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Effectiveness and Safety of High-Flow 
Nasal Cannula Oxygen Delivery during 
Bronchoalveolar Lavage in Acute Respiratory 
Failure Patients

Eun Jin Kim, M.D. , Chi Young Jung, M.D. and Kyung Chan Kim, M.D.
Department of Internal Medicine, Daegu Catholic University Medical Center, Daegu Catholic University School of Medicine, 
Daegu, Korea

Background: Bronchoalveolar lavage (BAL) is a necessary procedure for diagnosis of various lung diseases. High-
flow nasal cannula (HFNC) oxygen delivery was recently introduced. This study aimed to investigate the safety and 
effectiveness of HFNC oxygen supply during BAL procedure in patients with acute respiratory failure (ARF).
Methods: Patients who underwent BAL while using HFNC at a partial pressure of oxygen in arterial blood/fraction of 
inspired oxygen (PaO2/FiO2; PF) ratio of 300 or below among patients who had been admitted from March 2013 to May 
2017 were retrospectively investigated.
Results: Thirty-three BAL procedures were confirmed. Their baseline PF ratio was 166.1±46.7. FiO2 values before, during, 
and after BAL were 0.45±0.12, 0.74±0.19, and 0.57±0.14, respectively. Flow (L/min) values before, during, and after BAL 
were 26.5±20.3, 49.0±7.2, and 40.8±14.2, respectively. Both FiO2 and flow during and after the procedure were significantly 
different from those before the procedure (both p<0.001). Oxygen saturation levels before, during, and after BAL 
measured by pulse oximeter were 94.8±2.9, 94.6±3.5, and 95.2±2.8%, respectively. There were no significant differences in 
oxygen saturation among the three groups. Complications of BAL procedure included transient hypoxemia, hypotension, 
and fever. However, there was no endotracheal intubation within 24 hours. Baseline PF ratio in “without HFNC” group 
was significantly higher than that in “with HFNC” group. There were no differences in complications between the two 
groups.
Conclusion: The use of HFNC during BAL procedure in ARF patients was effective and safe. However, there were no 
significant differences in oxygen saturation level and complications comparing “without HFNC” group in mild ARF. More 
studies are needed for moderate to severe ARF patients.
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Introduction
Bronchoalveolar lavage (BAL) under bronchoscopy is an 

important procedure that is helpful for the diagnosis of lung 
disease and for the prediction of the treatment progress and 
prognosis1-4. Hypoxemia, however, may occur during BAL5, 
and serious complications like endotracheal intubation 
(ETI) may occur after the procedure. In the past, noninvasive 
positive-pressure ventilation (NPPV) was used to prevent hy-
poxemia when performing BAL6,7, but NPPV has been seldom 
used because it is a time-consuming and very demanding 
technique, requiring experienced personnel and sufficient ad-
aptation time for application to patients.

High-flow nasal cannula (HFNC) oxygen therapy is easy to 
use and is well-tolerated and comfortable; thus, it is currently 
being used as a noninvasive method of supplying oxygen to 
hypoxemic patients8. Studies of acute respiratory failure (ARF) 
reported that the application of HFNC was proven to have had 
beneficial effects9, showing superior effects compared to the 
conventional oxygen delivery system or NPPV10. 

Comparative studies using HFNC and NPPV during bron-
choscopy on hypoxemic patients were recently reported11,12. 
A study where HFNC was used during BAL on patients with 
ARF in the intensive care unit (ICU) has also been reported13. 
As the number of patients reported was not big, however, it 
is not clear that the use of HFNC during BAL is reasonable. 
Moreover, the safety of using HFNC has not been clearly es-
tablished. Therefore, this study was conducted to investigate 
the safety and effectiveness on oxygenation of HFNC oxygen 
supply during BAL in patients with ARF.

