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Abstract 

Background: Flexible bronchoscopy is widely used to diagnose and treat various respiratory diseases. However, 
caution is warranted for post-bronchoscopy adverse events. Although desaturation frequently occurs during bron-
choscopy, its clinical impact and the optimal oxygen saturation level during the procedure remain unclear. This study 
aimed to investigate whether the percutaneous oxygen saturation  (SpO2) level during bronchoscopy is associated 
with the development of post-bronchoscopy respiratory adverse events.

Methods: In this single-center retrospective cohort study conducted from March 2020 to February 2021, 569 
patients were classified into high or low oxygen saturation groups based on the  SpO2 level during bronchoscopy. The 
primary outcome was post-bronchoscopy respiratory adverse events, and secondary outcomes were other post-
bronchoscopy adverse events and clinical outcomes.

Results: Among 569 patients, 458 and 111 patients were classified into the high oxygen saturation  (SpO2 > 96%) and 
low oxygen saturation  (SpO2 ≤ 94%) groups, respectively. After propensity score matching, the low oxygen saturation 
group had more post-bronchoscopy respiratory and febrile adverse events than the high oxygen saturation group. In 
the multivariable regression analysis, low  SpO2 level during bronchoscopy was an independent risk factor for post-
bronchoscopy respiratory adverse events (odds ratio = 3.16 [95% confidence interval 1.37–7.30]). In the low oxygen 
saturation group, the high-risk subgroups for post-bronchoscopy respiratory adverse events were the elderly, women, 
current smokers, and patients with chronic obstructive pulmonary disease or acute decompensated heart failure 
before bronchoscopy. There was no significant difference in the length of hospital stay, intensive care unit admission, 
or mortality between the high and low oxygen saturation groups.

Conclusions: Close monitoring is recommended for patients with  SpO2 ≤ 94% during bronchoscopy due to the 
increased risk of respiratory adverse events after the procedure.
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Background
Flexible fiberoptic bronchoscopy (FB) is a safe and effec-
tive procedure used to diagnose and treat diverse respira-
tory diseases [1]. Significant oxygen desaturation events 
during FB have been reported to range from 1 to 97% in 
different study settings [2–4]. During bronchoscopy, the 
arterial partial pressure of oxygen may decrease by over 
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10–20  mmHg, increasing the risk of respiratory fail-
ure [5, 6]. Risk factors related to desaturation during FB 
include lung function, comorbid diseases, use of a seda-
tive, and procedure-related factors [7–9]. Various oxygen 
supplementation strategies have been proposed to pre-
vent desaturation during FB. These include conventional 
oxygen therapy (COT), high flow nasal cannula (HFNC), 
continuous positive airway pressure (CPAP), and non-
invasive ventilation (NIV) [5]. Monitoring the oxygen 
saturation level with percutaneous pulse oximetry is rec-
ommended to assess and manage significant desaturation 
events [1]. However, the optimal oxygen saturation range 
during FB remains unclear. Few studies have investigated 
the optimal oxygen saturation level during FB because 
hypoxemic events usually resolve instantly after oxy-
gen supplementation and rarely cause complications [8]. 
Nonetheless, recovery from the cardiopulmonary distress 
caused by FB may take minutes to hours, depending on 
the patients’ lung function [10]. Therefore, a high or low 
maintenance range of oxygen saturation level may worsen 
clinical outcomes, and oxygen saturation level during FB 
may be a potential predictor of prognosis [11].

There is limited evidence to support the associa-
tion between the risk of post-bronchoscopy adverse 
events and the oxygen saturation level during FB. Many 
patients who present with hypoxemia (arterial oxygen 
pressure < 60  mmHg) during bronchoscopy have shown 
significant changes in physiologic parameters related to 
cardiac function. However, there has been no significant 
increase in the incidence of cardiac arrhythmia among 
post-bronchoscopy patients [12–14]. Conversely, hypox-
emia at the end of bronchoscopy was significantly corre-
lated with the development of new-onset major cardiac 
arrhythmia [15]. A high fraction of inspired oxygen dur-
ing bronchoscopy in critically ill patients did not alter the 
risk of post-bronchoscopy intubation [16].

We aimed to compare the post-bronchoscopy adverse 
events and clinical outcomes between patients with high 
and low oxygen saturation levels during FB.

Methods
Our study is in accordance with the Strengthening the 
Reporting of Observational Studies in Epidemiology 
(STROBE) guidelines [17].

Study design and eligibility criteria
We conducted a retrospective cohort study via elec-
tronic medical record review at Seoul National Univer-
sity Boramae Medical Center in Korea from March 1, 
2020, to February 28, 2021. We screened adult patients 
aged ≥ 18 years who underwent FB with continuous per-
cutaneous oxygen saturation  (SpO2) monitoring on an 
inpatient and outpatient basis. Following our hospital 

policy, FB was only performed on patients with a nega-
tive nasopharyngeal polymerase chain reaction test result 
for coronavirus disease 2019 within the previous 48  h. 
The inclusion criteria were: (1) patients suspected of res-
piratory disease based on chest computed tomography 
and (2) patients with pre-bronchoscopy  SpO2 maintained 
above 94% with or without oxygen supplementation. The 
exclusion criteria were: (1) patients who were unclassifi-
able into high oxygen or low oxygen saturation groups 
due to severely fluctuating  SpO2, (2) patients with  SpO2 
of mainly 95%, (3) patients who were unable to com-
plete FB due to prolonged (> 1  min) severe hypoxemia 
 (SpO2 < 90%) despite maximal oxygen supplementation, 
(4) patients admitted to the intensive care unit (ICU) 
while performing FB, (5) patients with recent (within 
6  weeks) acute myocardial infarction and acute stroke, 
(6) pregnant patients, (7) patients with life expectan-
cies of < 1 month, and (8) immunocompromised patients 
(e.g., patients undergoing chemotherapy for malignancy). 
Severely fluctuating  SpO2 was defined as  SpO2 levels 
spanning both high and low oxygen saturation ranges 
for more than 1  min. Patients in the low  (SpO2 ≤ 94%) 
and high  (SpO2 > 96%) oxygen saturation group were 
allowed  SpO2 > 96% and  SpO2 ≤ 94% for less than 1 min, 
respectively.

Clinical indications of bronchoscopy
FB was performed for both diagnostic and therapeutic 
purposes. FB aided in the diagnosis of patients with res-
piratory symptoms (e.g., persistent cough, hemoptysis, 
wheezing), radiologic abnormalities (e.g., lung parenchy-
mal infiltration, broncho-pleural fistula, atelectasis, pleu-
ral effusion, mass), and clinical suspicion of pneumonia, 
malignancy, mycobacterial infection, abscess, intersti-
tial lung disease, or any endobronchial lesion. Broncho-
scopic toileting or bronchoalveolar lavage (BAL) was also 
implemented to remove impacted secretions and reverse 
atelectasis.

