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Abstract 
Bronchospasm is the clinical component of exacerbated underlying airway hyper-reac}vity or as part of a more severe 
underlying pathology such as anaphylaxis. This ar}cle reports mul}ple episodes of bronchospasm a昀琀er general anesthesia 
induc}on for elec}ve surgery of laparoscopic cholecystectomy. Bronchospasm is a joint event during the intuba}on 
period, especially in pa}ents with respiratory disease, but in most cases resolves without further complica}ons. It was 
manifested in isola}on in this pa}ent, with no cardiovascular compromise, no skin signs. This case report reviews the 
literature and the algorithm taken to manage this adverse event and guarantees pa}ent care and successful outcome. 
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Introduction 

Bronchospasm is a type of airway hyper-reac}vity triggered by an underlying respiratory disorder. This case was observed 
in a pa}ent with respiratory disease who underwent general anesthesia. It can be iden}昀椀ed by extended expira}on, 
wheeze, and increased peak airway pressures. If not treated, it may lead to hypoxia, hypotension, and increased morbidity 
and mortality [1]. An unevenvul procedure is cri}cal to a pa}ent's well-being. The management of bronchoconstric}on 
should be con}nuous and focused on the underlying e}ology. Monitoring for clinical signs and symptoms of 
bronchoconstric}on should remain during the procedure and at any phase of the anesthe}c period. This case report aims 
to discuss the cri}cal aspects of intraopera}ve bronchospasm. 

Case Presentation 

The pa}ent was a 31-year-old Hispanic female, 60 kg, American Society of Anesthesiologists (ASA) II with a past medical 
history of ectopic pregnancy, was treated with methotrexate, and was admi琀琀ed with right upper quadrant pain for 
laparoscopic cholecystectomy. The pa}ent had no other past medical or surgical history, and all preopera}ve 
inves}ga}ons were within normal limits, except for mild transaminases eleva}on, no recent upper respiratory tract 
infec}ons, or smoking. No abnormali}es were found on cardiac and pulmonary physical exams. Our pa}ent was taken to 
the opera}ng room; ASA monitors were placed, and general anesthesia was induced by IV injec}ons of midazolam 2 mg, 
fentanyl 100 mcg, lidocaine 60 mg, propofol 200 mg, and rocuronium 40 mg. An endotracheal tube (ETT) was placed on 
the 昀椀rst a琀琀empt, and placement was con昀椀rmed by ausculta}on and capnography readings. The pa}ent was ven}lated 
with volume-controlled ven}la}on, a }dal volume (TV) of 400 mL, a respira}on rate of 12, FiO2 0.4, and sevo昀氀urane was 
used for anesthesia maintenance. 

