi-
cal gases that can provoke bronchospasm. Although supplementary oxygen via nasal
prongs or a simple mask is still frequently used, since the patient’s upper airway is not
bypassed the inspired gases are warmed and humidified before they arrive in the
patient’s lungs. Inadequate suppression of visceral reflexes and patient anxiety are two
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Table 3
Risks of Anesthesia for Patients With Asthma
Risk Optimize Avoid
Intraoperative Preoperative disease Emergency surgery
management
Respiratory Bronchodilator therapy Potential triggers
Bronchospasm Mechanical ventilation Pulmonary edema
Hypoxemia pattern to avoid dynamic
hyperinflation
Cardiac
Right heart failure Preoperative disease Increased pulmonary
management vascular resistance
Left heart failure Preoperative disease Hypoxemia
management Decreased preload
Dysrythmias Plasma electrolytes Electrolyte abnormalities
Adrenergic therapy Aminophylline
Postoperative Postoperative analgesia Postoperative mechanical
ventilation
Hypoxemia Consider dexmedetomidine Residual respiratory
depression
Atelectasis Postoperative respiratory Inadequate analgesia
function
Pneumonia Prophylactic antibiotics Prolonged bed rest

Ambulation

Table 4

Intraoperative Bronchospasm

Potential triggers

Suggested alternative or mitigation

Airway manipulation
Laryngoscopy, intubation
Suction

Cold, dry medical gases

Histamine releasing drugs

Latex exposure

Inadequate anesthesia

Regional anesthesia

LMA

Limit, only under deep anesthesia
Low flows, airway humidification
Limit drug selections
Avoid exposure
Volatile anesthetics, o, agonist adjuncts

common triggers of bronchospasm during regional anesthesia. Our own clinical
experience has confirmed that the o -agonist dexmedetomidine is an excellent choice
for an anxiolysis and sedation in these patients because it produces bronchodilator and
analgesic effects without causing significant respiratory depression (/6).

Many surgical procedures will, however, require general anesthesia for optimal patient
management. In these cases, a graded approach can be taken with respect to airway man-
agement with an eye towards minimizing the risks if at all possible. In a small number of
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cases, general anesthesia can be administered by placement of a mask alone over the
patient’s nose and mouth. After correct jaw positioning or placement of an oropharyngeal
device, the soft tissue obstruction of the airway that may occur in the obtunded state can
be avoided. This method avoids stimulation of the subglottic area which can provoke
bronchospasm. Although the ideal surgical patient has been fasting and is at low risk for
aspiration, mask anesthesia has the disadvantage of not providing any airway protection
against possible aspiration of gastric contents. The next step up in airway instrumentation
would be placement of a laryngeal mask airway (LMA). This device has an inflatable rim
that forms a partial seal around the glottic opening. The LMA also avoids subglottic
stimulation as compared to an endotracheal tube. It can be used for longer surgical cases,
provides better control of an airway than mask ventilation, and may provide some degree
of protection against aspiration. The LMA is not appropriate in cases that require muscle
relaxing agents and prolonged positive pressure ventilation or for patients who are at high
risk for aspiration. If endotracheal intubation is required for the safe completion of the
general anesthetic, it should be stressed that induction and intubation are the most com-
mon triggers of bronchospasm. Care should be taken to assure an adequate depth of
anesthesia has been reached before beginning laryngoscopy. Many adjuncts have been
shown to decrease the sympathetic response to laryngoscopy and intubation including
larger doses of narcotics, intravenous lidocaine, and dexmedetomidine. If possible, one
or more of these should be included as part of the induction regime (/7).

Following induction, maintenance of anesthesia requires the use of medical gases
(oxygen, air, nitrous oxide) which are both dry and cold. Exposure of an asthmatic
patient’s lungs to these gases may precipitate bronchospasm and a drying out of lung
secretions, further impairing ventilation and gas exchange. Employing low fresh gas
flows and placing an in-line heat and moisture exchange filter (artificial nose) will mini-
mize this risk.