Standard procedure for bronchoscopy
The patients’ percutaneous oxygen saturation, heart rate, 
respiratory rate, blood pressure, and cardiac rhythm 
were monitored upon arrival in the bronchoscopy room 
using patient monitors with a finger pulse oximeter and 
blood pressure, and electrocardiography (ECG) moni-
toring capabilities. Patients were monitored full-time 
until they left the bronchoscopy room. We used identi-
cal IntelliVue MP5 (Philips) monitoring devices with the 
same finger pulse oximeters for all patients. The respira-
tory physician performing the FB decided whether each 
patient required a low to moderate dose of midazolam 
for sedation. In supine position without head elevation, 
FB was performed trans-nasally or trans-orally. We used 
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a 2% lidocaine solution for local anesthesia of the vocal 
cord and bronchial tree. Chest radiography was routinely 
performed in patients who had undergone transbronchial 
biopsy.

Monitoring oxygen saturation  (SpO2) during bronchoscopy
Each session was attended by two experienced physi-
cians, a nurse, and a technician. As one physician per-
formed the FB, the other physician monitored the oxygen 
saturation. Supplemental oxygen was administered at 
the physicians’ discretion, and oxygen delivery was not 
routinely provided. As per our in-hospital protocol, the 
procedure was immediately stopped when the  SpO2 level 
dropped below 90% or by more than 4% from baseline. 
Supplemental oxygen would subsequently be adminis-
tered until the  SpO2 level recovered. The quantity and 
modality of oxygen supplementation were decided based 
on the severity of desaturation and the patients’ overall 
condition. Primarily, a nasal prong was applied for oxy-
gen delivery beginning at 2–3 L/min, and the flow rate 
was adjusted according to the  SpO2 level. If desaturation 
is refractory, a simple or non-rebreather facial mask was 
applied at 6–15 L/min. The  SpO2 level was automatically 
assessed every minute, and the highest and lowest levels 
were recorded.

Study group definition based on  SpO2 level
Eligible patients were classified into the low or high 
oxygen saturation groups according to the  SpO2 level 
detected by percutaneous pulse oximetry during FB. The 
low oxygen saturation group included patients who main-
tained  SpO2 between 90 and 94% for most of the dura-
tion of FB. The high oxygen saturation group included 
patients who maintained  SpO2 above 96% for most of the 
duration of bronchoscopy.

Variables and outcomes
We collected the patients’ clinical information, includ-
ing age, body mass index (BMI), smoking status, 
comorbidities (hypertension, diabetes mellitus, con-
gestive heart failure, arrhythmia, chronic kidney dis-
ease, chronic liver disease, connective tissue disease, 
dementia, and history of other malignancies), and 
respiratory diseases (chronic obstructive pulmonary 
disease [COPD], bronchiectasis, asthma, interstitial 
lung disease, tuberculosis destroyed lung, history of 
lung cancer, lung resection, or radiation therapy). We 
also investigated the symptoms and pulmonary func-
tion test results within the past year. Clinical diagno-
ses, acute comorbidities (acute decompensated heart 
failure, acute coronary syndrome, pneumothorax, and 
pleural effusion), and surrogates for respiratory failure 

(desaturation event, oxygen demand,  SpO2:FiO2 [SF 
ratio], and respiratory rate-oxygenation [ROX] index) 
were assessed before FB.

The primary outcome was post-bronchoscopy res-
piratory adverse events. The secondary outcomes were 
(1) other post-bronchoscopy adverse events, including 
febrile, hemodynamic, cardiac, and cerebrovascular 
events, and (2) clinical outcomes after FB, including 
ICU admission, length of hospital stay, and all-cause 
mortality within 7  days. Post-bronchoscopy adverse 
events were defined as unexpected medical occurrences 
in a patient who received FB, which did not necessarily 
have a causal relationship [18]. We analyzed all types 
of post-bronchoscopy adverse events that (1) occurred 
within 72 h after FB, (2) were explainable by the physi-
ologic changes after FB, (3) have repeatedly been 
reported in previous studies, and (4) were determined 
by the physicians’ assessment of causality. Post-bron-
choscopy respiratory adverse events were defined as a 
composite outcome, including pneumonia, atelectasis, 
respiratory failure, pneumothorax, bronchospasm, and 
acute exacerbation of an underlying chronic respiratory 
disease.

Statistical analyses
The chi-squared test or Fisher’s exact test was used for 
the binary variables. The Student’s t-test or Wilcoxon 
rank-sum test was used for continuous variables. The 
study population was matched at a two-to-one ratio 
based on the propensity scores calculated using all 
covariates in the baseline clinical features. All measured 
baseline covariates were included in the model, and two-
to-one propensity score matching was implemented to 
improve the precision while minimizing the bias [19–21]. 
Standardized differences were used to compare the base-
line characteristics and clinical features in the propensity 
score-matched populations [19]. According to Cohen’s 
effect size index for the comparison of two sample 
means, standardized differences of 0.2, 0.5, and 0.8 repre-
sent small, medium, and large imbalances in the baseline 
covariates [22].

Independent risk factors for post-bronchoscopy respir-
atory adverse events were identified through univariable 
and multivariable regression analyses using the best sub-
set selection method. A variance inflation factor > 4.0 was 
considered at risk for significant multicollinearity. The 
association between oxygen saturation level and post-
bronchoscopy respiratory adverse events was evaluated 
in multiple subgroups classified by clinically important 
factors. P-value < 0.05 was considered significant. Statisti-
cal analyses were performed using the R statistical soft-
ware version 4.1.0 (R Core Team [2020], Vienna, Austria).
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Results
We screened 590 patients who underwent FB. Twenty-
one patients were excluded due to initial satura-
tion ≤ 94% despite oxygen supplementation (n = 3), 
ICU admission during FB (n = 1), inability to classify 
patients into either group due to  SpO2 fluctuations 
(n = 9),  SpO2 of mainly 95% (n = 5), and inability to 
complete FB because of severe persistent hypoxemia 
(n = 3). A total of 569 patients met the inclusion cri-
teria and were classified into the high oxygen satura-
tion group (n = 458) and low oxygen saturation group 
(n = 111) (Fig. 1). Compared to the low oxygen satura-
tion group, more patients in the high oxygen saturation 
group underwent FB on an outpatient basis (27.9% vs. 
38.4%, P = 0.051), and the median duration of FB was 
shorter (5 [interquartile range, IQR = 2–16] min vs. 7 
[IQR = 2–31] min, p < 0.001) in the high oxygen satura-
tion group than in the low oxygen saturation group.

Baseline characteristics and clinical features
The baseline characteristics of the high and low oxygen 
saturation groups are summarized in Table 1. The mean 
age of the patients was 67  years in both groups. Over-
all, 146 (31.9%) and 43 patients (38.7%) were female in 
the high and low oxygen saturation groups, respectively. 
There were no significant differences in demographic fea-
tures and the incidence of previous medical conditions 
between the two groups, except for a higher BMI and a 
lower proportion of tuberculosis-destroyed lungs in the 
low oxygen saturation group. The most common respira-
tory diseases found in both groups were bronchiectasis, 
chronic obstructive pulmonary disease, and tuberculosis 
destroyed lung. Symptoms and spirometric profiles were 
similar between the two groups (Table 2). The most com-
mon primary indications for FB were the clinical suspi-
cion of mycobacterial infection or pneumonia. More 
patients in the high oxygen saturation group were clini-
cally suspected of atypical pneumonia. After propensity 

Fig. 1 Flowchart of screening, eligibility assessment, and classification of the study population. FB flexible fiberoptic bronchoscopy; SpO2 saturation 
of percutaneous oxygen; ICU intensive care unit
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score matching, the statistical differences in baseline 
characteristics and clinical features disappeared.

