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In this study, we present 2 pediatric cases with different responses to inhaled isoflurane therapy for refractory
life-threatening bronchospasm. Case 1, a 1-year-old boy with chronic lung disease of infancy was admitted
with severe dyspnea and wheezing. Since he became unresponsive to conventional therapies, namely, neb-
ulized albuterol and ipratropium bromide, intravenous corticosteroids, and magnesium with mechanical
ventilation, inhalation of 1% isoflurane was initiated. After 2 h of isoflurane inhalation therapy, his respiratory
acidosis resolved and he was successfully weaned. Case 2, a 5-year-old girl with bronchiolitis obliterans
syndrome, following allogeneic peripheral stem cell transplantation for B cell acute lymphoblastic leukemia,
was admitted after 1 day of sudden-onset dyspnea. Along with severe bronchospasm, her hypercapnia and
high peak airway pressure did not improve with conventional therapies. Therefore, isoflurane was started at
1.5%, but discontinued within 1 h due to aggravation of hypercapnia. She was eventually placed on extra-
corporeal membrane oxygenation. These cases highlight that isoflurane inhalation could be lifesaving for
those with refractory bronchospasm, but that it should be used carefully since the patient response can vary
based on the underlying disease.
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Introduction

The volatile anesthetic agent isoflurane is a haloge-
nated ether that causes bronchodilation through a number

of mechanisms.1 Due to its ability to reduce respiratory re-
sistance, it has been used to treat severe bronchospasm that is
refractory to conventional therapies.2–4 Herein, we report 2
cases involving the use of isoflurane inhalation in children
with severe, sudden-onset bronchospasm with different un-
derlying diseases. This retrospective case review was ap-
proved by the Institutional Review Board of our institution
(Severance Hospital, IRB number: 4-2017-1036).

Case Presentation

Case 1

A 1-year-old boy with a history of chronic lung disease
(CLD) of infancy and chromosome 2p duplication syndrome

(2pD) was admitted 1 day after onset of fever and dyspnea.
At presentation, he had severe chest wall retraction with
oxygen saturation of 58% on room air. His vital signs were
as follows: blood pressure (BP), 61/47 mmHg; pulse rate
(PR), 109 beats/min; respiration rate (RR), 30 breaths/min;
and body temperature (BT), 37.6�C. On auscultation, rales
and wheezing sounds were heard over both lung fields. Initial
arterial blood gas analysis (ABGA) values were as follows:
pH, 7.22; partial pressure of arterial carbon dioxide (PaCO2),
96 mmHg; PaO2, 38 mmHg; and HCO3, 40.2 mmol/L. La-
boratory test results were as follows: hemoglobin, 9.0 g/dL;
C-reactive protein, 53.0 mg/L (reference range: 0–8 mg/L).
Other laboratory findings were nonspecific. On comparison to
a previous chest radiograph, bilateral perihilar consolidation
and a right upper lobe collapse were noted (Fig. 1). Initial
sputum and blood cultures were all negative.

He became refractory to repeated nebulized albuterol and
budesonide with intravenous (IV) corticosteroids, and showed
rapid deterioration requiring intubation and mechanical
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ventilation (Fig. 2A). The ventilator was set to synchro-
nized intermittent mandatory ventilation mode and the
settings were as follows: FiO2, 0.7; RR, 30 breaths/min;
tidal volume (TV), 9 mL/kg; positive end-tidal pressure
(PEEP), 5 mmHg. IV sedatives with muscle relaxant were
administered for sedation and pain control during me-
chanical ventilation. Hypercapnia temporarily improved
after applying mechanical ventilation. Then he was moved
to the intensive care unit (ICU), and his breathing sounds
were still markedly decreased. As the PaCO2 worsened from
57 to 138 mmHg, continuous IV infusion of aminophylline,
isoproterenol, and magnesium was administered for sustained
bronchospasm. Ventilator mode was changed to pressure-
regulated volume-control (PRVC) mode and settings were
adjusted as follows: FiO2, 0.55–1.0; RR, 15–40 breaths/
min; TV, 6–10 mL/kg; PEEP, 3–5 mmHg; I:E ratio 1:2 to
1:4. Nevertheless, despite these efforts, hypercapnia was
sustained (Fig. 2).

