Drug Design, Development and Therapy DIOVGPI‘CSS
Taylor & Francis Group

CLINICAL TRIAL REPORT

Determination of the ED90 and ED99 of

Liposomal versus Conventional Bupivacaine for
Ultrasound-Guided Stellate Ganglion Block:
A Biased-Coin Design Study

Litong Yang(®'*, Junxiang Liu(®>*, Yutong Yang(?, Haodong Zhao(*, Zhidong Fan(®?,
Guangfen Yin@®?3, Qinghang Xuan®?

'Department of Anesthesiology, Xiangyun County People’s Hospital, Dali, Yunnan, People’s Republic of China; 2Department of Orthopedics, Xiangyun
County People’s Hospital, Dali, Yunnan, People’s Republic of China; 3Department of Anesthesiology, The First Affiliated Hospital of Dali University,

Dali, Yunnan, Peoples Republic of China; *Department of Trauma Orthopedics, the First Affiliated Hospital of Dali University, Dali, Yunnan, People’s
Republic of China

*These authors contributed equally to this work

Correspondence: Qinghang Xuan, Department of Anesthesiology, The First Affiliated Hospital of Dali University, Dali, Yunnan, People’s Republic of
China, Tel +8615253066603, Email xuanqinghang@63.com

Background: Local anesthetics commonly used for ultrasound-guided stellate ganglion block (SGB) have a relatively short duration
of action (6—12 hours). Liposomal bupivacaine, utilizing a multivesicular liposome sustained-release technology, can extend the block
duration to over 72 hours, offering a potential option for prolonged sympathetic blockade. Determining its optimal effective dose
relative to conventional bupivacaine is crucial for balancing prolonged efficacy with safety.

Methods: All patients received ultrasound-guided SGB, successful blockade was explicitly defined as the onset of Horner syndrome
(ptosis, miosis, anhidrosis) within 30 minutes post-injection. For the 0.5% bupivacaine hydrochloride group, the initial volume was
1.6 mL. The volume was adjusted using a biased-coin up-and-down sequential design with a step size of 0.2 mL. The study endpoint
was 45 successful blocks, and the ED90 was calculated using isotonic regression. The liposomal bupivacaine group followed an
identical design with an initial volume of 1.6 mL (266 mg/20 mL) and a step size of 0.4 mL.

Results: The ED90 for 0.5% bupivacaine hydrochloride was 2.07 mL (95% CI: 1.99, 2.57), and the ED99 was 2.37 mL (95% CI:
2.33, 3.05 mL). The ED90 for liposomal bupivacaine was 3.75 mL (95% CI: 2.90, 5.17 mL), and the ED99 was 4.35 mL (95% CI:
422, 5.36 mL).

Conclusion: Volumes of approximately 2.1 mL of bupivacaine hydrochloride and 3.8 mL of liposomal bupivacaine can be expected
to achieve near-complete stellate ganglion blockade. While liposomal bupivacaine holds promise for long-duration therapy, dosing
must be cautious due to the prolonged course of potential complications.

Keywords: local anesthetics, dose-response relationship, liposomal bupivacaine, bupivacaine hydrochloride, stellate ganglion block,
ultrasound-guided

Introduction

Stellate ganglion block (SGB) is a classic and widely used sympathetic nerve blockade technique, playing a significant
role in pain management, neuromodulation, and the treatment of autonomic nervous system disorders. Its indications
encompass complex regional pain syndrome (CRPS), insomnia and other psychological conditions, immune dysfunction-
related diseases, and it shows potential value in treating certain arrhythmias.' > The stellate (cervicothoracic) ganglion is
anatomically located at the C7 and T1 vertebral levels. The clinical intervention commonly termed “SGB” is technically
a regional block performed at the C6 transverse process. Under ultrasound guidance, the local anesthetic is injected into
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the fascial plane between the longus colli muscle and the prevertebral fascia, with the intent of caudal spread to the
vicinity of the stellate ganglion.