Parameters and procedures during bronchoscopy
Classification into high and low oxygen saturation 
groups led to significant differences in the initial, high-
est, and lowest  SpO2 during FB between the two groups 
(P < 0.001 for all parameters; Table 3). More desaturation 
events were observed in the low oxygen saturation group. 
Although more sedative agents were used and more 
invasive procedures, such as BAL and endobronchial 
ultrasound-guided transbronchial needle aspiration, 

were performed in the low oxygen saturation group, 
these differences were insignificant after propensity score 
matching.

Post‑bronchoscopy adverse events and clinical outcomes
More post-bronchoscopy adverse events were found in 
the low oxygen saturation group (Table 4). The low oxy-
gen saturation group had more respiratory (P = 0.001) 
and febrile adverse events (P < 0.001) than the high oxy-
gen saturation group. However, there was no significant 
difference in the length of hospital stay, ICU admission, 
or 7-day mortality after FB between the two groups. Even 

Table 1 Baseline characteristics of total and propensity score-matched patients

Data are expressed as mean (± standard deviation), median (IQR), or number (percentage)

PYs pack-years; SD standard deviation; IQR interquartile range

Total population Propensity score‑matched population

High oxygen 
saturation group 
(n = 458)

Low oxygen 
saturation group 
(n = 111)

P‑value High oxygen 
saturation group 
(n = 222)

Low oxygen 
saturation group 
(n = 111)

Standardized 
differences

Age, yr, mean (± SD) 66.9 (13.9) 67.0 (14.7) 0.963 66.4 (15.2) 67.0 (14.7) 0.038

Female, n (%) 146 (31.9) 43 (38.7) 0.206 80 (36.0) 43 (38.7) 0.056

Body mass index, mean (± SD) 21.3 (4.2) 22.4 (4.2) 0.013 22.0 (4.7) 22.4 (4.2) 0.087

Smoking status

 Current smoker, n (%) 86 (18.8) 18 (16.2) 0.624 38 (17.1) 18 (16.2) 0.024

 Ex-smoker, n (%) 124 (27.1) 25 (22.5) 0.391 52 (23.4) 25 (22.5) 0.021

 Never smoker, n (%) 240 (52.4) 68 (61.3) 0.115 129 (58.1) 68 (61.3) 0.064

 PYs, median (IQR) 0 (0–30) 0 (0–20) 0.120 0 (0–20) 0 (0–20) 0.015

Comorbidities, n (%)

 Hypertension 182 (39.7) 43 (38.7) 0.932 86 (38.7) 43 (38.7)  < 0.001

 Diabetes mellitus 128 (27.9) 24 (21.6) 0.218 51 (23.0) 24 (21.6) 0.032

 Congestive heart failure 51 (11.1) 19 (17.1) 0.119 32 (14.4) 19 (17.1) 0.074

 Arrhythmia 19 (4.1) 5 (4.5) 1.000 11 (5.0) 5 (4.5) 0.021

 Cerebrovascular accident 88 (19.2) 15 (13.5) 0.207 32 (14.4) 15 (13.5) 0.026

 Chronic kidney disease 32 (7.0) 10 (9.0) 0.597 13 (5.9) 10 (9.0) 0.120

 Chronic liver disease 25 (5.5) 9 (8.1) 0.405 9 (4.1) 9 (8.1) 0.170

 Connective tissue disease 13 (2.8) 3 (2.7) 1.000 5 (2.3) 3 (2.7) 0.029

 Dementia 43 (9.4) 5 (4.5) 0.141 21 (9.5) 5 (4.5) 0.195

 History of other malignancy 80 (17.5) 23 (20.7) 0.508 37 (16.7) 23 (20.7) 0.104

Respiratory disease, n (%)

 Chronic obstructive pulmo-
nary disease

81 (17.7) 14 (12.6) 0.253 28 (12.6) 14 (12.6)  < 0.001

 Bronchiectasis 133 (29.0) 28 (25.2) 0.495 54 (24.3) 28 (25.2) 0.021

 Asthma 15 (3.3) 3 (2.7) 0.994 10 (4.5) 3 (2.7) 0.096

 Interstitial lung disease 13 (2.8) 3 (2.7) 1.000 5 (2.3) 3 (2.7) 0.029

 Tuberculosis destroyed lung 84 (18.3) 9 (8.1) 0.013 22 (9.9) 9 (8.1) 0.063

 Nontuberculous mycobac-
teria

14 (3.1) 5 (4.5) 0.640 7 (3.2) 5 (4.5) 0.070

 History of lung cancer 35 (7.6) 4 (3.6) 0.193 19 (8.6) 4 (3.6) 0.208

 History of lung resection 12 (2.6) 3 (2.7) 1.000 7 (3.2) 3 (2.7) 0.027

 History of thoracic radiation 
therapy

15 (3.3) 1 (0.9) 0.299 7 (3.2) 1 (0.9) 0.160
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in the propensity score-matched population, respiratory 
adverse events were more common in the low oxygen 
saturation group (P = 0.023).

Relationship between the duration of low oxygen 
saturation and post‑bronchoscopy respiratory adverse 
events
We performed a sensitivity analysis by including the 
duration of low oxygen saturation as a covariate. In the 

univariable analysis, the longer duration of low oxygen 
saturation was associated with increased risk of devel-
oping respiratory adverse events (odds ratio [OR] 1.02, 
95% confidence interval [CI] 1.00–1.04, P = 0.047), 
and the multivariable analysis did not change the 
result (odds ratio [OR] 1.03, 95% confidence interval 
[CI] 1.00–1.05, P = 0.043) (Additional file 1: Table S6).

Table 2 Clinical features before bronchoscopy in total and propensity score-matched patients

Data are expressed as mean (± standard deviation), median (IQR), or number (percentage)

FVC forced vital capacity; FEV1 forced expiratory volume in one second; BDR bronchodilator test; DLCO diffusion capacity of the lung for carbon monoxide; DLCO/VA 
diffusion capacity of the lung for carbon monoxide per unit alveolar volume; SD standard deviation; IQR interquartile range
a Bronchodilator response was assessed in 342 patients, and  DLCO was assessed in 360 patients

Total population Propensity score‑matched population

High oxygen 
saturation group 
(n = 458)

Low oxygen 
saturation group 
(n = 111)

P‑value High oxygen 
saturation group 
(n = 222)

Low oxygen 
saturation group 
(n = 111)

Standardized 
differences

Symptoms, n (%)

