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Abstract: Objective: To perform a meta-analysis on the sedative effects of midazolam and dexmedetomidine in 
patients undergoing bronchoscopy. Methods: Relevant literature on the sedative effects of midazolam and dexme-
detomidine in patients undergoing bronchoscopy was searched in both Chinese and English databases. Results: 
A total of 19 studies published between 2012 and 2024 were included, involving 38 groups and 2,339 patients. 
Meta-analysis of continuous variables from fifteen studies reported no statistically significant difference in sys-
tolic blood pressure between the study group and the control group (MD = -0.27, 95% CI: -2.16 to 1.61, Z = -0.28,  
P = 0.78). Similarly, eight studies showed no significant difference in heart rate between the study group and the 
control group (MD = -0.62, 95% CI: -2.67 to 1.43, Z = -0.59, P = 0.55). Twelve studies demonstrated significantly 
higher oxygen saturation (SaO2) levels in the study group compared to the control group (MD = 1.88, 95% CI: 0.56 
to 3.20, Z = 2.79, P = 0.01). Nine studies indicated that sedation satisfaction was significantly higher in the study 
group than in the control group (MD = 2.93, 95% CI: 1.16 to 4.70, Z = 3.25, P < 0.01). Ten studies assessed seda-
tion scores, showing no statistically significant difference between groups (MD = 0.32, 95% CI: -0.02 to 0.67, Z = 
1.82, P = 0.07). Awakening time, reported in eight studies, also showed no significant difference (MD = -2.70, 95% 
CI: -5.50 to 0.09, Z = -1.89, P = 0.06). Six studies reported VAS (Visual Analogue Scale) scores, showing a statisti-
cally significant difference (MD = -0.46, 95% CI: -0.83 to -0.08, Z = -2.39, P = 0.02). Meta-analysis of dichotomous 
variables from fourteen studies showed no significant difference in the incidence of adverse events between the 
groups (OR = -0.10, 95% CI: -0.49 to 0.29, Z = -0.49, P = 0.62). Meta-regression analysis suggested that hetero-
geneity mainly originated from differences in study type and methodology (P < 0.05). Conclusion: Both midazolam 
and dexmedetomidine demonstrate good sedative effects during bronchoscopy, and their use should be tailored to 
individual patient conditions.
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Introduction

A bronchoscope is a commonly used medical 
instrument for examining pulmonary diseases, 
hemoptysis, airway stenosis, bronchial foreign 
bodies, and other conditions [1]. It not only 
enables sampling, lesion imaging and observa-
tion, and dynamic recording, but also assists 
physicians in performing airway polypectomy 
procedures, thereby achieving precise localiza-
tion and early treatment of respiratory diseases 
[2]. However, bronchoscopy is an invasive pro-
cedure that requires the use of sedatives dur-
ing diagnosis or treatment to minimize irritation 
to the respiratory mucosa and reduce patient 
discomfort, thereby ensuring procedural safety 

and optimal visualization [3, 4]. Midazolam, a 
short-acting benzodiazepine widely used in 
diagnostic examinations and therapeutic proce-
dures, has significant sedative, muscle relax-
ant, anticonvulsant, and anxiolytic effects [5]. 
Particularly in flexible bronchoscopy, the safety 
of midazolam combined with other local anes-
thetics is significantly higher than that of propo-
fol [6].

Dexmedetomidine is commonly used for seda-
tion during tracheal intubation and mechan- 
ical ventilation due to its strong affinity for 
α2-adrenergic receptors. It not only effectively 
lowers blood pressure but also alleviates pa- 
tient anxiety [7]. However, Lima A et al. [8] point-
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ed out that as interventional pulmonologists 
increasingly use both flexible and rigid bron-
choscopies for advanced diagnostic and thera-
peutic purposes, complications related to 
anesthetic combinations, airway management, 
and ventilation techniques have also been ris-
ing. Additionally, the ASRA practice guidelines 
[9] highlight that while there are numerous sed-
ative agents, each with its advantages, improp-
er sedation duration or dosage during respira-
tory disease examinations or treatments can 
lead to neurotoxicity or even respiratory depres-
sion. Therefore, this study conducts a meta-
analysis to evaluate the sedative effects of 
midazolam and dexmedetomidine in bronchos-
copy, aiming to provide clear guidance for opti-
mizing the safety and efficacy of bronchoscopy 
procedures.

