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Abstract: Objective: To investigate the clinical effect of different doses of midazolam combined with fentanyl during 
painless bronchoscopy in adult patients. Methods: In this retrospective study, a total of 200 patients who underwent 
painless bronchoscopy in The First People’s Hospital of Wenling from January 2018 to January 2021 were selected 
as research subjects. These patients were assigned into an experimental group and a control group with 100 pa-
tients in each group. Patients from the experimental group were sedated with an intravenous infusion of 0.05 mg/
kg midazolam and 0.2 μg/kg fentanyl, while patients from the control group were sedated using 0.1 mg/kg mid-
azolam and 0.2 μg/kg fentanyl. The changes in heart rate (HR), saturation of pulse oximetry (SpO2), systolic blood 
pressure (SBP), and diastolic blood pressure (DBP) before and at 10 minutes after administration were compared 
between the two groups. Ramsay sedation scale, RSS agitation scale, awaking time, incidence of adverse reactions, 
and anesthetic effects were also compared. Results: After medication, there was no significant difference in terms 
of HR, SBP, or DBP values between the two groups. The SpO2 value in the experimental group was higher than 
that in the control group (96.93±1.10% vs. 94.78±0.83%, P<0.05). Ramsay sedation scale of patients from the 
experimental group after medication was (3.88±0.66), which was significantly higher than that of the control group 
(2.32±0.63), while RSS agitation score in the experimental group was (1.08±0.16), lower than that of the control 
group (2.32±0.63). The awaking time in the experimental group was shorter than that in control group (43.60±3.30 
min vs. 50.19±4.45 min, P<0.05). Moreover, the incidence of mild cough or no cough in the experimental group was 
significantly better than in the control group (P<0.05). The overall incidence of adverse reactions in the experimental 
group was lower than that of the control group (5.00% vs. 13.00%, P<0.05). In addition, the anesthetic effect in 
the experimental group was better than that of the control group (90% vs. 80%, P<0.05). Conclusion: The use of 
0.05 mg/kg midazolam combined with 0.2 μg/kg fentanyl in adult painless bronchoscopy has little effect on SpO2 
levels, possesses a good sedative and anesthetic effect, and reduces the awaking time, restlessness response, and 
adverse reactions.
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Introduction

Bronchoscopy is considered as the gold stan-
dard for the diagnosis and treatment of respira-
tory diseases. During the clinical examination, 
a slender bronchoscope is inserted into the 
lower respiratory tract through the patient’s 
oral or nasal cavity. Through the observation  
of the bronchial cavity, the location of the lesion 
is determined, and then steps such as brush-
ing, biopsy, and lavage are performed [1, 2]. 
Bronchoscopy can detect lung cancer, inflam-
matory lesions, tuberculosis and other respira-
tory diseases at an early stage, and make a dif-
ferential diagnosis of the cause. In addition, 

during the treatment of patients with cancer, 
bronchoscopy is used to evaluate the clini- 
cal treatment effect. For palliative surgery of 
patients with advanced cancer, bronchoscopy 
makes the patient’s airway more open which 
helps to improve the treatment effect.