 Chronic bronchitis 79 (17.2) 13 (11.7) 0.201 28 (12.6) 13 (11.7) 0.027

 Chronic cough 87 (19.0) 14 (12.6) 0.150 41 (18.5) 14 (12.6) 0.162

 Hemoptysis 54 (11.8) 11 (9.9) 0.695 24 (10.8) 11 (9.9) 0.029

Pulmonary function  testa

 FVC, L, mean (± SD) 2.8 (0.6) 2.8 (0.6) 0.947 2.9 (0.6) 2.8 (0.6) 0.093

 FVC, %, mean (± SD) 85.1 (13.5) 87.9 (13.5) 0.054 87.7 (11.5) 87.9 (13.5) 0.013

  FEV1, L, mean (± SD) 2.06 (0.5) 2.0 (0.4) 0.489 2.11 ± 0.5) 2.0 (0.4) 0.185

  FEV1, %, mean (± SD) 89.5 (16.7) 91.4 (16.9) 0.283 92.9 (14.7) 91.4 (17.0) 0.097

  FEV1/FVC, %, mean (± SD) 73.8 (8.9) 72.9 (8.1) 0.338 74.3 (7.6) 72.9 (8.1) 0.175

 BDR, %, median (IQR) 2.0 (0–4.0) 2.0 (0–3.0) 0.351 2.0 (0–4.0) 2.0 (0–3.0) 0.068

  DLCO, %, mean (± SD) 88.6 (29.6) 87.3 (24.8) 0.787 94.4 (26.0) 87.3 (24.8) 0.280

  DLCO/VA, %, mean (± SD) 86.2 (29.4) 88.6 (18.4) 0.615 92.5 (26.0) 88.6 (18.5) 0.179

Clinically suspected diagnosis, n (%)

 Aspiration pneumonia 120 (26.2) 28 (25.2) 0.929 59 (26.6) 28 (25.2) 0.031

 Atypical pneumonia 41 (9.0) 18 (16.2) 0.038 21 (9.5) 18 (16.2) 0.202

 Lung malignancy 121 (26.4) 30 (27.0) 0.992 59 (26.6) 30 (27.0) 0.010

 Mycobacterial infection 176 (38.4) 35 (31.5) 0.215 81 (36.5) 35 (31.5) 0.105

 Lung abscess 21 (4.6) 5 (4.5) 1.000 10 (4.5) 5 (4.5)  < 0.001

 Interstitial lung disease 22 (4.8) 7 (6.3) 0.685 13 (5.9) 7 (6.3) 0.019

 Endobronchial lesion 111 (24.2) 16 (14.4) 0.036 45 (20.3) 16 (14.4) 0.155

Combined acute medical conditions, n (%)

 Acute decompensated heart 
failure

35 (7.6) 11 (9.9) 0.554 20 (9.0) 11 (9.9) 0.031

 Acute coronary syndrome 4 (3.6) 9 (2.0) 0.495 8 (3.6) 4 (3.6)  < 0.001

 Pneumothorax 17 (3.7) 1 (0.9) 0.224 7 (3.2) 1 (0.9) 0.160

 Pleural effusion 133 (29.0) 28 (25.2) 0.495 61 (27.5) 28 (25.2) 0.051

Surrogates for respiratory failure

 Desaturation event, n (%) 90 (19.7) 34 (30.6) 0.017 60 (27.0) 34 (30.6) 0.080

 Oxygen demand, L/min, 
median (IQR)

0 (0–0) 0 (0–1.0) 0.699 0 (0–0) 0 (0–1.0) 0.061

 SF ratio, mean (± SD) 451.5 (53.6) 426.2 (66.6)  < 0.001 439.5 (68.2) 426.2 (66.6) 0.197

 ROX index, mean (± SD) 22.6 (2.8) 21.6 (3.2)  < 0.001 22.1 (3.5) 21.6 (3.2) 0.153
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Table 3 Parameters and procedures during bronchoscopy

Data are expressed as mean (± standard deviation) or median (interquartile range) and number (percentage)

EBUS-TBNA endobronchial ultrasound-guided transbronchial needle aspiration; TBLB transbronchial lung biopsy; SD standard deviation; IQR interquartile range

Total population Propensity score‑matched population

High oxygen 
saturation group 
(n = 458)

Low oxygen 
saturation group 
(n = 111)

P‑value High oxygen 
saturation group 
(n = 222)

Low oxygen 
saturation group 
(n = 111)

P‑value

Oxygen saturation during bronchoscopy

 Initial  SpO2, mean (± SD) 98.9 (1.5) 96.9 (2.9)  < 0.001 98.8 (1.6) 96.9 (2.9)  < 0.001

 Highest  SpO2, mean (± SD) 99.1 (1.3) 94.9 (2.4)  < 0.001 99.0 (1.4) 94.9 (2.4)  < 0.001

 Lowest  SpO2, mean (± SD) 95.4 (5.2) 87.0 (5.8)  < 0.001 94.8 (5.8) 87.0 (5.8)  < 0.001

 Desaturation event, n (%) 87 (19.0) 82 (73.9)  < 0.001 46 (20.7) 82 (73.9)  < 0.001

 Desaturation duration > 1 min, 
n, (%)

0 (0.0) 12 (10.8)  < 0.001 0 (0.0) 12 (10.8)  < 0.001

Duration of bronchoscopy in min, 
median (IQR)

6.0 (5.0–7.0) 6.0 (5.0–12.0) 0.007 6.0 (5.0–8.0) 6.0 (5.0–12.0) 0.137

Duration of desaturation in min, 
median (IQR)

0 (0–0) 1.0 (0–1.0)  < 0.001 0 (0–0) 1.0 (0–1.0))  < 0.001

Sedation, n (%) 128 (27.9) 49 (44.1) 0.001 97 (43.7) 49 (44.1) 1.000

Procedure type, n (%)

 Bronchial washing 306 (66.8) 65 (58.6) 0.127 142 (64.0) 65 (58.6) 0.402

 Toileting 109 (23.8) 24 (21.6) 0.718 52 (23.4) 24 (21.6) 0.817

 Bronchoalveolar lavage 29 (6.3) 14 (12.6) 0.041 15 (6.8) 14 (12.6) 0.114

 Biopsy 46 (10.0) 10 (9.0) 0.880 21 (9.5) 10 (9.0) 1.000

 EBUS-TBNA 37 (8.1) 18 (16.2) 0.015 24 (10.8) 18 (16.2) 0.220

 TBLB 1 (0.2) 1 (0.9) 0.844 0 (0.0) 1 (0.9) 0.723

 Foreign body removal 15 (3.3) 2 (1.8) 0.612 8 (3.6) 2 (1.8) 0.570

Bronchoscopist 0.311 0.371

 Attending physician alone 221 (48.3) 47 (42.3) 107 (48.2) 47 (42.3)

 Fellow physician, supervised by 
attending physician

237 (51.7) 64 (57.7) 115 (51.8) 64 (57.7)

Table 4 Post-bronchoscopy adverse events and clinical outcomes

Data are expressed as median (IQR) or number (percentage)

ICU intensive care unit; IQR interquartile range

Total population Propensity score‑matched population

High oxygen 
saturation group 
(n = 458)

Low oxygen 
saturation group 
(n = 111)

P‑value High oxygen 
saturation group 
(n = 222)

Low oxygen 
saturation group 
(n = 111)

P‑value

Number of patients with post-bronchoscopy adverse events, n (%)

 Respiratory events 43 (9.4) 23 (20.7) 0.001 24 (10.8) 23 (20.7) 0.023

 Febrile events 48 (10.5) 29 (26.1)  < 0.001 24 (10.8) 29 (26.1) 0.001

 Hemodynamic events 33 (7.2) 7 (6.3) 0.900 16 (7.2) 7 (6.3) 0.939

 Cardiac events 11 (2.4) 6 (5.4) 0.175 10 (4.5) 6 (5.4) 0.928

 Cerebrovascular events 0 (0.0) 1 (0.9) 0.441 0 (0.0) 1 (0.9) 0.723

 Any adverse events 103 (22.3) 35 (32.4) 0.021 49 (22.1) 38 (34.2) 0.025

Clinical outcomes

 Hospital length of stay after bron-
choscopy, median (IQR)