Materials and methods

Data sources

Relevant literature on “the sedative effects of 
midazolam and dexmedetomidine in patients 
undergoing bronchoscopy” was retrieved from 
Chinese and English databases, covering the 
period from 2000 to 2024. In Chinese data- 
bases, including VIP Database, Wanfang 
Medical, China National Knowledge Infra- 
structure (CNKI), and X-MOL academic plat-
form, the search terms used were “Midazolam”, 
“Dexmedetomidine”, “Bronchoscopy”, “Bronch- 
oscopy Examination”, and “Sedation” For Eng- 
lish databases, including Wiley InterScience, 
PubMed, Web of Science, Cochrane Library, 
and Springer Link, the search terms applied 
were “Midazolam”, “Fentanyl-Midazolam Com- 
bination”, “Dexmedetomidine”, “Bronchoscopy”, 
“Bronchoscopy Examination”, and “Sedation”.

Literature selection

Inclusion criteria: The inclusion criteria were as 
follows: (1) Studies published between 2000 
and 2024; (2) Study subjects requiring bron-
choscopy based on medical history, clinical 
symptoms and signs, and laboratory examina-
tions; (3) Studies involving only bronchoscopy 
and its associated systems, without the use of 
other endoscopic procedures; (4) Study meth-
ods were closely related to the sedative effects 
of midazolam and/or dexmedetomidine during 
bronchoscopy; (5) Study subjects had no sys-
temic tumors, severe psychiatric disorders, 
hepatic or renal dysfunction, respiratory dis-

eases, severe cardiovascular or cerebrovascu-
lar diseases, or surgical history; (6) Study sub-
jects had no history of sedation or hypnotic 
drug abuse.

Exclusion criteria: The exclusion criteria were 
as follows: (1) Studies that were systematic 
reviews, quantitative analyses, network phar-
macology analyses, descriptive studies, case 
studies, animal experiments, or other meta-
analyses; (2) Unpublished studies or those with 
academic copyright disputes; (3) Studies with 
incomplete or unclear information, such as 
vague research content, inaccessible full texts, 
unclear treatment methods, or unknown au- 
thors; (4) Redundant publications of the same 
study; (5) Studies with significant statistical 
errors or flawed research designs.

Literature screening and data extraction

First, relevant literature was retrieved from 
Chinese and English databases using the 
selected keywords. The titles of the retrie- 
ved studies were then imported into the 
“NoteExpress 3.2 Literature Retrieval and 
Management” system for duplicate removal. 
After deduplication, the titles and abstracts 
were carefully reviewed to exclude studies of 
poor quality or low relevance. Subsequently, 
two researchers independently screened the 
literature based on inclusion and exclusion  
criteria, extracting and summarizing study  
information. In case of disagreements, a third 
party with higher clinical experience and pro-
fessional qualifications was consulted for judg-
ment. Extracted information included: (1) Basic 
details such as the first author, publication 
year, journal, and country; (2) Study population 
characteristics, including source, gender, age, 
number of cases, and disease type; (3) Study 
type, grouping or setup method, research con-
tents and objectives, outcome/observation 
indicators, etc.; (4) Key factors influencing the 
risk of bias assessment.

