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Abstract
The incidence of asthma is increasing, and the ageing of 
the United States population is leading to an increase in the 
prevalence of patients living with chronic obstructive pulmo-
nary disease. This has led to an increased need to manage 
bronchospasm in the perioperative period. Very effective 
methods to treat bronchospasm like intravenous dexmedeto-
midine, lidocaine, magnesium, ketamine and steroids as well 
as inhalational sevoflurane are available but are currently 
underused. Inhaled beta-2 agonists like albuterol are instead 
often relied upon as the sole therapeutic agent – often with 
limited response. Just like with pain management, the suc-
cessful treatment of perioperative bronchospasm requires 
a multimodal approach. The diagnosis of intraoperative 
bronchospasm must be rapid, and the treatment must be ef-
fective to prevent the dreaded “dynamic hyperinflation syn-
drome”. This article reviews the diagnosis of bronchospasm 
and the contemporary treatment methods that should be 
employed to prevent bronchospasm-related morbidity and 
mortality during the perioperative period.
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titrypsin deficiency can lead to the development of 
COPD at a young age. Recently an overlap syndrome 
between these conditions has been described which 
has been named the asthma-COPD overlap syndrome 
[5]. This overlap syndrome was found to have a high-
er incidence in women and younger patients and had 
a higher mortality than either asthma or COPD alone 
[5]. Severe COPD may be associated with pulmonary 
hypertension that can be identified by palpating 
a right ventricular impulse at the left sternal edge, 
electrocardiographic changes of right ventricular hy-
pertrophy, and by echocardiography. If pulmonary 
hypertension is present, the patient and the surgeon 
need to be informed of the greatly elevated risk of 
surgery, and invasive monitoring should be consid-
ered both during and after the surgery.

Differential Diagnosis of Bronchospasm
Bronchospasm usually presents with audible wheez-

ing that can often be heard even without the aid of a 
stethoscope. There is a delayed expiration phase and 
the patient has obvious difficulty expelling the air during 
exhalation. The chest is hyper-inflated and the jugular 
venous pressure is elevated. The wheezing is bilater-
al and desaturation on pulse oximetry is usually not a 
prominent feature. Shortness of breath in asthma is a 
very subjective symptom and a peek flow meter should 
be used to assess the severity of the attack. The peak 
flow meter readings should be evaluated in compari-
son to the patient’s usual peak flows at home when he 
or she is well [6]. If the bronchospasm is severe then 
the intra-bronchial gas flow is greatly reduced, and the 
wheezing may be more difficult to identify. A capnog-
raphy tracing shows an upslope during phase 3 and the 
absence of an end expiratory plateau (Figure 1). In a pa-
tient with the physical exam findings of peripheral ede-
ma, auscultation of crackles and a third heart sound, and 
a low pulse-oximetry saturation, the diagnosis is likely 
to be pulmonary edema rather than bronchospasm. 
The chest X-ray will clearly distinguish between these 
two conditions. With bronchospasm, the lung fields are 
hyper-expanded and the heart will be compressed into 
a tubular shape (Figure 2). In contrast, with pulmonary 

Introduction
Both asthma and chronic obstructive pulmonary 

disease (COPD) are getting more common [1,2]. This 
may be related to increased urbanization and air pol-
lution around the world and an ageing population in 
developed countries. Obesity is also a predisposing 
factor for the development of asthma [3]. The obesity 
epidemic in the United States is therefore an addi-
tional cause for the increased incidence of broncho-
spasm that is now being observed in the perioperative 
period. Asthmatics have also been recognized to have 
a higher prevalence of sleep apnea symptoms than 
non-asthmatics, and these symptoms are associated 
with a higher disease burden [4]. In classical medical 
teaching a distinction has been drawn between two 
diseases. The first is asthma which is characterized 
by reversible and episodic bronchospasm, and usu-
ally affects children and younger adults. The second 
is COPD and typically affects older patients with a 
history of long-term smoking. However, alpha-1 an-
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phoma or a lung cancer compressing the trachea also 
presents with bilateral wheezing. This usually does 
not respond to beta-2 agonists. Signs of concomitant 
superior vena cava obstruction should be looked for 
in this scenario. If the wheezing is unilateral, then the 
diagnosis is most likely foreign body aspiration. This 
condition occurs more often in children and trauma 
patients [7,8]. Aspirated food particles or a broken 
tooth are common culprits.

To complicate matters, an intraoperative bron-
chospasm may be the first sign of aspiration of gas-
tric contents and this diagnostic possibility should be 
especially considered when a laryngeal mask airway 
(LMA) is in use. A suction catheter should be placed 
through the LMA as a diagnostic maneuver to rule 
out the presence of gastric contents in the trachea. 
If the patient is intubated with an endotracheal tube 
(ETT), aspiration past the inflated cuff of the ETT is 
still possible but far less likely. Repeated suctioning 
should be avoided unless gastric contents are iden-
tified, because this endobronchial stimulation will 
augment the reflex induced bronchoconstriction. A 
kinked ETT is often misdiagnosed as intraoperative 
bronchospasm. It usually presents with high airway 
pressure and an upslope of the capnography tracing 
during the plateau phase. Often this ETT kink occurs 
after turning a patient prone with an ETT in situ.

Occasionally severe bronchospasm is the main or 
even the only clinical manifestation of an anaphylac-
tic reaction. Severe bronchospasm at the beginning 
of surgery should therefore be investigated with a se-
rum mast cell tryptase blood test to rule out anaphy-
laxis, especially if this occurs in a patient without a 
previous history of bronchospasm [9]. If the tryptase 
is positive, the patient should be referred to an aller-
gy clinic for skin testing. The information gained from 
this will be very useful during subsequent anesthet-
ics. Fluid overload and pulmonary edema may also be 
misdiagnosed as bronchospasm during the operation 

edema the heart is often enlarged and the lung fields 
are opaque and show a characteristic bat’s wing ap-
pearance.

Beta-2 agonist treatments can sometimes help or 
hinder the diagnostic process. Heart failure may be 
misdiagnosed as asthma for a significant period of 
time, because the beta-2 agonist therapy often im-
proves the symptoms of heart failure due to some 
cross-over beta-1 stimulation of the heart. This ap-
parently successful response to beta-2 agonist thera-
py will then falsely reaffirm the diagnosis of air flow 
limitation in the clinician’s mind. In contrast, intratho-
racic airway  obstruction due to a mass from a lym-

 

Figure 1: Representative capnograph trace during bronchospasm that there is an upslope during phase 3 (A). In a normal 
lung, there is usually a plateau during phase 3 (B). The degree of upslope is proportional to the arterial to end-tidal PaCO2 
gradient and the amount of ventilation-perfusion mismatch that is present.

