Case Report

General anesthesia management for oral surgery in
a patient with plastic bronchitis associated with Fontan
circulation: a case report
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Plastic bronchitis is a rare condition in which mucus plugs obstruct the bronchi, potentially leading to fatal
respiratory failure. It has been reported in some patients with congenital heart disease following Fontan surgery.
We report the general anesthesia management of a 22-year-old female patient with Fontan circulation and type
II plastic bronchitis that was controlled using regular intravenous heparin injections. In this case, concerns existed
regarding airway obstruction by bronchial plugs and hemodynamic instability specific to the Fontan circulation.
During endotracheal intubation, the absence of mucus plugs was confirmed using a flexible bronchoscope.
Intraoperatively, ventilation was managed at low pressure to avoid an increase in intrathoracic pressure caused
by high positive-pressure ventilation. Additionally, fluid overload was avoided to prevent elevations in the central
venous pressure. Consequently, perioperative management can be safely performed without any respiratory or
circulatory complications. As treatment outcomes improve, the number of dental and oral surgical procedures
in adult patients with congenital heart disease is expected to increase. Therefore, knowledge of congenital heart
disease and its sequelae, such as plastic bronchitis, is essential to perform appropriate risk assessment and
management.
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INTRODUCTION

Plastic bronchitis (PB) is a rare respiratory condition
in which highly viscous mucus plugs obstruct the bronchi
like a “cast.” Patients with PB present with wet cough
and dyspnea, which can result in fatal airway obstruction
[1]. Among pediatric patients with congenital heart
disease, PB develops in approximately 4% who undergo
Fontan surgery, a functional hemodynamic repair surgery

performed for cyanotic congenital heart disease [2]. With

advances in surgical and medical treatments, pediatrics
life expectancy with heart disease has increased [3].
Consequently, administering general anesthesia for
non-cardiac procedures, including dental and oral surgical
procedures, in patients with PB are expected to increase.

However, reports on anesthesia in post-Fontan patients
with history of PB remain scarce. We report general
anesthesia management during oral surgery in an adult

patient with Fontan circulation and PB.
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CASE REPORT

The patient was a 22-year-old woman (height: 122.7
cm, weight: 23.9 kg) who required extraction of the two
lower left molars due to inflammation. However, due to
neurodevelopmental disorders and dental anxiety,
conventional treatment is difficult, and the procedure is
scheduled under general anesthesia. The patient was
diagnosed with hypoplastic left-sided heart syndrome at
birth. At 12 days, 5 months, and 7 months of age, the
patient underwent a modified Norwood surgery,
percutaneous transluminal angioplasty for aortic stenosis,
and Glenn surgery. At 1 year and 11 months of age, the
patient underwent Fontan surgery. At the age of 2 years,
she developed symptomatic epilepsy. At the age of 3
years, she developed pneumonia and experienced
multiple symptom relapses. At 4 years of age, she was
diagnosed with PB based on expectoration of mucus plugs
and chest computed tomography (CT) scans (Fig. 1).
Treatment was challenging; however, her symptoms
improved after intravenous heparin administration and
fluid restriction. Heparin was administered intravenously
three times daily via a central venous catheter. Following
regular intravenous heparin administration, the patient
developed osteoporosis secondary to long-term heparin
use and received intravenous bisphosphonates for limited
period. The patient’s PB condition remained stable.
However, she experienced three episodes of mucus plug
expectoration, with the most recent occurring six months

before surgery. Preoperative examinations revealed no

Table 1. Findings from various preoperative examinations

findings that could interfere with the surgery (Tables 1
and 2). Her peripheral oxygen saturation (SpO,) was
approximately 92% on room air.

After entering the operating room, the patient was highly
anxious and uncooperative while lying in bed. Therefore,
while wearing an SpO, monitor, midazolam 0.13 mg/kg
was administered intravenously via her venous line while
she remained seated in a wheelchair. After adequate
sedation was achieved, she was assisted on the bed, an
electrocardiogram monitor, a blood pressure cuff, and
capnography were applied, and propofol 1.3 mg/kg was
administered  intravenously, confirming loss of
consciousness. Oxygen was supplied at 6 L/min via a face

mask, during which end-tidal carbon dioxide was

Fg. 1. CT image demonstrating PB that developed at age 4. An intraluminal
soft-tissue density lesion suggestive of a mucus plug extended from the
right main bronchus to the right lower lobe bronchus (blue arrow). L,
left; R, right.

