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Abstract
Background: Plastic bronchitis (PB) is a complication of Fontan surgery, results in the formation of mucus plug in
the tracheobronchial tree, causing potentially fatal airway obstruction. We report critical airway emergency during
general anesthesia in a child with plastic bronchitis.
Case presentation: A 5-year-old boy was scheduled for intrapulmonary lymphatic embolization through
percutaneous catheterization under general anesthesia. He underwent Fontan surgery at the age of 2 and
frequently developed respiratory failure due to plastic bronchitis. After induction of general anesthesia and tracheal
intubation, mechanical ventilation became difficult even with an inspiratory pressure ≥ 50 mmHg due to airway
obstruction. He expectorated a large mucus plug through the tracheal tube after administration of sugammadex,
naloxone, and flumazenil, and respiratory condition was stabilized thereafter.
Conclusion: General anesthesia for a patient with plastic bronchitis should be planned with extracorporeal
membrane oxygenation or cardiopulmonary bypass stand by.
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Background
Plastic bronchitis (PB) is a rare, but potentially fatal complication following Fontan surgery, a palliative procedure
for patients with functional single ventricle. It is characterized by mucus plugs formed in the tracheobronchial tract
and may cause life-threatening airway obstruction. Here,
we present a case of difficult anesthesia management in a
child with plastic bronchitis.
Case presentation
A 5-year-old boy was scheduled for intrapulmonary lymphatic embolization through percutaneous catheterization. He
underwent Fontan surgery at the age of 2 and frequently
developed respiratory failure due to plastic bronchitis thereafter. His family history was unremarkable and the course
of pregnancy was uneventful. Heart abnormalities were detected by fetal echocardiography. He was delivered transvaginally at 38 weeks 4 days with a weight of 2696 g.
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Diagnoses of a double outlet right ventricle, aortic valve
atresia, aortic coarctation, and atrioventricular septal defect
were made immediately after birth. Norwood surgery,
Blalock-Taussig shunt, and Glenn surgery were performed
6 days, 1 year, 5 months, and 2 years after birth, respectively. Fenestrated Fontan surgery was performed 2 years 3
months after birth. Although surgery was completed uneventfully and Fontan circulation was successfully established, he developed dyspnea with decreased SpO2 30 days
after surgery. He discharged white-colored bronchial casts
and a diagnosis of plastic bronchitis (PB) was made 44 days
after surgery. His respiratory condition was refractory to
conservative treatment such as low-fat diet, respiratory
physiotherapy, as well as to medications including bronchodilators, expectorants, and pulmonary vasodilators, therefore, intrapulmonary lymphatic embolization through
percutaneous catheterization was scheduled.
Preoperative findings were as follows: height, 115.2 cm
(+ 1.0 SD); weight, 16.1 kg (− 1.0 SD); body temperature,
36.8 °C; heartbeat, 100 beats per minute; blood pressure,
98/50 mmHg; and SpO2, 87–89% (nasal oxygen 1 L/
min). Jugular venous distention and a systolic murmur
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of grade I/IV on the Levine scale at the third intercostal
space along the left sternal border were observed. Auscultation revealed normal respiratory sounds. The chest
X-ray demonstrated cardiomegaly and pulmonary congestion. The electrocardiograph revealed a right bundle
branch block and right ventricular hypertrophy. Echocardiography revealed fenestration and trivial common
atrioventricular valve regurgitation without stenosis of
IVC conduit. Chest CT was not performed because of
the patient’s age. Resting SpO2 was 88–89% which decreased to 85% during exercise, accompanied by shortness of breath and cyanosis. Mucus plugs were
discharged every 4–5 days.
On the morning of the surgery, a mucus plug was discharged; however, the patient had no fever and was active. To identify the site of lymphatic leakage by
temporarily increasing lymph production, the patient
ingested 3 peanuts 3 h before surgery. Upon entering
the operating room, SpO2 was 73% under room air as
the patient was crying. Standard monitoring and invasive
arterial pressure measurement were started.
After starting dopamine (3 μg/kg/min), anesthesia was
induced using midazolam 1 mg, rocuronium 15 mg, fentanyl 30 μg, and sevoflurane 1.5%. During laryngeal deployment, a large amount of secretions was accumulated
in the upper airway and mucosal swelling around the glottis was observed. After a 4.5-mm cuffed endotracheal tube
was inserted, a slightly sticky, pale yellow, translucent
mucus leaked out of the endotracheal tube, necessitating
frequent suction. Five minutes after the intubation, expiratory CO2 became undetectable and mechanical ventilation
became difficult, necessitating manual ventilation at a
maximum inspiratory pressure of 50 mmHg or greater.
Respiratory tract obstruction due to mucus plugs was suspected, and surgery was postponed. End-tidal CO2
(EtCO2) reached 120 mmHg, and SpO2 temporarily decreased to 60–70%, while mean blood pressure was maintained between 50 and 80 mmHg. Direct removal of the
mucus plugs was attempted using a flexible bronchoscope,
but it was impossible to observe the peripheral airways
due to abundant mucus secretions. Moreover, the diameter of the endotracheal tube was too small, to allow manipulation of the bronchoscope, and the mucus plugs
could not be adequately removed. Sugammadex 50 mg,
naloxone 0.02 mg, and flumazenil 0.1 mg were administered to promote self-expectoration through cough reflex.
Six million units of recombinant tissue-type plasminogen
activator (rtPA) and 200 μg of salbutamol sulfate were administered intratracheally, and hydrocortisone sodium
phosphate ester 50 mg was administered intravenously.
Frequent intratracheal suction and postural drainage were
performed. Subsequently, the cough reflex was triggered
and a mucus plug in the form of a bronchial cast (approximately 5 cm in length) was discharged (Fig. 1) through the
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endotracheal tube. The patient resumed spontaneous
breathing and his respiratory conditions stabilized after
the expectoration.
As extracorporeal membrane oxygenation (ECMO) for
young children was unavailable in our hospital, the patient was transferred to another institution for safety,
where airway obstruction recurred and ECMO was introduced temporarily. Six days later, the patient was
weaned from the ventilator and discharged with no signs
of neurological sequelae.