In recent years, with improved anesthesia, 
many hospitals in China have implemented 
painless fiberoptic bronchoscopy, which is bron-
choscopy under general anesthesia. This reduc-
es the patient’s nervousness and lack of coop-
eration, and relieves pain [3, 4]. Fentanyl is an 
opioid commonly used for general anesthesia. 
Fentanyl can quickly reach the blood-brain bar-
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rier within one minute and decay rapidly in tis-
sues and blood, so it has a rapid effect and a 
short maintenance time. Because of the above 
characteristics, Fentanyl is used in combina-
tion with other drugs in the induction of general 
anesthesia [5, 6]. Many studies revealed that 
opioids can inhibit the production and release 
of stress hormones such as catecholamines 
through the sympathetic-adrenomedullary axis, 
further reducing the stimulatory response 
caused by airway manipulation, decreasing the 
intensity of the stress response, and maintain-
ing the stability of the body’s hemodynamics 
[7]. Another study showed that opioids should 
not be used alone for bronchoscopic anesthe-
sia [8]. Midazolam is a very fast-acting benzodi-
azepine drug. Midazolam injection has effects 
of anti-anxiety, sedation, hypnosis, anticonvul-
sion and muscle relaxation. Midazolam injec-
tion can be used as an adjuvant drug for preop-
erative sedation, spinal anesthesia and local 
anesthesia, and also is applied for sedative 
care in critically ill patients. In addition, mid-
azolam is usually exploited in clinical diagnostic 
or therapeutic operations such as cardiovascu-
lar angiography, bronchoscopy, and gastroin-
testinal endoscopy [9, 10]. It was reported that 
a benzodiazepine plus opioid could better 
reduce the cough response and improve com-
fort and tolerability in contrast to benzodiaze-
pine alone [11]. Recently, in New Zealand and 
Australia, a survey showed that 94% of pulmon-
ologists used a two-sedative combination, and 
of these, 96% used the combination of midazol-
am and fentanyl [12]. In the United Kingdom, 
89% of pulmonologists used sedation for bron-
choscopy [13]. In China, data regarding low 
dose of midazolam combined with fentanyl for 
sedation during painless bronchoscopy in adult 
patients are not available. Moreover, the effects 
of midazolam combined with fentanyl during 
painless bronchoscopy remain controversial 
[14]. The purpose of the present study was to 
investigate the effects of different doses of 
midazolam combined with fentanyl during pain-
less bronchoscopy in adult patients. The results 
of this study may provide evidence for use in 
clinical practice. 

Materials and methods

Patients

This research was approved by the Ethics 
Committee of The First People’s Hospital of 

Wenling. In this retrospective trial, 200 patien- 
ts undergoing painless bronchoscopy in the 
Department of anesthesiology in our hospital 
between January 2018 and January 2021 were 
selected as participants. The inclusion criteria 
were as follows: patients who aged from 30 to 
60 years old; patients who underwent anes-
thetic indications; patients in American Society 
of Anesthesiologists physical status of I or II; 
patients with body mass index between 18 kg/
m2 and 27 kg/m2; patients received the treat-
ment voluntarily. The exclusion criteria were as 
follows: patients who were suffered from con-
genital or other heart diseases; patients with 
hepatic or renal dysfunction, cardiac or cere-
bral insufficiency, or coagulation disorders; 
patients with a history of hypotension, tachy-
cardia, glaucoma, bronchial asthma or snoring; 
patients with immune system disease or elec-
trolyte disturbance; patients who were allergic 
to anesthetic, or received long-term use of opi-
oids; patients under went bronchoscopy for 
more than half an hour; patients with contrain-
dications to anesthetic drugs. The patients 
were scheduled to undergo painless bronchos-
copy using different doses of midazolam com-
bined with fentanyl. According to the medi- 
cations they received, all the patients were 
assigned into a control group and an experi-
mental group, with 100 cases in each group.

Anesthesia methods

Before painless bronchoscopy, the routine food 
and water fasting were for 5 h and 2 h, respec-
tively. When patients were in the examination 
room, the peripheral venous channel in unilat-
eral upper limb was open, and slow intravenous 
infusion of 500 ml of saline sodium chloride 
injection (No. H19994066, Baxter Healthcare 
(Shanghai) Co., Ltd.) was performed at the 
speed of 10 ml/min. The continuous oxygen 
inhalation (3-4 L/min) was also conducted. The 
electrocardiographic (EKG) monitoring was per-
formed to record the vital signs such as heart 
rate (HR), oxygen saturation (SPO2), systolic 
blood pressure (SBP) and diastolic blood pres-
sure (DBP). The equipment including a respira-
tor, invasive ventilator, endotracheal intubation, 
defibrillator and so on, and cardiopulmonary 
resuscitation-related rescue drugs were rou-
tinely prepared. Bronchial mucosal surface 
anesthesia was provided using 10 ml of 2% 
lidocaine (No. H31021071, Shanghai Zhaohui 



Midazolam plus fentanyl for bronchoscopy

565 Am J Transl Res 2023;15(1):563-572

Pharmaceutical Co., Ltd.) in the form of a nebu-
lized inhalation.