Throughout this manuscript, “SGB” denotes this ultrasound-guided C6 approach for cervicothoracic sympathetic
blockade. In traditional practice, SGB often uses short-acting local anesthetics, which typically provide blockade for no
more than 12 hours. This necessitates repeated procedures, increasing patient burden and risks such as hematoma,
infection, and nerve injury. Therefore, a technique that significantly prolongs the duration of sympathetic blockade after
a single injection is urgently needed. Liposomal bupivacaine is a novel, extended-release formulation of bupivacaine. It
utilizes a multivesicular liposome delivery system to encapsulate the drug, allowing for sustained release at the injection
site and providing analgesic effects that can last over 72 hours. Some studies report extended analgesia with liposomal
bupivacaine in peripheral nerve blocks, its overall efficacy compared to conventional agents remains a topic of
discussion, with other trials showing equivocal benefits.*’ Regardless, its optimal dose, safety, and comparison with
traditional anesthetics for SGB lack evidence-based research.

While it has shown good efficacy and safety in peripheral nerve blocks,* its optimal dose, safety, and comparison
with traditional anesthetics for SGB lack evidence-based research. Although the ED90 of 1% lidocaine for SGB has been
reported to be approximately 3.83 mL, the exact effective doses (ED90/ED99) of both liposomal bupivacaine and
bupivacaine hydrochloride for this procedure remain undetermined.® Furthermore, a direct pharmacodynamic comparison
between these two bupivacaine formulations in the context of SGB is currently lacking.

Therefore, we hypothesized that the ED90 and ED99 of liposomal bupivacaine for ultrasound-guided SGB would be
different from those of conventional bupivacaine hydrochloride. This study employed a biased-coin up-and-down
sequential design (BCD-UDM) to determine the 90% and 99% effective doses (ED90 and ED99) for both bupivacaine
hydrochloride and liposomal bupivacaine in SGB. This method offers greater precision in dose-finding compared to
traditional fixed-dose or Massey up-and-down methods,” providing a scientific basis for optimizing the use of liposomal
bupivacaine in SGB.

Materials and Methods

This study was approved by the Ethics Committee of the First Affiliated Hospital of Dali University (Approval No.:
SFY20251231001), on 31 December 2025. The trial was registered on January 6, 2026, at the Chinese Clinical Trial Registry
(ChiCTR), which is a primary registry of the WHO International Clinical Trials Registry Platform (Registration ID:
ChiCTR2600116174). All participants provided written informed consent in accordance with the Declaration of Helsinki.

Inclusion Criteria:Age between 18 and 75 years, regardless of gender, ASA physical status classification I-1II, BMI
between 18.0 and 28.0 kg/m?.

Exclusion Criteria:Known allergy to local anesthetics,Contraindications to nerve block (eg, coagulation disorders,
sepsis, tumor or infection at the puncture site, or other relevant conditions), Cervical spine deformity, Significant cervical
trauma or surgical scarring, Psychiatric or central nervous system disorders, or inability to cooperate, Severe cardiac,
pulmonary, or other major organ dysfunction,Pregnancy or lactation.

Blinding

Due to the distinct volume regimens between the liposomal bupivacaine and bupivacaine hydrochloride groups mandated
by the biased-coin design, it was not feasible to blind the physician performing the procedure (the operator). However,
a single-blind approach was implemented for the patients. Furthermore, to minimize assessment bias, the researcher
responsible for evaluating the primary outcome (the presence of Horner’s syndrome within 30 minutes post-injection)
was blinded to the specific drug and volume administered to each patient.

Ultrasound-Guided Stellate Ganglion Block Procedure

The patient was placed in the supine position with the neck slightly extended and the head turned to the contralateral side
to adequately expose the cervical region on the puncture side. A high-frequency linear ultrasound probe (Ultrasound
device: KONICA SONIMAGE HSI1, Shanghai, China; Ultrasound probe: 18 MHz), sterile probe cover, coupling gel, and
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Figure | Ultrasound-Guided Stellate Ganglion Block Procedure: Anatomical Landmarks and Needle Placement (Green dashed line: Prevertebral fascia, Blue arrow points to
the needle).

Abbreviations: LA, Local anesthetic; CCA, Common carotid artery; LC Muscle, Longus Colli Muscle; Cé6 NR, The 6th cervical nerve root; AT, Anterior tubercle of the
transverse process of Cé; PT, Posterior tubercle of the transverse process of Cé.

local disinfection supplies were prepared. A 22-gauge, 10-cm needle (Sterile injection needle: 0.7x80 mm, Zhejiang
Kangdelai Medical Device Co., Ltd., Zhejiang, China) was selected, and the local anesthetic solution was prepared.