Discussion
Since its first report in 1971 [1], prognosis after Fontan
surgery has improved through progress in surgical techniques and advances in perioperative management, with
a 10-year post-operative survival rate of 95% [2]. However, various complications have been reported following
surgery in the long term, such as heart failure, tachyarrhythmia, thromboembolism, pulmonary arteriovenous
fistula, liver cirrhosis, protein-losing gastroenteropathy,
and PB [3].
In PB, high central venous pressure inhibits lymphatic
fluid drainage through the thoracic duct. As a result, the
lymphatic fluid leaks into the bronchi and produces
mucus plugs, which can form bronchial casts [4, 5].
These mucus plugs cause respiratory failure due to tracheobronchial tract obstruction, occasionally resulting in
mortality. The incidence of PB is relatively rare (around
4%) [6]; however, its prognosis is poor, with a 5-year
mortality of approximately 50% [7]. In the long term,
therefore, PB is one of the most life-threatening complications of Fontan surgery.
Today, there are no established treatments for PB. Typically, treatments to improve cardiac function, fatrestricted diets, physical therapy, and pharmacotherapy
are performed. In pharmacotherapy, expectorants, antibiotics, bronchodilators, steroids, heparin, and thrombolytics are used [8, 9]. When resistance to pharmacotherapy
occurs, invasive treatments are performed, such as transcatheter intrapulmonary lymphatic embolization of intrapulmonary lymphatic vessels [10, 11], surgical thoracic
duct ligation [12, 13], fenestration reopening [5, 14], and
heart transplantation [15]. In our case, transcatheter intrapulmonary lymphatic embolization was planned because
the patient had developed drug resistance, and the disease
was worsening due to an increase in mucus plug discharge
and repetition of pneumonia.
Scrupulous preanesthetic evaluation could possibly
have helped to prevent the airway emergency in our patient. As the mucus plug had been discharged on the
morning of surgery and a large amount of secretions
and mucosal swelling were observed in the upper airway,
the timing of operation should have been reconsidered.
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Fig. 1 Mucus plug forming a branching bronchial cast discharged from the patient. Respiratory status improved significantly after
its expectoration

Moreover, preoperative steroids or thrombolytics might
have been effective.
We selected general anesthesia with a cuffed endotracheal tube to achieve immobility intraoperatively and
to secure the airway and respiration, as the procedures
were planned through the internal jugular vein. A cuffed
endotracheal tube was also appropriate as manual ventilation with a maximum airway pressure of 50 mmHg or
higher was required during the respiratory tract obstruction caused by the mucus plugs. Although the bronchoscope worked poorly through the endotracheal tube
(inner diameter 4.5 mm), we decided not to exchange
the endotracheal tube intraoperatively because the risk
to the patient was thought to be significant.
The ventilation mode during anesthesia in PB should
be chosen carefully, as maintaining spontaneous breathing and cough reflexes may significantly aid in the expectoration of mucus plugs. We speculated that positive
pressure ventilation pushed the mucus plugs deep into
the peripheral airways and the elimination of cough reflexes made their expulsion difficult. Mucus plugs were
expectorated after the recovery of the cough reflex, and
the respiratory status was stabilized after the resumption
of spontaneous breathing. Although spontaneous breathing is typically recommended to decrease pulmonary
vascular resistance in Fontan circulation, there is also a
risk of pulmonary vascular resistance elevation through
the accumulation of CO2 in cases of insufficient spontaneous respiration.
In PB after Fontan surgery, we speculate that it is preferable to perform surgery in a facility where ECMO is
immediately available. Our patient was transferred to a