Materials and Methods
1. Study subjects

A retrospective, single-center study was performed, and 
data were collected by searching medical records. Of the pa-
tients who were admitted to the Department of Pulmonology, 
Daegu Catholic University Medical Center within the period 
from March 1, 2013, to May 31, 2017, the cases that met the 
following three inclusion criteria were targeted: (1) patients 
who underwent BAL during bronchoscopy; (2) patients with a 
partial pressure of oxygen in arterial blood/fraction of inspired 
oxygen (PaO2/FiO2; PF) ratio of 300 or less before bronchos-
copy; and (3) patients for whom HFNC was used. Adopting 
Berlin’s definition of acute respiratory distress syndrome 
(ARDS), a PF ratio of 300 or less was considered ARF14. The 
cases that met any of the following exclusion criteria were not 
included in the study: (1) patients for whom the use of HFNC 
was impossible; (2) patients who underwent ETI; and (3) pa-
tients for whom mechanical ventilation, including NPPV, was 
applied. Data of the patients who did not use HFNC were also 

collected if they met the criteria 1 and 2. This study had been 
approved by the Institutional Review Board of Daegu Catho-
lic University Medical Center (IRB No. CR-17-089) and the 
requirement for written informed consent was waived due to 
retrospective study design.

2. Study protocol

The result of the arterial blood gas analysis performed with-
in 48 hours before BAL was investigated, and the baseline PF 
ratio was calculated using this result. The severity of ARF was 
divided into three stages (mild, 200<PF ratio≤300; moderate, 
100<PF ratio≤200; and severe, PF ratio≤100) based on Berlin’s 
definition of ARDS. Before performing BAL, the oxygen deliv-
ery device, FiO2, supplied oxygen flow, and oxygen saturation 
measured by pulse oximeter (SpO2) were recorded. If the pa-
tient was receiving oxygen through a nasal cannula, the FiO2 
value was calculated as 0.24 for 1 L/min, 0.28 for 2 L/min, 0.32 
for 3 L/min, 0.36 for 4 L/min, and 0.4 for 5 L/min. If the patient 
wore a simple oxygen mask, the FiO2 value was calculated as 
0.4 for 5–6 L/min. If the patient was receiving more than 10 L/
min of oxygen with a mask with reservoir bag, the FiO2 value 
was calculated as 0.815. Additionally, the measured values of 
the FiO2, flow, and SpO2 were examined during and after the 
BAL procedure. During the procedure, the FiO2 and flow of 
HFNC were increased to maintain a SpO2 value 90% or above, 
and the maximum values were recorded. Also, for the SpO2 
value during the procedure, the value maintained in the FiO2 
and flow states adjusted to the maximum value was recorded.

The complications that occurred during and within 24 
hours after the BAL procedure were investigated. Hypoxemia 
referred to the case where the SpO2 value dropped to below 
90%, and transient hypoxemia referred to the case where it 
was maintained for less than 30 seconds during the BAL pro-
cedure. Hypotension was the case where the systolic blood 
pressure was less than 90 mm Hg or the diastolic blood pres-
sure was less than 60 mm Hg16. Fever was a body temperature 
of 37.8°C or higher measured at the tympanic membrane17. 
Even if fever was already present before the BAL procedure, it 
was considered a procedure-related fever if the patient had a 
fever of 37.8°C or higher after the bronchoscopy. Several pre-
vious studies12,18-20 concluded that ETI that occurred within 8 
hours before completing bronchoscopy is directly associated 
with bronchoscopy. In this study, however, the occurrence 
of ETI within 24 hours after the completion of bronchoscopy 
was checked by applying stricter criteria, as in the study of La 
Combe et al.13. And we followed cases for ETI until 2 weeks 
after the BAL procedure. 

3. Definitions of pre-BAL and post-BAL diagnosis

In this study, pre-BAL diagnosis was defined as symptoms, 
laboratory results and radiologic findings. Pre-BAL diagnosis 
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included bacterial pneumonia, atypical pneumonia, intersti-
tial lung disease, and alveolar hemorrhage.

