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Background: Bronchoscopy is essential for diagnosis and therapy, yet conscious procedures cause significant
patient discomfort, potentially leading to procedure termination, while general anesthesia brings risks like
airway obstruction and delayed recovery. Ultrasound-guided superior laryngeal nerve block via the anterior
approach (UG-MAA-SLNB) offers precise anesthesia with fewer complications and reduces the number of ma-
nipulation attempts. Remimazolam provides rapid, controllable sedation. This study assesses their combination
to enhance patient comfort and hemodynamic stability during bronchoscopy.

Methods: A total of 60 patients scheduled for bronchoscopy were randomly assigned into two groups. The ex-
perimental group (n=30) received UG-SLNB combined with remimazolam, while the control group (n=30) un-
derwent conventional conscious anesthesia. Patient comfort was evaluated using a grading scale, and vital signs,
including heart rate and blood pressure, were monitored throughout the procedure, and adverse events were
recorded.

Results: Patients in the experimental group exhibited significantly better vocal cord mobility, reduced cough
severity, and improved comfort levels compared to the control group. Furthermore, hemodynamic parameters
remained more stable in the experimental group post-intervention.

Conclusion: UG-MAA-SLNB combined with remimazolam demonstrates significant clinical benefits in bron-
choscopy, effectively stabilizing heart rate and mean arterial pressure. This approach shows promise for broader
application in clinical practice. Future studies are warranted to explore the stability of this technique during
tracheal intubation in bronchoscopy.
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Introduction

ter operating conditions for doctors, anesthesiologists are required
to continuously improve the standards of anesthesia techniques used

In recent years, the technology and application of bronchoscopy
have made rapid advancements and play a key role in the diagnosis
of bronchopulmonary diseases [1]. During bronchoscopic procedures
may lead to severe cough, chest tightness, and laryngospasm during
the process [2]. Therefore, in order to alleviate the discomfort and
anxiety of patients during diagnosis and treatment, and create bet-

in bronchoscopy [3]. Due to the uneven development among different
regions and different levels of hospitals, there is still a lack of unified
standards for the anesthesia regimen of bronchoscopy in academia
[4]. At present, conventional anesthesia methods include trachea
topical anesthesia and general anesthesia [5]. However, there are
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some problems in the above anesthesia methods, such as imperfect
block effect, airway obstruction, mechanical trauma, bronchospasm,
laryngospasm [6, 7]. But now, ultrasound-guided superior laryngeal
nerve block (UG-SLNB) has a high implementation value and is wide-
ly used. It has been successfully applied to awake fiber optic bron-
choscopy-guided intubation and can provide comprehensive airway
anesthesia [8]. Meanwhile, the rapid sedative induction and short re-
covery time of remazolam have been confirmed in clinical trials [9].
Therefore, the purpose of this study was to explore whether ultra-
sound-guided superior laryngeal nerve block combined with rema-
zolam can become a new anesthesia method for bronchoscopy.

At the same time, our study adopted a bilateral block different
from the traditional superior laryngeal nerve, and tried to use a sim-
pler modified anterior superior laryngeal nerve block (UG-MAA-SL-
NB).

Materials and Methods
Patients

Sixty patients aged from 50-75 years, with American Society of
Anesthesiologists (ASA)physical status of -1l who underwent bron-
choscopy in Anyang Tumor Hospital from October 7,2024 to October
30,2024 were selected and divided into study group and control group
according to the random number table method, with 30 cases in each
group. Patients and their families signed informed consent. This was
a single-center study designed according to the CONSORT statement
[Fig.1] and approved by the Institution Review Board (Ethics Com-
mission of Anyang Tumor Hospital, review number:2024KY20]01;
Registered at the China Clinical Trial Registry Center, registration
number: ChiCTR2400090103).

Inclusion and Exclusion Criteria
. The inclusion criteria for the study were:

1.  requirement for bronchoscopic examination, including but
not limited to suspected lung cancer, bronchial stenosis, or sus-
pected hemoptysis;

2. no known allergy to anesthetic drugs;
3. no severe coagulopathy or bleeding tendency.
. The exclusion criteria were:

1.  allergy to local anesthetic drugs, presence of severe cardio-
vascular disease, respiratory failure, or impaired consciousness;

2. BMI>30 or anatomical abnormalities of the neck or throat
that may interfere with ultrasound

3. localization;
4.  pregnant or breastfeeding women.
Anesthesia

All patients were instructed to maintain nil per os (NPO) status
for 8 hours and restrict fluid intake for 2 hours prior to the proce-
dure. Premedication with opioids or sedatives was omitted. After
being transferred to the treatment room, patients received supple-
mental oxygen via nasal cannula at 5 L/min, and standard monitoring
including electrocardiogram, pulse oximetry, and blood pressure was
initiated to establish baseline hemodynamic parameters. Both groups
underwent intravenous administration of 5 mg remazolam (with a
supplementary dose of 2.5 mg as needed) for procedural sedation
[10-12]. During the procedure, symptomatic treatment was admin-
istered as follows: when mean arterial pressure (MAP) decreased by
>30% from baseline, 0.25 mg m-hydroxylamine was given; when MAP
increased by >30% from baseline, 10 mg urapidil was administered;
and when heart rate (HR) exceeded 110 beats/min, 20 mg esmolol
was administered with repeat dosing allowed as clinically indicated.
All ultrasound procedures were performed by qualified physicians.