2 (1–12) 4 (1–10) 0.99 1 (1–14) 2 (1–11) 0.744

 ICU admission after bronchoscopy, 
n (%)

18 (3.9) 9 (8.1) 0.159 8 (3.6) 9 (8.1) 0.135

 7-day all-cause mortality, n (%) 5 (1.1) 3 (2.7) 0.399 5 (2.3) 3 (2.7) 1.000
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Risk factors of post‑bronchoscopy respiratory adverse 
events
We determined the clinical factors related to post-bron-
choscopy respiratory adverse events (Additional file  1: 
Tables S1–S4). In the total population, older age, ever-
smoking history, dementia, a lower percentage of pre-
dicted forced vital capacity, lower pre-bronchoscopy SF 
ratio, clinical suspicion of aspiration pneumonia, but low 
oxygen saturation during FB were risk factors for post-
bronchoscopy respiratory adverse events (Additional 
file 1: Table S5). After adjustment, low oxygen saturation 
during FB was found to be an independent risk factor 
for post-bronchoscopy respiratory adverse events (odds 
ratio [OR] 2.45, 95% confidence interval [CI] 1.26–4.79, 
P = 0.009).

In the propensity score-matched population, older 
age, desaturation before FB, lower pre-bronchoscopy SF 
ratio, lack of a sedative agent, toilet bronchoscopy, and 
low oxygen saturation during FB were risk factors for 
post-bronchoscopy respiratory adverse events (Table  5). 
After adjustment, low oxygen saturation during FB was 
an independent risk factor for post-bronchoscopy res-
piratory adverse events (OR 3.16, 95% CI 1.37–7.30, 
P = 0.007).

We evaluated the association between low oxygen 
saturation during FB and post-bronchoscopy respira-
tory adverse events in the different subgroups. The risk 
for post-bronchoscopy respiratory adverse events in the 
low oxygen saturation group was elevated in subgroups 
of patients older than 65 years, women, current smokers, 
diagnosed with COPD, and who presented with acute 
decompensated heart failure before FB (Fig. 2).

Discussion
Our study investigated the association between post-
bronchoscopy clinical outcomes and oxygen saturation 
levels during FB. There were more post-bronchoscopy 

respiratory adverse events in the low oxygen saturation 
group than in the high oxygen saturation group. In the 
logistic regression model, low oxygen saturation during 
FB was an independent risk factor for post-bronchos-
copy respiratory adverse events even after adjusting for 
pre-existing lung conditions, such as dyspnea or SF ratio 
before FB. The subgroups at high risk for respiratory 
adverse events in the low oxygen saturation group were 
the elderly, women, current smokers, and patients with 
COPD or acute decompensated heart failure before FB.

Although post-bronchoscopy respiratory complica-
tions have been discussed in different study settings, 
there is no consensus on their definition [23]. In a sys-
tematic review that assessed post-bronchoscopy com-
plications and discomfort, respiratory complications 
included pneumothorax, respiratory tract bleeding, 
bronchospasm, respiratory infection, and other symp-
toms (dyspnea, cough, and change in asthma symptom 
scores) that occurred within 2 weeks after bronchoscopy 
[23]. Severe respiratory complications include airway 
obstruction, tracheoesophageal fistula, tracheal perfora-
tion, and uncontrolled respiratory tract bleeding [24]. A 
case–control study evaluating the risk factors for post-
bronchoscopy pneumonia defined bronchoscopy-related 
infection as occurring within 30 days after bronchoscopy, 
as per the surgical site infection guidelines issued by the 
Centers for Disease Control and Prevention. In our study, 
respiratory adverse events were defined as a composite 
outcome that included pneumonia, atelectasis, respira-
tory failure, pneumothorax, bronchospasm, acute exacer-
bation of an underlying chronic respiratory disease, and 
worsening of respiratory symptoms (dyspnea, cough, and 
purulent sputum), which occurred within 72 h after the 
procedure.

Post-bronchoscopy respiratory adverse events may 
delay the improvement of the primary lung condition 
or lead to fatal events [25]. Although FB is considered a 

Table 5 Risk factors of post-bronchoscopy respiratory adverse events in a propensity score-matched population

CI confidence interval; OR odds ratio; SF ratio  SpO2/FiO2 ratio

Univariable analysis Multivariable analysis

OR (95% CI) P‑value OR (95% CI) P‑value

Age 1.06 (1.02–1.10) 0.001 1.03 (1.00–1.07) 0.046

Desaturation event before bronchoscopy 15.68 (6.37–38.64)  < 0.001 3.90 (1.28–11.89) 0.017

Pre-bronchoscopy SF ratio 0.98 (0.98–0.99)  < 0.001 0.99 (0.98–0.99)  < 0.001

Sedation 0.12 (0.05–0.32)  < 0.001 0.29 (0.09–0.92) 0.036

Bronchoscopic toileting 4.70 (2.46–8.96)  < 0.001 0.31 (0.10–1.02) 0.053

Bronchoscopic washing 0.32 (0.17–0.60)  < 0.001 0.36 (0.13–0.96) 0.042

Fellow physician, supervised by attending physician 
(reference: attending physician alone)

1.32 (0.70–2.47) 0.389 1.10 (0.49–2.46) 0.816

Low oxygen saturation group 2.16 (1.01–4.59) 0.046 3.16 (1.37–7.30) 0.007
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safe procedure, it is invasive, and severe complications 
have been increasingly reported because of its wide use 
[24]. Previous studies have identified risk factors for 
post-bronchoscopy complications. For example, dysp-
nea requiring intervention has been reported in many 
patients with COPD or asthma after bronchoscopy [26]. 
In a study of 2,265 patients, post-bronchoscopy pneu-
monia developed more frequently in patients who had 
a smoking history or received BAL. Moreover, tracheo-
bronchial stenosis was reported as an independent risk 
factor for post-bronchoscopy pneumonia [27]. In patients 
with lung cancer, old age, current smoking status, and 
central tumor location were independent predictors of 
post-bronchoscopy pneumonia [25].

The British thoracic society guideline for oxygen use 
in adults in health care and emergency settings recom-
mends that oxygen be prescribed to achieve a target satu-
ration of 94–98% for acutely ill patients [28]. Therefore, 
we defined the low oxygen saturation group as patients 
with  SpO2 ≤ 94% during FB, below the suggested target 
oxygen saturation level. The definition of high oxygen 
saturation as > 96% was also based on literature regard-
ing oxygenation strategies in adult patients. The liberal 

or conservative oxygen therapy  (LOCO2) trial, which 
assessed the optimal oxygen therapy for acute respiratory 
distress syndrome, assigned patients with  SpO2 targets 
above 96% to the liberal oxygen therapy group [29]. In 
the ICU-ROX trial, the upper limit of the  SpO2 was 97% 
in the conservative-oxygen group [30]. We decided to 
exclude those with  SpO2 between 94 and 96% to clearly 
delineate oxygen saturation between the two groups.