Under ultrasound guidance, key anatomical structures were identified from superficial to deep: thyroid gland,
common carotid artery, longus colli muscle, and the C6 transverse process. The target for injection was the fascial
plane between the of the longus colli muscle and the of the prevertebral fascia. The ganglion is below the prevertebral
fascia and above longus colli. The stellate ganglion itself is not directly visualized on ultrasound; it is located more
caudally, anterior to the C7/T1 vertebrae. The objective of the C6 approach is to deposit local anesthetic within this
fascial plane, allowing for caudal spread to reach the ganglion region.

Using an in-plane technique, the needle was inserted from the lateral edge of the ultrasound probe, ensuring the entire needle
shaft (including the tip) remained visible on the ultrasound screen throughout the procedure. Under real-time ultrasound
guidance, the needle was advanced toward the fascial plane between the anterolateral aspect of the C6 vertebral body and the
longus colli muscle, carefully avoiding the common carotid artery, thyroid gland, and vertebral artery. Once the needle tip
reached the target fascial plane, aspiration was performed to confirm the absence of blood, air, or cerebrospinal fluid. A small test
dose of local anesthetic was injected slowly under ultrasound visualization to observe its spread. The ideal distribution pattern
appeared as a crescent-shaped or teardrop-shaped hypoechoic area superficial to the longus colli muscle, with slight anterior-
lateral displacement of the carotid artery (Figure 1). After confirming correct needle placement, the remaining local anesthetic
was injected, and satisfactory spread within the target space was monitored in real time.Upon completion of the injection, the
needle was promptly withdrawn, and the puncture site was covered with a sterile dressing. The patient remained in the supine

position for rest, with close monitoring of vital signs.
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Determination of ED90 for Bupivacaine Hydrochloride in SGB

This study employed a biased-coin up-and-down sequential design (BCD-UDM). The initial dose for the first patient
was set at 1.6 mL of 0.5% bupivacaine hydrochloride. The injection volume was adjusted based on the previous
patient’s block outcome, with a step size of 0.2 mL between adjacent concentrations. If SGB failed in a patient, the
subsequent patient received an increased volume of 0.2 mL. Conversely, if SGB was successful in the previous patient,
the volume for the next patient was determined by biased-coin randomization: an 11% probability of decreasing the
volume by 0.2 mL and an 89% probability of maintaining the same volume. This part of the study was terminated after
achieving 45 successful blocks (Figure 2). The ED90 and ED99 values with their 95% confidence intervals were
calculated using isotonic regression analysis.

Determination of ED90 for Liposomal Bupivacaine in SGB

An identical BCD-UDM methodology was applied for data collection. The first patient received 1.6 mL of liposomal
bupivacaine, with subsequent volumes determined by the preceding patient’s block outcome using a dose increment
of 0.4 mL. If SGB failed in a patient, the next patient received an increased volume of 0.4 mL. For successful
blocks, the subsequent volume was determined by biased-coin randomization: an 11% probability of decreasing by
0.4 mL and an 89% probability of maintaining the current volume. The study continued until 45 successful blocks
were achieved (Figure 3). The ED90 and ED99 values with 95% confidence intervals were calculated through
isotonic regression analysis.

Figure 2 Consort diagram of Bupivacaine Hydrochloride in SGB.
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Figure 3 Consort diagram of liposomal bupivacaine in SGB.

Outcome Measures

Primary Outcome

SGB block efficacy: Successful blockade was defined by the presence of any of the following characteristics within
30 minutes post-procedure:Horner syndrome (ptosis, miosis, anhidrosis).'® Horner syndrome was assessed independently
by two anesthesiologists; the block was deemed successful only when both observers confirmed its presence.

Secondary Outcomes

Documentation and duration of follow-up for adverse events, including: hoarseness, dysphagia, weakness in the blocked
upper extremity, local hematoma formation, pneumothorax, and local anesthetic systemic toxicity (LAST). Adverse
events were monitored and documented from the time of intervention until 72 hours post-procedure (or until complete
resolution of any persistent adverse event, whichever was longer).

