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Abstract
Although sedation for bronchoscopy improves patient comfort, there is a risk of oversedation in elderly patients. Only a few studies
have evaluated the efficacy and safety of sedation for bronchoscopy in elderly patients.
This study retrospectively analyzed records of 210 patients who underwent transbronchial brushing and/or biopsy under

midazolam sedation at National Hospital Organization Omuta National Hospital between June 2017 and October 2019. Patients
were administered 1mg midazolam following 10mL 4% lidocaine inhalation. When sedation was insufficient, 0.5mg midazolam was
administered additionally. Diagnostic yield, incidence of complications, amount of oxygen supplementation, decreases in
percutaneous oxygen saturation (SpO2), changes in blood pressure, and degree of comfort were analyzed.
Patients were divided into the elderly (n=102) and non-elderly (n=108) groups. No significant differences were observed in

diagnostic yield and procedure time between the 2 groups, and no severe adverse events were noted in the elderly group. The
degree of comfort during bronchoscopy was significantly higher in the elderly group. In patients administered<2mg midazolam, the
amount of oxygen supplementation and decreases in SpO2 were significantly smaller in the elderly group compared to the non-
elderly group.
The risk of adverse events related to midazolam sedation in bronchoscopy does not increase with age, and sedation improves

comfort during flexible bronchoscopy in elderly patients. Moreover, a total dose of midazolam <2mg is safe for elderly patients
undergoing bronchoscopy.

Abbreviations: CT = computed tomography, ECG = electrocardiogram, NSCLC-NOS = non-small cell lung carcinoma not
otherwise specified, SpO2 = percutaneous oxygen saturation.

Keywords: bronchoscopy, complication, elderly patient, midazolam, sedation
1. Introduction

Flexible bronchoscopy is frequently performed when assessing,
diagnosing, and treating patients with respiratory disease. While
advances in modalities such as radial endobronchial ultrasound
and navigation bronchoscopy have improved diagnostic yield
and the ability to reach target lesions in the peripheral lung,
bronchoscopy is generally an uncomfortable procedure.
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Sedation improves patient comfort and tolerance during
bronchoscopy, and increases the willingness to undergo a repeat
procedure.[1,2] The use of topical anesthesia, analgesia, and
sedation during bronchoscopy varies among physicians, institu-
tions, and geographic locations. In Japan, a 2016 national
survey revealed that intravenous sedatives/anesthetics are
routinely administered at 49% of all facilities.[3] The British
Thoracic Society guidelines recommend sedating patients under-
going bronchoscopic examination, unless contraindicated.[4] Yet,
some studies have suggested that sedation should remain an option
andbeprovidedaccording topatientpreference andcomorbidities,
as unsedated bronchoscopy may be tolerable in some cases.[5,6]

Whendelivering sedatives, bronchoscopists should carefully titrate
doses to avoid oversedation. Dose adjustment is recommended in
patients with advanced age and liver cirrhosis, as benzodiazepines
are metabolized more slowly in these patients.[7]

Only a limited number of studies have evaluated the efficacy
and safety of sedation for bronchoscopy in elderly patients.
Regarding the safety of bronchoscopy, some studies have
reported that older patients tolerate the procedure well with
no increase in complications,[8,9] whereas others found higher
complication rates and mortality rates in those aged ≥80 years
compared to young patients.[10] Although dose adjustment is
important in elderly patients, no study to date has determined a
safe and feasible midazolam dose for bronchoscopy in elderly
patients. To this end, the present retrospective study aimed to
determine an optimal midazolam dose for bronchoscopy in
elderly patients based on changes in respiratory parameters.
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2. Methods

2.1. Subjects

This study retrospectively analyzed records of 210 elderly and
non-elderly patients with suspected lung cancer who underwent
transbronchial brushing and/or biopsy under sedation and local
anesthesia at National Hospital Organization Omuta National
Hospital between June 2017 and October 2019. Exclusion
criteria were respiratory failure with percutaneous oxygen
saturation (SpO2) <90% (room air at rest); history of severe
drug allergy to midazolam; history of myocardial infarction
within 6 weeks; presence of a proximal airway lesion (located
proximal to the segmental bronchus); and incomplete clinical
data. Informed consent was obtained from each patient prior to
bronchoscopy. This study was approved by the ethics committee
of National Hospital Organization Omuta National Hospital.
2.2. Procedure, sedation, and monitoring