In the experimental group, midazolam (No. 
H20113433, Jiangsu Jiuxu Pharmaceutical 
Co., Ltd.) was administered intravenously at 
0.05 mg/kg, and fentanyl (No. H20113508, 
Jiangsu Nhwa Pharmaceutical Co., Ltd.) was 
given intravenously at 0.2 μg/kg. In the control 
group, midazolam was provided intravenously 
at 0.1 mg/kg, and fentanyl was given intrave-
nously at 0.2 μg/kg. The sedative and analge-
sic medications were administered by an anes-
thesiologist. The bronchoscopy was performed 
when patients fell asleep, with steady breath-
ing and no eyelash reflexes. During the exami-
nation, if the SpO2 was lower than 90%, the 
patient’s jaw was lifted, and they were called to 
take a breath while increasing the oxygen flow 
until the SpO2 was raised. The bronchoscopy 
was terminated if SpO2 continued to decrease 
and was lower than 80%. At the end of  
bronchoscopy, patients were awakened using 7 
μg/kg flumazenil (No. H20113191, Yichang 
Humanwell Pharmaceutical Co., Ltd.). Patients 
went back to the inpatient ward or left the hos-
pital when the Aldrete score was more than 9 
points.

Observed outcomes

(1) Vital sign indicators including HR, SpO2, SBP, 
and DBP were recorded before and at 10 min-
utes after the medication using EKG monitors. 
(2) Sedation status was evaluated 10 minutes 
after the medication using the Ramsay seda-
tion scale [15]. To be specific, 1 point: patient 
shows anxiety and restlessness; 2 points: 
patient is quiet and cooperative; 3 points: 
patient only responds to instructions; 4 points: 
patient falls asleep, but has quick response 
when the glabella was slightly tapped and a 
loud shout was performed; 5 points: patient 
falls asleep with slow response when the gla-
bella was slightly tapped and a loud shout was 
performed; 6 points: patient is in deep sleep 
and has no response to stimulation. Mode- 
rate sedation is from 2 points to 4 points, and 
within this range, higher scores indicate a bet-
ter sedation effect. (3) Wakefulness state [16] 
was evaluated using RSS agitation scale. 0 
point: patient is quiet; 1 point: patient has mild 
agitation, such as intermittent moan; 2 points: 
patient has continuous moan but not strong 
agitation in the limbs; 3 points: patient has 

severe agitation with vigorous struggle or 
shouting. Higher scores suggest a  more obvi-
ous agitation [17]. (4) Cough conditions: were 
evaluated after waking up. The cough was grad-
ed  severe, moderate, mild, or none according 
to a previous report [18]. (5) The adverse reac-
tions in patients were recorded and compared 
between the two groups. The adverse reactions 
included nausea, vomitus, inappetence, rest-
lessness and respiratory inhibition. (6) Anes- 
thetic effects were evaluated. Excellent out-
come: the glottis opened well and no choking or 
occasional cough while the bronchoscope was 
inserted. Good outcome was considered: the 
glottis opened well, and the bronchoscope 
entered relatively smoothly, but paroxysmal 
cough occurred 3-5 times. General outcome: 
the glottis opened not well, and patients still 
had nausea reflection. Also, the bronchoscope 
did not enter smoothly, and obvious paroxysmal 
cough occurred more than 7-8 times. Patients 
were restless, but there was no obvious cyano-
sis or suffocation. Poor outcome: the glottis did 
not open well, and patients still had reflux, the 
bronchoscope did not enter smoothly, with 
heavy paroxysmal cough and restlessness, and 
there were cyanosis and suffocation. Total 
excellent and good rate was calculated accord-
ing to the following formula: Total excellent and 
good rate = (Number of excellent and good 
cases/total number of cases) × 100%. 