Risk of bias assessment

The quality of the included studies was ass- 
essed using the “Risk of Bias Assessment Tool” 
in the Cochrane web-based Review Manager 
5.4. The assessment covered the following 
aspects: (1) Grouping methods, such as ran-
dom sequence allocation, grouping by disease 
type, admission time, or treatment method, 
which may introduce selection bias; (2) Whether 
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studies, the standardized mean difference 
(SMD) with a 95% CI was used instead. 
Heterogeneity was assessed using the Q-test 
and quantitatively evaluated with the I2 statis-
tic. If no significant heterogeneity was detected 
among the study results (P > 0.1, I2 ≤ 50%), a 
fixed-effects model was applied to calculate 
the pooled OR and 95% CI. If significant hetero-
geneity was present (P ≤ 0.1, I2 > 50%), a ran-
dom-effects model was used instead, and a 
forest plot was generated. Additionally, funnel 
plot analysis was performed on the two most 
extensive combined outcomes to assess poten-
tial publication bias. Finally, the pooled OR and 
95% CI were subjected to a Z-test, with P < 0.05 
indicating statistical significance in the com-
bined results across multiple studies.

Results

Literature search and selection process

After searching databases using Chinese and 
English keywords, a total of 2,178 relevant 
studies on “the sedative effects of midazolam 
and dexmedetomidine in patients undergoing 
bronchoscopy” were identified, with an addi-
tional 7 studies retrieved from other sources, 
yielding a total of 2,185 studies. The study 
titles were imported into the “NoteExpress 3.2 
Literature Retrieval and Management” system 
for duplicate removal, eliminating 1,345 stud-
ies and leaving 840. After screening titles and 
abstracts, 571 studies with low relevance or 
poor quality were excluded, leaving 269. Based 
on inclusion and exclusion criteria, another 250 
studies were removed, resulting in a final inclu-
sion of 19 studies. The literature selection pro-
cess is shown in Figure 1.

Basic information of included studies

The final included 19 articles [10-28], pub-
lished between 2012 and 2024, comprising 38 
groups and 2,339 patients. Among these, 13 
articles [11, 12, 16, 17, 19, 21-28] were RCTs, 
and 6 articles [10, 13-15, 18, 20] were Non-
RCTs. All 19 articles were in English, as detailed 
in Table 1.

Assessment of risk of bias in the literature

Among the 19 included studies, twelve studies 
[12, 14, 17, 19, 21-28] used random number 
tables or computer-generated random num-

Figure 1. Literature 
search process.

allocation concealment was implemented, 
which may also cause selection bias; (3) 
Whether blinding was applied, including blind-
ing of patients and researchers, which may 
result in performance bias; (4) Whether out-
come assessors were blinded, which may lead 
to detection bias; (5) Data completeness, which 
may introduce attrition bias; (6) Selective 
reporting of study results, which may cause 
reporting bias; (7) Other potential sources of 
bias, such as unreliable study data, studies  
targeting a specific population, or declared 
research misconduct. The risk of bias for these 
seven domains was categorized as “low risk”, 
“high risk”, or “uncertain risk”. After evaluation, 
the results were summarized, and the risk of 
bias was visualized using the built-in “figure” 
function in Review Manager 5.4.

Statistical analysis

The data analysis was conducted using the 
meta-analysis module in Stata 18.0. For dichot-
omous variables, the effect measure was 
expressed as the odds ratio (OR) with a 95% 
confidence interval (CI). For continuous vari-
ables, the effect measure was represented by 
the mean difference (MD) with a 95% CI. If the 
units of continuous variables differed across 
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Table 1. Basic information of included studies
author year n type Study group Control group Research measure Control measure Observation index
Prabhudev AM et al. [10] 2017 121 Non RCT 62 59 Midazolam + Fentanyl Midazolam ①, ②, ③, ④, ⑤

Yan Q et al. [11] 2023 200 RCT 100 100 Midazolam + Fentanyl Midazolam + Fentanyl ①, ②, ③, ④, 
⑥, ⑦, ⑧, ⑨, ⑩

Luo ZM et al. [12] 2018 132 RCT 66 66 Midazolam + Fentanyl Lidocaine ①, ④

Lee H et al. [13] 2019 186 Non RCT 75 111 Midazolam + Propofol Remifentanil ①, ④, ⑧, ⑨