Patients were administered 1.0mg midazolam following 10mL
4% lidocaine inhalation. When sedation was insufficient,
additional midazolam was administered (0.5mg at a time) until
sufficient sedationwas achieved.The desireddepth of sedationwas
‘conscious’ sedation, where the patient remains in verbal contact.
Flexible bronchoscopy was performed using BF-260 and BF-P290
videobronchoscopes (Olympus Corporation, Tokyo, Japan) after
confirming sedation. In all patients, SpO2 and electrocardiogram
(ECG) were continuously monitored, and intermittent blood
pressure was measured. Oxygen inhalation was provided to
patients with significant desaturation (SpO2 <90%). Oxygen
supplementation was titrated to achieve SpO2 >90%. Following
diagnostic bronchoscopy, a chest x-ray was obtained in each
patient in order to check for the occurrence of pneumothorax.
Diagnostic yield, incidence of complications, amount of oxygen

supplementation, decreases in SpO2, changes inbloodpressure, and
degree of comfort in elderly patients (≥75 years) and non-elderly
patients (<75 years) were analyzed.Non-diagnostic bronchoscopic
findings were validated by video-assisted thoracoscopic surgery,
computed tomography (CT)-guidedneedlebiopsy, or thoracentesis.
When a patient refused to undergo these procedures, radiological
follow-upwas performed. Thediagnostic yieldwas evaluated based
on the final pathological diagnosis. Patients were asked to rate the
degree of comfort using a questionnaire sheet provided after the
bronchoscopic examination (5, great; 4, good; 3, normal; 2,
uncomfortable; and 1, very uncomfortable) and the willingness to
undergo re-examination (yes/no).
The following complications were examined: pneumothorax,

hemorrhage (blood loss of ≥300mL, or need for blood
transfusion), pulmonary infections (pneumonia and/or pleuritis),
bronchial asthma, respiratory failure (excluding those treated
with oxygen administration alone), lidocaine intoxication, falls,
and complications related to the circulatory system and requiring
special treatment (e.g., heart failure, myocardial infarction,
arrhythmia, and cerebral infarction).
2.3. Factors associated with complications

Some factors, including patient characteristics, are known to
influence the risk of complications.[4] Moreover, dose adjustment
is recommended in patients with advanced age and liver cirrhosis,
as benzodiazepines are metabolized more slowly in these
patients.[7] Accordingly, comorbidities, blood pressure, respira-
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tory status before bronchoscopy, and dose of midazolam were
considered potential confounders in this study.
2.4. Statistical analysis

The t test was used to compare normally distributed continuous
variables between groups. The Wilcoxon signed-rank test was
used to compare nominal variables or ordinal variables.
Statistical analysis was performed using the JMP version 15.0
(SAS Institute, Cary, NC). P< .05 was considered statistically
significant.
3. Results

From June 2017 to October 2019, a total of 243 patients
underwent bronchoscopy under local anesthesia and sedation.
Twenty-four patients were excluded due to proximal airway
lesions or respiratory failure. The elderly group comprised 102
patients aged ≥75 years, and the non-elderly group comprised
108 patients aged<75 years (Fig. 1). Patient characteristics are
summarized in Table 1. Median age was 81 years in the elderly
group and 70 years in the non-elderly group. Baseline respiratory
conditions were similar between the 2 groups. SpO2 values were
96.7 ± 0.1% and 97.0±0.1% in the elderly and non-elderly
groups, respectively. The percent predicted forced expiratory
volume in 1 second and percent predicted vital capacity were
80.5±3.3% and 85.8±2.3%, respectively, in the elderly group,
and 78.2±3.1% and 86.5±2.2%, respectively, in the non-
elderly group. Underlying diseases were more common in the
elderly group than in the non-elderly group.
The characteristics of lesions are provided in Table 2. No

significant differences were observed between the elderly and
non-elderly groups in terms of location, size, structure, and
bronchus sign. The most common site of lesions was the upper
lobe, followed by the lower lobe, in both groups. With respect to
CT appearance in the elderly group, 92 lesions were solid, 10
were ground glass opacities (GGOs), and 54 had a positive
bronchus sign, with a median size of 30mm (range, 9 – 75mm).
In the non-elderly group, 90 lesions were solid, 18 were GGOs,
and 62 had a positive bronchus sign, with a median size of 25mm
(range, 9 – 75mm).
Diagnoses of pulmonary lesions are provided in Table 3. In the