The pa}ent received a slow push of cefazolin 1 g intravenously, and pneumoperitoneum was created. Subsequently, the 
pulse oximetry started trending down, and the 'shark-昀椀n' capnography pa琀琀ern was observed. The FiO2 was increased 
from 0.4 to 1, and manual ven}la}on was started. However, pulse oximetry rapidly con}nued to decrease to 60%. At this 
point, pneumoperitoneum was released, and the anesthesia provider requested help. Two other anesthesia providers 
present as SpO2 con}nued to decline to 44%. Severe bilateral wheezes were auscultated, no signs of allergic reac}ons 
were no}ced, blood pressure and heart rate were within normal limits, sugges}ng severe bronchospasm. On monitors, 
minute ven}la}on (MV) dropped from 4.1 L/min to 0.2 L/min, TV from 400 mL to 18 mL, and mean airway pressure 
(Pmean) increased from 10 cm H2O to 38 cm H2O. Given the severity of the bronchospasm, the anesthesiologist ahead of 
the case decided to administer epinephrine 200 mcg IV bolus, and no immediate improvement was observed a昀琀er 5 min. 
The ini}al dose of epinephrine was followed by two other doses of 200 mcg IV, along with eight pu昀昀s of albuterol inhaler 
via ETT because the pa}ent s}ll had the same wheezes pa琀琀ern on physical exam and increased Pmean with low TV and 
MV. Dexamethasone 10 mg IV and diphenhydramine 25 mg IV were also administered. These interven}ons yielded only a 
transient increase in SpO2. Therefore, it was decided to exchange the ETT due to a possible airway hyper-reac}vity caused 
by ETT, cu昀昀 hernia}on, tube kinking, or mucus plug, and the ven}lator could not deliver the set TV with elevated mean 
airway pressure of 38 cm H2O. Direct laryngoscopy was performed to examine the airway; during this }me, mild to 
moderate edema was no}ced on epiglo琀�s, vocal cords, and arytenoids; due to edema, the anesthesiologist  
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decided to reintubated the trachea to secure the airway instead of using a laryngeal mask. Right a昀琀er ETT placement, 
there was an immediate improvement of Sp02 to 100%, bilateral airway entry equally, MV 3.8 L/min, TV 398 mL, and 
Pmean 14 cm H2O. A昀琀er a discussion with the surgical team, it was decided to con}nue the surgery. A昀琀er the 昀椀rst episode 
of bronchospasm, the pa}ent was kept under deep anesthesia with sevo昀氀urane 4%, and no other drugs were 
administered. Twenty minutes past the 昀椀rst episode of desatura}on and tube exchange, when the gallbladder was ready 
to be incised, the pa}ent began to desaturate with new onset of wheezes and dynamic changes on TV 98 mL, MV 1.1 
L/min, and Pmean 32 cm H2O, SpO2 dropped to 66%. The inspira}on frac}on of oxygen was increased to 100%, albuterol 
eight pu昀昀s were administered via ETT, and epinephrine 100 mcg IV, two doses were given. A昀琀er the second dose of 
epinephrine, SpO2 99%, TV 380 mL, MV 4 L/min, Pmean 14 cm H2O, the pa}ent recovered. The anesthesiologist discussed 
the op}on to abort the procedure due to the repe}}on of severe bronchospasm and pa}ent safety; however, since the 
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gallbladder was mobilized for incision, the surgical team requested 15 min to 昀椀nish the procedure, and the 
anesthesiologist agreed to con}nue with the surgery. 

As the surgical team was suturing skin, approximately 10 min a昀琀er the second bronchospasm episode, the pa}ent 
desaturated for the third }me. The pa}ent received one dose of epinephrine 100 mcg intravenously and recovered 
satura}on from 79% to 100%, TV from 180 mL to 398 mL, MV from 2.1 L/min to 4.4 L/min, and Pmean from 29 cm H2O to 
11 cm H2O. At this stage, a plan was formed to perform deep anesthesia extuba}on due to the possibility of airway 
manipula}on hyper-reac}vity caused by ETT. The extuba}on was managed, and a laryngeal mask airway (LMA) was placed 
to maintain the pa}ent under ven}la}on un}l fully awake. A blood sample was obtained and sent to a laboratory for 
tryptase studies to rule out an allergic reac}on. The pa}ent emerged from anesthesia with stable vital signs, and the LMA 
was removed, no signs of respiratory distress were noted, bilateral air entry without wheezes. The pa}ent was 
hemodynamically stable and transferred to the intensive care unit (ICU). 

While in the ICU, a chest X-ray was ordered and showed mildly di昀昀usely prominent vascular and inters}}al markings, mild 
peribronchial cu昀케ng, and no focal in昀椀ltrates; another episode of bronchospasm was reported and treated with albuterol 
and ipratropium nebulizer. The pulmonary team evaluated and assessed the pa}ent, a diagnosis of asthma/reac}ve 
airway was made and recommended budesonide and formoterol inhaler and pulmonary func}on tests. On postopera}ve 
day 1, a second blood sample for tryptase study was obtained. Both blood samples for tryptase studies were nega}ve, 2.4 
ug/L and 2.2 ug/L, respec}vely, con昀椀rming intra-opera}ve bronchospasm episodes. Forty-eight hours later, the pa}ent 
was discharged from the hospital with pulmonary, allergy, and immunology follow-ups. The pa}ent has followed up 
primary care physician, currently being treated with budesonide and formoterol inhaler, but refused pulmonary followup, 
allergy, and immunology studies. 