The administration of even a simple general anesthetic may include the use of nearly
two dozen drugs. Many of the drugs used during anesthesia may trigger the release of
histamine and consequent bronchospasm. Avoiding rapid administration and carefully
selecting the drugs used for specific indications can minimize this risk. Among the
intravenous induction agents, sodium thiopental should be administered with caution in
asthmatics because of its potential for precipitating bronchospasm from histamine
release. Propofol is now the most commonly used intravenous induction agent for
anesthesia and for all practical purposes has completely replaced thiopental. Current
formulations of propofol do not appear to trigger the release of histamine. Etomidate
may be preferred in some circumstances when hemodynamic stability is critical, but
small clinical trials have shown a greater airway resistance after intubation with etomi-
date as compared to propofol (/8). Ketamine has been advocated as the induction agent
of choice for intubation for the patient with status asthmaticus or hemodynamic instabil-
ity because of its bronchodilator and sympathomimetic side effects. Unfortunately, it is
also associated with intraoperative tachycardia and postoperative hallucinations that
have limited its widespread adoption. If it is used, midazolam should be administered
concurrently to reduce the incidence and severity of postoperative hallucinations.

Neuromuscular blocking drugs are also classic triggers of histamine release, but this
side effect was most commonly associated with curare and other drugs in the benzyl-
isoquinolinium class (atracurium, mivacurium) that are no longer available for clinical use.
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The steroid-based neuromuscular blocking drugs (pancuronium, vecuronium,
rocuronium) do not trigger histamine release and therefore are preferred. Similarly,
cis-atracurium, the lone remaining curariform drug, does not induce histamine release.
It is the drug of choice in renal failure, and can be safely administered in asthmatics
without a risk of bronchospasm (79). In a small number of cases in which there is a high
risk of aspiration or potentially difficult intubation such that a rapid onset time and short
duration of action are critical. Succinylcholine may still be the relaxant of choice
despite the fact that it may trigger bronchospasm in these patients; the benefits may
outweigh the risks. The need for succinylcholine for emergency intubation in asthmatic
patients may be eliminated by the introduction of sugammadex, the selective binder for
rocuronium. However, the approval of sugammadex by the FDA was recently deferred
pending further evaluation of the incidence of bronchospasm associated with this drug.
European clinical experience suggests this is a rare occurrence, but the use of this drug
in asthmatic patients requires further evaluation (20).

Analgesics are frequently administered intraoperatively. Opioids remain the most
commonly used drugs for this indication. Rapid administration of large doses of mor-
phine is associated with significant histamine release and can provoke bronchoconstric-
tion. The synthetic opioids (fentanyl, sufentanil, remifentanil) or the longer acting
hydromorphone may be a better choice for asthmatics because they do not trigger his-
tamine release. Nonsteroidal anti-inflammatory drugs (ketorolac) are generally safe and
commonly used as adjuncts for perioperative analgesia, but given the subset of asthmat-
ics with aspirin-induced asthma, this class of drugs should be avoided in these patients.
Acetaminophen is preferable because it does not interfere with cyclo-oxygenase and
leukotriene pathways and the recent FDA approval of intravenous acetaminophen for
use in the United States should increase the experience with the utility of this drug in
this patient population.

Antibiotics are frequently used in the perioperative period both therapeutically and
prophylactically and among them vancomycin is one of the more commonly adminis-
tered infusions during surgery for prevention of staphylococcal infections. It is a potent
histamine releaser and may provoke bronchospasm. Slow administration of the antibiotic
infusion may prevent significant histamine release but asthmatic patients should be
under constant monitoring with attention to airway pressures and the capnograph trace
during its administration.

Despite all precautions, intraoperative bronchospasm may still occur. The general
axiom that “not all that wheezes is asthma” holds true just as much inside the operating
room as outside it. An open mind needs to be maintained whenever evaluating new
onset of wheezing in a patient even when there is a previous history of asthma attacks.
A differential diagnosis for intraoperative wheezing is presented in Table 5. Each of the
potential etiologies should be considered.

Exacerbation of asthma is a common cause of wheezing especially following intuba-
tion and during emergence from anesthesia. Typically there are high peak-airway pres-
sures and there is no plateau phase on the capnograph tracing. Instead of a horizontal
line during the plateau phase there is a slope that is directed upwards. The steepness
of this slope is an indicator of the severity of the bronchospasm and the degree of the
ventilation perfusion mismatch. Significant arterial desaturation is usually not asso-
ciated with an acute asthma attack until severe V/Q mismatching and shunting occurs.
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Table 5
Differential Diagnosis of Intraoperative Wheezing

Asthma exacerbation

Anaphylaxis

Aspiration

Partial airway obstruction
Endotracheal tube compression
Obstructive mucus secretions
Endobronchial intubation
Foreign body in airway
Subglottic mass