Post-BAL diagnosis was defined based on the following 
criteria. Bacterial pneumonia was defined as a case (1) where 
clinical manifestation of typical pneumonia (fever, increased 
cough with sputum production, a change in the shadow on 
the chest X-ray, increased inflammatory marker) was shown, 
and the presence of bacteria was proven in the BAL proce-
dure; or (2) where clinical manifestation of typical pneumo-
nia was shown but bacteria were not detected, neutrophil 
predominance appeared in the result of BAL, and the clinical 
manifestation was improved by antibiotics. Atypical pneumo-
nia was defined as a case (1) where the presence of atypical 
microorganisms such as Pneumocystis jiroveci pneumonia, 
viral pneumonia, and fungal pneumonia was proven; (2) 
where clinical manifestation of pneumonia and evidence of 
infection were shown, but it was not typical, and causative or-
ganisms were not proven; or (3) where aspiration pneumonia 
was present21. Organizing pneumonia was defined as a case 
(1) where it was diagnosed through lung biopsy; or (2) where 
there were pneumonia-like chest X-ray findings, there was no 
evidence of infection, lymphocyte predominance was shown 
in the result of BAL, and the clinical manifestation improved 
after the use of steroids22. Interstitial lung disease was defined 
as a case (1) where the lesions of interstitial pneumonia previ-
ously diagnosed were aggravated; or (2) where the patient had 
a connective tissue disease showing aggravation of the lesions 
of interstitial pneumonia in the chest X-ray findings, and there 
was no evidence of infectious lung disease. Alveolar hemor-
rhage was diagnosed after confirming it in the BAL fluid, and 
acute eosinophilic pneumonia was diagnosed in a case show-
ing eosinophilia (>25%) in the BAL procedure. If differential 
diagnosis was difficult, the most likely clinical diagnosis was 
used as the post-BAL diagnosis.

Treatment changes were defined as changes in treatment 
occurring as a result of fluid examination obtained by the BAL 
procedure.

4. HFNC oxygen delivery

For HFNC, Optiflow (Fisher & Paykel, Auckland, New Zea-
land) or AIRVO2 (Fisher & Paykel) was used. HFNC was ap-
plied just before bronchoscopy, during the BAL procedure, 
and until the end of the bronchoscopy. If the SpO2 value was 
predicted to drop below 90% during the BAL procedure, the 
FiO2 and flow of HFNC were adjusted, and the values were 
maintained so that the SpO2 value would be 90% or above.

5. Fiberoptic bronchoscopy and BAL

All the bronchoscopy procedures were performed by three 
experienced (more than 10 years’ experience) respiratory 
specialists. Before the procedure, atropine and pethidine were 

used to inhibit secretion and reduce the discomfort. For local 
anesthesia, lidocaine was nebulized into the nasal cavity and 
pharyngeal mucosa. First, the bronchoscope was inserted in 
the nasal cavity while oxygen was being supplied through the 
nose with HFNC. If it was difficult to insert the nasal cannula 
and bronchoscope at the same time, however, as the internal 
diameter of the nasal cavity was small, oxygen was supplied 
by inserting the nasal cannula in the oral cavity. After assess-
ing the patient’s condition, sedation was induced using mid-
azolam, if necessary. The bronchoscope was inserted in the 
trachea, and then lidocaine was sprayed into the carina. After 
that, the bronchi were examined, and the bronchoscope was 
wedged into the appropriate segmental bronchus. For BAL, 
normal saline was used, and after instilling 30 mL aliquots, 
gentle suction was done, which was repeated 5 times, with 1 
time added or subtracted depending on the patient’s condi-
tion. The bronchoscopy time was measured from the time of 
insertion of the bronchoscope to the time of its removal. After 
the procedure, flumazenil was used to reverse the effect of 
midazolam.

6. Statistical analysis

For the test results, if the absolute values, percentages, and 
continuous values met the normality assumption, the mean 
and standard deviation were presented, and if they did not, 
the median, maximum value, and minimum value were pre-
sented. For the FiO2, flow, SpO2, and hemodynamic changes 
over time before, during, and after the BAL procedure under 
bronchoscopy, repeated-measure one-factor analysis was 
used. The differences in the implementation of ETI and in the 
immunosuppression status of the survivor and non-survivor 
groups were analyzed through Fisher exact test. Various quan-
titative factors were compared through the Mann‒Whitney 
U test, and the difference in the post-BAL diagnosis was ana-
lyzed through the chi-square test. The statistical significance 
level was set to p<0.05. For the statistical analysis, SPSS version 
19.0 (SPSS Inc., Chicago, IL, USA) was used.

