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In recent clinical practice, high-flow nasal cannula (HFNC) therapy has been used to
improve oxygenation in adults with acute respiratory failure (ARF). However, bronchoscopy
using HFNC in ARF has not yet been reported. Herein, we describe 5 cases of ARF where
bronchoalveolar lavage (BAL) was employed successfully using an HFNC. We were able to
discontinue or reduce the HFNC fraction of inspired oxygen (FiO,) 30 min after completion
of the bronchoscopy. Only 1 patient needed non-invasive positive pressure ventilation for
16 h after bronchoscopy. The HFNC may be a useful tool for ARF patients who require

© 2014 The Japanese Respiratory Society. Published by Elsevier B.V. All rights reserved.

1. Introduction

High-flow nasal cannula (HFNC) therapy is a technique that
can deliver oxygen at a maximum flow of 60 L/min that is
used in pediatrics [1]. Furthermore, HFNC can confirm the
accurate mixing of high-flow air and oxygen by using
an oxygen analyzer [2]. In conventional oxygen therapy,

a limited amount of oxygen is supplied, because patients
cannot tolerate insufficient heating and humidification of
oxygen. In contrast, HFNC therapy is achieved through the
integration of heated humidification. An HFNC is capable of
the following: (1) providing accurate oxygen delivery
(21-100%); (2) washing out anatomical dead space; and
(3) providing low-level positive pressure [2,3]. Moreover,

Abbreviations: HFNC, high flow nasal cannula; ARF, acute respiratory failure; BAL, bronchoalveolar lavage; FiO,, fraction of
inspired oxygen; PaO,, partial pressure of oxygen in arterial blood; Sp0O,, oxygen saturation of peripheral artery; CT, computed
tomography; WBC, white blood cell; ESR, erythrocyte sedimentation rate; GM-CSF, granulocyte-macrophage colony-stimulating

factor; NT-proBNP, N-terminal pro-brain natriuretic peptide
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HFNC use is generally well tolerated by patients. These
characteristics induce improvements in both oxygenation
and respiratory distress.

In recent clinical practice, many reports have described
the utility of HFNC therapy in combating adult acute respira-
tory failure (ARF) [4,5]. As such, HFNC therapy may be a
first-line choice for ARF among adults. Other ARF cases where
an HFNC was used during bronchoscopy presented higher
partial pressure of oxygen in arterial blood (PaO,), PaO4/FiOs,
and oxygen saturation of peripheral artery (SpO,) values than
conventional oxygen therapy at the end of the bronchoscopy [6].
However, both the efficacy and safety of HFNC use during
bronchoscopy for ARF are not known. We report 5 cases of
ARF patients where bronchoscopy was performed successfully
using an HFNC.

2. Case report
2.1. Case 1

A 'man in his seventh decade with myelodysplastic syndrome
was diagnosed with chronic active Epstein-Barr virus (EBV)
infection with pulmonary disorder at his last admission. After
17 months, his dyspnea and cough had worsened and he
was readmitted. He presented with tachypnea and hypoxia.
During lung auscultation, we could hear fine crackles and
rhonchi. The laboratory findings were as follows: white blood
cell (WBC) count, 2.3x10%pL; hemoglobin, 12.8g/dL;
C-reactive protein (CRP), 1.6 mg/dL; erythrocyte sedimenta-
tion rate (ESR), 102 mm/h; lactate dehydrogenase, 567 IU/L;
and KL-6, 8720 IU/mL. Arterial blood gas analysis showed the
following (3L nasal cannula with reservoir): Pa0O,, 61 Torr;
PaCO,, 41 Torr; and HCO;3, 25.2 mEq/L.