 

Figure 2: Representative chest X-ray of bronchospasm. 
During acute bronchospasm there is hyperinflation of the 
lungs with compression of the heart into a tubular shape 
and displacement of the diaphragm in a caudal direction. 
The increase in intrapulmonary pressure may lead to 
decreased venous return to the heart and a decrease in 
cardiac output.
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per minute will help to maintain the inspired gas warm 
and humidified. When ventilating asthmatics with an 
intensive care ventilator and high fresh gas flows, a 
heated water bath humidifier should be used to ensure 
adequate humidification of inspired gases. Suction of 
the bronchi should only be performed if truly neces-
sary because it may exacerbate reflex bronchospasm. If 
aspiration is considered to be a potential cause for the 
bronchospasm, suctioning can be of diagnostic value. 
Repeated suctioning and lavage with saline should how-
ever be avoided.

Histamine releasing drugs should also be avoided in 
patients at risk for bronchospasm. Vancomycin, race-
mic atracurium, morphine, succinylcholine, mivacurium 
and sodium pentothal all release significant amounts 
of histamine and cause significant bronchospasm. The 
muscle relaxant rapacuronium was taken off the market 
because it caused significant bronchospasm.

The cis-isomer of atracurium is devoid of histamine 
release and can be safely administered to asthmatics. 
Iodine based contrast agents should also be avoided 
in asthmatics due to their significant histamine release 
(Table 3). Non-ionic lower osmotic contrast agents like 
the ones based on gadolinium are much safer and re-
lease much less histamine [18-20].

Desflurane has very irritant physicochemical prop-
erties that reliably produce bronchospasm at higher 
concentrations and should not be administered to 
patients at risk of bronchospasm [21].

Ketorolac and other non-steroidal anti-inflamma-
tory drugs should be avoided because their inter-
ference with prostaglandin synthesis leads to bron-
chospasm [22,23]. Non-selective beta blockers like 
labetalol and propranolol also need to be avoided 
[24]. Beta-1 selective blockers like metoprolol and 
atenolol also frequently exacerbate bronchospasm 
and should only be used if absolutely necessary [25]. 
The class III antidysrhythmic drug amiodarone also 
has significant beta blocker (or Class II) antidysrhyth-
mic activity and frequently causes bronchospasm 

but low saturations on pulse oximetry, frothy pink 
fluid from the ETT and the chest X-ray (CXR) easily 
distinguish between these conditions (Table 1).

Prevention of Perioperative Bronchospasm
When poor control of asthma or COPD is identi-

fied in the pre-op clinic, a five-day course of 40 mg/
day oral prednisone that is added to the patient’s 
usual inhaler therapy is effective in preparing the pa-
tient for surgery and will make it less likely that the 
surgery will get cancelled due to bronchospasm on 
the day of surgery [10,11]. Common precipitants of 
intraoperative bronchospasm are airway stimulation 
with endotracheal intubation, inhalation of cold dry 
gases, endobronchial suctioning and bronchial stimu-
lation with rigid bronchoscopes or flexible intubation 
scopes. All of these should be avoided in patients at 
risk of bronchospasm unless they are truly necessary 
(Table 2).

Spinal and epidural anesthetics do not exacerbate 
bronchospasm in clinical practice, even though they 
abolish sympathetic tone and would therefore the-
oretically be expected to increase bronchial smooth 
muscle tone. Central neuraxial blocks can be employed 
safely if there is any concern about bronchospasm, 
and the surgery can be performed under such a block 
[12-14]. The use of a regional anesthetic will avoid 
airway instrumentation and the administration of dry 
gases that were not humidified by passage through the 
patient’s nose [15,16]. Regional anesthesia has been 
shown to be an excellent strategy to prevent perioper-
ative bronchospasm [12].

If a general anesthetic is necessary for the surgery, 
a LMA is less likely to precipitate bronchospasm than 
an ETT [17]. The inspired gases should be warmed and 
humidified as much as possible. The insertion of a heat 
moisture exchanger into the breathing circuit and the 
administration of a low fresh gas flow of about 2 liters 

Table 1: Differential diagnosis of bronchospasm.

Heart failure
Mass compressing intrathoracic airways
Aspiration
Kinked endotracheal tube
Anaphylaxis
Pulmonary edema due to fluid overload

Inhalation of cold dry gases
Endotracheal intubation
Bronchial suctioning
Bronchoalveolar lavage
Rigid or flexible bronchoscopy

Table 2: Things to avoid in patients with bronchospasm.

Table 3: Drugs to avoid in patients at risk of bronchospasm.

Vancomycin
Morphine
Succinylcholine
Racemic atracurium (cis-atracurium is fine)
Mivacurium
Sodium pentothal
Desflurane
Ketorolac and other non-steroidal anti-inflammatory drugs
Non-selective beta blockers like labetalol or propranolol
Iodine based contrast agents
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and COPD (Table 4). It completely reverses broncho-
spasm following a histamine challenge in dogs [30] and 
it reverses acetylcholine induced bronchoconstriction in 
guinea pig tracheal mucosa. Three mechanisms for the 
bronchodilator effect of dexmedetomidine have been 
identified. Intraoperative bronchospasm in response to 
endotracheal intubation and instrumentation is mainly 
mediated via the vagus nerve and the irritant C-fibers. 
Dexmedetomidine reverses bronchospasm by antago-
nizing acetylcholine at the post-ganglionic cholinergic 
nerve ending of the vagus nerve, by producing direct 
relaxation of bronchial smooth muscle, and by inhibit-
ing substance P release by the C fibers [31]. These three 
actions are very potent and are responsible for the pow-
erful bronchodilator response of dexmedetomidine. 
When patients with status asthmaticus in the intensive 
care unit (ICU), who are on maximal doses of all of the 
other conventional therapies for asthma, receive dex-
medetomidine in doses large enough to decrease the 
heart rate, the bronchospasm usually disappears and 
intubation is no longer deemed necessary by the ICU 
team. In the authors’ experience, many intubations of 
patients with status asthmaticus in the ICU could be 
avoided after dexmedetomidine was administered in 
preparation for intubation. Dexmedetomidine also pre-
vents noxious airway reflexes like laryngospasm and 
bronchospasm at the end of surgery [32] and has been 
shown to be superior for this to both lidocaine and fen-
tanyl [33,34]. Dexmedetomidine is also useful because 
of its anxiolytic effect. Midazolam does not have any 
bronchodilator effect and dexmedetomidine should, 
therefore, be used as the pre-operative anxiolytic of 
choice in any patient who has pre-operative broncho-
spasm [35]. Dexmedetomidine should be administered 
in 20 mcg boluses and titrated to the heart rate and 
level of anxiolysis that is desired. The sedative proper-
ties and anti-shivering effects of this drug are desirable, 
because they counteract the cerebral agitation and the 
tremor caused by high doses of continuous beta-2 ago-
nist nebulizers. Dexmedetomidine has a long half-life of 
two hours and it therefore makes sense to administer 
it by IV bolus doses rather than by continuous IV infu-
sion [36]. Ischemic heart disease (IHD) and COPD are 
both caused by cigarette smoking and frequently occur 
together in the same patient [37]. Unlike the beta-2 
agonists that usually produce significant tachycardia, 
dexmedetomidine slows the heart rate. In patients with 
co-existing IHD it is a safer drug to treat bronchospasm 
than beta-2 agonists. The negative chronotropic effect 
of dexmedetomidine is not associated with a negative 
inotropic effect. It is a much better agent to slow the 
heart rate than a selective beta-1 blocker like atenolol 
or metoprolol. Selective beta-1 blockers also frequently 
exacerbate bronchospasm, and they should be avoided 
in patients with bronchospasm because the selectivity 
is only relative and incomplete. Just like most patients 