Results
1. Baseline characteristics of the patients

Of the patients who were admitted to Daegu Catholic Uni-
versity Medical Center within the period from March 1, 2013, 
to May 31, 2017, a total of 32 patients met the inclusion crite-
ria. Among them, one patient underwent BAL 2 times; thus, 
the total number of BAL procedures was 33. The mean age 
was 63.9±15.0 years, and the male-to-female ratio was 18:15. 
The mean baseline PF ratio was 166.1±46.7, and the median 
was 159.4 (range, 89.1–269.5). Before the BAL procedure, 19 
cases of HFNC and 14 cases of nasal cannula were used as 
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Table 1. Baseline characteristics of the patients

Characteristic With HFNC (n=32) Without HFNC (n=23)

Age, yr 63.9±15.0 65.3±13.1

Male sex 18 (54.5) 10 (43.5)

Baseline PaO2/FiO2 (mm Hg)* 166.1±46.7 233.0±36.5

    Baseline PaO2 (mm Hg) 69.3±16.2 65.0±9.9

    Baseline FiO2* 0.44±0.11 0.29±0.06

Severity of acute respiratory failure†

    Mild (200<PaO2/FiO2 ≤300) 8 (24.2) 20 (87.0)

    Moderate (100<PaO2/FiO2 ≤200) 24 (72.7) 3 (13.0)

    Severe (PaO2/FiO2 ≤100) 1 (3.0) 0 (0)

Comorbid illness

    Connective tissue disease 11 (33.3) 4 (17.4)

    Hypertension 10 (30.3) 11 (47.8)

    Chronic lung disease 7 (21.2) 1 (4.3)

    Diabetes mellitus 6 (18.2) 3 (13.0)

    Vascular disease 4 (12.1) 7 (30.4)

    Interstitial lung disease 3 (9.0) 2 (8.7)

    Malignancy 2 (6.0) 2 (8.7)

    AIDS 1 (3.0) 0 (0)

    Chronic kidney disease 1 (3.0) 0 (0)

    Others‡ 10 (30.3) 5 (21.7)

Use of vasopressor 1 (3.0) 0 (0)

Immune suppression 8 (24.2) 5 (21.7)

Radiologic finding

    Bilateral alveolar infiltration 18 (54.5) 9 (39.1)

    Bilateral interstitial infiltration 7 (21.2) 5 (21.7)

    Bilateral alveolar and interstitial infiltration 8 (24.2) 9 (39.1)

Pre-BAL diagnosis

    Bacterial pneumonia 18 (54.5) 10 (43.5)

    Atypical pneumonia 12 (36.4) 8 (34.8)

    Interstitial lung disease 2 (6.1) 5 (21.7)

    Alveolar hemorrhage 1 (3.0) 0 (0)

Post-BAL diagnosis

    Atypical pneumonia 14 (42.4) 5 (21.7)

    Bacterial pneumonia 10 (30.3) 6 (26.1)

    Organizing pneumonia 4 (12.1) 5 (21.7)

    Interstitial lung disease 2 (6.1) 4 (17.4)

    Alveolar hemorrhage 2 (6.1) 0 (0)

    Acute eosinophilic pneumonia 1 (3.0) 1 (4.3)

    Pulmonary tuberculosis 0 (0) 2 (8.7)

Values are presented as mean±standard deviation or number (%). 
*p<0.001, Mann-Whitney U test between “with HFNC” and “without HFNC” groups. †p<0.001, through the chi-square test between “with 
HFNC” and “without HFNC” groups. The severity of acute respiratory failure was divided into three stages (mild, moderate and severe) based 
on Berlin’s definition of acute respiratory distress syndrome14. ‡Others included atrial fibrillation, chronic liver disease, chronic pancreatitis, 
congestive heart failure, epilepsy, femur fracture, herniated nucleus pulposus, hypothyroidism, schizophrenia and spinal stenosis. 
HFNC: high-flow nasal cannula; PaO2: partial pressure of oxygen in arterial blood; FiO2: fraction of inspired oxygen; AIDS: acquired immune 
deficiency syndrome; BAL: bronchoalveolar lavage.
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oxygen delivery devices. Eight cases (24.2%) were classified 
as mild ARF; 24 cases (72.7%) as moderate ARF; and one case 
(3%) as severe ARF. For the comorbidities, 11 cases (33.3%) 
had connective tissue disease, followed by 10 cases (30.3%) 
of hypertension and seven cases (21.2%) of chronic lung dis-
ease, including chronic obstructive pulmonary disease, post-
tuberculous destroyed lung, and bronchiectasis. Eight patients 
(24.2%) were under the immunosuppression state, in which 
immunosuppressants or steroids needed to be administered 
for a long time, such as patients with connective tissue dis-
ease, interstitial lung disease, or acquired immune deficiency 
syndrome. Radiologic findings showed bilateral alveolar infil-
tration in 18 cases (54.5%), bilateral interstitial infiltration in 
seven cases (21.2%) and bilateral alveolar and interstitial infil-
tration in eight cases (24.2%). For the pre-BAL diagnosis, bac-
terial pneumonia was the most common, on the other hand, 
for the post-BAL diagnosis, atypical pneumonia was the most 
common. Organizing pneumonia and acute eosinophilic 
pneumonia were newly diagnosed in the post-BAL diagnosis 
(Table 1). Atypical pneumonia included P. jiroveci pneumo-
nia, viral pneumonia, fungal pneumonia, and unknown-cause 
pneumonia.