A chest radiograph showed bilateral ground-glass opacity,
and chest computed tomography (CT) revealed ground-glass
opacities with interlobular thickness (Fig. 1A). The patient
underwent bronchoscopy and bronchoalveolar lavage (BAL)
as diagnostic tools for respiratory failure. He required oxygen
therapy to maintain his SpO,; therefore, he received oxygen
via HFNC (50 L/min, FiO,=50%) during bronchoscopy. The
patient's SpO, and heart rate were stable during the proce-
dure (Table 1). Oxygenation did not worsen 30 min after
bronchoscopy, and he was able to discontinue the HFNC.
His BAL fluid was light-colored and milky in appearance. He
was diagnosed with pulmonary alveolar proteinosis through
BAL fluid analysis with an electron microscope and by the
presence of anti-granulocyte-macrophage colony-stimulating
factor (GM-CSF) autoantibodies in his serum.

2.2, Case 2

A man in his seventh decade who was being monitored for
hypertrophic cardiomyopathy by the circulatory department
at our hospital visited another hospital with a high fever. He
was diagnosed with bacterial pneumonia and admitted to the
hospital. After receiving antimicrobial treatment, his fever
subsided. He was discharged from the hospital, but continued
to suffer from dyspnea. After 1 week, he again became febrile
and his dyspnea worsened. He visited our emergency room

Table 1 - Clinical status of 5 cases who received broncho-alveolar lavége using oxygenation with high-flow nasal cannula.
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and was admitted after presenting with tachypnea and
hypoxia. During lung auscultation, we could hear fine
crackles in the lower regions of both lungs. The laboratory
findings were as follows: WBC count, 9.2 x 10%uL (neutro-
phils, 84.8%; lymphocytes, 6.0%; monocytes, 6.8%; eosino-
phils, 2.2%); hemoglobin, 10.4 g/dL; CRP, 13.3 mg/dL; lactate
dehydrogenase, 243 IU/L; and N-terminal pro-brain natriure-
tic peptide (NT-proBNP), 566.8 pg/mL. An arterial blood
gas analysis showed the following (40 L/min, FiO,=80%):
Pa0,, 115 Torr; PCO,, 29 Torr; and HCO3, 23.1 mEqg/L. A chest

radiograph showed peripherally predominant bilateral
ground-glass opacity (the photographic negative of pulmon-
ary edema), and chest CT revealed peripherally predominant
ground-glass opacity and consolidation (Fig. 1B). At first, the
patient was suspected of bacterial pneumonia and acute
heart failure. He was therefore hospitalized in the cardiology
department for administration of antibiotics and diuretics.
However, after his dyspnea worsened, our department was
consulted. To make the diagnosis, bronchoscopy and BAL
were performed.

Fig. 1 - Chest CT imaging. Case 1: A set of chest CT images showing bilateral ground-glass opacities with interlobular
thickness. (A) Subcarina level, (B) lower lobe level. Case 2: A set of chest CT images showing peripheral predominant ground-
grass opacity and consolidation. (C) Upper lobe level, (D) lower lobe level. CT: computed tomography.

A | B

Fig. 2 - High flow nasal cannula system (from Ref. [2]). (A) Optiflow™ system (Fisher & Paykel, Auckland, New Zealand).
(B) OptiFlow " adult cannula on an adult patient. Additional sedative agent and insertion of the bronchoscope via the mouth

was used when the patient tolerated the device.
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The patient's oxygenation was poor; he therefore received
oxygen via HFNC (40 L/min, FiO,=80%) during bronchoscopy.
His SpO, and heart rate were stable during the procedure
(Table 1). Sixteen hours after BAL, he did not display thoraco-
abdominal asynchrony, and his heart rate and respiratory
rate had not increased; however, his PaO,/FiO, ratio wor-
sened from 144 to 80.3. To control his respiratory failure, we
started continuous positive airway pressure (CPAP) (10 cm
H,0; FiO,=60%). On the basis of BAL findings, a diagnosis of
eosinophilic pneumonia was made, and corticosteroids were
started. His respiratory failure improved with these treat-
ments, and CPAP was discontinued. The duration of CPAP
was 5 days.