[26]. If beta-2 agonist induced tachydysrhythmias 
need to be treated, dexmedetomidine is a much bet-
ter choice than amiodarone or beta-1 blockers be-
cause of its powerful bronchodilator properties.

Treatment of Bronchospasm

Beta-2 agonists
Inhaled beta-2 agonists like albuterol are the first 

line therapy in patients that do not yet have an intra-
venous (IV) access established (Table 4). Disadvantag-
es of beta-2 agonists include tachycardia and patient 
anxiety due to their sympathomimetic effects. Beta-2 
selectivity is only partial and tachy-dysrhythmias due 
to cross-over stimulation of beta-1 cardiac receptors 
usually limit the dose of beta-2 agonists that can be 
safely administered. Beta-2 agonists also frequently 
induce tremor, hypokalemia, ventilation-perfusion 
mismatch and a lactic acidosis that need to be care-
fully monitored [27,28]. When the patient is intubat-
ed it is difficult to time the actuation of the metered 
dose inhaler with respiration. The inhaled drugs 
also have the tendency to precipitate on the wall of 
the ETT. At least 8 puffs of a metered dose inhaler 
should therefore be administered as the initial dose. 
Metered dose inhalers administered via an in-cir-
cuit spacer are more effective at delivery than neb-
ulizers. Vibrating mesh nebulizers have been found 
to be more effective than jet nebulizers [29]. When 
the bronchospasm is severe and the minute volume 
is low, inhaled beta-2 agonists are not very effective, 
because there is a very limited delivery of the drug 
to the bronchi. If the inhaled drug does not reach the 
bronchi, the inhalational therapy will not be able to 
exert its beneficial effect. Intravenous administra-
tion of bronchodilator drugs rather than inhalation-
al therapy should therefore be employed whenever 
bronchospasm is severe or does not seem to readily 
respond to inhaled therapy.

Intravenous dexmedetomidine
Dexmedetomidine is a powerful bronchodilator drug 

and is very much underused in the treatment of asthma 

Table 4: Drugs in the treatment of perioperative bronchospasm.

Beta-2 agonists (albuterol)
Dexmedetomidine
Lidocaine
Magnesium
Sevoflurane
Steroids
Ketamine
Anti-cholinergics (ipratropium)
Helium
Methylxanthines (aminophylline)
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be effective like IV administration in treating broncho-
spasm and is no longer recommended [54-56].

Sevoflurane

Inhaled sevoflurane is known to be a powerful bron-
chodilator and unlike desflurane, it does not have any 
irritant physicochemical properties. It has been shown 
to be as effective as isoflurane in protecting against 
bronchospasm in dogs [57]. It is a well-accepted res-
cue therapy for patients with life-threatening broncho-
spasm [58]. It is beneficial in ICUs because it can be used 
as a sedative and as a bronchodilator at the same time. 
It has the added benefit of reducing metabolism and 
CO2 production. This is of great benefit in life-threat-
ening asthma. When the minute ventilation is severely 
limited, the reduced metabolic rate and CO2 caused by 
sevoflurane production will impede the development 
of a respiratory acidosis. It is a much more powerful 
bronchodilator than propofol and was associated with 
a lower incidence of bronchospasm in high risk patients 
than a total intravenous anesthetic with propofol and 
remifentanil [59].

Steroid

Intravenous steroids should be given early during 
severe bronchospasm but they will only be effective 
after several hours. Intravenous methylprednisolone 
has an onset time of 1-2 hours with a peak effect at 
4-6 hours [60]. Other agents need to be relied upon 
to control the bronchospasm until this time. In chil-
dren dexamethasone has been shown to be a viable 
alternative to prednisone [61].

Intravenous ketamine

Ketamine is powerful bronchodilator drug. Unfortu-
nately, it induces tachycardia and this limits the dose 
that can be safely administered during severe broncho-
spasm because tachycardia is a prominent feature of 
both hypercapnia and beta-2 agonist therapy. At high-
er doses hallucinations become a major side effect and 
this drug should be avoided in schizophrenia.

Inhaled anticholinergics
Inhaled anticholinergic drugs like ipratropium were 

initially reserved for the treatment of COPD but they are 
increasingly found to be effective in poorly controlled 
asthma in both children and adults [62-64].

Helium
Heliox is a mixture of helium and oxygen and has 

been used in acute asthma exacerbations. The reduced 
density of the helium gas improves gas flow under tur-
bulent conditions. Heliox itself does not seem to be a 
bronchodilator. But it has been recommended as a driv-
ing gas for nebulized beta-2 agonists [65]. It enhances 

will develop tachycardia with a “selective” beta-2 ago-
nist like albuterol, most patients will develop a degree 
of bronchospasm following the administration of a “se-
lective” beta-1 blocker like atenolol or metoprolol.