Zhang Q et al. [14] 2021 433 Non RCT 222 211 Midazolam + Dexmedetomidine Midazolam + Fentanyl ⑨, ⑪
Katsurada M et al. [15] 2022 96 Non RCT 47 49 Midazolam + Pethidine Midazolam ①, ⑥, ⑨, ⑪
Ishiwata T et al. [16] 2018 185 RCT 94 91 Midazolam + Fentanyl Midazolam ④, ⑨

Magazine R et al. [17] 2020 54 RCT 27 27 Midazolam Dexmedetomidine ①, ④, ⑥, ⑪
Öztaa S et al. [18] 2017 274 Non RCT 122 152 Midazolam Midazolam + Propofol ⑥, ⑦, ⑨

Sumi T et al. [19] 2021 74 RCT 37 37 Midazolam + Fentanyl Midazolam + Pethidine ①, ②, ⑨, ⑪
Wu SH et al. [20] 2020 68 Non RCT 35 33 Dexmedetomidine + Propofol + Fentanyl Midazolam + Propofol + Fentanyl ⑤, ⑧, ⑨

Apostolos F et al. [21] 2024 50 RCT 25 25 Dexmedetomidine + Ketamine Midazolam + Fentanyl ①, ⑤, ⑥, ⑧, ⑨

Chun EH et al. [22] 2016 56 RCT 28 28 Dexmedetomidine + Midazolam + Fentanyl Dexmedetomidine + Ketamine ①, ④, ⑤, ⑥, 
⑧, ⑨, ⑪

Magazine R et al. [23] 2021 45 RCT 24 21 Dexmedetomidine Midazolam ①, ②, ③, ⑤, 
⑥, ⑨, ⑪

Pertzov B et al. [24] 2022 63 RCT 30 33 Dexmedetomidine Propofol ①, ④, ⑤, ⑨

Ibrahim E et al. [25] 2019 70 RCT 35 35 Dexmedetomidine + Pregabalin Dexmedetomidine ①, ②, ③, ④, 
⑤, ⑥

Ryu JH et al. [26] 2012 72 RCT 36 36 Dexmedetomidin + Propofol Remifentanil + Propofol ①, ②, ④, ⑤, 
⑥, ⑧, ⑨

Paul M et al. [27] 2021 40  RCT 20 20 Dexmedetomidine + Propofol Propofol ①, ②, ④, ⑥, ⑧

Xu H et al. [28] 2024 120 RCT 60 60 Dexmedetomidine Remimazolam ①, ②, ④, ⑤, 
⑧, ⑨

Note: ① blood pressure, ② heart rate, ③ respiratory rate, ④ oxygen saturation of blood (SaO2), ⑤ sedation satisfaction, ⑥ sedation score, ⑦ RSS agitation scale, ⑧ awakening time, ⑨ adverse events, ⑩ 
anesthesia effect, and ⑪ visual analogue scale (VAS).
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Figure 2. Risk of bias assessment of studies.

bers for group allocation and were all rated as 
“low risk”. Seven studies [10, 11, 13, 15, 16, 
18, 20] were grouped based on treatment 
methods and were evaluated as “uncertain 
risk”. Nine studies [10, 15, 17, 21, 23, 25-28] 
used allocation concealment and blinding, all 
of which were evaluated as “low risk”. Ten stud-
ies [11-14, 16, 18-20, 22, 24] did not describe 
allocation concealment, blinding, or outcome 
assessor blinding, and were all rated as “uncer-
tain risk”. All 19 studies had complete research 
data. Eighteen studies [10-24, 26-28] showed 
no selective reporting, reporting bias, or other 
biases and were evaluated as “low risk”. One 
study [25] exhibited selective reporting and 
was rated as “high risk”, as shown in Figure 2.