Including these 2 cases, the results of 5 cases of ARF in
which bronchoscopy and BAL were performed with HFNC are
shown in Table 1. The 5 patients (1 woman and 4 men)
ranged in age from 57 yr to 79 yr and had PaO,/FiO, ratios
ranging from 144 to 221. Each had a single comorbidity,
including malignancy, interstitial pneumonia, cardiovascular
disease, and a hematological disorder. Our HFNC was an
OptiFlow™ RT050 device (Fisher & Paykel, Auckland, New
Zealand) (Fig. 2). The main criterion for using an HFNC in
bronchoscopy was respiratory failure that required oxygen
therapy. When we performed the procedure using an HFNC,
we inserted the bronchoscope by mouth. The HFNC settings
were adjusted according to the patient's condition (flow,
30-50 L/min; FiO,, 50%-95%). After the procedure, FiO, was
gradually decreased until it returned to under 40%. We were
able to discontinue the HFNC therapy in Case 1; in Cases 3
and 4, we were able to reduce the HFNC FiO, 30 min after the
completion of bronchoscopy. Case 2 required non-invasive
positive pressure ventilation (NIPPV) 16 h after completion of
the bronchoscopy. HFNC use was well tolerated in these
cases. In 3 cases, definite diagnoses were made from BAL
fluid analyses. In another 2 cases, BAL fluid analyses were
useful in determining the treatment strategy for respiratory
failure.

3. Discussion

A bronchoscope can decrease PaO, by 10-20 mmHg [7], and BAL
is associated with worse oxygenation than when it is not
performed [8]. Therefore, the American Thoracic Society recom-
mends avoiding bronchoscopy and BAL in patients with hypox-
emia that cannot be corrected to at least a PaO, of 75 mmHg or
to an arterial oxygen saturation of 90% with supplemental
oxygen [9]. In a recent study, compared to high-flow oxygen
use alone, NIPPV improved oxygenation during bronchoscopy
in patients with respiratory failure [10,11]; hence, there is the
possibility that we can perform bronchoscopy without intuba-
tion and invasive ventilation, even in cases of severe hypoxia.
However, NIPPV may not be indicated when patients are
intolerant to NIPPV or have large quantities of respiratory
secretions. Furthermore, NIPPV may cause gastric distention
and increase the risk of aspiration [10].

In this report, we describe 5 cases of ARF where BAL was
employed successfully using an HFNC. There were no inter-
ruptions in the bronchoscopy procedures because of hypoxia.
Furthermore, the patients' oxygenation was well maintained

for 30 min after bronchoscopy. In a previous report, the use of
a CPAP of 7.5cm H,O during bronchoscopy resulted in
minimal alterations in gas exchange and avoided subsequent
respiratory failure [12]. HFNC can generate CPAP to a
degree [13], which may be one of the reasons that HFNC
can maintain the oxygenation of patients during and after
bronchoscopy. However, Case 4 required NIPPV 16 h after the
completion of bronchoscopy. The cause of worsening respira-
tory failure was exacerbation of the underlying disease, not
as a result of the procedure itself. The patient was diagnosed
with eosinophilic pneumonia from BAL fluid analysis and
was able to discontinue NIPPV and oxygen therapy with
steroid treatment.

Appropriate indications and settings for HFNC during
bronchoscopy for respiratory failure were not determined.
Because HFNC therapy is well tolerated and can be started or
discontinued easily, we may use this system more readily for
any patient who needs oxygen therapy before the procedure.
Regarding the flow settings for HFNC, a flow rate of under
60 L/min produced better oxygenation than a 40 L/min flow
rate during bronchoscopy in a healthy volunteer, and it is
suggested that a 60 L/min flow rate is suitable for use with
HFNC during bronchoscopy with respiratory dysfunction [6].
However, in our present analysis, we were able to perform
the procedure using HFNC with flow settings of 30-50 L/min.
Further studies will therefore be useful to determine the most
appropriate flow settings.

In these cases, we did not assess the tolerance of patients
to the device by using a visual analog scale or similar method.
However, there was no interruption in any bronchoscopy
procedure due to HFNC intolerance. According to a toler-
ance scale used for the assessment of comfort in a previous
report [14], HFNC was well tolerated.