Pulmonary edema

Pneumothorax

Pulmonary embolus

Pneumonia

If hypoxemia is present then other causes for the wheezing should be considered.
Bronchospasm increases the resistance to airflow during the expiratory phase of ventila-
tion leading to a prolonged expiratory phase time. If another breath is initiated either by
the patient or the ventilator before the full tidal volume has been exhaled, air remains
“trapped.” This is known as breath stacking or dynamic hyperinflation. This will gener-
ate a buildup of pressure inside the lungs and thoracic cavity that increases with each
subsequent breath. The increased pressure will compromise venous return and decrease
cardiac output, leading to hypotension and organ hypoperfusion (27). It should be noted
that with severe resistance to airflow the expiratory phase may be so long and slow as
to not generate enough turbulence to create audible wheezing. Adjustments to the ven-
tilator can help reduce or eliminate breath stacking. Reduction of the respiratory rate, if
possible, may be the simplest strategy. This will create more time for the tidal volume
to be exhaled before the next inspiration occurs. However, reducing the number of
breaths per minute may not always allow for adequate minute ventilation so this strategy
can be quickly exhausted and permissive hypercapnea may be required. Increasing the
inspiratory flow rate or reducing the inspiratory time also effectively changes
inspiratory-to-expiratory ratio in favor of prolonging expiration. A brief disconnection
of the ET tube from the ventilator may sometimes be necessary to let the trapped
residual air equalize and restore normal cardiac output.

Anaphylaxis usually presents with vasodilatation and profound hypotension and
bronchospasm may also be a prominent feature. Other signs include diffuse erythema,
angioedema, and urticaria. A high index of suspicion should be maintained when evalu-
ating for anaphylaxis as bronchospasm or hypotension alone may be the only presenting
sign. If anaphylaxis is suspected epinephrine is lifesaving and should be given immedi-
ately. Treatment should be continued as anaphylaxis often has a bimodal phase increase
hours later (22). A serum tryptase level should be collected as well. Tryptase is a
mast-cell specific protease which peaks within the first hour and remains elevated for
about 4-6 h. The test has a high sensitivity and specificity for mast-cell activated ana-
phylaxis but the results are not immediately available so clinical recognition and
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immediate management are still critical. The tryptase level will be useful in the
investigation of an episode of isolated severe bronchospasm, especially when it occurs
in a patient without a prior history of asthma, because identifying the allergen could
potentially avoid a fatal reaction during their next anesthetic.

Aspiration of gastric fluids during induction may be the cause of postintubation
wheezing in itself or may provoke bronchospasm in an asthmatic. The pneumonitis that
occurs may cause significant ventilation-perfusion mismatching and hypoxemia.
Bronchodilator therapy and postoperative ventilation may be indicated if the symptoms
are immediate and severe.

A partially obstructed airway can produce intraoperative wheezing. Mechanical
kinking of the endotracheal tube by external compression or positioning the patient in
unusual positions may produce this effect. Similarly excess mucus secretions, an endo-
bronchial intubation, foreign body (tooth, food particles), or a subglottic mass can have
a similar effect. Fiberoptic bronchoscopy can be used to evaluate these possibilities.
Foreign body obstruction should be strongly suspected when the wheezing is unilateral.
A chest X-ray may demonstrate asymmetric air trapping or a radiopaque object in an
airway.

Pulmonary edema is not infrequent in operations which have significant fluid shifts.
It may be associated with high peak airway pressures and wheezes similar to asthma.
Crackles or ronchi heard on auscultation and fluid coming out of the endotracheal
tube, together with a large alveolar to arterial oxygen gradient may help distinguish
pulmonary edema from bronchospasm. Pulmonary edema is often diagnosed following
extubation when the patient has lost the protective effect of positive pressure ventilation
and positive end expiratory pressure (PEEP). In situations such as these, extubation to
BiPAP to maintain positive pressure may be helpful. Diuresis or other fluid manage-
ment strategies can then be initiated to reduce the edema.

Pneumothorax may result from trauma, subclavian or internal jugular vein line inser-
tion, or ventilation with high airway pressures. Signs and symptoms generally include
diminished breath sounds and paradoxical movement of the chest wall on the affected
side. Tension pneumothorax may cause hypotension and tracheal deviation toward the
unaffected side. An abrupt or progressive increase in peak and plateau airway pressures
while in volume-control ventilation or decreased tidal volumes and need for increased
driving pressures while in pressure-control ventilation mode may signal development of
a pneumothorax. When a patient with severe asthma develops decreased oxygen satura-
tion, a pneumothorax should be suspected.