Discussion 

Bronchospasm is a condi}on characterized by increased airway hyper-reac}vity. It can cause severe respiratory distress 
and frequent coughing and wheezing. The sudden onset of bronchospasm a昀琀er anesthe}c induc}on is linked to various 
physiological changes, with cardiovascular changes and skin signs clinically sugges}ng a drug-induced anaphylac}c 
response [1]. Bronchospasm commonly occurs during the periopera}ve period following an anesthesia induc}on or 
intuba}on. They can be triggered by various factors, such as an immediate hypersensi}vity reac}on including IgE-

mediated anaphylaxis, a nonpharmacological mechanism, or pharmacologic-induced by histamine-releasing drugs in 
pa}ents with uncontrolled airway hyper-reac}vity [1-7]. 

The complex mechanism that causes bronchoconstric}on is caused by various factors, such as the airway nerves 
responsiveness, smooth muscle, epithelial }ssue, and in昀氀ammatory cells surrounding the respiratory tract triggering an 
a昀昀erent signal to the brainstem, and from there an e昀昀erent signal through the vagus nerve leading to acetylcholine 
release in the airway. Moreover, that is why an}muscarinic drugs can help prevent or treat this condi}on because they will 
counteract the acetylcholine on M3-muscarinic receptors that cause bronchoconstric}on. Also, noncholinergic 
neurotransducers are capable of releasing tachykinins and vasoac}ve intes}nal polypep}des. They can also s}mulate the 
release of procontrac}le neuropep}des. 

Studies show that propofol preferen}ally reduces tachykinin-caused airway constric}on in pa}ents with respiratory 
distress. It has been known that deep anesthesia can modulate and a琀琀enuate tachykinin-caused bronchoconstric}on in 
pa}ents with respiratory distress. Despite these protec}ve e昀昀ects of IV propofol and the adequate induc}on dose used in 
the current case, re昀氀ex-induced bronchoconstric}on may s}ll be triggered in pa}ents who had previously unrecognized 
and untreated asthma. 

Before surgery, a comprehensive evalua}on of pulmonary risk factors should be performed to iden}fy the poten}al 
complica}ons of an asymptoma}c or poorly controlled airway hyper-reac}vity. It is well known that periopera}ve and 
postopera}ve complica}ons depend on the severity of asthma at the }me of surgery, type of surgery, and anesthesia 
techniques.  

If pa}ents with asthma have a history of uncontrolled use of inhaled cor}costeroids and/or 2-agonists, recent use of 
systemic cor}costeroids, recent exacerba}ons, emergency department, recent hospital visits, and intuba}ons, they should 
be assessed for poor control. Same as wheezing, cough, increased sputum produc}on, shortness of breath, and diurnal 
variability in peak expiratory 昀氀ow rate indicate further assessment [7]. These guidelines mainly focus on the management 
of asthma before surgery. It is considered a leading cause of bronchoconstric}on during surgery and should be suspended 
un}l the pa}ent is op}mized, and their medica}on should be con}nued un}l the }me of surgery. 

Ideally, pa}ents should be counseled to stop smoking before surgery. It is also possible to postpone surgery if the pa}ent 
has an upper respiratory tract infec}on and the complete resolu}on of symptoms is not achieved, especially children who 
have an increased risk of bronchospasm, so it may be necessary to postpone surgery for two to three weeks a昀琀er the 
complete resolu}on of symptoms. Pretreatment with β2agonist, 30 min prior to surgery, propofol for induc}on of 
anesthesia, and adequate depth of anesthesia before airway manipula}on reduce the risk of bronchospasm [7]. Regional 
techniques and general anesthesia with LMA can help minimize the risk of bronchospasm and avoid airway manipula}on 
if indicated. 