elderly group, 60 (69.0%) patients had adenocarcinoma, 10
(11.5%) had squamous cell carcinoma, 12 (13.8%) had non-
small cell lung carcinoma not otherwise specified, 1 (1.1%) had
small cell carcinoma, 2 (2.3%) had organizing pneumonia, and 2
(2.3%) had lymphoma. In the non-elderly group, 62 (66.7%)
patients had adenocarcinoma, 10 (10.8%) had squamous cell
carcinoma, 10 (10.8%) had non-small cell lung carcinoma not
otherwise specified, 1 (1.1%) had small cell carcinoma, 6 (6.5%)
had organizing pneumonia, 2 (2.2%) had lymphoma, and 2
(2.2%) had nontuberculous mycobacteriosis. Diagnostic yields
were similar between the 2 groups, at 69.0% and 66.7% in the
elderly and non-elderly groups, respectively.
Table 4 provides the vital parameters and complications for the

2 groups. No significant differences were observed between the
elderly and non-elderly groups in terms of procedure times,
changes in systolic blood pressure, and maximum rate–pressure
product. Both elderly and non-elderly patients recovered
cognitive ability within a few minutes after bronchoscopy. None
of the patients experienced falls within 24hours post-bronchos-
copy. None of the patients in the elderly group developed



234 patients with suspected lung cancer who underwent 
transbronchial brushing and/or biopsy
under sedation and local anesthesia

210 eligible patients

24 excluded
・proximal airway lesion (n = 22)
・respiratory failure (n = 2)

102 elderly patients (≥75 years) 108 non-elderly patients (<75 years)

Figure 1. Study flow diagram.
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complications, whereas 1 patient in the non-elderly group
developed pneumothorax. The dose of midazolam was lower in
the elderly group (1.3±0.4mg) compared to the non-elderly
group (1.7±0.5mg, P= .03). None of the patients were
administered an antagonist to recover from sedation. Mean
lowest SpO2 during bronchoscopy was 91.3±0.3% in the elderly
group and 89.4±0.6% in the non-elderly group (P= .02). The
decrease in SpO2 was greater in the non-elderly group (7.6±
0.6%) than in the elderly group (5.4±0.3%, P= .01). The
Table 1

Patient characteristics.

Patients (n)
Elderly group

(102)
Non-elderly group

(108) P

Male / Female (%) 53.0 / 47.0 55.6 / 44.4
Age - yr (median, range) 81 (75–92) 70 (63–74)
Smoking (yes/no, %) 60 / 40 68 / 32
Baseline systolic blood pressure

(mm Hg) (mean±SD)
131±18 135±17 .17

Baseline SpO2 (%) (mean±SD) 96.7±0.1 97.0±0.1 .19
FEV1.0% predicted (mean±SD) 80.5±3.3 78.2±3.1 .41
VC % predicted (mean±SD) 85.8±2.3 86.5±2.2 .46
Underlying disease (n)
Hypertension 48 52 .46
COPD 10 14 .24
Idiopathic interstitial pneumonia 10 6 .13
Chronic heart failure 9 4 .06
Diabetes 25 12 .01
Cerebrovascular disease 13 4 .02
Bronchial asthma 2 6 .09
Collagen disease 2 6 .09
Arrhythmia 2 3 .35
Deep vein thrombosis 1 5 .05
Previous thoracic surgery 4 5 .40

COPD = chronic obstructive pulmonary disease, FEV1.0= forced expiratory volume in 1 second, SpO2
= percutaneous oxygen saturation, VC = vital capacity.
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required amount of oxygen was also greater in the non-elderly
group (2.3±0.2L/min) than in the elderly group (1.7±0.1L/
minP= .03). In patients administered ≥2mg midazolam, mini-
mum SpO2, decrease in SpO2, and oxygen supplementation did
not significantly differ between the elderly and non-elderly
groups (Fig. 2).
Comfort was rated significantly higher by patients in the

elderly group (3.6±0.1) than those in the non-elderly group (3.2
±0.1, P= .02) (Fig. 3A). The willingness to undergo re-
examination was similar between the 2 groups (85% and 94%
in the elderly and non-elderly groups, respectively; P= .13)
(Fig. 3B).

4. Discussion

The present study retrospectively analyzed the efficacy and safety
of bronchoscopy performed under sedation and local anesthesia
in elderly patients. Diagnostic yields and the willingness to
undergo re-examination by bronchoscopy performed under
sedation were similar between the elderly and non-elderly
groups, while the degree of comfort was higher in the elderly
Table 2

Lesion characteristics.