Therefore, we decided to start inhalation isoflurane
therapy at a concentration of 1% in the operating room. The

PaCO2 level was monitored by ABGA. All sedative and
muscle relaxant drugs were discontinued to prevent the po-
tential development of hypotension.5 BP dropped within
5 min after inhalation initiation, but quickly recovered with-
out any management. After 20 min of isoflurane inhalation,
PaCO2 steadily decreased and his breath sound became clear.
Therefore, the concentration of inhaled isoflurane was tapered
to 0.4%. After a total of 2 h and 10 min of isoflurane inhala-
tion, respiratory acidosis and high peak inspiratory pressure
(PIP) were improved and sustained stably. Thus, isoflurane
treatment was discontinued without tapering the concentration.

We then tried weaning after tapering sedatives and
muscle relaxant, however, the patient showed tachypnea and
chest retraction and so the weaning trial failed. We suspect it
was due to the development of ventilator-associated pneu-
monia (initial blood/sputum/urine cultures were all negative,
but Acinetobacter baumannii was isolated in the sputum
culture, which was collected after isoflurane inhalation
therapy), and so, he was finally extubated 2 weeks later on
improving his follow-up chest X-ray.

FIG. 1. Chest radiograph showing bilateral perihilar consolidation and collapse of both upper lobes in Case 1.
(A) Previous OPD routine checkup (B) at emergency room and (C) after intubation. OPD, outpatient department.

FIG. 2. Partial pressure of arterial carbon dioxide (PaCO2) with management until and during isoflurane inhalation in
Case 1 with A: nebulized albuterol and budesonide with IV corticosteroids; B: IV midazolam, ketamine, and fentanyl with
muscle relaxant (atracurium); and C: continuous IV infusion of aminophylline and isoproterenol. *Isoflurane concentration.
IV, intravenous.
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Case 2

A 5-year-old girl with bronchiolitis obliterans syndrome
(BOS) after allogeneic peripheral stem cell transplantation
was admitted 1 day after the onset of cough and dyspnea.
She had been diagnosed with B cell acute lymphoblastic
leukemia 14 months prior, and had undergone unrelated
peripheral blood stem cell transplantation (uPBSCT) 9
months before. Two months prior, she was diagnosed with
BOS and started oral deflazacort and montelukast, inhaled
salmeterol/fluticasone propionate, and albuterol (as need-
ed) for the management of BOS. Treatment was successful
for 2 months.

At admission, she had an oxygen saturation of 96% on
room air. Her vital signs were as follows: BP, 113/88 mmHg;
PR, 163 beats/min; BT, 36.8�C; and RR, 22 breaths/min. Her
breath sounds were decreased on auscultation in the left lung
field. A chest radiograph revealed hyperinflation in both lungs
and new cavitary lesion in the left apex (Fig. 3B).

Initial special stains and cultures for bacteria and fungus
from sputum and blood were all negative, whereas non-
tuberculosis mycobacterium was isolated from sputum after
1 month. She was started oxygen supplementation via nasal
cannula and maintained her previous prescription for BOS.

However, on HOD (hospital day) 3, respiratory failure,
with greatly diminished breath sounds on auscultation in
both lung fields, was noted. ABGA results showed severe
respiratory acidosis: pH, 7.19; PaCO2, 87.8 mmHg; PaO2,
71.8 mmHg; HCO3, 34.5 mmol/L. She was emergently in-
tubated and received mechanical ventilation with the PRVC
mode in the ICU. Ventilator settings were adjusted as fol-
lows: FiO2, 0.4–0.8; TV, 6–7 mL/kg; RR, 15–30 breaths/min;
PEEP, 3–5 mmHg. I:E ratio 1:2 to 1:3. Broad-spectrum an-
tibiotics were started due to her immunosuppressed status. IV
methylprednisolone, aminophylline, and magnesium were
administered along with nebulized albuterol and ipratropium.
Despite these therapies, hypercapnia and decreased breath
sounds were sustained (Fig. 4). Since she had hypertension,
we could not use isoproterenol.