Understanding the physiological mechanism of a hypersensi}vity reac}on's clinical signs and symptoms }meline is crucial. 
Periopera}ve anaphylaxis caused by neuromuscular blockers has ini}ally cardiovascular signs that befall within minutes 
a昀琀er the drug injec}on and may be associated with or followed by bronchospasm [1]. Cardiovascular disturbance is the 

hallmark of severe IgE-mediated anaphylaxis. Latexinduced anaphylaxis usually occurs in pa}ents with prior latex 
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exposure, a cross-reac}on food allergy, or atopy. The event usually takes about 60 min a昀琀er surgery to develop because 
latex is slowly absorbed. The cause of the hyper-responsiveness may be di昀昀erent from the usual causes, such as an ETT or 
the suc}on catheter, without an}gen exposure. It is essen}al to keep in mind that posi}ve end-expiratory pressure with 
bronchospasm can reduce venous return and cardiac output, plus the associa}on of hypoxia and respiratory failure from 
inadequate ven}la}on may lead to cardiovascular collapse [1]. 

Differential diagnosis 

Bronchospasm usually occurs during anesthesia's induc}on and maintenance phases and is less frequently faced in the 
emergence and recovery phases. It can be triggered by a severe allergic reac}on or anaphylac}c reac}on during the 
maintenance stage. The most common causes of bronchospasm are usually related to endotracheal intuba}on. When 
evalua}ng bronchospasm, we should consider relevant di昀昀eren}al diagnoses and contribu}ng factors such as mechanical 
obstruc}on, laryngospasm, inadequate depth of anesthesia, and drug induced.  

In unexplained bronchospasm, airway soiling due to secre}ons, regurgita}on, or aspira}on should be considered. For that, 
using an LMA or an incompletely in昀氀ated cu昀昀 or uncu昀昀ed ETT should be considered to prevent or minimize the 
accumula}on of secre}ons or con}nuous s}mulus of the airway [7]. 

Morbidity and mortality rates 

Recent data show that respiratory events es}mated for 28% of cases involving anesthesia-related brain damage and death 
in the United States. In these cases, bronchospasm was included in the other categories and corresponded to 11% of total 
respiratory issues [1]. 

Role of tryptase 

High tryptase levels can help dis}nguish anaphylaxis from other condi}ons for a possible di昀昀eren}al diagnosis, like 
vasovagal re昀氀exes, sep}c or cardiogenic shock, seizures, benign 昀氀ushing, or carcinoid syndrome. Tryptase levels increase 
as fast as 昀椀ve minutes following the clinical onset of anaphylaxis, achieving maximal levels within 30-90 min, and then 
wane with a half-life of approximately 2 h.  

The tryptase surge is a strong indicator of the severity of hypotension during an anaphylac}c reac}on, but it can also be 
seen induced by medica}ons. However, normal levels do not reject anaphylaxis, especially in food-induced reac}ons, 
samples obtained more than four hours a昀琀er ini}al symptoms and those without hypotension.  

A blood sample should be obtained within 15 min to 3 h a昀琀er an event onset if a person with suspected anaphylaxis is 
being considered for tryptase studies. The speci昀椀city and sensi}vity of tryptase studies have not been accurately 
determined but increase with clinical severity. Signi昀椀cant eleva}ons in tryptase may last for many hours [3]. 

Treatment 
Rever}ng the bronchospasm and avoiding hypoxemia are the goals of ini}al treatment. If an isolated bronchospasm 
occurs, increasing the oxygen concentra}on to 100% should be ini}ated, and manual bag ven}la}on promptly started to 
assess pulmonary compliance and iden}fy high-circuit pressure causes. Deepening anesthesia may be required because 
an inadequate depth of anesthesia may lead to bronchospasm induced by ETT placement or airway manipula}on. In 
addi}on, increasing the inhala}onal concentra}on of an anesthe}c is also helpful to avoid or reduce respiratory hyper-

reac}vity, except des昀氀urane because of its airway irritant side e昀昀ect, especially in asthma}cs and smokers. 

Mechanical ven}la}on in acute bronchospasm aims to avoid and correct hypoxemia. Consider reducing }dal to avoid high 
peak airway pressures and barotrauma. Hypercapnia is tolerated if oxygena}on is adequate and if severe acidosis does not 
occur. Ven}la}on should include a long expiratory }me to allow total exhala}on and reduce breath stacking and intrinsic 
posi}ve end-expiratory pressure (PEEP) because they may increase intrathoracic pressure, decrease venous return, and 
lead to hypotension [7]. 