Our results revealed that post-bronchoscopy respira-
tory adverse events developed more frequently in the low 
oxygen saturation group. Nevertheless, there was no sig-
nificant difference in clinical outcomes after FB between 
the two groups, suggesting that most respiratory events 
could be appropriately managed if detected. Therefore, 
close monitoring after FB may improve clinical outcomes 
in patients with low oxygen saturation during FB.

The increase in post-bronchoscopy respiratory adverse 
events in the low oxygen saturation group may be due 
to the pathophysiological impact of FB on cardiopulmo-
nary distress. Hypoxemia in this group of patients sub-
sequently triggers chained and amplified inflammatory 
responses. Bronchoscopy alters respiratory mechanics 
by increasing airflow resistance and work of breathing. 

Fig. 2 Association between low oxygen saturation during bronchoscopy and post-bronchoscopy respiratory adverse events in the different 
subgroups. COPD chronic obstructive pulmonary disease. The risk for post-bronchoscopy respiratory adverse events in the low oxygen saturation 
group was elevated in subgroups of patients older than 65 years, women, current smokers, diagnosed with COPD, and who presented with acute 
decompensated heart failure before FB
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These changes are detrimental to gas exchange and may 
take minutes to hours to revert [10]. Bronchoscopy also 
causes a significant acute decline in pulmonary function 
[31]. When suction is applied, the partial pressure of  CO2 
in arterial blood  (PaCO2) rises to 30%, while the partial 
pressure of  O2 in arterial blood  (PaO2) decreases up to 
40% due to reduced end-expiratory volume and positive 
end-expiratory pressure (PEEP) [10]. This leads to alveo-
lar de-recruitment, increased shunt and venous admix-
ture [10], and transient hypoxemia-related inflammatory 
cytokine recruitment, which aggravates inflammation in 
these hypoxic lung tissues. The hypoxia-inducible fac-
tor-prolyl hydroxylase (HIF-PHD) system exacerbates 
the inflammatory processes in the airway epithelial cells 
by inducing neutrophil chemotaxis and the release of 
reactive oxygen species, proteinases, and neutrophil 
extracellular traps, resulting in tissue damage [32]. Addi-
tionally, fluid accumulation in alveolar sacs and alveolar 
de-recruitment after FB promotes regional tissue hypoxia 
and inflammatory changes in the airway epithelial cells 
[33].

Moreover, low oxygen saturation during FB might rep-
resent an impaired cardiopulmonary reservoir incapable 
of adequate hemodynamic adaptations to hypoxemia 
[34]. In healthy individuals with adequate cardiopul-
monary function, an acute hypoxemic condition causes 
compensatory responses, such as regional pulmonary 
vasoconstriction, hyperventilation, acidosis-related right 
shifting of the oxyhemoglobin dissociation curve, and an 
increase in cardiac output, effectively improving oxygen-
ation to tissues [35–38]. However, insufficient compensa-
tory mechanisms render fragile patients with marginal 
cardiopulmonary reservoir vulnerable to hypoxic stress, 
which activates a vicious cycle of inflammation and infec-
tion [39]. In support of our explanation, the elderly have 
shown a 50% reduction in protective pathophysiologic 
response to hypoxia and a 40% reduction in response to 
hypercapnia compared to young men [40]. Moreover, 
evidence of cardiac strain was observed in 21% of the 
patients aged > 60 years undergoing FB [41].

Oxygen supplementation provides sufficient oxygen 
to maintain normal physiologic levels during bronchos-
copy, thus preventing desaturation. Preventive oxygen 
supplementation of 2–3 L/min may benefit patients at 
high risk of desaturation [42]. In patients with diffuse 
interstitial lung disease undergoing BAL or transbron-
chial lung biopsy, supplemental oxygen reduced sig-
nificant hypoxemia events [1]. Continuous NIV support 
during bronchoscopy-guided nasal intubation prevents 
severe desaturation in critically ill patients [43]. In our 
study, 74% of patients in the low oxygen saturation group 
experienced desaturation events, and 11% experienced 
prolonged and significant (> 4% change or  SpO2 < 90%) 

desaturation. Oxygen supplementation is strongly rec-
ommended in such cases [1]. Therefore, preventive oxy-
gen supplementation in the low oxygen saturation group 
may reduce desaturation events and hypoxemia-related 
complications. Among the diverse oxygenation strategies, 
evidence is scarce about the advantages of one modality 
over another [5].

Our study has limitations. First, it was retrospective in 
nature, and the number of post-bronchoscopy compli-
cations may have been underestimated. Second, not all 
adverse events were directly triggered by FB, and comor-
bid lung conditions may have had a greater effect on the 
development of adverse events. Notably, the pre-bron-
choscopy SF ratio, an indicator of hypoxemia severity, 
was a significant factor associated with post-bronchos-
copy adverse events. Therefore, we evaluated various 
putative markers for respiratory failure before FB and 
conducted propensity score matching with comorbidities 
and severity of lung disease. Even in the matched study 
population, the oxygen saturation level during FB was 
significantly associated with post-bronchoscopy adverse 
events. Third, the patients with severely fluctuating  SpO2 
during FB were not included in our analyses. This study 
was designed to include the patients exposed solely to 
either one condition  (SpO2 > 96% or  SpO2 ≤ 94%) to 
diminish the potential confounding detrimental or ben-
eficial effect of the other condition. Fourth, about 60% of 
our study population underwent bronchial washing, and 
20% and 10% received toileting and BAL, respectively. 
As the diagnostic value, availability, and preference for 
bronchoscopic procedures may vary among institutions, 
caution is warranted against generalizing our results, 
especially in institutions that frequently perform more 
invasive procedures on unstable patients. Fifth, our study 
population mainly consisted of clinically stable patients 
undergoing pre-scheduled bronchoscopy. Accordingly, 
our findings may not apply to patients with more severe 
illnesses (e.g., patients admitted to the ICU). As the car-
diopulmonary function of these patients is at a reduced 
capacity, the pathophysiological impact of hypoxemia 
during FB in this population should be investigated in 
the future. Sixth, the events in the outpatients were self-
reported during a routine follow-up within 7  days after 
FB, which may lead to recall bias. However, the interval 
between the event and recall was sufficiently short. Addi-
tionally, all of the events and additional health care uti-
lization were recorded on the electronic medical record 
(EMR), minimizing recall bias. Seventh, sampling bias 
may have affected the results. However, these were mini-
mized by adjusting the propensity scores using the covar-
iates in the patients’ baseline characteristics and clinical 
features. Finally, we did not perform further multivariable 
analysis by adjusting the covariates related to prolonged 
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hospitalization, ICU admission, or 7-day all-cause mor-
tality. Therefore, the prognosis or the medical impact of 
the adverse events should be further investigated through 
future studies.

Conclusions
Low oxygen saturation level during FB may be an inde-
pendent risk factor for post-bronchoscopy respiratory 
adverse events. An intensive monitoring system with 
preventive oxygen supplementation may benefit patients 
with low oxygen saturation levels during FB, especially in 
the high-risk subgroups.