Lidocaine
Intravenous lidocaine is another powerful broncho-

dilator that is underused for the treatment of broncho-
spasm in clinical practice. It has a profound effect of re-
versing acetylcholine induced bronchospasm in guinea 
pig tracheal mucosa [38]. It also reverses histamine in-
duced bronchospasm in healthy volunteers when given 
by IV injection or when administered by inhalation. Both 
lidocaine and its oral analogue mexiletene block reflex 
induced bronchoconstriction in asthmatic patients [39]. 
When administered to asthmatic patients after endo-
tracheal intubation it mitigates bronchoconstriction 
[40]. Nebulized lidocaine has also been shown to reduce 
bronchospasm during awake flexible scope intubation 
in asthmatics [41]. In awake volunteers with known 
airway hyper-reactivity intravenous lidocaine and bu-
pivacaine both reversed acetylcholine induced bron-
chospasm [42]. Lidocaine is more effective in blocking 
bronchoconstriction in response to noxious stimuli than 
allergic bronchoconstriction [43]. This makes it a very 
useful agent to combat intraoperative bronchospasm 
which is primarily caused by noxious stimuli that are ini-
tiating vagal and c-fiber mediated bronchoconstriction. 
The mechanism of action extends beyond just provid-
ing topical airway anesthesia. The local anesthetic dy-
clonine produced significantly longer lasting and more 
intense airway anesthesia, but could not reverse hista-
mine induced bronchospasm in awake volunteers like 
lidocaine and ropivacaine did [44].

Magnesium
Intravenous magnesium acts as a direct bronchodi-

lator [45-47] and it appears to be effective in both chil-
dren and adults [48]. It inhibits calcium uptake in bron-
chial smooth muscle and prevents it from contracting 
[49]. Many case reports support its use during severe 
episodes of bronchospasm [50-52]. It is mainly recom-
mended for patients with acute severe asthma [53]. 
Large doses of magnesium of 2-4 g are advocated (bolus 
dose of 25-75 mg/kg over 20 minutes). When admin-
istered to awake patients, it needs to be administered 
slowly over 20 minutes to prevent hot flush and sudden 
vasodilation. When it is administered intra-operatively 
one needs to remember that magnesium potentiates 
the action of neuromuscular blocking agents and their 
dose needs to be reduced. Particular attention needs 
to be paid to ensuring that adequate reversal of neu-
romuscular blockade has been achieved prior to extu-
bating the patient. Large doses of magnesium will also 
cause vasodilation and may require the administration 
of vasopressors. Inhaled magnesium does not seem to 
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Reoccurrence of bronchospasm is a common prob-
lem on emergence from general anesthesia because 
the sevoflurane has been turned off. Additional beta-
2 agonist and IV bronchodilators maybe needed to 
control bronchospasm during emergence. Neostig-
mine exacerbates bronchospasm [79] and neuromus-
cular blocking drugs should, therefore, be reversed 
with sugammadex if the patient is wheezing. Admin-
istering an albuterol nebulizer immediately after ex-
tubation may be helpful.

Ventilation during Severe Bronchospasm
Ventilation during severe bronchospasm is usually 

very difficult. Airway pressures are high and gas trap-
ping in the thorax may occur. The patient is unable 
to exhale fully prior to the ventilator pumping anoth-
er tidal volume breath into the lungs. This will lead 
to the dreaded “dynamic hyperinflation syndrome” 
[80]. In this clinical entity, there is a progressive rise 
of intrapulmonary pressure with each breath. Even-
tually the intrathoracic pressure will be so high that 
the venous return to the heart is impaired and the 
patient suffers from systemic hypotension.

Diagnosis of dynamic hyperinflation
The jugular veins are distended and the chest is hy-

perinflated. The pulses are weak or impalpable, and 
the electrocardiogram (ECG) shows a sinus tachycardia 
without features of myocardial ischemia. If ventilation 
is continued without making any changes this condition 
eventually will develop into pulseless electrical activity 
(previously known as electro-mechanical dissociation),car-
diac arrest, and eventually death. The pathophysiology 
and cardiovascular effects of this condition are very simi-
lar to tension pneumothorax, even though no pneumo-
thorax is present. If hypotension develops in a patient 
with severe bronchospasm, the ventilator circuit should 
therefore be disconnected from the ETT and the flow 
of gas at the end of the ETT should be observed. There 
is usually a prolonged wheeze emanating from the ETT 
under these circumstances. If the hypotension resolves 
after disconnecting the patient from the breathing cir-
cuit, the diagnosis of dynamic hyperinflation syndrome 
has been confirmed.

Treatment of dynamic hyperinflation

After dynamic hyperinflation has been recognized, 
the clinician should adopt a ventilation strategy of 
permissive hypercapnia. In this strategy, the goal of 
positive pressure ventilation is no longer to elimi-
nate CO2 from the blood stream and maintain a nor-
mal arterial partial pressure of CO2 (PaCO2). Instead 
the therapeutic aim is to ensure adequate oxygen-
ation while at the same time lowering intrathoracic 
pressure below venous return pressure, to allow for 
adequate venous return to the right heart and the 

drug delivery of inhaled medications by increasing the 
deposition of drugs in the distal airways [66]. Unlike the 
other noble gas xenon, helium does not have an anes-
thetic effect and does not cause sedation [67].

Methylxanthines
Intravenous methylxanthines like aminophylline 

are not frequently used anymore for the treatment 
of acute asthma due to the low therapeutic index of 
these drugs. Side effects are nausea, vomiting, sei-
zures and serious cardiac arrhythmias. In severe asth-
ma, however, some benefit has been demonstrated. 
Serum levels were monitored in these studies to pre-
vent toxicity [68,69].

Leukotriene receptor antagonists
Montelukast, a Leukotriene receptor antagonist, has 

been used with some success in acute severe asthma 
[70-73]. Montelukast is more effective when given in-
travenously than orally [74]. However, the treatment 
effect is small and in one randomized clinical study in 
children IV montelukast was found to be ineffective 
[75].

Extracorporeal CO2 removal
Extracorporeal circuits can be used to eliminate CO2 

from the blood stream. There is limited systematic evi-
dence evaluating the efficacy of this advanced therapy 
of last resort [76]. A data analysis from the extra-corpo-
real life support organization (ELSO) database revealed 
a survival rate of 84%. Complications like hemorrhage, 
renal impairment, neurologic sequelae and infection 
were common however [77]. This potentially danger-
ous therapy should, therefore, only be employed when 
all other therapies have failed to achieve the necessary 
therapeutic effect.

Epinephrine
It should only be used if there is suspicion of ana-

phylaxis due to associated clinical features or there is 
hypotension that cannot be corrected with IV fluids 
or treatment for dynamic hyperinflation. Beta-2 ag-
onists are preferred to epinephrine because they are 
less prone to induce tachy-dysrhythmias.