Meta-analysis of primary outcomes

Meta-analysis of blood pressure: Fifteen stud-
ies [10-13, 15, 17, 19, 21-28] reported blood 
pressure, including 30 groups and 1,379 
patients. Systolic blood pressure was used as a 
continuous variable for meta-analysis. Signi- 
ficant heterogeneity was observed among the 
study results (P ≤ 0.1, I2 > 50%), so a random-
effects model was applied. The meta-analysis 
confirmed no statistically significant difference 
in systolic blood pressure between the study 
and control groups (MD = -0.27, 95% CI: -2.16-
1.61, Z = -0.28, P = 0.78). The “Dexmedetomi- 
dine + Pregabalin” group showed significantly 
higher systolic blood pressure compared to  
the control group, while the “Midazolam + 
Pethidine” group exhibited significantly lower 
systolic blood pressure (P < 0.05 for both). No 

statistically significant differences were found 
in the remaining 7 subgroups (P > 0.05 for all), 
as shown in Figure 3.

Meta-analysis of heart rate: Eight studies [10, 
11, 19, 23, 25-28] reported heart rate, com-
prising 16 groups and 742 patients. Heart rate 
was used as a continuous variable for meta-
analysis. Given the significant heterogeneity 
among the study results (P ≤ 0.1, I2 > 50%), a 
random-effects model was used. The analysis 
indicated no statistically significant difference 
in heart rate between the study and control 
groups (MD = -0.62, 95% CI: -2.67-1.43, Z = 
-0.59, P = 0.55). Subgroup analysis showed 
that the heart rate was significantly higher in 
the “Dexmedetomidine + Pregabalin” group 
and significantly lower in the “Midazolam + 
Fentanyl” group compared to the control group 
(P < 0.05 for both). No statistically significant 
differences were found in the remaining 2 sub-
groups (P > 0.05 for both), as shown in Figure 
4.

Meta-analysis of SaO2: Twelve studies [10-13, 
16, 17, 22, 24-28] reported SaO2, involving 24 
groups and 1,299 patients. SaO2 was used as 
a continuous variable for meta-analysis. Due to 
substantial heterogeneity among the study 
results (P ≤ 0.1, I2 > 50%), a random-effects 
model was adopted. The results confirmed that 
SaO2 in the study group was significantly high-
er than in the control group (MD = 1.88, 95% 
CI: 0.56-3.20, Z = 2.79, P = 0.01). Subgroup 
analysis demonstrated that SaO2 levels in the 
“Dexmedetomidine + Pregabalin”, “Midazolam 
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Figure 4. Meta-analysis of heart rate.

Figure 3. Meta-analysis of blood pressure.

ous variable for meta-analysis. Given the sig-
nificant heterogeneity among the study results 
(P ≤ 0.1, I2 > 50%), a random-effects model was 
applied. The results confirmed that the seda-
tion satisfaction in the study group was signifi-
cantly higher than in the control group (MD = 
2.93, 95% CI: 1.16-4.70, Z = 3.25, P < 0.01). 
The sedation satisfaction was significantly 
higher in the “Dexmedetomidine + Midazolam 
+ Fentanyl”, “Dexmedetomidine + Pregabalin”, 

+ Fentanyl” and “Midazolam + Propofol” groups 
were significantly higher than in the control 
group (P < 0.05 for all). No statistically signifi-
cant differences were found in the other 5 sub-
groups (P > 0.05 for all), as shown in Figure 5.

Meta-analysis of sedation satisfaction: Nine 
studies [10, 20-26, 28] reported sedation sat-
isfaction, including 18 groups and 665 patients. 
Sedation satisfaction was used as a continu-
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Figure 5. Meta-analysis of SaO2.
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“Dexmedetomidine + Propofol + Fentanyl”, and 
“Midazolam + Fentanyl” groups than in the con-
trol group (P < 0.01 for all). No statistically sig-
nificant differences were found in the other 3 
subgroups (P > 0.05 for all), as shown in Figure 
6.