Examination Findings

Normal range at our hospital

Complete blood count Within normal limits

Serum biochemistry

APTT: 38.7 sec (prolonged); PT: 42 % (low); ALT: APTT: 24.0-34.0 sec; PT: 73-118 %; ALT: 7-23 U/L; »
36 U/L (elevated); »-GTP: 207 U/L(elevated)

-GTP: 9-32 U/L

Electrocardiography Sinus tachycardia

Heart rate: 114 bpm

Pulmonary function test

Restrictive ventilatory impairment (%VC 42.1%)

%VC > 80%

Chest radiography No abnormal findings

APTT, activated partial thromboplastin time; PT, prothrombin time; ALT, alanine aminotransferase; y-GTP, y-glutamyl transpeptidase, %VC, percent

vital capacity.
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continuously monitored within the range of 20-25 mmHg
and spontaneous respiration was maintained without
airway obstruction. General anesthesia was induced with
continuous intravenous administration of remifentanil at
0.3 pg/kg/min, inhalation of 3% sevoflurane, and a bolus
of 0.67 mgkg rocuronium. Before endotracheal
intubation, the airway was examined using a flexible
bronchoscope to confirm the absence of mucus plugs or
secretions (Fig. 2A), followed by nasal intubation using

a video laryngoscope. After intubation, normal breath

Table 2. Preoperative transthoracic echocardiographic findings

Parameter Value / Unit

RVEDD 40.1 mm / 44.1 mm/m?
(Indexed for BSA: 0.91 m?

RVESD 29.3 mm / 32 mm/m?
(Indexed for BSA: 0.91m?)

EF 53.1%

FS 26.9%

PV 17.5 mm

v 22.4 mm

TR moderate

AR mild

Aortic arch flow velocity 1.4 m/s

SVC flow velocity 0.26 m/s

IVC flow velocity 0.14 m/s

Echocardiography revealed a mildly enlarged systemic right ventricle
indexed to BSA, within acceptable limits, with preserved ejection fraction.
Moderate TR was present, without significant vascular stenosis.
RVEDD, right ventricular end-diastolic diameter; BSA, body surface area;
RVESD, right ventricular end-systolic diameter; EF, ejection fraction; FS,
fractional shortening; PV, pulmonary valve; TV, tricuspid valve; TR,
tricuspid regurgitation; AR, aortic regurgitation; SVC, superior vena cava;
IVC, inferior vena cava.

-

4

Fig. 2. Condition of the trachea. (A) Before intubation. (B) Before extubation. In either case, no mucus plug or secretion are presented. L, left; R,
right.

sounds were auscultated bilaterally and no abnormalities
were observed in the capnogram waveform. From the
initiation of manual ventilation until the completion of
endotracheal intubation, SpO, remained stable at
approximately 99% under 100% oxygen. After intubation,
mechanical ventilation was set in pressure-controlled
mode with an inspiratory pressure of 11-12 cmH,O and
a positive end-expiratory pressure (PEEP) of 4 ¢cmH,O;
end-tidal carbon dioxide was maintained at 30-36 mmHg,
FiO, was set to 0.4, and SpO, was maintained at 96%-—
100%. Additionally, because of the patient’s lack of
cooperation, it was not possible to secure a venous line
or administer prophylactic antibiotics for infective
endocarditis before entering the operating room.
Therefore, surgery was initiated only after the intravenous
administration ~ of  cefazolin  sodium  following
endotracheal intubation. During surgery, anesthesia was
maintained with 1.5% sevoflurane and remifentanil at 0.1
rg/kg/min. Upon completion of surgery, the trachea was
rechecked using a flexible bronchoscope (Fig. 2B).
Sugammadex 2.1 mg/kg was administered intravenously
and the endotracheal tube was removed once adequate
spontaneous breathing and eye opening were achieved.
The SpO, remained at approximately 95% in room air.
Intraoperative parameters are summarized in Table 3.
Surgery and anesthesia duration was 33 and 102 min,
respectively. After returning to the ward, the patient’s
postoperative course remained uneventful. The patient

was discharged 2 days postoperatively.
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Table 3. Values of various parameters in the operating room

Time elapsed in the operating room  (minutes)
0 10 20 30 50 60 70 80 90 100
Sp0; (%) 93 99 99 96 99 99 99 99 99 100
HR (bpm) - 129 122 113 106 105 105 104 106 97
BP (mmHg) - 85/63 74/54 71/51 71/47 73/50 77/51 71/46 70/47 79/49
EtCO; (mmHg) - 24 35 30 32 33 36 36 36 49
Ppeak (cmHz0) - - - 16 16 16 16 16 16 -
PEEP (cmH,0) - - - 4 4 4 4 4 4 -
RR (min™) - 20 39 12 10 10 10 10 10 15
X T © © Tx

Sp0;, peripheral oxygen saturation; HR, heart rate; BP, blood pressure; EtCO,, end-tidal carbon dioxide; Ppeak, peak airway pressure; PEEP, positive
end-expiratory pressure; RR, respiratory rate. X, start and end of anesthesia; ©, start and end of surgery; T, intubation and extubation.