Deepening of anesthesia
Deepening the level of general anesthesia is often 

recommended to improve bronchospasm. This should 
be done with agents that are powerful bronchodilators 
like dexmedetomidine, lidocaine, sevoflurane and ket-
amine. Deepening anesthesia with opioids may increase 
bronchospasm or lead to chest wall rigidity and using 
propofol is ineffective. Propofol did not alter the con-
tractile response to electric field stimulation in human 
tracheal rings while remifentanil increased it and lido-
caine completely abolished it [78].
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is presented, both anaphylaxis and the dynamic hyper-
inflation of the lungs needs to be excluded. If hyperinfla-
tion is present, a ventilation strategy of permissive hy-
percapnia should be adopted until the bronchospasm is 
under control. When all the modalities of treating bron-
chospasm are employed in combination and in a time-
ly fashion, CO2 removal via an extra-corporeal circuit is 
usually not necessary.

Funding Sources
This work was supported by the University of Cali-

fornia Davis Health Department of Anesthesiology and 
Pain Medicine, and NIH grant UL1 TR001860 of the Uni-
versity of California Davis Health.

References
1. Kenderska T, Sadatsafavi M, Aaron SD, To TM, Lougheed 

MD, Fitzgerald JM et al. Concurrent physician-diagnosed 
asthma and chronic obstructive pulmonary disease: A pop-
ulation study of prevalence, incidence and mortality. PLoS 
One 2017; 12(3):e0173830.

2. Radhakrishnan DK, Dell SG, Guttman A, Shariff SZ, Liu K, 
To T, et al. Trends in the age of diagnosis of childhood asth-
ma. J Allergy Cllin Immunol 2014; 134(5):1057-62.

3. Barros R, Moreira P, Padrao P, Texeira VH, Carvalho P, 
Delgado L, et al. Obesity increases the incidence of asthma 
and worsens asthma severity. Clin Nutr 2017; 36(4):1068-
74.

4. Teodorescu M, Broytman O, Curran-Everett D, Sorkness R, 
Crisafi G, Bleeker ER, et al. Obstructive sleep apnea risk, 
asthma burden and lower airway inflammation in adults in 
the severe asthma research program (SARP) II. J Allergy 
Clin Immunol Pract 2015; 3(4):556-75.

5. Baarnes CB, Andersen ZJ, Tjonneland A, Ulrik CS. Inci-
dence and long-term outcome of severe asthma-COPD 
overlap compared to asthma and COPD alone: a 35-year 
prospective study of 57,053 middle aged adults. Int J Chron 
Obstruct Pulmon Dis 2017; 12:571-79.

6. Thorat YT, Salvi SS, Kodgule RR. Peak flow meter with 
a questionnaire and mini-spirometer to help detect asthma 
and COPD in real-life clinical practice: a cross-sectional 
study. NPJ Prim Care Respir Med 2017; 27(1):32.

7. Janahi IA, Khan S, Chandra P, Al-Marri N, Saadon A, Al-
Naimi L, et al. A new clinical algorithm scoring for manage-
ment of suspected foreign body aspiration in children. BMC 
Pulm Med 2017; 17(1):61.

8. Parida P, Nirmal N, Gopalakrishnan S, Saxena SK. Factors 
predicting early diagnosis of pediatric laryngotracheobron-
chial foreign bodies. Otolaryngol Pol 2015; 69(6):45-52.

9. Fisher MM, Ramakrishnan M, Doig G, Rose M, Baldo B. 
The investigation of bronchospasm during induction of an-
esthesia. Acta AnaesthesiolScand 2009; 53(8):1006-11.

10. Normansell R, Kew KM, Mansour G. Different oral corti-
costeroid regimens for acute asthma Cochrane Database 
Syst Rev 2016; May 13(5);CD011801.

11. Silvanus MT, Groeben H, Peters J. Corticosteroids and in-
haled salbutamol in patients with reversible airway obstruc-
tion markedly decrease the incidence of bronchospasm af-
ter tracheal intubation. Anesthesiology 2004; 100(5):1052-
57.

maintenance of an adequate cardiac output. The re-
spiratory rate should be reduced to allow for a longer 
expiration time [81]. An inspiration to expiration (I:E) 
ratio of 1:6 or higher will reduce the chance that the 
patient did not have enough time to fully exhale prior 
to the ventilator initiating the next inspiration. Larg-
er tidal volumes allow for better exhalation because 
the diameter of the conducting airways is increased 
at higher lung volumes (Table 5).

The normal pressure gradient for venous return is 
only about 4-8 mmHg [82]. An increase in intratho-
racic pressure decreases cardiac output [83]. Admin-
istration of vasopressors and IV fluid can transiently 
increase venous return but eventually this will not be 
able to overcome the raised intrathoracic pressure. 
Disconnection from the ventilator will then become 
necessary to allow for adequate venous return and 
cardiac output. The hyper-carbic respiratory acidosis 
that results from a ventilation strategy of permis-
sive hypercapnia is very well tolerated by the body 
[84-87]. The main features of hypercarbia are tachy-
cardia, vasodilation with erythema and an increase 
in intracerebral pressure. The main contraindication 
to permissive hypercapnia is therefore the presence 
of acutely raised intracranial pressure. The vasodila-
tion from the hypercarbia is usually mild and readily 
responds to vasopressor drugs. The permissive hy-
percapnia strategy will need to be maintained until 
the bronchospasm has improved enough to allow for 
adequate venous return. Depending on the clinical 
circumstances this may take several hours. Once the 
bronchospasm has been controlled normal ventila-
tion with conventional minute volume and PaCO2 tar-
gets can be re-instituted.

In summary, obstruction of airflow and broncho-
spasm are seen with increasing frequency in the periop-
erative period. Non-traditional treatment modalities 
like IV dexmedetomidine, lidocaine, magnesium, ket-
amine, steroids and inhaled sevoflurane are very effec-
tive but currently underused. Just like with pain therapy, 
the treatment of acute severe airflow obstruction needs 
to be multimodal to achieve maximal bronchodilation 
while limiting the side effects of each of the individual 
therapy. Combining these agents with first line beta-2 
agonist therapy, will result in better control of airflow 
obstruction with fewer side effects. When hypotension 

Table 5: Treatment of dynamic hyperinflation syndrome.

Disconnect the patient from the ventilator until pulses return

Adopt a ventilation strategy of permissive hypercapnia

Low respiratory rate to increase time for expiration

Large tidal volume to increase airway diameter

Maintain this strategy until bronchospasm has been 
controlled



• Page 197 •Transl Perioper & Pain Med 2020; 7 (2)

DOI: 10.31480/2330-4871/112

and metered dose inhaler with spacer during invasive me-
chanical ventilation. PulmPharmacolTher 2017; 45:159-63.

30. Groeben H, Mitzner W, Brown RH. Effects of the alpha2-ad-
renoceptor agonist dexmedetomidine on bronchoconstric-
tion in dogs. Anesthesiology 2004; 100(2):359-63.