Pulmonary embolism should not be forgotten in the differential of intraoperative
wheezing. Although the vascular obstruction itself is not responsible for the wheezing,
the subsequent vascular congestion, edema, and atelectasis that can occur may result in
partial narrowing of airways which may be heard as a wheeze. Anesthesia and surgical
procedures place patients at higher risk for thrombosis by creating conditions of blood
stasis, endothelial injury, and hypercoagulability, known as Virchow’s triad. Air embo-
lus should also be considered with surgical procedures with an operative field higher
than the right atrium and following central line placement.

Pneumonia may also present as wheezing in the anesthetized patient. An intraopera-
tive X-ray may be useful in distinguishing this from other causes.
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Treatment of intraoperative bronchospasm should be initiated as soon as other
etiologies of wheezing are ruled out to prevent the progression to hypoxemia and more
severe complications. The depth of anesthesia should be increased to eliminate inade-
quate anesthesia as a possible trigger. The inspired oxygen concentration should be
increased to compensate for the ventilation perfusion mismatches and increased oxygen
demands. Oxygen delivery is seldom the rate limiting step. The use of helium/oxygen
mixtures has been suggested when severe airway constriction limits flow but this
approach has met limited clinical success, most likely because the addition of helium
limits the maximum inspired oxygen concentration to about 30%. Nebulized 3, agonists
remain the mainstay for the treatment of intraoperative bronchospasm. Their delivery is
suboptimal when administered through an endotracheal tube. Ten puffs or more of a
metered-dose inhaler are required to produce a therapeutic concentration (7). For refrac-
tory bronchospasm, intravenous steroids should be administered. Their onset is not
immediate, but they will improve the perioperative course if the spasm persists.
Nebulized anticholinergics may be of some benefit as well though their onset time is
slightly slower than the beta agonists. Nebulized magnesium sulfate has been suggested
for refractory bronchospasm and shown to be effective in a few small trials, but further
evaluation is necessary. In the patient who is not responsive to nebulized treatments,
intravenous therapy should be added. Intravenous aminophylline provides no additional
benefit and is associated with an increase incidence of side effects. Low dose intrave-
nous epinephrine (0.007-0.03 pg/kg/min) may be of some help. Intravenous magne-
sium sulfate and leukotriene receptor antagonists have been suggested to provide
therapeutic benefits in a few small trials, but further evaluation of these therapies is
needed before they can be confidently recommended (23).

In truly refractory cases of status asthmaticus the volatile anesthetics have been used
as a therapy of last resort. All of the volatile anesthetics cause smooth muscle relaxation
in isolated tissue preparations. In a clinical setting, the responses are a bit more varied
as some are more pungent and irritate the lungs and upper airway when administered in
higher concentrations. Classically halothane was used in this setting, but it is no longer
available for clinical use in many countries so sevoflurane is the volatile anesthetic of
choice among those agents currently available because it is the least irritant among them
and has a favorable pharmacokinetic profile (24, 25). Even when rapidly administered
in high concentrations the incidence of laryngospasm is negligible.

EMERGENCE FROM ANESTHESIA AND EXTUBATION

Emergence from anesthesia is the second most common time to encounter significant
bronchospasm because the patient loses the bronchodilator effect of the volatile anes-
thetic and the lower anesthetic concentrations do not ablate the response to the noxious
stimulus of the endotracheal tube. Prior to decreasing the anesthetic agent concentra-
tions a number of interventions should be considered to decrease the incidence of bron-
chospasm upon emergence. Any residual neuromuscular blockade should be antagonized
with an anticholinesterase such as neostigmine. Although the muscarinic side effects can
potentially exacerbate asthmatic symptoms and precipitate bronchospasm, these reversal
agents are co-administered with an antimuscarinc drug (atropine, glycopyrrolate) and
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clinical experience has demonstrated this to be a safe practice in asthmatic patients and
it avoids the potential residual neuromuscular paralysis in the postanesthesia care unit.
If bronchospasm has been a recurrent problem during the anesthetic, an additional dose
of an inhaled [ -agonist should be administered via the endotracheal tube prior to discon-
tinuing the anesthetic. It may also be useful to extubate a patient directly to a nebulized
bronchodilator. A bolus dose of intravenous dexmedetomidine (26) or lidocaine (27)
may help to suppress airway reflexes during extubation and may be a useful adjunctive
therapy. Lastly, suctioning of the airway to remove secretions may trigger bronchospasm
so this should be done prior to decreasing the anesthetic gas concentrations. Extubation
may also be done during a deeper level of anesthesia, essentially converting an endotra-
cheal general anesthetic to a mask anesthetic to prevent bronchospasm on emergence.
This strategy of deep extubation makes sense when there have been periods of signifi-
cant bronchospasm during the operation and there are no contraindications to mask
ventilation. Risks of deep extubation include airway obstruction, laryngospasm, and
aspiration, all of which can lead to reintubation. A full stomach in an emergency case or
a history of sleep apnea usually contraindicates deep extubation.