2. BAL procedure

BAL was successfully performed in all the patients. The 
time spent performing BAL was 14.4±7.2 minutes. The 
amount of normal saline infused during the BAL procedure 
was 140.9±27.5 mL, the amount of specimens obtained by 
BAL was 75.1±25.5 mL, and the recovery rate compared to 
the instilled volume was 53.1±14.5%. In terms of the BAL site 
in the bronchus, the right upper lobe had six cases, the right 
middle lobe had nine cases, the right lower lobe had 13 cases, 
the left upper lobe had one case, and the left lower lobe had 
four cases. Midazolam was injected during bronchoscopy in 
26 cases, and the amount of injection was 2.67±1.0 mg. In 17 
cases, flumazenil was administrated immediately after bron-
choscopy, and the amount injected was 0.31±0.11 mg. The 
total cell counts of BAL fluid were 290/mL (range, 40–25,000/
mL) and the percentage of each cell was as follows: macro-
phages 28% (range, 0%–76%), neutrophils 25% (range, 0%–
89%), lymphocytes 17% (range, 1%–71%), and eosinophils 1% 
(range, 0%–53%). Infectious agents were identified in 16 cases 
as follows; bacteria in six cases, cytomegalovirus in four cases, 
fungus in three cases, P. jiroveci in three cases, and respiratory 
virus in three cases. After BAL procedure, the treatment plan 
was changed in 19 cases (57.6%) (Table 2).

3. SpO2, FiO2, and flow

Before the BAL procedure, the FiO2 was 0.45±0.12, the flow 
was 26.5±20.3 L/min, and the SpO2 was 94.8±2.9%. During the 
BAL procedure, the FiO2 was 0.74±0.19, the flow was 49.0±7.2 
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L/min, and the SpO2 was 94.6±3.5%. After the BAL procedure, 
the FiO2 was 0.57±0.14, the flow was 40.8±14.2 L/min, and 
the SpO2 was 95.2±2.8%. There were no differences in SpO2 
among the three groups (p=0.651), but there were statisti-
cally significant differences in FiO2 and flow during and after 
the BAL procedure compared to before the BAL procedure 
(p<0.001) (Figure 1).

4. Hemodynamic changes

The systolic blood pressure was 114.9±15.8 mm Hg be-
fore the BAL procedure, 120.3±22.5 mm Hg during the BAL 
procedure, and 119.2±19.0 mm Hg after the BAL procedure 
(p=0.201). As for the diastolic blood pressure, it was 68.0±10.0 
mm Hg before the BAL procedure, 73.4±12.6 during the 
BAL procedure, and 71.6±11.5 mm Hg after the procedure 
(p=0.025). Before the procedure, there was no difference in 
the systolic blood pressure, but the diastolic blood pressure 
significantly increased during and after the BAL procedure 
compared to before the BAL procedure. The heart rate per 
minute was 90.5±13.5 times before the procedure, 104.7±17.1 
times during the procedure, and 98.7±13.5 times after the pro-
cedure, showing statistically significant differences (p<0.001) 
(Figure 2).

5. Complications of the BAL procedure

During the BAL procedure, transient hypoxemia appeared 
in 17 cases (51.5%), SpO2 was maintained 90% or above by in-
creasing the FiO2 and flow. There was no hypoxemia, however, 
that lasted for more than 30 seconds. Hypotension occurred 
in one case (3%), but the patient recovered after 30 minutes 
through fluid hydration and the use of inotropics. This case 
was associated with sepsis caused by bacterial pneumonia. 
Deterioration of the clinical status due to hypotension was 
not observed. After the BAL procedure, fever was developed 
in nine cases (27.3%). In five cases, fever that was not present 
before the bronchoscopy occurred after the bronchoscopy, 