31. Mikami M, Zhang Y, Kim B, Worgall TS, Groeben H, Emala 
CW. Dexmedetomidine’s inhibitory effects on acetylcholine 
release from cholinergic nerves in guinea pig trachea: a 
mechanism that accounts for its clinical benefit during air-
way irritation. BMC Anesthesiol 2017; 17(1):52.

32. Guler G, Akin A, Tosun Z, Eskitascoglu E, Mizrak A, Boya-
ci A. Single dose dexmedetomidine attenuates airway and 
circulatory reflexes during extubation. Acta AnaesthesiolS-
cand 2005; 49(8):1088-91.

33. Kothari D, Tandon N, Singh M, Kumar A. Attenuation of cir-
culatory and airway responses to endotracheal extubation 
in craniotomies for intracerebral space occupying lesions: 
dexmedetomidine versus lidocaine. Anesth Essays Res 
2014; 8(1):78-82.

34. Aksu R, Akin A, Bicer C, Esmaoglu A, Tosun Z, Boyaci 
A. Comparison of the effects of dexmedetomidine versus 
fentanyl on airway reflexes and hemodynamic responses 
to tracheal extubation during rhinoplasty: a double blind, 
randomized controlled study. CurrTher Res Clin Exp 2009; 
70(3):209-20.

35. Woods BD, Sladen RN. Perioperative considerations for 
the patient with asthma and bronchospasm. Br J Anaesth 
2009; 103(1):57-65.

36. BohringerC, Liu H. Is it time for an expanded role of dexme-
detomidine in contemporary anesthesia practice? – A clini-
cian’s perspective. TranslPeriop& Pain Med 2018; 5(3):55-
62.

37. Rabe KF, Hurst JR, Suissa S. Cardiovascular disease and 
COPD: dangerous liaisons? Eur Respir Rev 2018; 27:149

38. Weiss EB, Anderson WH, O’Brien KP. The effect of local 
anesthetic, lidocaine, on guinea pig trachealis muscle in vi-
tro. Am Rev Respir Dis 1975; 112(3):393-400.

39. Adamzik M, Groeben H, Farahani R, Lehmann N, Peters 
J. Intravenous lidocaine after tracheal intubation mitigates 
bronchoconstriction in patients with asthma. AnesthAnalg 
2007; 104(1):168-72.

40. Groeben H, Foster WM, Brown RH. Intravenous lidocaine 
and oral mexiletine block reflex bronchoconstriction in asth-
matic subjects. Am J Respir Crit Care Med 1996;154:885-
88.

41. Groeben H, Schlicht M, Stieglitz S, Pavlakovic G, Peters J. 
Both local anesthetics and salbutamol pretreatment affect 
reflex bronchoconstriction in volunteers with asthma under-
going awake fiberoptic intubation. Anesthesiology 2002; 
97(6):14445-50.

42. Downes H, Gerber N, Hirshman CA. IV lignocaine in re-
flex and allergic bronchoconstriction. Br J Anaesth 1980; 
52(9):873-78.

43. Groeben H, Schwalen A, Irsfeld S, Stieglitz S, Lipfert P, 
Hopf HB. Intravenous lidocaine and bupivacaine dose-de-
pendently attenuate bronchial hyperreactivity in awake vol-
unteers. Anesthesiology 1996; 84(3):533-39.

44. Groeben H, Grosswendt T, Silvanus MT, Pavlakovic G, Pe-
ters J. Airway anesthesia alone does not explain attenua-
tion of histamine-induced bronchospasm by local anesthet-
ics: a comparison of lidocaine, ropivacaine and dyclonine. 
Anesthesiology 2001; 94(3):423-28.

12. Groeben H. Strategies in the patient with compromised re-
spiratory function. Best Pract Res Clin Anaesthesiol 2004; 
18(4):579-94.

13. Kasaba T, Suga R, Matsuoka H, Iwasaki T, Hidaka N, 
Takasaki M. Comparison of epidural anesthesia and gen-
eral anesthesia for patients with bronchial asthma. Masui 
2000; 49(10):1115-20.

14. Groeben H, Schafer B, Pavlakovic G, Silvanus MT, Peters 
J. Lung function under high thoracic segmental epidural an-
esthesia with ropivacaine or bupivacaine in patients with 
severe obstructive pulmonary disease undergoing breast 
surgery. Anesthesiology 2002; 96(3):536-41.

15. Groeben H, Keller V, Silvanus MT. Anaesthesia for patients 
with obstructive airway diseases AnesteziolReanimatol 
2014; 1:5-10.

16. Jalowy A, Peters J, Groeben H. The importance of bron-
chial hyperreactivity in anesthesiology. AnasthesiolInten-
sivmedNotfallmedSchmerzther 1998; 33(3):150-62.

17. Jamil SN, Alam M, Usmani H, Khan MM. A study of the 
laryngeal mask airway (LMA) in children and its compari-
son with endotracheal intubation. Indian J Anaesth 2009; 
53(2):174-78.

18. Morcos SK. Review article: Effects of radiographic contrast 
media on the lung. Br J Radiol 2003; 76(905):290-95.

19. Liccardi G, Salzillo A, De Blasio , D’Amato G. Control of 
asthma for reducing the risk of bronchospasm in asthmatics 
undergoing general anesthesia and/or intravascular admin-
istration of radiographic contrast media. Curr Med Res Opin 
2009; 25(7):1621-30.

20. Dawson P, Pitfield J, Britten J. Contrast media and bron-
chospasm: a study with iopamidol. Clin Radiol 1983; 
34(2):227-30.

21. Goff MJ, Arain SR, Ficke DJ, Uhrich TD, Ebert TJ. Absence 
of bronchodilation during desflurane anesthesia: a compar-
ison to sevoflurane and thiopental. Anesthesiology 2000; 
93(2):404-8.

22. Chen AH, Bennet CR. Ketorolac-induced bronchospasm in 
an aspirin-intolerant patient. Anesth Prog 1994; 41(4):102-7.

23. Campobasso CP, Procacci R, Caligara M. Fatal adverse 
reaction to ketorolac tomethamine in asthmatic patient. Am 
J Forensic Med Pathol 2008; 29(4):358-63.

24. Tafreshi MJ, Weinacker AB. Beta-adrenergic-blocking 
agents in bronchospastic diseases: a therapeutic dilemma. 
Pharmacotherapy 1999; 19(8):974-78.

25. Morales DR, Jackson C, Lipworth BJ, Donnan PT, Guthrie 
B. Adverse respiratory effect of acute beta-blocker expo-
sure in asthma: a systematic review and meta-analysis of 
randomized controlled trials. Chest 2014; 145(4):779-86.