Elderly
group

Non-elderly
group P

Location (n) rt./lt. upper lobe 56 60 .88
rt. middle lobe 8 6
rt./lt. lower lobe 38 42
Lesion size long axis (mm) (median (range)) 30 (9–75) 25 (9–75) .30
Feature (n) Solid 92 90 .16
GGO 10 18
Bronchus sign (n) positive 54 62 .36
negative 48 46

GGO=ground glass opacity, rt.= right, lt.= left.

http://www.md-journal.com


Table 3

Diagnoses of pulmonary lesions.

Diagnosis (n) Elderly group Non-elderly group

Adenocarcinoma 60 62
Squamous cell carcinoma 10 10
NSCLC-NOS 12 10
Small cell carcinoma 1 1
Organizing pneumonia 2 6
Lymphoma 2 2
Nontuberculous mycobacteriosis 0 2
Unknown 15 15

NSCLC-NOS=non-small cell lung carcinoma not otherwise specified.
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group than non-elderly group. These results suggest that
bronchoscopy under sedation in elderly patients is as effective
as it is in non-elderly patients. Moreover, although complication
rates were similar between the elderly and non-elderly groups, the
decrease in SpO2 and oxygen supplementation during bronchos-
copy were lower in elderly patients than in non-elderly patients.
These findings suggest that bronchoscopy under sedation in
elderly patients is safer than in non-elderly patients.
Intravenous midazolam is a preferred agent for sedation due to

its rapid onset of action and relatively short duration of effect.
Patients with advanced age and impaired liver function are more
prone to adverse effects, possibly due to slower benzodiazepine
metabolism. Korttila et al[11] reported that patients aged ≥60
years had an extended duration of impaired coordination. In
addition, the average serum benzodiazepine concentration 2
hours after sedation was reportedly 2-fold higher in patients aged
≥70 years than in those aged <40 years. These findings suggest
that elderly patients are more likely to require lower doses of
sedatives for bronchoscopy.[4] In fact, in the present study, the
required dose of midazolam to achieve sufficient sedation
was lower in the elderly group than in the non-elderly group.
In addition, elderly patients did not experience cognitive
impairment or falls, suggesting that using a low dose of
midazolam reduces the risk of falls and cognitive impairment
after bronchoscopy under sedation in elderly patients. Previous
studies and guidelines stated that the initial dose of midazolam
during bronchoscopy should be lower in elderly patients than in
non-elderly patients and that additional administrations should
be given in small doses.[4,7,12] But there was no mention of the
recommended total midazolam dose for elderly patients during
Table 4

Vital parameters and complications.

Procedure time (min) (mean±SD)
Dose of midazolam (mg) (mean (range))
Maximum systolic blood pressure (mm Hg) (mean±SD)
Minimum systolic blood pressure (mm Hg) (mean±SD)
Maximum rate–pressure product (heart rate� systolic blood pressure) (mmHg/min) (mean±
Minimum SpO2 (%) (mean±SD)
Decrease in SpO2 (%) (mean±SD)
Oxygen supplementation (L/min)
(mean±SD)
Complications (n)

SD = standard deviation, SpO2=percutaneous oxygen saturation.
∗
P< .05.
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bronchoscopy. Ulasli et al reported that patients aged ≥65 years
showed a higher incidence of respiratory depression than in those
aged<65 years despite initial dose ofmidazolamwas 1mg during
bronchscopy.[13] McLaughlin et al reported that hypoxemia
occurred more frequently in octogenarians despite receiving
lower doses of midazolam compared to younger patients.[14] In
the present study, however, the decrease in SpO2 was lower in the
elderly group than in the non-elderly group. The total dose of
midazolam administered to elderly patients was lower in the
present study (1.3±0.4mg) compared to the above-mentioned
study (2.0±0.9mg),[14] and this difference might reflect different
respiratory conditions in elderly patients. In patients adminis-
tered ≥2mg midazolam in the present study, minimum SpO2 was
slightly lower in the elderly group (89.6±0.7%) than in the non-
elderly group (90.4±0.5%) (not significant, p= .31), whereas in
those administered <2mg midazolam, minimum SpO2 was
significantly lower in the non-elderly group (90.5±0.6%) than in
the elderly group (91.8±0.3%). These findings suggest that a
total dose of midazolam <2mg is suitable for elderly patients
undergoing bronchoscopy.
Many factors influence the risk of complications, including