Statistical evaluation

The SPSS 23.0 (IBM Corp., Armonk, NY, USA) 
was applied to analyze the collected data,  
and GraphPad prism 5.0 statistical software 
(GraphPad Software Inc., San Diego, CA, USA) 
was used as the graphic software in this study. 
Normally distributed quantitative data were 
expressed as mean ± standard deviation (SD). 
T test was used to examine the differences 
between the control group and experimental 
group. Counted data were presented as rate 
(%) and were analyzed using the χ2 test. P<0.05 
indicated a statistical difference. 

Results

Comparison of general information between 
the two groups

In the control group, 49 patients were male and 
51 were female. They had a mean age of 
37.55±5.48 years old, a mean weight of 
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63.48±1.40 kg/m2, an average course of dis-
ease of 3.11±0.74 d, and there were 17 cases 
with pneumonia, 22 cases with bronchiectasis 
infection, 28 cases with chronic obstructive 
pulmonary disease, 29 cases with pulmonary 
space occupying lesion, and 4 cases with  
pulmonary tuberculosis. In the experimental 
group, 52 patients were male and 48 were 
female. They had an average age of 37.53±5.51 
years old, an average weight of 63.51±1.37 
kg/m2, a mean course of disease of 3.08±0.72 
d, and there were 19 cases with pneumonia, 21 
cases with bronchiectasis infection, 26 cases 
with chronic obstructive pulmonary disease, 26 
cases with pulmonary space occupying lesion, 
and 8 cases with pulmonary tuberculosis. No 
significant difference was observed in age, sex, 
weight, course of disease, or type of disease 
between the two groups (P>0.05, Table 1).

Comparison of vital signs between the two 
groups

Before medication, there were no statistical dif-
ferences in HR, SpO2, SBP, or DBP between the 
two groups. After medication, the control group 
had an average HR of 79.07±6.12/min, a mean 
SpO2 of 94.78±0.83%, an average SBP of 
114.04±5.40 mmHg and an average DBP of 
75.86±7.91 mmHg. The experimental group 
had a mean HR of 78.86±5.52/min, a mean 
SpO2 of 96.93±1.10%, a mean SBP of 115.81± 
5.54 mmHg, and a mean DBP of 75.06±7.59 
mmHg. No significant difference was found 
after medication in HR, SBP, or DBP between 
the two groups. Significant difference was 
observed in SpO2 index between the two groups 
(P<0.05), as shown in Table 2.

Comparison of sedation status and awake 
state between groups 

In the control group, Ramsay sedation scale, 
RSS agitation scale, and awakening time were 
2.32±0.63, 2.32±0.63, and 50.19±4.45 min, 
respectively. In the experimental group, Ram- 
say sedation scale, RSS agitation scale, and 
awakening time were 3.88±0.66, 1.08±0.16, 
and 43.60±3.30 min, respectively. After medi-
cation, Ramsay sedation scale in the experi-
mental group was higher than that of control 
group, while RSS agitation scale and awaken-
ing time were significantly lower than in the con-
trol group, (all P<0.001), as described in Table 
3.

Comparison of cough conditions between 
groups

As described in Table 4, in the control group, 
there were 21 cases with no cough, 36 cases 
with mild cough, 38 cases with moderate cough 
and 5 cases with severe cough, while in the 
experimental group, there were 41 patients 
with no cough, 22 patients with mild cough, 35 
patients with moderate cough and 2 patients 
with severe cough. The difference was signifi-
cant (P<0.05). 