26. Imamura H, Kinoshita O, Maruyama K, Izawa A, 
UchikawaSI,Kumazaki S, et al. Two cases of bronchial 
asthma after treatment with amiodarone. Pacing Clin Elec-
trophysiol 2001; 24(10):1563-65.

27. Lipworth BJ, Mc Devitt DG. Inhaled beta 2-adrenoreceptor 
agonists in asthma: help or hindrance? Br J Clin Pharmacol 
1992; 33(2):129-38.

28. Phillips PJ, Vedig AE, Jones PL, Chapman MG, Collins M, 
Edwards JB, et al. Metabolic and cardiovascular side ef-
fects of the beta 2-adrenoreceptor agonists salbutamol and 
rimiterol. Br J Clin Pharmacol 1980; 9(5):483-91.

29. El Hansy MHE, Boules ME, El Essawy AFM, Al-Kholy MB, 
Abdelrahman MM, Said ASA, et al. Inhaled salbutamol 
dose delivered by jet nebulizer, vibrating mesh nebulizer 



• Page 198 •Transl Perioper & Pain Med 2020; 7 (2)

DOI: 10.31480/2330-4871/112

45. Spivey WH, McNamara RM, Skobeloff EM. Intravenous 
magnesium sulfate: the management of acute respiratory 
failure complicating asthma. Ann Emerg Med 1989; 18:197-
99.

46. Noppen M, Vanmaele L, Impens N, Schandevyl W. Bron-
chodilating effect of intravenous magnesium sulfate in 
acute severe asthma. Chest 1990; 97:373-76.

47. Okayami H, Takashi A, Okayama M, Sasaki H, Takishima 
T. Bronchodilating effect of intravenous magnesium sulfate 
in bronchial asthma. JAMA 1987; 257:107-8.

48. Shan Z, Rong Y, Yang W, Wang D, Yao P, Xie J, et al. In-
travenous nebulized magnesium supfate for treating acute 
asthma in adults and children: A systematic review and me-
ta-analysis. Respiratory Medicine 2013; 107(3):321-30.

49. Hicks-Keen J. Intravenous magnesium sulfate for acute 
asthma. Journal of Emergency Nursing 1995; 21(1):44-46.

50. Kuitert LM, Kletchko SL. Intravenous magnesium sulfate 
in acute, life-threatening asthma. Ann Emerg Med 1991; 
20(11):1243-45.

51. Skobeloff EM, Kim D, Spivey WH. Magnesium sulphate for 
the treatment of bronchospasm complicating acute bron-
chitis in a four-months’-pregnant woman. Ann Emerg Med 
1993; 22(8):1365-67.

52. Mills R, Leadbeater M, Ravalia A. Intravenous magnesium 
sulphate in the management of refractory bronchospasm 
in a ventilated asthmatic. Anaesthesia 1997;52(8):782-85.

53. Rowe BH, Bretzlaff JA, Bourdon C, Bota GW, Camargo CA 
Jr. Magnesium sulfate for treating exacerbations of acute 
asthma in the emergency department. Cochrane Database 
Syst Rev 2000; (2):CD001490.

54. Wong JJ, Lee JH, Turner DA, Rehder KJ. A review of the 
use of adjunctive therapies in severe acute asthma exacer-
bation in critically ill children. Expert Rev Respir Med 2014; 
8(4):423-41.

55. Mahajan P, Haritos D, Rosenberg N, Thomas R. Com-
parison of nebulized magnesium sulfate plus albuterol to 
nebulized albuterol plus saline in children with acute exac-
erbations of mild to moderate asthma. J Emerg Med 2004; 
27(1):21-25.

56. Powell C, Kolamunnage-Dona R, Lowe J. Magnesium sul-
phate in acute severe asthma in children (MAGNETIC): a 
randomized, placebo-controlled trial. Lancet Respir Med 
2013; 1(4):301-08.

57. Mitsuhata H, Saitoh J, Shimizu R, Takeuchi H, Hasome N, 
Horiguchi Y. Sevoflurane and isoflurane protect against bron-
chospasm in dogs. Anesthesiology 1994; 81(5):1230-34.

58. Palacios A, Mencia S, LLorente AM, Cruz J, Toledo B, Or-
donez O, et al. Sevoflurane therapy for severe refractory 
bronchospasm in children. PediatrCrit Care Med 2016; 
17(8):380-84.

59. Chai J, Wu XY, Han N, Wang LY, Chen WM. A retrospec-
tive study of anesthesia during rigid bronchoscopy for air-
way foreign body removal in children: propofol and sevoflu-
rane with spontaneous ventilation. PaediatrAnaesth 2014; 
24(10):1031-36.

60. Klaustermeyer WB, Choi SH. A perspective on systemic 
corticosteroid therapy in severe bronchial asthma in adults. 
Allergy Asthma Proc 2016; 37(3):192-98.

61. Keeney GE, Gray MP, Morrison AK, Levas MN, Kessler 
EA, Hill GD, et al. Dexamethasone for acute asthma ex-
acerbations in children: a meta-analysis. Pediatrics 2014; 
133(3):493-99.

62. Griffiths B, Ducharme FM. Combined inhaled anticholin-
ergics and short-acting beta2-agonists for initial treatment 
of acute asthma in children. Cochrane Database Syst Rev 
2013; 21(8).

63. Cooper DD, Welch JL. Should children with acute asthma 
exacerbation receive anticholinergics? Ann Emerg Med 
2015; 65(1):83-84.

64. Kew KM, Dahri K. Long-acting muscarinic antagonists 
(LAMA) added to combination long-acting beta2-agonists 
and inhaled corticosteroids (LABA/ICS) versus LABA/
ICS for adults with asthma. Cochrane Database Syst Rev 
2016;21(1):CD011721

65. Rodrigo GJ, Castro-Rodriguez JA. Heliox-driven beta2-ag-
onists nebulization for children and adults with acute asth-
ma: a systematic review with meta-analysis. ANN Allergy 
Asthma Immunol 2014; 112(1):29-34.

66. Bag R, Bandi MD, Fromm RE, Guntupalli KK. The effect of 
Heliox-driven bronchodilator aerosol therapy on pulmonary 
function tests in patients with asthma. Journal of Asthma 
2002; 3:659-65.

67. Koblin DD, Fang Z, Eger EI II, Laster MJ, Gong D, Ionescu 
P, et al. Minimum alveolar concentrations of noble gases, 
nitrogen, and sulfur hexafluoride in rats: Helium and neon 
as non-immobilizers (non-anesthetics) AnesthAnalg 1998; 
87:419-24.