Inhaled β2-agonists are indicated for the quick relief of bronchoconstric}on due to the ac}va}on of the 2adrenergic 
receptors on the airway smooth muscle. They can be given through a nebulizer or metered-dose inhaler. 

Ipratropium has been shown to reduce re昀氀ex-induced bronchoconstric}on with potency similar to inhaled β2-agonists. It 

can be combined with a β2-agonist drug to treat life-threatening bronchospasm. 

Systemic steroids should be u}lized to treat respiratory condi}ons like asthma, chronic obstruc}ve pulmonary disease 
(COPD), or even bronchospasm because they decrease airway in昀氀amma}on. They can help decrease the severity of 
exacerba}ons by preven}ng them from happening, and they take up to 6 h before exer}ng their bene昀椀cial e昀昀ect.  

Epinephrine should be considered for pa}ents with severe asthma that has been triggered by IgE-mediated anaphylaxis 
and is prone to cardiac collapse. 

Magnesium sulfate is used to treat severe bronchial asthma by relaxing the bronchial smooth muscles. It can be associated 
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with other drugs or when ini}al treatment fails. 

Ketamine infusions have been reported to treat pa}ents with status asthma}cus successfully. Although the e昀昀ects of 
ketamine on the respiratory system are not yet apparent, they seem to cause bronchodila}on; it seems like the 
catecholamine released by ketamine causes bronchodila}on. Bene昀椀cial results are reported within 30 min to several 
hours. 

An}histamines - they compete with histamine for the histamine-receptors in the respiratory tract. This causes e昀昀ects such 
as the reduc}on in smooth muscle contrac}on. 

Vola}le agents - the ac}vity at inhibitory -aminobutyric acid-A chloride channels or modula}ng calcium sensi}vity of the 
contrac}le proteins is why deepening anesthesia with vola}le agents prevents or relieves re昀氀ex-induced 
bronchoconstric}on, except des昀氀urane due to its airway irritant side e昀昀ect, especially in asthma}cs and smokers. 

Helium-oxygen - the use of helium-oxygen mixed with oxygen is commonly used for severe asthma exacerba}ons that are 
unresponsive to standard therapy or appear to have a component of upper airway obstruc}on. However, this method 
alone cannot be recommended due to con昀氀ic}ng data about e昀케cacy.  

Extracorporeal life support oxygena}on -this can be helpful in pa}ents with severe asthma/bronchospasm who are with 
severe asthma refractory to rou}ne care, respiratory acidosis, and mechanical ven}la}on. 
However, evidence-based clinical trials are lacking. 

Postoperative care and follow-up 

A chest radiograph should be ordered if the symptoms are severe and persistent. A chest evalua}on should also be 
performed to rule out pulmonary edema and pneumothorax. If necessary, pharmacological and chest physiotherapy 
should also be provided. If the condi}on worsens or the pa}ent has anaphylac}c shock, follow-up examina}ons should be 
performed [7]. 

The anesthesiologist must make sure that the pa}ent is referred to an immunological and allergy center for further 
inves}ga}on. The pa}ent, surgeon, and primary care physician should also be informed. 

Conclusions 

For a pa}ent under general anesthesia, bronchospasm can become a life-threatening situa}on. Although other parts that 
lead to airway in昀氀amma}on in asthma are many and s}ll not fully understood, factors triggering periopera}ve 
bronchospasm are well known. The science e昀昀orts could enhance the preven}on and treatment of bronchospasm 
associated with anesthesia. Understanding the physiological mechanism of a hypersensi}vity reac}on, the clinical signs 
and symptoms }meline is crucial. In this presented case, the severity of symptoms and dynamic changes on the ven}lator 
were paramount in guiding the intraopera}ve treatment. It is important to have in mind that following an episode of 
bronchospasm, other episodes may happen intraopera}vely, and the anesthesiologist must be prepared to make 
decisions focused on pa}ent’s safety. That is why we believe that any anesthesia provider must understand what 
bronchospasm is, its pathophysiology, di昀昀eren}al diagnosis, and algorithm of treatments to provide the best pa}ent care 
and successful outcome. 

Additional Information 
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organiza}ons that might have an interest in the submi琀琀ed work. Other rela琀椀onships: All authors have declared that there 
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