We decided to initiate inhaled isoflurane therapy at 1%
in the operating room. After 15 min of isoflurane inhalation,
BP lowered from, systolic BP/diastolic BP, 165/90 to 125/
60 mmHg, but lung sounds and high PIP showed no im-
provements. Therefore, isoflurane concentration was in-
creased to 1.5% and we administered continuous IV
norepinephrine during the therapy. BP was then sustained

within the normal range throughout the therapy; however,
isoflurane had to be stopped due to the consistent increase
in PaCO2 from 69 to 139 mmHg within 1 h (Fig. 4).

The patient was eventually placed on extracorporeal
membrane oxygenation (ECMO) the next day. Unfortunately,
she could not be weaned from the ECMO, and died of
uncontrolled bleeding after 4 weeks.

Discussion

The management of life-threatening bronchospasm is
still a challenging issue. The conventional therapies of sta-
tus asthmaticus include supplemental oxygen, short-acting
beta2-agonists, inhalation of anticholinergics with sys-
temic corticosteroids, and IV magnesium sulfate. Other rescue
therapies include methylxanthines, DNase, ketamine, sodium
bicarbonate, and heliox. More invasive therapeutic options in
critical care setting include mechanical ventilation, inha-
lational anesthetics, and ECMO.6 However, applying me-
chanical ventilation to severe bronchospasm often results
in the development of air leak or barotrauma.2,6 Moreover,
ECMO requires specialized equipment with trained staff
and also increases the risk of serious complications, such
as bleeding or stroke.7

Inhalational anesthetics have been used in patients with
status asthmaticus as rescue therapy for decades.8 The
known mechanisms of action include direct relaxation of
bronchial smooth muscle, stimulation of beta-adrenergic
receptor, antagonism of histamine, and acetylcholine ac-
tion.1 Thus, anesthetics are expected to produce further
bronchodilation after treatment with usual bronchodilators.

In the cases reported here, we administered inhaled iso-
flurane to 2 patients with severe bronchospasm, due to a
specific underlying disease. The first case had CLD and
2pD, a very rare syndrome caused by the duplication of the
short arm of chromosome 2, characterized by a prominent
forehead, hypertelorism, and mental retardation. Respiratory
complications are reported in many cases, mostly due to
skeletal abnormalities of the thorax.9,10 The long-term
morbidity of CLD includes pulmonary hypertension and
airway hyperresponsiveness.11 In this case, there were no
skeletal abnormalities of the thorax, so infantile asthma
complicating CLD was felt to be the main cause of respi-
ratory failure. The patient showed rapid improvement
of pH and PaCO2 within 2 h of isoflurane initiation. This

FIG. 3. (A) Diffuse air
trapping in both lungs with
mild mosaic attenuation in
the right middle and lower
lobes seen in high-resolution
computed tomography of the
chest, which was taken 2
months before admission. (B)
Chest radiograph showing
hyperinflation in both lungs
and the new cavitary lesions
in the left apex of the lung
(arrow) in Case 2.
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improvement is consistent with prior reports in asthmatic
children.8,12

CLD patients often report abnormal lung function, with
varying degrees of airway obstruction, bronchial hyperrespon-
siveness (BHR), and impaired gas diffusing capacity.13 BHR is
a documented feature of both bronchopulmonary dysplasia
(BPD) and asthma, but the BHR of BPD is less well under-
stood, and it is likely that multiple different mechanisms are
responsible.14 Recent data suggest the presence of a neu-
trophilic airway inflammation in CLD, possibly reflecting
mechanisms resembling those underlying chronic obstructive
pulmonary disease.15 Still the practical approach to small air-
way obstruction in CLD is generally analogous to asthma.16

Recently, many studies have reported that volatile anes-
thetics also have immunosuppressive or anti-inflammatory
effects.17 In particular, isoflurane exposure causes reduction
in levels of systemic proinflammatory cytokines (TNF-a,
IL-1b, and IL-6) and leukocyte counts, as well as less
macrophage activation and polarization toward the M2
phenotype. These effects were found to be protein kinase C
dependent and also on account of systemic inhibition of NF-
kB.18,19 With these anti-inflammatory properties, inhaled
isoflurane could be attributable to further bronchodilation in
the first case after conventional therapies.