Comparison of adverse reaction between 
groups

As described in Table 5, in the control group, 
there were 2 cases with nausea, 2 cases with 
vomitus, 2 cases dizzy, 3 cases with inappe-
tence, 2 cases with restlessness and 2 cases 
with respiratory inhibition, while in the experi-
mental group, there were 1 case with nausea, 1 

Table 1. Comparison of general information between the two groups
Value Control group (n=50) Experimental group (n=50) t/χ2 value P value
Male/female (Cases) 49/51 52/48 0.180 0.671
Age (years) 37.55±5.48 37.53±5.51 0.026 0.979
Weight (kg) 63.48±1.40 63.51±1.37 0.153 0.878
Course of disease (d) 3.11±0.74 3.08±0.72 0.291 0.772
Type of disease (Cases) 0.251 0.578
    Pneumonia 17 19
    Bronchiectasis infection 22 21
    Chronic obstructive pulmonary disease 28 26
    Pulmonary space-occupying 29 26
    Pulmonary tuberculosis 4 8
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Table 2. Comparison of vital signs indexes between the two groups

Group Cases
HR (Rate/min) SpO2 (%)

Before
medications

10 min After
medications

30 min After
medications

10 min after 
withdrawal

Before
medications

10 min After 
medications

30 min After 
medications

10 min after 
withdrawal

Experimental group 100 76.24±4.68 78.86±5.52 79.35±5.74 80.05±6.14 97.65±0.66 96.93±1.10 97.10±1.14 97.42±0.96
Control group 100 76.26±4.67 79.07±6.12 79.58±5.69 80.16±6.35 97.33±0.97 94.78±0.83 95.88±0.97 96.45±0.87
t value 0.145 0.350 0.275 0.452 0.586 4.383 2.154 1.062
P value 0.965 0.830 0.906 0.804 0.760 0.026 0.068 0.125

Group Cases
SBP (mmHg) DBP (mmHg)

Before
medications

10 min After
medications

30 min After
medications

10 min after 
withdrawal

Before
medications

10 min After 
medications

30 min After 
medications

10 min after 
withdrawal

Experimental group 100 123.49±3.65 115.81±5.54 118.75±6.12 120.19±6.64 76.13±8.32 75.06±7.59* 74.91±7.14 76.08±6.87
Control group 100 123.44±3.35 114.04±5.40 117.86±5.95 119.39±6.04 76.73±8.12 75.86±7.91* 75.08±7.37 76.65±6.96
t value 0.539 0.605 0.716 0.655 0.373 0.483 0.154 0.262
P value 0.771 0.698 0.653 0.674 0.822 0.796 0.942 0.918
Note: Compared to that before medications, *P<0.05. HR: Heart Rate; SpO2: Oxygen Saturation; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure.
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case with vomitus, 1 case dizzy, 1 case with 
inappetence and 1 case with respiratory inhibi-
tion. The overall adverse reaction rate in the 
experimental group was significantly lower than 
in the control group (5% vs. 13%, P<0.05). 

Comparison of anesthetic effect between 
groups

As described in Table 6, in the control group, 
there were 32 cases with excellent effect and 
48 cases with good effect, while in the experi-
mental group, there were 40 cases with excel-
lent 48 cases with good effect. The excellent 
and good rate in the experimental group was 
90%, which was significantly higher in the con-
trol group (P<0.05).

Discussion

Ordinary bronchoscopic examination is per-
formed when the patient is awake. During the 
examination, the bronchoscope passes through 
the glottis, trachea, and bronchi. The patient is 
prone to chest distress, shortness of breath, 
severe cough, airway spasm, arrhythmia, and 
cardiac arrest. Moreover, a survey suggested 
that patients were generally fearful and ner-
vous during the inspection process, which had 
some impact on the bronchoscopy, usually 
leading to trembling, which interruption the 
examination, or inadequate results [19]. Pain- 
less bronchoscopy is considered a comfortable 
technique that allows patients to complete the 
entire bronchoscopy under sedation or anes-

Table 3. Comparison of sedation status and wakefulness state between the two groups
Group Cases Ramsay sedation scale RSS agitation scale Awakening time (min)
Experimental group 100 3.88±0.66 1.08±0.16 43.60±3.30
Control group 100 2.32±0.63 2.32±0.63 50.19±4.45
t value 17.097 19.077 11.895
P value <0.001 <0.001 <0.001
Note: RSS: Ramsay Sedation Scale.