Control group (Group C): Conventional tracheal surface anes-
thesia was administered to patients. 2%]lidocainewassprayed using
fiberoptic bronchoscopy (FOB).

Experimental group (group N): UG-MAA-SLNB was performed
on the basis of the control group, and 2%lidocaine5-6mlwas injected.

Modified anterior UG-SLNB: During the modified ultra-
sound-guided anterior superior laryngeal nerve block (UG-MAA-SL-
NB), patients were placed in the supine position. After surgical site
cleaning and sterile draping, a 38-mm high-frequency linear trans-
ducer was transversely positioned ver the tracheal cartilage (TC)
(Figure 1) [13]. The probe was then moved cephalad until the thyroid
incisura notch was clearly visualized. Bilateral SLNB was performe-
dusinga22G50-mm nerve block needle via an out-of-plane approach:
a single injection of 5-6mL2%]lidocaine was administered at the mid-
line, targeting the space above the thyrohyoid membrane (TH-Mb),
with the needle tip superficial to the TH-Mb. Following lidocaine in-
jection, the TH-Mb and pre-epiglottic space were observed to displace
downward due to fluid diffusion (Figure 2) [14-15].
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Figure 2: Transverse sonography of the modified ultrasound-guided anterior superior laryngeal nerve block (UG-MAA-SLNB). (A) Midline
transverse plane ultrasound image at the level of the thyroid notch. The thyrohyoid muscle (TH-Mb) is identified on ultrasound, bounded
anteriorly by the thyroid cartilage (TC) and posteriorly by the posterior belly of the digastric muscle (Pes). (B) During performance of SLNB via
the modified anterior approach, lidocaine was injected into the space anterior to the TH-Mb. Lidocaine was visualized pushing the TH-Mb and

rapidly diffusing into the lateral Para glottic space.

Observation Indexes

We recorded the mean arterial pressure (MAP) and heart rate
(HR) of the patient sat baseline (T0), when the fiberoptic broncho-
scope entered the glottis (T1), and when it passed through the glottis
into the trachea (T2). Meanwhile, independent observers recorded
the patients’ vocal cord movement, coughing, and comfort during the
procedure (Table 1).

Table 1: Grade System.

Vocal cord position Cough severity Comfort Qurlng
operation
Grade 1 Relaxed No cough Cooperative
Grade 2 Glottis ?Egn Mov- Slight (2< coughs) Grimacing
Glottis Partially Moderate (3-5 Defensive move-
Grade 3
open coughs) ments
Grade 4 Glottis Closed (serve >5 cough)
Results

Statistical analysis was performed with SPSS version 23.0 (SPSS,
Inc., Chicago, Illinois, USA), and a value of P<0.01 was considered sta-
tistically significant. Measurement data conformed to normal distri-
bution and were expressed as mean * standard deviation with paired
t-test between groups and repeated measures analysis of variance
(Time Bonferroni correction) within groups; count data were ex-
pressed as rate (%) with chi-square test. In the results section, we
will introduce the content of data analysis in detail, present the data
picture, and help readers understand the meaning and value of data.

Patient Demographics

There was no significant difference in sex, age, BMI index and ASA
physical status between the two groups. The general data of the two
groups were consistent (P>0.01) and comparable.

Hemodynamic parameters (MAPs and HRs)

We initially conducted descriptive statistical analyses to gain in-
sights into the basic characteristics of Mean Arterial Pressure (MAP)
and Heart Rate (HR) within each group a teach experimental phase.
Subsequently, we performed statistical tests to assess the mean dif-
ferences among different groups across various stages. For each stage
and group, we calculated descriptive statistics (such as means, stan-
dard deviations, etc.), and then applied independent t-tests to com-
pare MAP and HR between Group C and Group Nat each stage (Table
2). Repeated measures ANOVA was also used to evaluate whether sig-
nificant differences existed in MAP and HR within Group C and Group
N across different stages (Table 3). Inter-group comparisons showed
minimal differences in experimental data between the two groups at
TO, with statistical analysis indicating no significance (p > 0.01). By
contrast, significant differences in experimental data were observed
at T1 and T2 (p < 0.01). These results suggest that Group N exhibited
more stable hemodynamic parameters than Group Cunder the inter-
vention of laryngeal nerve block. However, when plotting the estimat-
ed marginal means of MAP, we found that MAP at T2 was higher than
that at TO and T1. This observation implies that the effectiveness of
laryngeal nerve block may be insufficient when the bronchoscope en-
ters the bronchus.
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Table 2: Comparison of hemodynamics parameters between two

groups.
Index Group Time
TO T1 T2
C 91.23+4.64 103.9048.65 104.07+10.24
HR N 88.80£7.21 86.97+5.77 90.47£9.19
P 0.119 0.000 0.000
C 89.77+8.59 102.20+7.92 102.50+11.14
MAP N 86.17£7.25 86.67£7.69 89.3745.71
P 0.107 0.000 0.000

Table 3: Comparison of hemodynamics parameters within the group.