Meta-analysis of sedation scores: Ten studies 
[11, 15, 17, 18, 21-23, 25-27] reported seda-
tion scores, comprising 20 groups and 957 
patients. Sedation score was used as a contin-
uous variable for meta-analysis. There was sig-
nificant heterogeneity among the study results 
(P ≤ 0.1, I2 > 50%), so a random-effects model 
was applied. The results confirmed that there 
was no statistically significant difference in 
sedation scores between the study and control 
groups (MD = 0.32, 95% CI: -0.02-0.67, Z = 
1.82, P = 0.07). The sedation scores were sig-
nificantly higher in the “Dexmedetomidine + 
Ketamine”, “Dexmedetomidine + Midazolam + 
Fentanyl”, “Dexmedetomidine + Pregabalin”, 
and “Midazolam + Fentanyl” groups compared 
to the control group, while the sedation score in 
the “Midazolam + Pethidine” group was signifi-
cantly lower than in the control group (P < 0.05 
for all). No statistically significant differences 
were found in the remaining 3 subgroups (P > 
0.05 for all), as shown in Figure 7.

Meta-analysis of recovery time: Eight studies 
[11, 13, 20-22, 26-28] reported awakening 
time, encompassing 16 groups and 792 
patients. Awakening time was used as a con-
tinuous variable for meta-analysis. Due to sig-
nificant heterogeneity among the study results 
(P ≤ 0.1, I2 > 50%), a random-effects model was 
applied. The results confirmed that there was 
no statistically significant difference in awaken-
ing time between the study and control groups 
(MD = -2.70, 95% CI: -5.50-0.09, Z = -1.89, P = 
0.06). The awakening time was significantly 
shorter in the “Dexmedetomidine”, “Dexmede- 
tomidine + Propofol + Fentanyl”, “Midazolam + 
Fentanyl”, and “Midazolam + Propofol” groups 
than in the control group (P < 0.05 for all). No 
statistically significant differences were found 
in the other 3 subgroups (P > 0.05 for all), as 
shown in Figure 8.

Meta-analysis of adverse events: Fourteen 
studies [11, 13-16, 18-24, 26, 28] reported 
adverse events, involving 28 groups and 1,922 
patients. Adverse events were treated as 
dichotomous variables for meta-analysis. Sig- 
nificant heterogeneity was observed among  

the study results (P ≤ 0.1, I2 > 50%), so a ran-
dom-effects model was employed. The results 
showed no statistically significant difference in 
the incidence of adverse events between the 
study and control groups (OR = -0.10, 95% CI: 
-0.49 to 0.29, Z = -0.49, P = 0.62). Subgroup 
analysis revealed that the incidence of adverse 
events was significantly higher in the “Mi- 
dazolam + Dexmedetomidine” group and sig-
nificantly lower in the “Midazolam + Fentanyl” 
group compared to the control group (P < 0.05 
for both). No statistically significant difference 
were observed in the remaining 8 subgroups  
(P > 0.05 for all), as shown in Figure 9.

Meta-analysis of VAS: Six studies [14, 15, 17, 
19, 22, 23] reported VAS scores, including 12 
groups and 758 patients. VAS was used as a 
continuous variable for meta-analysis. Given 
the significant heterogeneity among the study 
results (P ≤ 0.1, I2 > 50%), a random-effects 
model was applied. The results confirmed no 
statistically significant difference in VAS scores 
between the study and control groups (MD = 
-0.46, 95% CI: -0.83-0.08, Z = -2.39, P = 0.02). 
Subgroup analysis showed that VAS scores 
were significantly lower in the “Dexmedeto- 
midine”, “Midazolam + Fentanyl”, and “Mida- 
zolam + Pethidine” groups than in the control 
group (P < 0.05 for all). No statistically signifi-
cant differences were found in the other 3 sub-
groups (P > 0.05 for all), as shown in Figure 10.

Meta-regression analysis

Meta-regression analysis was conducted on 19 
studies. The sources of heterogeneity were pri-
marily related to study type and methodology  
(P < 0.05), as shown in Table 2.

Publication bias analysis

In the funnel plots for systolic blood pressure 
and adverse events, the combined effect sizes 
showed an asymmetric distribution, with sev-
eral studies falling outside the 95% confidence 
interval, indicating the presence of publication 
bias. This may be related to factors such as the 
observation period for the indicators, the types 
of drugs used, and their administration meth-
ods, as shown in Figures 11 and 12.