Table 3. Complications of the bronchoalveolar lavage

Complications With HFNC Without HFNC

During bronchoalveolar lavage

    Transient hypoxemia* 17 (51.5) 9 (39.1)

    Hypotension† 1 (3.0) 0 (0)

After bronchoalveolar lavage

    Fever‡ 9 (27.3) 3 (13.0)

    ETI within 24 hours 0 (0) 0 (0)

Values are presented as number (%).
*Transient hypoxemia referred to the case where the SpO2 value 
dropped to below 90% was maintained for less than 30 seconds 
during the bronchoalveolar lavage procedure. †Hypotension was 
the case where the systolic blood pressure was less than 90 mm Hg 
or the diastolic blood pressure was less than 60 mm Hg16. ‡Fever 
was a body temperature of 37.8°C or higher measured at the tym-
panic membrane17.
HFNC: high-flow nasal cannula; ETI: endotracheal intubation; 
SpO2: oxygen saturation recorded by pulse oximetry.

Figure 1. Changes in saturation measured by pulse oximeter (SpO2), 
fraction of inspired oxygen (FiO2), and gas flow rate before, during 
and after the bronchoalveolar lavage (BAL) using high-flow nasal 
cannula oxygen delivery. The FiO2 values in the table are shown as 
percent (%) in the graph. *p<0.001, Multiple comparison result by 
contrast between before BAL and during BAL, before BAL and after 
BAL, respectively. 
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between before BAL and during BAL, before BAL and after BAL, 
respectively. BP: blood pressure.
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but the fever was less than 39°C and was alleviated without 
additional antibiotics within 1 day in most cases. There was 
no ETI within 24 hours after the BAL procedure (Table 3), but 
ETI was performed 26 hours after the procedure in one case. 
The 6-month survival rate was 42.4%, and the 30-day mortality 
rate after bronchoscopy was 45.5%.

6. Comparison of the survivor and non-survivor groups

After the patients’ division into the survivor and non-
survivor groups, ETI was performed only in the non-survivor 
group. The median of the time spent until ETI after the BAL 

procedure was 76 hours (range, 26–274 hours). There were 
no differences between the survivor and non-survivor groups 
in the age, PF ratio, immunosuppression, FiO2, and flow used 
before, during, and after the procedure, as well as in the SpO2, 
diastolic blood pressure, and heart rate. There was a differ-
ence, however, in the systolic blood pressure before the pro-
cedure between the two groups (p=0.030). The mean systolic 
blood pressure of the survivor group was 110.8±16.6 mm Hg, 
which was slightly lower than that of the non-survivor group 
(118.7±14.7 mm Hg). Additionally, there was a difference be-
tween the two groups in terms of the diagnosis. In the survivor 
group, some were diagnosed with organizing pneumonia 

Table 4. Comparisons between survivor and non-survivor groups in patients using high-flow nasal cannula oxygen delivery

Characteristic Survivor (n=14) Non-survivor (n=19) p-value

Age, yr 65.1±17.0 62.9±13.7 0.465

Baseline PaO2/FiO2, mm Hg 163.4±43.6 168.1±50.0 0.855

Immune suppression 1 (7.1) 7 (35.8) 0.098

Before BAL

    SpO2, % 95.6±2.8 94.2±3.0 0.240

    FiO2 0.46±0.10 0.45±0.13 0.577

    Flow, L/min 29.3±19.8 24.5±21.0 0.377

During BAL

    SpO2, % 93.7±4.5 95.3±2.6 0.506

    FiO2 0.75±0.20 0.73±0.19 0.706

    Flow, L/min 49.8±5.9 48.4±8.2 0.706

After BAL

    SpO2, % 94.8±2.5 95.6±3.0 0.377

    FiO2 0.53±0.15 0.59±0.13 0.174

    Flow, L/min 38.4±15.4 42.6±13.5 0.418

Volume, recovered, mL 75.9±6.4 74.4±6.2 0.471

Procedure time, min 11.9±6.0 16.3±7.5 0.092

Intubation 0 (0) 9 (47.4) 0.004*

Time to intubation, median (range), hr 0 (0) 76.0 (26-274) 0.003†

Post-BAL diagnosis 0.019‡

    Atypical pneumonia 3 (21.4) 11 (57.9)

    Bacterial pneumonia 6 (42.9) 4 (21.1)