DISCUSSION

The primary anesthetic concern in patient was
respiratory failure and circulatory collapse risk from
mucus plug obstruction occur due to PB. There are two
types of PB: type I, from inflammatory reactions, such
as asthma or infection, and type II, associated with
congenital heart disease, such as after Fontan surgery [1].
Type 1II is considered to result from impaired lymphatic
drainage into the thoracic duct due to elevated central
venous pressure in Fontan circulation, leading to
lymphatic fluid leakage into the bronchi and subsequent
mucus plug formation [1]. The pathogenesis of PB
remains largely unclear. Unlike typical chronic bronchitis
or asthma, B-agonists were reportedly ineffective [4,5].
Although treatments such as steroids, heparin, urokinase,
and tissue plasminogen activator (tPA) have shown
efficacy [2,6], no consistently effective pharmacological
therapies were established [7]. PB associated with
congenital heart disease is considered prone to severe
progression. There are reports of pediatric patients who
developed PB following congenital heart surgery,
including cases complicated by cardiac arrest as cases
successfully managed with extracorporeal membrane
oxygenation [8]. Lymphatic embolization is a novel and
effective surgical treatment option [1,2].

In patients with PB and Fontan circulation, mechanical

ventilation may further elevate central venous pressure
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due to increased intrathoracic pressure from high-
positive-pressure  ventilation, potentially accelerating
mucus plug formation. Moreover, positive pressure
ventilation may propel mucus plugs distally into the
peripheral airways [9], posing ventilatory failure risk due
to peripheral bronchial obstruction. The patient was
diagnosed with PB at age 4 and received various
treatments, including steroids and inhaled tPA; however,
these were ineffective. Intravenous heparin administration
resulted in symptom improvement. Mucus plugs in PB
are believed to form when excessively activated
eosinophils undergo specialized cell death, extracellular
trap cell death (ETosis), releasing highly viscous reticular
DNA from their nuclei [10]. Heparin was suggested to
promote DNA degradation by deoxyribonuclease
(DNase), thereby potentially reducing mucus viscosity
and hydrophobicity. This mechanism is believed to
underlie the therapeutic effects of intravenous heparin on
PB [11]. However, in this case, mucus plug formation
regular heparin

occurred multiple times despite

administration;  therefore, @ we  considered the
aforementioned risks to be elevated during general
anesthesia.

Furthermore, in Fontan circulation, systemic venous
return flows directly into the pulmonary arteries;
therefore, hemodynamics are largely determined by
pulmonary blood flow and pulmonary vascular resistance.
Maintaining adequate pulmonary blood flow and low

pulmonary vascular resistance is essential for preserving
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optimal Fontan circulation [12]. Morgan et al. [13]
reported that increased intrathoracic pressure reduces
venous return by decreasing the pressure gradient
between the peripheral veins and heart, leading to reduced
cardiac output. In Fontan circulation, the pulmonary
vascular bed is directly connected to the systemic
circulation, increasing ventricular afterload. Combined
with reduced venous return due to elevated intrathoracic
pressure, causing circulatory failure. Therefore, during
positive-pressure ventilation in patients with Fontan
circulation, it is essential to prevent atelectasis,
hypoxemia, and hypercapnia, while avoiding excessive
inspiratory pressure and PEEP to maintain low
intrathoracic pressure.

Considering the above, manual ventilation at low
airway pressure was performed after anesthesia induction.
During endotracheal intubation, the trachea was carefully
examined using a flexible bronchoscope to confirm the
absence of mucus plugs or secretions. During surgery,
respiratory management was guided by continuous
end-tidal carbon dioxide monitoring to prevent
hypoventilation, with ventilation parameters set to
low-pressure mode (respiratory rate, 10-12 breaths/min;
peak airway pressure < 16 cmH,0). Prior to extubation,
flexible

bronchoscope to confirm the absence of mucus plugs or

the trachea was re-examined using a
secretions.

Fluid management is equally important. Patients with
Fontan circulation require adequate preload [14];
however, excessive fluid administration may increase the
central venous pressure, potentially promoting mucus
plug formation. Therefore, we carefully avoided fluid
overload and administered vasopressors to counteract
hypotension during the procedure. Stable perioperative
respiratory and hemodynamic management was achieved
without the development of hypoxemia during or after
surgery.

In our case, no perioperative respiratory complications
related to mucus plugs occurred. However, previous
reports indicated that when respiratory failure due to

mucus plugs develops during mechanical ventilation,

spontaneous expectoration tends to improve the condition
[9]. Therefore, during general anesthesia, prepare
conventional bronchodilators and reversal agents, such as
sugammadex and naloxone, is important. Furthermore,
although PB was generally well-controlled in this case,
procedure postponement should be considered if active
mucus plug expectoration is observed immediately
preoperatively. Finally, thorough preoperative evaluation
and multidisciplinary consultation are essential when
administering general anesthesia to patients with PB.
In conclusion, we successfully administered general
anesthesia in a patient with PB and Fontan circulation.
As outcomes improve, adult patients undergo dental and
oral surgical procedures, increasing demand for
non-cardiac surgery general anesthesia. Given PB is a rare
disease, awareness of this condition as a postoperative
complication of Fontan surgery remains limited, and
undiagnosed cases may exist [15]. Therefore, when
administering general anesthesia to patients after Fontan
surgery, anesthetic management should consider the
potential coexistence of PB. Adequate knowledge of
congenital heart disease and its complications is essential
for appropriate risk assessment and perioperative

management.
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