Abbreviations
AMI: Acute myocardial infarction; BAL: Bronchoalveolar lavage; BMI: Body 
mass index; BDR: Bronchodilator test; CI: Confidence interval; COPD: Chronic 
obstructive pulmonary disease; CT: Computed tomography; DLCO: Diffusion 
capacity for the lung for carbon monoxide; DLCO/VA: Diffusion capacity for the 
lung for carbon monoxide per unit alveolar volume; EBUS-TNBA: Endobron-
chial ultrasound-guided transbronchial needle aspiration; ECG: Electrocardiog-
raphy; EMR: Electronic medical record; FB: Flexible bronchoscopy; FEV1: Forced 
expiratory volume in one second; FVC: Forced vital capacity; ICU: Intensive 
care unit; ILD: Interstitial lung disease; IQR: Interquartile range; LOS: Length 
of stay; NIV: Noninvasive ventilation; OR: Odds ratio; PaCO2: Partial pressure 
of  CO2 in arterial blood; PaO2: Partial pressure of  O2 in arterial blood; PEEP: 
Positive end-expiratory pressure; HIF-PHD: Hypoxia-inducible factor-prolyl 
hydroxylase; PY: Pack-years; ROX: Respiratory rate-oxygenation; SF ratio: SpO2/
FiO2 ratio; SD: Standard deviation; SpO2: Saturation of percutaneous oxygen; 
STROBE: Strengthening the reporting of observational studies in epidemiol-
ogy; TBLB: Transbronchial lung biopsy.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12931- 022- 02063-0.

Additional file 1: Table S1. Baseline characteristics of total and pro-
pensity score-matched patients with respiratory adverse events. Data 
are expressed as mean (± standard deviation), median (IQR), or number 
(percentage). PYs, pack-years; SD, standard deviation; IQR, interquartile 
range. Table S2. Clinical features before bronchoscopy in total and 
propensity score-matched patients with respiratory adverse events. Data 
are expressed as mean (± standard deviation), median (IQR), or number 
(percentage). FVC, forced vital capacity; FEV1, forced expiratory volume in 
one second; BDR, bronchodilator test; DLCO, diffusion capacity of the lung 
for carbon monoxide; DLCO/VA, diffusion capacity of the lung for carbon 
monoxide per unit alveolar volume; SD, standard deviation; IQR, interquar-
tile range. aBronchodilator response was assessed in 342 patients, and 
DLCO was assessed in 360 patients. Table S3. Parameters and procedures 
during bronchoscopy in patients with respiratory adverse events. Data are 
expressed as mean (± standard deviation) or number (percentage). EBUS-
TBNA, endobronchial ultrasound-guided transbronchial needle aspiration; 
TBLB, transbronchial lung biopsy. Table S4. Post-bronchoscopy adverse 
events and clinical outcomes in patients with respiratory adverse events. 
Data are expressed as median (IQR) or number (percentage). ICU, intensive 
care unit; IQR, interquartile range. Table S5. Risk factors of post-bronchos-
copy respiratory adverse events in the total population. CI, confidence 
interval; OR, odds ratio; SF ratio,  SpO2/FiO2 ratio. Covariables were selected 
according to the rule of thumb. Table S6. Sensitivity analysis to evaluate 
the relationship between the duration of low oxygen saturation and post-
bronchoscopy respiratory adverse events. CI, confidence interval; OR, odds 
ratio; SF ratio,  SpO2/FiO2 ratio.

Acknowledgements
Not applicable.

Author contributions
HWL is the guarantor of the article. SYK and HWL had full access to all the 
data in the study. They take responsibility for the integrity of the data and the 
accuracy of the data analysis. SYK and HWL had authority over manuscript 
preparations and the decision to submit the manuscript for publication. SYK 
and HWL developed the study concept and design. All authors contributed to 
the acquisition, analysis, and interpretation of data. SYK and HWL drafted the 
manuscript. All authors critically revised the manuscript for important intel-
lectual content, supervised the study, and performed patient recruitment and 
follow-up. All authors read and approved the final version of the manuscript.

Funding
This work was supported by a general clinical research grant-in-aid (Grant 
No. 04-2021-0027) from the Seoul Metropolitan Government Seoul National 
University (SMG-SNU) Boramae Medical Center.

Availability of data and materials
The datasets used or analyzed during the current study are available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Our study was conducted according to the ethical guidelines of the Declara-
tion of Helsinki in 1975. The Institutional Review Board (IRB) Committee of 
the Seoul National University Seoul Metropolitan Government (SNU-SMG) 
Boramae Medical Center approved the study protocol and waived the require-
ment for informed consent from the study participants for access to the 
electronic medical records (IRB No. 04-2021-0027).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 30 December 2021   Accepted: 23 May 2022

References
 1. Du Rand IA, Blaikley J, Booton R, Chaudhuri N, Gupta V, Khalid S, et al. 

British Thoracic Society guideline for diagnostic flexible bronchoscopy in 
adults: accredited by NICE. Thorax. 2013;68(Suppl 1):i1–44.

 2. Maranetra N, Pushpakom R, Bovornkitti S. Oxygen desaturation during 
fibreoptic bronchoscopy. J Med Assoc Thai. 1990;73(5):258–63.

 3. Rosell A, Xaubet A, Agusti C, Castella J, Puzo C, Curull V, et al. A new BAL 
fluid instillation and aspiration technique: a multicenter randomized 
study. Respir Med. 2006;100(3):529–35.

 4. Gibson PG, Breit SN, Bryant DH. Hypoxia during bronchoalveolar lavage. 
Aust N Z J Med. 1990;20(1):39–43.

 5. Pelaia C, Bruni A, Garofalo E, Rovida S, Arrighi S, Arrighi E, et al. Oxygena-
tion strategies during flexible bronchoscopy: a review of the literature. 
Respir Res. 2021;22(1):253.

 6. Antonelli M, Conti G, Riccioni L, Meduri GU. Noninvasive positive-pressure 
ventilation via face mask during bronchoscopy with BAL in high-risk 
hypoxemic patients. Chest. 1996;110(3):724–8.

 7. Jones AM, O’Driscoll R. Do all patients require supplemental oxygen dur-
ing flexible bronchoscopy? Chest. 2001;119(6):1906–9.

 8. Attaran D, Towhidi M, Toosi MAM. The relationship between peak expira-
tory flow rate before bronchoscopy and arterial oxygen desaturation 
during bronchoscopy. Acta Med Iran. 2008;12:95–8.

 9. Fang W, Chen Y, Chung Y, Woon W, Tseng C, Chang H, et al. Predictors of 
oxygen desaturation in patients undergoing diagnostic bronchoscopy. 
Chang Gung Med J. 2006;29(3):306.

https://doi.org/10.1186/s12931-022-02063-0
https://doi.org/10.1186/s12931-022-02063-0


Page 12 of 12Kim et al. Respiratory Research          (2022) 23:144 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 10. Lindholm CE, Ollman B, Snyder JV, Millen EG, Grevnik A. Cardiorespiratory 
effects of flexible fiberoptic bronchoscopy in critically ill patients. Chest. 
1978;74(4):362–8.

 11. Chu DK, Kim LH, Young PJ, Zamiri N, Almenawer SA, Jaeschke R, et al. 
Mortality and morbidity in acutely ill adults treated with liberal versus 
conservative oxygen therapy (IOTA): a systematic review and meta-analy-
sis. Lancet. 2018;391(10131):1693–705.

 12. Lundgren R, Haggmark S, Reiz S. Hemodynamic effects of flexible 
fiberoptic bronchoscopy performed under topical anesthesia. Chest. 
1982;82(3):295–9.