In the asthmatic with severe bronchospasm during or persisting after a case, or with
other confounding issues such as a difficult airway or a full stomach, foresight may
dictate continued intubation and mechanical ventilation. Tenacious airway secretions
can be present in some asthmatics. When combined with a blunted cough reflex, hypov-
entilation, and suboptimal pain control impairing ventilation, the inadequate clearance
and depressed respiratory drive may make postoperative respiratory failure inevitable.
Reintubation of an active asthmatic can be difficult and manipulation of the airway can
further exacerbate an ongoing attack. Continuing intubation and mechanical ventilation
while the neuromuscular blockade wears off and the bronchospasm diminishes with
further treatment can avoid these complications.

Additional recommendations for some asthmatic patient groups with special consid-
erations are provided in Table 6 (8).

POSTOPERATIVE MANAGEMENT

In the immediate postoperative period, attention should be focused on minimizing
the potentially increased risks of respiratory complications such as atelectasis and pneu-
monia that can be exacerbated by mucus hypersecretion. Avoiding postoperative venti-
lation is probably the first step. Attention should then be paid to providing adequate
pain relief. Inadequate analgesia may result in shallow inspiration, a delayed phase of
expiration, and an expiratory grunt. In small children and patients with a depressed level
of consciousness, these clinical features could be misdiagnosed as an episode of bron-
chospasm because the patient cannot verbalize their pain. Once acute pain control has
been achieved analgesia can be maintained with longer acting opioids, but postoperative
regional analgesia in the form of epidural or peripheral nerve catheter infusions may be
quite effective as well (28). This approach avoids the respiratory depressant and seda-
tive effects of the opioids and the infusion of dilute concentrations of local anesthetics
combined with narcotics can often provide excellent pain relief and facilitate early
physical therapy, early ambulation, and decreased length of hospital stay, all of which
will decrease the incidence of perioperative complications. Postoperative options for
analgesia are summarized in Table 7 (8).



Table 6

Asthmatic Patient Groups With Special Considerations

Group

Problems

Management considerations
for general anesthesia

Pregnancy for
cesarean section

Pediatric patients

Morbidly obese
patients

Geriatric patients

Trauma patients

Emergency procedure requiring
rapid sequence induction
Aspiration risk

Frequent/recurrent respiratory
tract infections

Inhalation induction
frequently used

Technical difficulties with
airway management

Increased risk of gastric
aspiration

Co-existing obstructive
sleep apnea

Co-existing diseases,
e.g., coronary artery disease

Diminished reserve, altered
pharmacokinetics, dynamics
and consequent sensitivity
to depressant drugs

Unknown medical problems,
possible asthma

Undiagnosed pulmonary injury
that can mimic asthma

Unknown drug history with
increased risk of adverse
drug interactions

Ketamine or propofol
for induction

Pretreatment with antacid,
anticholinergic and pro-kinetic

Immediate preoperative
evaluation for possible new
symptoms

Sevoflurane is agent of choice

Balance control of airway with
minimizing bronchospasm triggers

Pretreatment with antacid,
anticholinergic and pro-kinetic

Possible extubation to CPAP

Cautious use of B-adrenergic drugs

Titrate drugs to effect, avoid long
acting depressant drugs

Maintain level of suspicion for the
presence of asthma but consider
full differential list

Titrate drugs to effect, avoid long
acting drugs

Table 7
Postoperative Analgesia Considerations in Patients With Asthma
Analgesia technique Advantages Disadvantages/risks
Oral medication Patient-controlled (within limits) Intermittent dosing schedule

Limited potential for
respiratory depression

Possible bronchospasm if
NSAID combinations are
given to ASA sensitive
patients

Patient controlled
analgesia

Continuous epidural
infusion

Continuous peripheral
nerve block infusion

Patient-controlled (within limits)

Decreases treatment delays

Continuous analgesia with decreased
risk of impairment of respiration
or ability to cough

Continuous analgesia with negligible
risk of impairment of respiration
or ability to cough

No disadvantages specific
for patients with asthma
No disadvantages specific
for patients with asthma

No disadvantages specific
for patients with asthma
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