Discussion

With the widespread use of interventional pro-
cedures in gastroenterology and respiratory 
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Figure 6. Meta-analysis of sedation satisfaction.
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Figure 8. Meta-analysis of awakening time.

Figure 7. Meta-analysis of sedation scores.
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Figure 9. Meta-analysis of adverse events.
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Figure 10. Meta-analysis of VAS.

Table 2. Meta-regression analysis
variable β SE P DOR 95% CI
year -0.121 0.420 0.772 -0.29 -0.944-0.701
n 0.084 0.137 0.542 0.61 -0.185-0.352
type 4.994 2.479 0.044 2.01 0.136-9.853
measure 5.715 2.851 0.032 3.14 0.553-11.783
Observation index -0.123 0.376 0.641 -0.31 -0.978-0.654
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Figure 11. Funnel plot of systolic blood pressure.

Figure 12. Funnel plot of adverse events.

medicine, the clinical demands for the sed- 
ative effects and safety of anesthetic drugs 
have been continuously increasing [29]. Bron- 
choscopy not only allows for direct observation 
of lesions in the lower respiratory tract (such  
as lobes, segments, and subsegments of the 
bronchi) but is also one of the commonly used 
minimally invasive treatment methods [30]. 
However, improper use of anesthetic drugs has 
always been a major factor affecting the seda-
tive effect of bronchoscopy, and the resulting 
adverse events have significantly impacted the 
accuracy of the procedure and the develop-
ment of sedation techniques. According to the 
meta-analysis of continuous variables for blood 
pressure, there were no significant differences 
in systolic blood pressure and heart rate 
between the two groups. This suggests that 
both midazolam and dexmedetomidine eff- 

ectively stabilize the patie- 
nt’s hemodynamics, adequate-
ly meeting the sedation needs 
of different patients. For exam-
ple, in the “Dexmedetomidine 
+ Pregabalin” subgroup, sys-
tolic blood pressure was signif-
icantly higher than that of the 
control group, which is because 
“Dexmedetomidine + Pregaba- 
lin” can modulate sympathetic 
nervous function, relieve anxi-
ety and depression, and pre-
vent hypotension [31]. In con-
trast, the “Midazolam + Pe- 
thidine” subgroup showed sig-
nificantly lower systolic blood 
pressure compared to the con-
trol group, which may be due to 
its ability to prevent hyperten-
sion and improve the patient’s 
comfort during bronchoscopy. 
Additionally, international stud-
ies [32, 33] also suggest that 
the combination of midazolam 
and opioids (such as fentanyl, 
pethidine, etc.) can significant-
ly improve patients’ tolerance 
to bronchoscopy, thus improv-
ing the procedural conditions 
for the physician and ensuring 
the effectiveness and rapid 
onset of sedation.

However, study 15 compared 
the maximum blood pressure 

after anesthesia, while other studies evaluated 
the average blood pressure during the entire 
interventional or surgical procedure. This dis-
crepancy in observation periods leads to varia-
tions in the results. Therefore, in clinical prac-
tice, it is essential to compare blood pressure 
or blood pressure variability within the same 
period for each patient to more accurately 
assess the sedation effects and prevent safety 
risks. In this study, a total of 12 studies report-
ed SaO2, and the meta-analysis confirmed that 
the SaO2 levels in the study group were signifi-
cantly higher than those in the control group. 
Notably, the subgroups “Midazolam + Fentanyl” 
and “Midazolam + Propofol” showed the most 
significant advantages. This indicates that  
midazolam-based combination regimens can 
effectively maintain blood oxygen homeostasis 
in patients undergoing bronchoscopy. However, 
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conflicting findings have been reported. One 
study [34] noted that while midazolam com-
bined with fentanyl provided satisfactory seda-
tion, about half of the patients experienced 
respiratory depression lasting more than 30 
seconds, accompanied by a decline in blood 
oxygen saturation. This is related to the mecha-
nism of action of midazolam. Midazolam is a 
short-acting sedative with minimal side effects, 
and its onset time is closely related to dose and 
patient age [35]. Especially for patients with 
low behavioral scores, its sedative effect tends 
to be weaker compared to those with higher 
behavioral scores in the same population [36]. 
Studies by Kim SH [37] and Wu Q [38] even 
suggest that for elderly patients undergoing 
bronchoscopy, midazolam offers inferior seda-
tive effect and safety compared to remimazol-
am. Therefore, the application range of mid-
azolam is still relatively limited, and for patients 
with poor compliance or advanced age, seda-
tive regimens should be selected with caution.