Time
Index | Group F P
TO T1 T2
HR C 91.23+4.64 | 103.90+8.65 | 104.07+£10.24 | 31.34 | 0.000
N 88.80+7.21 | 86.97+5.77 | 90.47+9.19 | 1.94 | 0.153
MAP C 89.77+1.57 | 102.20+1.45 | 102.50+2.04 | 23.59 | 0.000
N 86.17£7.25 | 86.67+7.69 89.37+5.71 4.38 | 0.045

Vocal Cords, Cough Severity and Satisfaction

We compared vocal cord movement, cough severity, and patient
comfort between the two groups, and the differences were statisti-
cally significant (p<0.01). During the operation, patients in group N
showed better vocal cord movement, milder cough severity, and high-
er comfort levels than those in group C (Table 4).

Table 4: Vocal cords, cough severity and satisfaction.

Voca.l gord Cough severity Comfort c}uring
position operation
Group C 1.87+0.63 2.40+0.93 2.00+0.64
Group N 1.40+0.50 1.63%0.76 1.33+0.48
t 2.97 4.04 4.82
p 0.006 0.000 0.000
Discussion

The present study demonstrates that UG-MAA-SLNB combined
with remimazolam provides superior airway anesthesia during
bronchoscopy compared with conventional techniques. The experi-
mental group exhibited significantly improved vocal cord mobility
(P<0.05), reduced cough severity (P<0.05), and higher patient com-
fort (P<0.05). These findings align with previous reports showing
that regional nerve blockage enhances procedural conditions [3].
Hemodynamic stability in the UG-MAA-SLNB group (mean arterial
pressure fluctuations within 10% baseline) may be attributed to the
dual mechanism of remimazolam’s sedative effect and reduced laryn-
geal irritation. Remimazolam, a short-acting benzodiazepine with
rapid ester hydrolysis [16], enables titratable sedation without cu-

mulative toxicity [17]. This pharmacokinetic profile may explain why
the experimental group showed less sympathetic activation during
bronchoscopy, as evidenced by stable heart rate and blood pressure
parameters. Anatomically, the superior laryngeal nerve’ s internal
branch inner vates the laryngeal mucosa above the vocal cords [18],
making it a key target for suppressing the cough reflex. The “spray-
as-you-go” technique, while widely used [19], relies on anesthetic
diffusion that can be impaired by mucus or laryngeal spasm [20]. In
contrast, ultrasound guidance allows precise needle placement near
the nerve, ensuring effective local anesthetic spread [21]. This pre-
cision likely contributed to the experimental group’s reduced cough
frequency (P<0.01).

Notably, previous studies have shown that SLN blockage is more
effective than topical anesthesia in blunting the stress response to
airway manipulation [22, 23]. The present data extend this finding
by demonstrating that combined UG-MAA-SLNB and remimazolam
further attenuates hemodynamic changes, possibly by synergizing re-
gional anesthesia with central sedation. This approach may be partic-
ularly beneficial for high-risk patients (e.g., those with cardiovascular
comorbidities), who require minimized procedural stress. The study
has several limitations. First, the sample size was relatively small, and
long-term outcomes (e.g., post-procedure dysphonia) were not evalu-
ated. Second, the protocol includes a comparison with other regional
blocks (e.g., transtracheal anesthesia). Future research should assess
the technique’s efficacy in larger cohorts and across different patient
populations [24,25].

Conclusion

This randomized controlled trial demonstrates that ultra-
sound-guided modified anterior approach superior laryngeal nerve
block (UG-MAA-SLNB) combined with remimazolam significant-
ly enhances airway anesthesia during bronchoscopic procedures.
Compared with conventional conscious anesthesia, the combined
approach remarkably improves vocal cord mobility, reduces cough
severity, and elevates patient comfort levels, while maintaining supe-
rior hemodynamic stability, as evidenced by less fluctuation in mean
arterial pressure (MAP) and heart rate (HR) during critical procedur-
al stages (glottisen try and tracheal passage). The synergistic effect
of UG-MAA-SLNB and remimazolam likely stems from the precise
regional anesthesia provided by ultrasound guidance—targeting the
internal branch of the superior laryngeal nerve to suppress the cough
reflex—and the rapid, titratable sedation of remimazolam, which
minimizes sympathetic activation. This approach may offer particular
advantages for high-risk patients, such as those with cardiovascular
comorbidities, by reducing procedural stress. Notably, the study has
several limitations. The sample size is relatively small, and long-term
outcomes (e.g., post-procedure dysphonia or delayed recovery) re-
main unevaluated. Additionally, the protocol does not compare UG-
MAA-SLNB with other regional blocks (e.g., transtracheal anesthesia).
Future investigations should enroll larger cohorts, assess long-term
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safety profiles, and explore the technique’s stability during tracheal in
tubation in bronchoscopy to further validate its clinical utility.

In conclusion, UG-MAA-SLNB combined with remimazolam rep-

resents a safe and effective anesthesia strategy for bronchoscopy,

warranting broader clinical application and further research.
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