    Organizing pneumonia 4 (28.6) 0 (0)

    Interstitial lung disease 0 (0) 2 (10.5)

    Alveolar hemorrhage 0 (0) 2 (10.5)

    Acute eosinophilic pneumonia 1 (7.1) 0 (0)

Values are presented as mean±standard deviation or number (%) unless otherwise indicated.
*p<0.05, Fisher exact test between survivor and non-survivor groups. †p<0.05, Mann‒Whitney U test between survivor and non-survivor 
groups. ‡p<0.05, chi-square test between survivor and non-survivor groups.
PaO2: partial pressure of oxygen in arterial blood; FiO2: fraction of inspired oxygen; BAL: bronchoalveolar lavage; SpO2: saturation measured 
by pulse oximeter. 
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or acute eosinophilic pneumonia, both of which show good 
prognosis. In the non-survivor group, on the other hand, there 
were more patients with atypical pneumonia (whose treat-
ment is difficult) compared to the survivor group. Addition-
ally, the patients with interstitial pneumonia and pulmonary 
hemorrhage all died (Table 4). Multivariate logistic regression 
analysis showed no significant predictors of mortality. 

7. Comparison between “without HFNC” and “with 
HFNC” groups

We compared the characteristics, safety and complications 
of the BAL procedure “without HFNC” to “with HFNC” in 
patients with PF ratio of 300 or less during the same investiga-
tion period. There were 23 cases in “without HFNC” group. 
In “without HFNC” group, the mean baseline PF ratio was 
233±36.5, that was significantly higher than the “with HFNC” 
group (p<0.001). Twenty cases (87.0%) were classified as mild 
ARF; three cases (13%) as moderate ARF (Table 1). In “without 
HFNC” group, the number of cases for mild ARF is higher than 
in “with HFNC” group (p<0.001). There were no differences 
between “without HFNC” and “with HFNC” groups in the age, 
the male-to-female ratio and patients under the immunosup-
pression state. In “without HFNC” group, transient hypoxemia 
occurred in nine cases (39.1%) that did not show significant 
difference compared with the “with HFNC” group (p=0.289). 
There were no significant differences in fever and hypotension 
(p=0.322 and p=0.400, respectively). There was also no ETI 
within 24 hours after the BAL procedure in “without HFNC” 
group (Table 3).

Discussion
When conducting bronchoscopy in patients with ARF, the 

PaO2 can be decreased to up to 10–20 mm Hg23, and BAL may 
cause severe hypoxemia24. The American Thoracic Society 
recommended in 1990 that BAL not be performed if it is im-
possible to correct the PaO2 to at least 75 mm Hg, or the SaO2 
to 90%, by supplying oxygen25. Later, NPPV was introduced to 
prevent the occurrence of hypoxemia during the BAL proce-
dure. NPPV well maintains oxygenation compared to the use 
of a face mask, and has less ETI complications6. There were 
limitations in the use of NPPV, however, because of the fol-
lowing disadvantages: it takes time to properly adjust it, and 
experienced medical personnel are required. In particular, 
when applying NPPV to an alert patient, the straps should be 
tightened for mask fitting; the agitation that may be caused by 
this will lower the patient’s oxygen saturation, thereby mak-
ing BAL difficult to perform26. As an alternative to NPPV, a 
laryngeal mask was once used to prevent BAL-associated hy-
poxemia19,26. This method, however, is rarely used at present 
because it has the burden of general anesthesia.

Recently, HFNC oxygen therapy started to be used as a 
replacement method for NPPV when performing BAL in pa-
tients with ARF27. HFNC can supply humidified and heated 
oxygen through the nose up to 100%, flow up to 60 L/min, and 
FiO2 exactly. HFNC washes out the pharyngeal dead spaces, 
reduces the nasopharyngeal resistance, provides a low degree 
of continuous positive airway pressure8,28, and is partially 
involved in alveolar recruitment8,29. Through these various 
mechanisms, HFNC allows BAL to be performed without se-
vere hypoxemia.