patient characteristics.[4] The rate–pressure product (heart rate�
systolic blood pressure) during bronchoscopy can approach or
exceed the level associated with silent myocardial ischemia,
particularly in patients with hypertension.[15] Increases in systolic
blood pressure and heart rate during bronchoscopy are
associated with ECG changes in 15% of patients.[16] In addition,
ECG changes are correlated with older age and a higher pack-
year smoking history, but not with lung function or initial oxygen
saturation.[16] In the present study, smoking history was similar
in the 2 groups, and patients with hypertension were common in
both groups (roughly 50%). Moreover, the rate–pressure
product during bronchoscopy did not significantly differ between
groups. While diabetes and cerebrovascular disease were more
frequently observed in elderly patients than in non-elderly
patients, none of the elderly patients developed severe compli-
cations defined in the protocol. These findings suggest that
complication rates do not necessarily increase in patients with
advanced age.
Several factors affect the diagnostic yield of bronchoscopy

for peripheral pulmonary lesions. Rivera et al[17] reported a
sensitivity of 34% for peripheral lesions<2cm in diameter, while
that for peripheral lesions >2cm in diameter was 63%.
A bronchus sign on CT refers to an air-filled bronchus leading
to a peripheral pulmonary lesion.[18] Ali et al[19] reported an odds
Elderly group Non-elderly group P

35±1.2 36±1.2 .43
1.3 (1.0–3.5)

∗
1.7 (1.0–3.5) .03

146±34 157±24 .12
129±31 136±19 .26

SD) 11773±3244 12826±4339 .13
91.3±0.3

∗
89.4±0.6 .02

5.4±0.3
∗

7.6±0.6 .01

1.7±0.1
∗

2.3±0.2 .03
0 1 (pneumothorax)
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ratio of 3.4 (95% confidence interval, 2.4 – 5.0) for successfully
diagnosing a peripheral pulmonary lesion with a bronchus sign.
The present study found no significant differences in lesions
between the elderly and non-elderly groups in terms of location,
size, structure, and bronchus sign. The similarities in radiologic
findings might explain the similar diagnostic yield and examina-
tion time in the 2 groups.
The willingness to undergo re-examination was a relevant

factor in the present study, since patients undergoing bronchos-
copy for oncological diagnostic purposes are often required to
undergo a repeat procedure to confirm the diagnosis, examine
gene mutations, and inspect new lesions. The characteristics,
previous healthcare experience, and expectations of patients, as
well as the type of procedure and post-procedure care, all play a
role in determining the degree of patient satisfaction with
bronchoscopy. Lechtzin et al[20] reported that patients who are
more willing to return for a repeat bronchoscopy had a better
general health status, experienced less pain with bronchoscope
insertion, and were provided with better quality information
about the procedure. Hirose et al[21] reported that male sex,
shorter examination time, and less discomfort from coughing,
pharyngeal pain, and swallowing were associated with higher
patient satisfaction.
In the present study, the procedure time was similar in elderly

and non-elderly groups, with elderly patients experiencing less
discomfort with bronchoscopy than non-elderly patients. The
high rate of willingness to undergo re-examination in both elderly
5

and non-elderly groups suggests that sedation for bronchoscopy
contributes to patient comfort regardless of age.
This study has some limitations. First, since the study was

conducted at a single institution using a retrospective design, the
findings are not generalizable. Second, patients with respiratory
failure were excluded from the study. Consequently, all patients
had normal or mild impairment of respiratory function, and thus,
the present findings may apply to patients with near normal
respiratory function who do not require oxygen supplementation
before bronchoscopy.
5. Conclusions

The risk of adverse events related to midazolam sedation in
flexible bronchoscopy did not increase with age, and sedation for
bronchoscopy improved patient comfort to a higher degree in
elderly patients than in non-elderly patients. Moreover, bron-
choscopy under sedation with <2mg midazolam was safer in
elderly patients than in non-elderly patients. It is a novel finding
that a total dose of midazolam <2mg is suitable for elderly
patients undergoing bronchoscopy. The present study will assist
clinicians when adjusting midazolam dosage for elderly patients
undergoing bronchoscopy. Although respiratory function
declines with age, the present study did not analyze patients
with respiratory failure. Further studies to assess the efficacy and
safety of sedation for bronchoscopy in this patient population are
warranted.
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