Conversely, the second case had BOS, which is the most
common late pulmonary complication after uPBSCT. BOS
is a fibroproliferative process characterized by submucosal
inflammation and fibrosis of the bronchiolar walls, finally
causing complete obliteration of the airway lumen. The func-
tional consequence of this process is progressive and largely
irreversible airflow obstruction.20 Pathogenesis of BOS is un-
certain, but donor T lymphocytes, inflammatory mediators, and
cytokines were suspected to play a key role.21 The incidence of
BOS in allogeneic hematopoietic stem cell transplantation re-
cipients ranges from 0% to 48%.22 It is characterized by the

onset of new airflow obstructions following transplanta-
tion (e.g., FEV1 <75% predicted in spirometry), accompanied
by dry cough and dyspnea. BOS patients mostly have a slow
progressive course with episodes of acute exacerbation of air-
way obstruction. During acute exacerbations of respiratory
symptoms, although the use of bronchodilators is mandatory,
patient improvement is not always certain22,23 and there is no
consensus on the management.

We applied initially conventional asthma exacerbation
management for bronchodilation, but it was not effective at
all, and so, we applied isoflurane inhalation expecting known
bronchodilation and immune modulation effect, but the poor
response in BOS patient could be attributed by either the
feature of irreversible airflow obstruction as part of acute
progression of BOS or the inability of inhaled isoflurane to be
delivered to the airways due to severe bronchospasm.

The advantages of inhalation anesthetics in ICU settings
are known as follows: more reliable route of administration
and elimination, no withdrawal symptoms, easy control of
sedation level, and no development of tolerance.24–26 When
using inhalation anesthetics in bronchospasm, anesthesia-
capable ventilatory support and volatile anesthesia gas
scavenging system are essential. The monitoring equipment
should include end-tidal CO2, cardiorespiratory support with
pulse oximetry, arterial access for BP, and blood gas moni-
toring, also central venous access for volume status moni-
toring and administration of medications.8,12

The major limitation in using anesthetics for broncho-
spasm in an ICU setting is the practical challenge in ad-
ministering the inhaled anesthetics outside of the operating
room. In 2005, the anesthetic conserving device, AnaCon-
Da� (AnaConDa, Sedana Medical, Uppsala, Sweden), was
marketed for ICU sedation with volatile anesthetics. The
AnaConDa is incorporated into the respiratory circuit be-
tween the Y-piece and converts the VA from liquid to vapor.

FIG. 4. Partial pressure of arterial carbon dioxide (PaCO2) with management until and during isoflurane inhalation in
Case 2, with A: oral corticosteroid (deflazacort); B: continuous IV infusion of aminophylline; C: nebulized albuterol; D:
nebulized budesonide; E: methylprednisolone pulse therapy; F: IV dexamethasone; G: nebulized ipratropium bromide; and
H: IV midazolam, ketamine, and fentanyl with muscle relaxant (atracurium). *Isoflurane concentration. IV, intravenous.
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It can be used with any standard ICU ventilator, conse-
quently making it possible to deliver anesthetic agents easily
and safely in an ICU setting.27

Although there was no standard protocol for isoflurane
inhalation, an initial dose, *0.5%–2%, was usually increased
by 0.1% every 5–10 min until either clinical or laboratory
improvement of bronchospasm was evident.2,12 Once an ap-
propriate response has been achieved, the concentration was
maintained for several hours, before being decreased by 0.1%
every 30–60 min.2,8,12 The duration of isoflurane therapy
varies according to the patient’s condition or protocols.

Although hypotension via direct vasodilation is an ex-
pected complication of isoflurane inhalation therapy, it is
generally responsive to volume support or inotropic agents
and thought to be short lived.8,28 In the cases reported here,
although hypotension developed in both patients, BP soon
recovered and was sustained within the normal range after
administration of inotropics. Hepatic and renal injury, an-
other expected complication, can be primarily attributed to
the toxic metabolites of halogenated vapors, that is, fluoride
ions.12,25,28 In the current cases, we did not monitor serum
fluoride levels, yet there was no evidence of renal or hepatic
dysfunction, consistent with previous reports.2,12

In conclusion, isoflurane can be considered for children
with severe bronchospasm refractory to conventional thera-
pies. However, the response could differ due to an underly-
ing disease; hence, further studies are warranted to evaluate
the usefulness and cost-effectiveness of treating disease that
causes bronchospasm with inhalation anesthetics.
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