HFNC has excellent advantages, such as that it is well toler-
able compared to NPPV and can be easily started and dis-
continued. That is, HFNC can be used more easily in patients 
requiring oxygen before undergoing BAL30. If HFNC can be 
applied easily, it will help prevent a delay in the performance 
of the BAL procedure, and will allow more rapid diagnosis. 
If the patient is intolerable to NPPV, the application of NPPV 
may lead to ETI as it will not be able to improve oxygenation31. 
Since Miyagi et al.30 first reported the success of BAL with 
HFNC in five patients with ARF in 2014, the relevant study of 
La Combe et al.13 was published. Based on this, it was expect-
ed that HFNC could be more easily applied to patients than 
NPPV when performing BAL.

La Combe et al.13 used HFNC to perform BAL in 30 patients 
with ARF who were admitted to the ICU, and the median PF 
ratio of the patients was 169 (range, 145–196). Out study in-
cluded all ICU and general ward patients, and the median PF 
ratio was 159.4 (range, 89.1–269.5). As opposed to the result 
of the study of La Combe et al.13, there was no difference in 
the median PF ratio, but our study included mild ARF of eight 
cases (24.2%). The important difference between the two 
studies’ results was in the number of cases of NPPV or ETI oc-
curring within 24 hours after BAL. La Combe et al.13 reported 
four cases of NPPV and one case of ETI while there were no 
such cases in the present study. The reasons for such differ-
ence between the two studies are as follows: the present study 
included eight cases (24.2%) with a PF ratio of over 200 (mild 
grade) in patients with ARF, and one case (3%) used inotropics 
among the subjects of the BAL procedure. This seems to be 
due to the fact that the procedure was performed in the state 
where hemodynamic stability had been obtained. Study in-
vestigators may have different criteria for ETI, and as delayed 
ETI can increase the mortality rate32, in this study, ETI was first 
conducted for the patients with serious general conditions 
due to ARF. Therefore, the cases where ETI was performed 
before applying HFNC were excluded from the analysis in this 
study. This implies that the BAL result can be safely checked, 
without ETI occurrence within 24 hours after the procedure, if 
the BAL procedure can be performed by applying HFNC with 
proper timing when hemodynamic stability is obtained in pa-
tients with ARF.

There was no difference in the systolic blood pressure 
during and after the BAL procedure compared to before the 
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procedure. The diastolic blood pressure increased statistically 
during and after the procedure compared to before the proce-
dure, showing a borderline statistical significance of p=0.025. 
Also, the heart rate significantly increased during and after 
the procedure compared to before the procedure (p<0.001), 
which seems to be due to secondary sympathetic hyperactivi-
ty for stress situations such as agitation and transient dyspnea.

In the present study, nine cases underwent ETI after BAL, 
and the median time to ETI after BAL was 76 hours (approxi-
mately 3 days) after BAL. These results support the conclu-
sion that BAL in patients with ARF does not cause ETI due 
to the complications of BAL itself. When the patients were 
divided into the survivor and non-survivor groups, there were 
no differences in age, PF ratio, FiO2, flow, and SpO2 between 
the two groups. On the other hand, the cases with ETI were all 
in the non-survivor group. In particular, the frequency of the 
presence of diseases whose treatment is difficult was higher in 
the non-survivor group than in the survivor group. This means 
that the cause of ETI is not related to the BAL procedure or 
the use of HFNC but to the underlying disease itself. In other 
words, it suggests that the underlying disease present before 
BAL is an important factor in determining the prognosis of pa-
tients. The systolic blood pressure before the procedure was 
significantly higher in the non-survivor group, which seems to 
be the result of sympathetic hyperactivity caused by dyspnea 
associated with the patient’s underlying disease.

There were no statistical differences in the safety and com-
plication between “without HFNC” and “with HFNC” group 
in patients with PF ratio 300 or less. However, the number of 
patients with mild ARF was significantly higher in “without 
HFNC” group than “with HFNC” group. Because the BAL 
procedure was performed for mild cases in “without HFNC” 
group, there seems to be no differences in the safety and com-
plication, compared to “with HFNC” group.

The limitation of this study was that it was a retrospective 
single-center study. The number of patients was 33, which is 
insufficient for proper analysis. When the bronchoscope and 
HFNC were inserted into the nasal cavity simultaneously, 
there was a possibility that the FiO2 could not supplied accu-
rately. In this study, SpO2, a noninvasive test method, was used 
as a BAL-associated parameter, which may be inaccurate 
compared to the invasive measure of SaO2. As SpO2, however, 
is a method that can be clinically used most easily and con-
veniently, the actual clinical significance will not be different 
from that of SaO2.
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