children’s hospital for the sake of safety, as ECMO was
not available for young children in our institution. Respiratory tract obstruction recurred, and ECMO was initiated after the transfer. The use of ECMO in more
invasive surgical treatments for PB has been reported
[13, 14]. Given the high risk of critical airway obstruction, general anesthesia for a patient with PB should be
planned with ECMO or CPB standby.
Abbreviations
ECMO: Extracorporeal membrane oxygenation; EtCO2: End-tidal CO2;
PB: Plastic bronchitis; rtPA: Recombinant tissue-type plasminogen activator;
SpO2: Saturation of percutaneous oxygen
Acknowledgements
We would like to thank Editage (www.editage.com) for English language
editing.
Authors’ contributions
HN performed the anesthetic procedure described in this report and wrote
the manuscript. SK, KK, and SS helped perform the anesthesia described in
this report and to revise the manuscript. MH and TH helped revise the
manuscript. All authors read and approved the final manuscript.
Funding
Not applicable.
Availability of data and materials
Not applicable.
Ethics approval and consent to participate
Not applicable
Consent for publication
Written informed consent was obtained from the patient’s parent for the
publication of this case report.
Competing interests
The authors declare that they have no competing interests.

Nakamoto et al. JA Clinical Reports

(2020) 6:6

Received: 18 November 2019 Accepted: 14 January 2020

References
1. Fontan F, Baudet E. Surgical repair of tricuspid atresia. Thorax. 1971;26:240–
58.
2. Pundi KN, Johnson JN, Dearani JA, et al. 40-year follow-up after the Fontan
operation: long-term outcomes of 1,052 patients. J Am Coll Cardiol. 2015;66:
1700–10.
3. Khanna G, Bhalla S, Krishnamurthy R, Canter C. Extracardiac complications of
the Fontan circuit. Pediatr Radiol. 2012;42:233–41.
4. Stiller B, Riedel F, Paul K, et al. Plastic bronchitis in children with Fontan
palliation: Analogue to protein losing enteropathy? Pediatr Cardiol. 2012;23:
90–4.
5. Do P, Randhawa I, Chin T. Successful management of plastic bronchitis in a
child post Fontan: case report and literature review. Lung. 2012;190:463–8.
6. Caruthers RL, Kempa M, Loo A, et al. Demographic characteristics and
estimated prevalence of Fontan-associated plastic bronchitis. Pediatr
Cardiol. 2013;34:256–61.
7. Larue M, Gossett JG, Stewart RD, Backer CL, Mavroudis C, Jacobs ML. Plastic
bronchitis in patients with Fontan physiology: review of the literature and
preliminary experience with Fontan conversion and cardiac transplantation.
World J Pediatr Congenit Heart Surg. 2017;3:364–72.
8. Rubin BK. Plastic Bronchitis. Clin Chest Med. 2016;37:405–8.
9. Costello JM, Steinhorn D, McColley S, Gerber ME, Kumar SP. Treatment of
plastic bronchitis in a Fontan patient with tissue plasminogen activator: a
case report and review of the literature. Pediatrics. 2002;109:67.
10. Dori Y, Keller MS, Rome JJ, et al. Percutaneous lymphatic embolization of
abnormal pulmonary lymphatic flow as treatment of plastic bronchitis in
patients with congenital heart disease. Circulation. 2016;133:1160–70.
11. Dori Y, Keller MS, Rychik J, Itkin M. Successful treatment of plastic bronchitis
by selective lymphatic embolization in a Fontan patient. Pediatrics. 2014;
134:590–5.
12. DePopas EM, Veress LA, Ahmed F, Rausch CM, Annam A, Gupta R.
Percutaneous thoracic duct intervention to treat plastic bronchitis related to
Fontan palliation. Pediatr Pulmonal. 2017;52:97–101.
13. Shah SS, Drinkwater DC, Christian KG. Plastic bronchitis: is thoracic duct
ligation a real surgical option? Thorac Surg. 2006;81:2281–3.
14. Wilson J, Russell J, Williams W, Benson L. Fenestration of the Fontan circuit
as treatment for plastic bronchitis. Pediatr Cardiol. 2005;26(5):717–9.
15. Laubisch JE, Green DM, Mogayzel PJ, Reid TW. Treatment of plastic
bronchitis by orthotopic heart transplantation. Pediatr Cardiol. 2011;32:
1193–5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 4 of 4