Table 4. Comparison of cough conditions between the two groups [n (%)]
Group Cases Severe Moderate Mild No cough
Experimental group 100 2 (2.00) 35 (35.00) 22 (22.00) 41 (41.00)
Control group 100 5 (5.00) 38 (38.00) 36 (36.00) 21 (21.00)
χ2 value 2.209
P value 0.027

Table 5. Comparison of incidence of adverse reaction between the two groups (n)

Group Cases Nausea Vomitus Dizzy Inappetence Restlessness Respiratory 
inhibition

Overall adverse 
reaction rate (%)

Experimental group 100 1 1 1 1 0 1 5.00
Control group 100 2 2 2 3 2 2 13.00
χ2 value 3.907
P value 0.048

Table 6. Comparison of anesthetic effects between the two groups (n)
Group Cases Excellent Good General Poor Excellent and good rate (%)
Experimental group 100 40 50 6 4 90.0
Control group 100 32 48 12 8 80.0
χ2 value 3.922
P value 0.047
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thesia and close supervision [20]. During the 
inspection process, the patient has hsafety, 
physical and mental comfort, and the entire 
process is pain-free. During the examination, 
the patient has no obvious adverse reactions, 
which allows doctors to observe the lesions 
clearly and watch for flushing, biopsy, hemosta-
sis and other functions accurately and efficient-
ly. Painless bronchoscopy has the following 
three advantages: (1) Comfort: The inspection 
process is comfortable, and patients have no 
negative memories after waking up, and there 
is no fear of re-examination. (2) Safety: The 
anesthesiologist always stays during the ins- 
pection process. The endoscopic mask, laryn-
geal mask, and tracheal tube are all available 
to ensure safe airway and stable heart rhythm 
and circulation. (3) Convenience: Intravenous 
anesthetics take effect rapidly, with convenient 
administration, short action time, slight res- 
piratory depression, and quick recovery after 
examination. Painless bronchoscopy meets  
the anesthetic need of medical services [21]. 
Bronchoscopy can detect the lesions in the air-
ways and lungs in the form of endoscopy and 
obtain diagnostic specimens. Bronchoscopy 
can determine whether there arelesions in  
the bronchial mucosa, narrowing of bronchial 
lumen, or new organisms in the bronchial 
lumen. In addition to the detection of disease, 
bronchoscopy can also allow performance of 
bronchoalveolar lavage. The lavage fluid can be 
used to find out a lung infection or the type of 
pathogenic bacteria. Special staining or classi-
fication of cell technology in the bronchoalveo-
lar lavage fluid can be used for preliminary 
identification of some diseases, such as pre-
liminary differential diagnosis of hypersensitiv-
ity pneumonitis or interstitial lung disease. 
Lymph node or lung biopsy can also be taken 
through bronchoscopy to further clarify lung 
disease [22].

Fentanyl is an opioid analgesic drug that is 
mainly used to relieve pain in patients during 
surgery. It can also have a good analgesic effect 
in patients with postoperative incision pain 
[23]. It is rapidly hydrolyzed into non-pharma- 
cologically active metabolites by non-specific 
esterases in blood and tissues, which do not 
depend on liver and kidney function. In clinical 
practice, it is usually used in combination with 
other drugs. The side effects of fentanyl can 
produce abdominal wall stiffness and breath-