68. Yung M, South M. Randomized controlled trial of amino-
phylline for severe acute asthma. Arch Dis Child 1998; 
79(5):405-10.

69. Nuhoglu Y, Dai A, Barlan IB, Basaran MM. Efficacy of ami-
nophylline in the treatment of acute asthma exacerbation in 
children. Ann Allergy Asthma Immunol 1998; 80(5):395-98.

70. Camargo CA, Smithline HA, Malice MP. A randomized con-
trolled trial of intravenous montelukast in acute asthma. Am 
J Resp Crit Care Med 2003; 167:528-33.

71. Camargo CA Jr, Gurner DM, Smithline HA, Chapela R, 
Fabbri LM, Green SA, et al. A randomized placebo-con-
trolled study of intravenous montelukast for the treatment of 
acute asthma. J Allergy Clin Immunol 2010; 125(2):374-80.

72. Cylly A, Kara A, Ozdemir T, Ogus C, Gulkesen KH. Effect 
of oral montelukast on airway function in acute asthma. Re-
spir Med 2003; 97(5):533-36.

73. Adachi M, Taniguchi H, Tohda Y, Sano Y, Ishine T, Smugar 
SS, et al. The effect and tolerability of intravenous montelu-
kast in acute asthma exacerbations in Japanese patients. J 
Asthma 2012; 49(6):649-56.

74. Dockhorn RJ, Baumgartner RA, Leff JA, Noonan M, Van-
dormael K, Stricker W, et al. Comparison of the effects of 
intravenous and oral montelukast on airway function: a 
double blind, placebo controlled, three period, crossover 
study in asthmatic patients. Thorax 2000; 55(4):260-65.

75. Morris CR, Becker AB, Pinieiro A, Massaad R, Green SA, 
Smugar SS, et al. A randomized placebo-controlled study 
of intravenous montelukast in children with acute asthma. 
Ann Allergy Asthma Immunol 2010; 104(2):161-71.

76. Rehder KJ. Adjunct therapies for refractory status asthmat-
icus in children. Respir Care 2017; 62(6):849-65.

77. Yeo HJ, Kim D, Jeon D, Kim YS, Rycus P, Cho WH. Ex-
tracorporeal membrane oxygenation for life-threatening 
asthma refractory to mechanical ventilation: analysis of the 
Extracorporeal Life Support Organization registry. Crit Care 
2017; 21(1):297.

78. Rogliani P, Calzetta L, Rendina EA, Masullo D, Dauri M, 



• Page 199 •Transl Perioper & Pain Med 2020; 7 (2)

DOI: 10.31480/2330-4871/112

Rinaldi B, et al. The influence of propofol, remifentanil and 
lidocaine on the tone of human bronchial smooth muscle. 
PulmPharmacolTher 2013; 26(3):325-31.

79. Radulovic M, Spungen AM, Wecht JM, Korsten MA, Schi-
lero GJ, Bauman WA, et al. Effects of neostigmine and gly-
copyrrolate on pulmonary resistance in spinal cord injury. J 
Rehabil Res Dev 2004; 41(1):53-58.

80. Laher AE, Buchanan SK. Mechanically ventilating the se-
vere asthmatic. J Intensive Care Med 2018; 33(9):491-501.

81. Dugappa DR, Rao GV, Kannan S. Anesthesia for patient 
with chronic obstructive pulmonary disease. Indian J An-
aesth 2015; 59(9):574-83.

82. Magder S. Volume and its relationship to cardiac output 
and venous return. Crit Care 2016; 20:271.

83. Magder S, Guerard B. Heart-lung interactions and pul-
monary buffering: lessons from a computational modeling 
study. Respir PhysiolNeurobiol 2012; 182(2-3):60-70.

84. Darioli R, Perret C. Mechanically controlled hypoventi-
lation in status asthmaticus. Am Rev Respir Dis 1984; 
129(3):385-87.

85. Huang SG. Experiences with the application of mechanical-
ly controlled hypoventilation in status asthmaticus. Zhong-
huaJie He He Hu Xi Za Zhi 1990; 13(1):22-24,61

86. Regovik A, Goldman R. Permissive hypercapnia. Emerg 
Med Clin North Am 2008; 26(4):941-52.

87. Dworkin G, Kattan M. Mechanical ventilation for status 
asthmaticus in children. J Pediatr 1989; 114(4):545-49.

Citation: Bohringer C, Copeland D, Liu H. A Contempo-
rary Approach to the Treatment of Perioperative Bron-
chospasm. Transl Perioper & Pain Med 2020; 7(2):190-
199

Copyright: © 2020 Bohringer C, et al. This is an open-ac-
cess article distributed under the terms of the Creative 
Commons Attribution License, which permits unrestrict-
ed use, distribution, and reproduction in any medium, 
provided the original author and source are credited.

Corresponding Author: Hong Liu, MD, FASE, Professor, 
Department of Anesthesiology and Pain Medicine, Uni-
versity of California Davis Health, 4150 V Street, Suite 
1200, Sacramento, CA 95817, USA, Tel: 916-734-5031, 
Fax: 916-734-7980, E-mail: hualiu@ucdavis.edu

Editor: Renyu Liu, MD, PhD, Associate Professor, De-
partment of Anesthesiology and Critical Care, Perelman 
School of Medicine at the University of Pennsylvania, Cen-
ter of Penn Global Health Scholar, Director of Stroke 120 
Special Task Force, Chinese Stroke Association, 336 John 
Morgan Building, 3620 Hamilton Walk, Philadelphia, 
PA 19104, USA, Phone: 2157461485, Fax: 2153495078, 
E-mail: RenYu.Liu@pennmedicine.upenn.edu

Additional publication details

Journal short name: Transl Perioper & Pain Med

Received Date: December 12, 2019

Accepted Date: January 13, 2020

Published Date: February 10, 2020


	Titile
	Abstract
	Keywords
	Introduction
	Differential Diagnosis of Bronchospasm 
	Prevention of Perioperative Bronchospasm 
	Treatment of Bronchospasm 
	Beta-2 agonists 
	Intravenous dexmedetomidine 
	Lidocaine
	Magnesium
	Sevoflurane
	Steroid
	Intravenous ketamine 
	Inhaled anticholinergics 
	Helium
	Methylxanthines
	Leukotriene receptor antagonists 
	Extracorporeal CO2 removal 
	Epinephrine
	Deepening of anesthesia 

	Ventilation during Severe Bronchospasm 
	Diagnosis of dynamic hyperinflation 
	Treatment of dynamic hyperinflation 

	Funding Sources 
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Figure 1
	Figure 2
	References