In the studies reporting sedation satisfaction 
and sedation scores, the subgroups “Dex- 
medetomidine + Midazolam + Fentanyl” and 
“Dexmedetomidine + Pregabalin” showed sig-
nificantly higher sedation satisfaction and 
sedation scores compared to the control group. 
This is because dexmedetomidine rapidly sup-
presses central nervous system activity, reduc-
es the excitability of the sympathetic nervous 
system, and decreases the transmission or 
release of pain signals, inflammatory media-
tors, and other neurotransmitters, thereby 
reducing neural sensitivity and optimizing the 
sedative effect [39]. A systematic literature 
review by Barends CR et al. [40] indicated that 
compared to midazolam, dexmedetomidine 
provides greater intraoperative comfort for 
patients, thereby improving physician satisfac-
tion with the procedure. On the other hand, dex-
medetomidine can also provides an appropri-
ate depth of anesthesia and ideal conditions 
for rigid bronchoscopy in airway foreign body 
removal, thus avoiding respiratory depression 
or hemodynamic instability caused by improper 
sedation [41]. Moreover, a study by Zhang X et 
al. [42] showed that for patients requiring 
mechanical ventilation after bronchial foreign 
body removal, the extubation success rate was 
significantly higher with dexmedetomidine than 
with remifentanil-propofol. A single-center ran-
domized study [43] confirmed that compared to 

remifentanil, dexmedetomidine provides more 
stable hemodynamics during catheter ablation, 
with a lower incidence of safety events such as 
respiratory depression and hypotension.

It is important to note that when the dosage  
of dexmedetomidine is too high, it can simulta-
neously act on both α1- and α2-adrenergic 
receptors, leading to excessive vasodilation 
and a higher incidence of adverse events such 
as hypotension, bradycardia, and arrhythmias 
[44]. This aligns with the findings of a meta-
analysis by Guo Q et al. [45]. In addition, study 
20 compared the sedative effects of dexme-
detomidine and midazolam, each combined 
with propofol-fentanyl, and found that although 
the overall incidence of adverse events bet- 
ween the two groups showed no statistical dif-
ference, the incidence of bradycardia in the 
dexmedetomidine group was significantly high-
er than in the midazolam group. Study 26 also 
pointed out that because dexmedetomidine 
has a relatively short duration of action, repeat-
ed dosing or dose escalation is often required, 
which may prolong the recovery or awakening 
time. This suggests that compared to midazol-
am, dexmedetomidine sedation during bron-
choscopy is more likely to cause bradycardia 
[46, 47]. Therefore, it is speculated that for 
patients with impaired cardiac function or dur-
ing prologned procedures, the total dosage  
of dexmedetomidine should be minimized  
while ensuring effective sedation. Furthermore, 
aside from sedation during bronchoscopy, the 
post-procedure period is also a high-risk phase 
for adverse events. Thus, reducing awakening 
time and minimizing agitation during recovery 
could potentially reduce the occurrence of 
adverse events to some extent.

Conclusion

In summary, both midazolam and dexmedeto-
midine provide good sedative effects during 
bronchoscopy, with each having its own advan-
tages and limitations. The choice of the appro-
priate sedative drug and regimen should be 
made flexibly based on the clinical circum-
stances. Moreover, the sedative effect during 
bronchoscopy is often influenced by factors 
such as the type of instruments used, the 
patient’s age, mental state, weight, and other 
variables, but this article has not analyzed 
these aspects, and the research depth remains 
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insufficient. In future clinical practice, more sci-
entific reports and objective indicators should 
be referenced to further expand the research 
depth and scope.
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