One of the most important points with such a technique is
not to delay using another device if necessary, such as NIPPV
or intubation. Even in the case of NIPPV, delayed intubation is
associated with increased mortality in patients with respira-
tory failure [15]. Therefore, the intubation of patients should
not be delayed if their respiratory failure progresses. Sztrymf
et al. identified an early lack of decrease in respiratory rate
and the persistence of thoraco-abdominal asynchrony as
early and simple indicators of HFNC failure [16]. In such
cases, it is necessary to stop the procedure or use another
device if findings of hypoxia, tachycardia, or thoraco-
abdominal asynchrony are present.

We reported 5 cases of ARF that were able to undergo BAL
with the use of HFNC. Because HFNC therapy is effective and
well-tolerated by patients with hypoxia and dyspnea, it may be
a useful tool for ARF patients who require bronchoscopy and
BAL. Furthermore, we can easily perform suction from the
mouth during bronchoscopy. However, we cannot conclude
that HFNC therapy is superior to conventional oxygen therapy
during bronchoscopy, because our article only comprises case
reports. Further investigation is necessary to confirm the
efficacy and safety of HFNC use during bronchoscopy and BAL.
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Picture 1.

A 5l-year-old man on antiretroviral therapy for human
immunodeficiency virus (HIV) infection (CD4 196/uL, viral
load below 20 copies/mL) visited the emergency room com-
plaining of fever and dry cough. There was no abnormal in-
filtration observed on his chest X-ray (Picture 1); however,
chest computed tomography (CT) revealed multiple areas of
patchy ground-glass opacity in both lungs (Picture 2).

He had no sputum, and a rapid antigen test for influenza
and urinary antigen tests for Streptfococcus pneumoniae and
Legionella pneumophila were negative. Bronchoalveolar lav-
age (BAL) was performed, and his sample was cultured for
bacteria and fungi, and used in a multiplex polymerase
chain reaction (PCR) that can detect 15 respiratory viruses
and six bacteria strains (Seeplex kit, Seegene, Seoul, Korea).
The BAL sample was also tested with Grocott’s stain for
Preumocystis jirovecii. Only rhinovirus was detected, and he
was diagnosed as pure rhinovirus pneumonia.

Rhinovirus is a pathogen that can cause upper respiratory
tract infections. However, Puro et al. reported that rhinovirus
was detected in 60% of patients with pneumonia (1). Jacobs
et al. described CT findings in patients with rhinovirus in-

Picture 2.

fections and found that the most common finding was
patchy ground-glass opacities, as observed in the present pa-
tient (2).
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Picture 1.

Picture 2.

A 56-year-old man with multiple myeloma and neurilem-
moma of the neck was transported to our hospital due to
cough, fever, diarrhea, and anorexia. A chest x-ray showed
massive consolidation of the right lower lobe, and chest

computed tomography revealed consolidation with an air
bronchogram accompanied by ground-glass infiltrations
(Picture 1A, B). He was diagnosed with Legionella pneu-
mophlila pneumonia based on his positive urinary antigen
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test and gradually recovered following treatment with intra-
venous levofloxacin. L. pneumophila serogroup 1 was iso-
lated from his sputum, and the color of which had been or-
ange for several weeks after admission. Orange sputum was
also observed in the patient’s trachea (Picture 2A, B).

A previous report described orange sputum in patients
with L. pneumophila pneumonia (1). L. pneumophila
changes the color of tyrosine-containing medium to brown-
orange, and epithelial lining fluids contain tyrosine; these
facts suggest that L. pneumophila causes orange sputum by
affecting tyrosine in the body (1, 2).

The authors state that they have no Conflict of Interest (COI).

References

1. Fujita J, Touyama M, Chibana K, et al. Mechanism of formation
of the orange-colored sputum in pneumonia caused by Legionella
pneumophila. Intern Med 46: 1931-1934, 2007.

2. Vickers RM, Yu VL. Clinical laboratory differentiation of Le-
gionellaceae family members with pigment production and fluo-
rescence on media supplemented with aromatic substrates. J Clin
Microbiol 19: 583-587, 1984.

© 2014 The Japanese Society of Internal Medicine
http://www.naika.or.jp/imonline/index.html

2030
- 213 -