 13. Payne CBJ, Goyal PC, Gupta S. Effects of transoral and transnasal fiber-
optic bronchoscopy on oxygenation and cardiac rhythm. Endoscopy. 
1986;18(01):1–3.

 14. Schiffman PL, Westlake RE, Fourre JA, Leonard ET. Arterial oxygen satura-
tion and cardiac rhythm during transoral fiberoptic bronchoscopy. J Med 
Soc NJ. 1982;79(10):723–6.

 15. Shrader DL, Lakshminarayan S. The effect of fiberoptic bronchoscopy on 
cardiac rhythm. Chest. 1978;73(6):821–4.

 16. Simon M, Braune S, Frings D, Wiontzek AK, Klose H, Kluge S. High-flow 
nasal cannula oxygen versus non-invasive ventilation in patients with 
acute hypoxaemic respiratory failure undergoing flexible bronchos-
copy—a prospective randomised trial. Crit Care. 2014;18(6):712.

 17. von Elm E, Altman DG, Egger M, Pocock SJ, Gotzche PC, Vandenbroucke 
JP, et al. The Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) statement: guidelines for reporting observational 
studies. Lancet. 2007;370(9596):1453–7.

 18. Amalberti R, Benhamou D, Auroy Y, Degos L. Adverse events in medicine: 
easy to count, complicated to understand, and complex to prevent. J 
Biomed Inform. 2011;44(3):390–4.

 19. Austin PC. Balance diagnostics for comparing the distribution of baseline 
covariates between treatment groups in propensity-score matched 
samples. Stat Med. 2009;28(25):3083–107.

 20. Austin PC. An introduction to propensity score methods for reducing the 
effects of confounding in observational studies. Multivariate Behav Res. 
2011;46(3):399–424.

 21. Rassen JA, Shelat AA, Myers J, Glynn RJ, Rothman KJ, Schneeweiss S. 
One-to-many propensity score matching in cohort studies. Pharmacoepi-
demiol Drug Saf. 2012;21(Suppl 2):69–80.

 22. Cohen J. Statistical power analysis for the behavioral sciences. London: 
Routledge; 2013.

 23. Leiten EO, Martinsen EMH, Bakke PS, Eagan TML, Gronseth R. Complica-
tions and discomfort of bronchoscopy: a systematic review. Eur Clin 
Respir J. 2016;3:33324.

 24. Jin F, Mu D, Chu D, Fu E, Xie Y, Liu T. Severe complications of bronchos-
copy. Respiration. 2008;76(4):429–33.

 25. Takiguchi H, Hayama N, Oguma T, Harada K, Sato M, Horio Y, et al. 
Post-bronchoscopy pneumonia in patients suffering from lung cancer: 
development and validation of a risk prediction score. Respir Investig. 
2017;55(3):212–8.

 26. Leiten EO, Eagan TML, Martinsen EMH, Nordeide E, Husebo GR, Knudsen 
KS, et al. Complications and discomfort after research bronchoscopy in 
the MicroCOPD study. BMJ Open Respir Res. 2020;7(1):6.

 27. Sato Y, Murata K, Yamamoto M, Ishiwata T, Kitazono-Saitoh M, Wada A, 
et al. Risk factors for post-bronchoscopy pneumonia: a case–control 
study. Sci Rep. 2020;10(1):19983.

 28. Odriscoll BR, Howard LS, Earis J, Mak V. BTS guideline for oxygen use in 
adults in healthcare and emergency settings. Thorax. 2017;72:ii1–90.

 29. Barrot L, Asfar P, Mauny F, Winiszewski H, Montini F, Badie J, et al. Liberal or 
conservative oxygen therapy for acute respiratory distress syndrome. N 
Engl J Med. 2020;382(11):999–1008.

 30. Mackle D, Bellomo R, Bailey M, Beasley R, Deane A, Eastwood G, et al. 
Conservative oxygen therapy during mechanical ventilation in the ICU. N 
Engl J Med. 2020;382(11):989–98.

 31. Mohan A, Ansari A, Uniyal A, Upadhyay AD, Guleria R. Acute changes 
in physiological parameters and pulmonary function during and after 
fibreoptic bronchoscopy. Eur Respir Soc. 2011;33(1):111–2.

 32. Williams AE, Chambers RC. The mercurial nature of neutrophils: 
still an enigma in ARDS? Am J Physiol Lung Cell Mol Physiol. 
2014;306(3):L217–30.

 33. Eltzschig HK, Carmeliet P. Hypoxia and inflammation. N Engl J Med. 
2011;364(7):656–65.

 34. Robson JG. The physiology and pathology of acute hypoxia. Br J Anaesth. 
1964;36:536–41.

 35. Treacher DF, Leach RM. Oxygen transport-1. Basic principles. BMJ. 
1998;317(7168):1302–6.

 36. Leach RM, Treacher DF. Oxygen transport-2. Tissue hypoxia. BMJ. 
1998;317(7169):1370–3.

 37. Finch CA, Lenfant C. Oxygen transport in man. N Engl J Med. 
1972;286(8):407–15.

 38. Stroka DM, Burkhardt T, Desbaillets I, Wenger RH, Neil DA, Bauer C, et al. 
HIF-1 is expressed in normoxic tissue and displays an organ-specific 
regulation under systemic hypoxia. FASEB J. 2001;15(13):2445–53.

 39. Sethi S, Murphy TF. Infection in the pathogenesis and course of chronic 
obstructive pulmonary disease. N Engl J Med. 2008;359(22):2355–65.

 40. Kronenberg RS, Drage CW. Attenuation of the entilator and heart rate 
responses to hypoxia and hypercapnia with aging in normal men. J Clin 
Invest. 1973;52(8):1812–9.

 41. Davies L, Mister R, Spence DP, Calverley PM, Earis JE, Pearson MG. 
Cardiovascular consequences of fibreoptic bronchoscopy. Eur Respir J. 
1997;10(3):695–8.

 42. Milman N, Faurschou P, Grode G, Jorgensen A. Pulse oximetry during 
fibreoptic bronchoscopy in local anaesthesia: frequency of hypoxaemia 
and effect of oxygen supplementation. Respiration. 1994;61(6):342–7.

 43. Nong L, Liang E, Yu Y, Xi Y, Liu D, Zhang J, et al. Noninvasive ventilation 
support during fiberoptic bronchoscopy-guided nasotracheal intubation 
effectively prevents severe hypoxemia. J Crit Care. 2020;56:12–7.

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


	Association between oxygen saturation level during bronchoscopy and post-bronchoscopy adverse events: a retrospective cohort study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design and eligibility criteria
	Clinical indications of bronchoscopy
	Standard procedure for bronchoscopy
	Monitoring oxygen saturation (SpO2) during bronchoscopy
	Study group definition based on SpO2 level
	Variables and outcomes
	Statistical analyses

	Results
	Baseline characteristics and clinical features
	Parameters and procedures during bronchoscopy
	Post-bronchoscopy adverse events and clinical outcomes
	Relationship between the duration of low oxygen saturation and post-bronchoscopy respiratory adverse events
	Risk factors of post-bronchoscopy respiratory adverse events

	Discussion
	Conclusions
	Acknowledgements
	References