ing disorders. After using fentanyl, shallow 
breathing, reduced breathing frequency, and 
even apnea can occur through respiratory inhi-
bition [24]. Sedation for the patient is done to 
reduce pain and anxiety, and provide amnesia 
for diagnostic procedures including endoscopy 
and interventional procedures that contribute 
to discomfort. Several clinical trials have been 
conducted using midazolam as procedural 
sedation, mostly for colonoscopy, upper gastro-
intestinal endoscopy and bronchoscopy [25]. 
Midazolam is a water-soluble benzodiazepine 
that can quickly pass through the blood-brain 
barrier. Midazolam is mainly metabolized in  
the liver, so liver dysfunction or hepatic metab-
olism enzymatic drugs such as calcium channel 
blockers can prolong the central inhibitory 
effect of midazolam [26]. The above character-
istics and effects of midazolam make it an 
indispensable intravenous anesthetic that 
plays an important role in the entire periopera-
tive period. In view of the special characteris-
tics of pediatric patients and pregnant women, 
midazolam also shows unique advantages in 
pediatric and obstetric anesthesia. For exam-
ple, pediatric patients are prone to crying and 
not cooperating before surgery, with a high in- 
cidence of postoperative delirium. Pregnant 
and lying-in women are anxious with a high 
stress level. Midazolam can effectively improve 
these problems that other drugs cannot add- 
ress at present [27]. In addition, midazolam 
has a variety of dosage forms such as oral, 
intramuscular, intravenous, and rectal adminis-
tration, which are suitable for application under 
various situations.

The results of this study showed that after med-
ication, there was no significant difference in 
HR, SBP, or DBP indexes between the two 
groups, but the SpO2 level in the experimental 
group was significantly higher than in the con-
trol group. Moreover, the experimental group 
had a higher Ramsay sedation score, lower 
RSS agitation score, and shorter awaking time 
than the control group, with significant differ-
ences. Through analysis, midazolam had a 
slight effect on the cardiovascular system in 
the body, and the clinical manifestations 
showed a mild increase in the HR, a mild 
decrease in systemic vascular resistance and 
mean arterial pressure, and a slight decrease 
in left ventricular filling pressure and stroke vol-
ume. Midazolam had no effect on myocardial 
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contractility. In addition, midazolam mainly has 
an inhibitory effect on the respiratory center 
and little effect on respiratory power [28, 29]. It 
can inhibit breathing to some extent, and the 
main clinical manifestations are the reduction 
of tidal volume, the increase of respiratory rate, 
and the shortening of expiratory time. Midazo- 
lam has no effect on functional residual capac-
ity and residual lung capacity. Moreover, mid-
azolam itself has no analgesic effect, but it can 
enhance the analgesic effect of other anesthet-
ics. Midazolam possesses anxiolytic, hypnotic, 
anticonvulsant, muscle relaxant, and antero-
grade amnesia effects [30, 31]. Depending on 
the dose, different degrees of effects from anx-
iolytic to unconsciousness are produced. Mida- 
zolam can reduce the metabolic rate of brain 
tissue and constrict cerebral blood vessels, 
thereby decreasing cerebral blood flow. There 
is an obvious dose-dependency, but this dose-
effect relationship has a ceiling effect. Mida- 
zolam can also reduce the blood flow velocity of 
the middle cerebral artery, increase vascular 
resistance, and have a protective effect on 
cerebral hypoxia in patients with poor intracra-
nial compliance or increased intracranial pres-
sure [32, 33]. The total incidence of adverse 
reactions such as nausea, vomiting, dizziness, 
loss of appetite, restlessness, and respiratory 
depression in the experimental group was 
5.00%, which was significantly lower than 
13.00% in the control group, possibly because 
0.05 mg/kg midazolam combined with 0.2 μg/
kg fentanyl took effect rapidly and had a faster 
metabolism. The combined application does 
not cause accumulation in the body, showing 
good tolerance and high safety.

There are some limitations to the current study. 
We did not explore oxidative stress levels and 
pain mediators in the patients, and did not 
study specific mechanisms nor long-term re- 
sults. Also, the sample size of this study was 
small. All these aspects need to be improved in 
future research.

In conclusion, 0.05 mg/kg midazolam com-
bined with 0.2 μg/kg fentanyl for adult painless 
bronchoscopy has little effect on SpO2 index, 
possesses better sedative effect, reduces the 
awaking time, and improves adverse reactions. 
It is worthy of extensive clinical application.
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