Statistical Analysis

Statistical analyses were performed using R version 4.4.2 (R Foundation for Statistical Computing, Vienna, Austria),
with graphical representations created using GraphPad Prism 9.0 (GraphPad Software, CA, USA). Normally distributed
continuous variables were expressed as mean + standard deviation (X + S), while categorical data were presented as
counts (percentages). Intergroup comparisons utilized #-tests for normally distributed data and chi-square tests for non-
normally distributed data.The biased-coin up-and-down sequential method was employed to calculate the ED90 and
ED99 for ultrasound-guided SGB using both 0.5% bupivacaine hydrochloride and liposomal bupivacaine. The following
parameters were applied:I" = 0.1 (indicating a 10% probability of block failure), b = I'/(1-I') = 0.11 (resulting in an 11%
probability of dose reduction and 89% probability of maintaining the current dose level for subsequent patients following
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a successful block).'® ED90 and ED99 values with 95% confidence intervals were determined using centered isotonic
regression analysis.

Sample Size Calculation

The isotonic regression analysis required the number of successful blocks to be a multiple of 9 and exceed 40 cases.
Therefore, the estimated sample size was set at 54 patients per study group to ensure adequate statistical power for the
dose-response analysis.

Results
A total of 110 patients were enrolled in this study. Among them, 56 patients participated in Part 1 (ED90 of 0.5%
bupivacaine hydrochloride). Successful blockade was achieved in 45 patients, while 11 patients experienced block
failure. The ED90 of 0.5% bupivacaine hydrochloride was 2.07 mL (95% CI: 1.99-2.57), and the ED99 was 2.37 mL
(95% CI: 2.33-3.05 mL), as shown in Figure 4.

54 patients participated in Part 2 (ED90 of liposomal bupivacaine). Successful blockade was achieved in 45 patients,
with 9 failures. The ED90 of 0.5% liposomal bupivacaine was 3.75 mL (95% CI: 2.90-5.17 mL), and the ED99 was
4.35 mL (95% CI: 4.22-5.36 mL), as shown in Figure 5.

ED90 Study of Bupivacaine Hydrochloride
In the first part of the study on the ED90 of bupivacaine hydrochloride, involving 56 patients, the age was 44.5+£13.5
years, with females comprising 57%. The baseline characteristics of this study group are presented in Table 1.

ED90 Study of 0.5% Liposomal Bupivacaine
In the second part of the study on the ED90 of 0.5% liposomal bupivacaine, involving 54 patients, the mean age was 44
+12.6 years, with females comprising 59%. The baseline characteristics of this study group are presented in Table 2.
In the ED 90 study of ultrasound-guided SGB using 0.5% bupivacaine hydrochloride, five volume gradients were
used: 1.6 mL, 1.8 mL, 2.0 mL, 2.2 mL, and 2.4 mL The block success rates for these different volumes were 33.3% (2/6),
63.6% (7/11), 95% (19/20), 80.0% (8/10), and 100% (9/9), respectively. Among the 56 patients included, hoarseness
occurred in 2 patients (3.6%), with symptoms resolving within 6 hours after administration. The doses associated with
hoarseness in these patients were 1.8 mL and 2.0 mL, respectively.

2Bttt e aet et s aeaet et eaeaeaeet et aeaeaee et et e neaee et e aeeeaeaet et et eeaea sttt aeeeeeeetataeneasaettneneasaneatasasnsenstasnens ®.Success
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Figure 4 Patient sequential diagram for the Bupivacaine hydrochloride group (Purple dashed line indicates the ED90 dose; gray area between the black dashed lines
represents the 95% confidence interval of ED90).
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Figure 5 Patient sequential diagram for the Liposome Bupivacaine group (Purple dashed line indicates the ED90 dose; gray area between the black dashed lines represents

the 95% confidence interval of ED 90).

In the ED 90 study of ultrasound-guided SGB using liposomal bupivacaine, eight volume gradients were used:
1.6 mL, 2.0 mL, 2.4 mL, 2.8 mL 3.2 mL, 3.6 mL, 4.0 mL, and 4.4 mL. The block success rates for these different
volumes were 0% (0/2), 80% (4/5), 75% (3/4), 66.7% (4/6), 90% (9/10), 66.7% (2/3), 92.3% (12/13), and 100% (11/11),
respectively. Among the 54 patients included, hoarseness occurred in 2 patients (3.7%), with symptoms resolving after

Table | Demographics of Patients

Receiving Bupivacaine Hydrochloride

for SGB

n=56

Age (years)

Gender (Male/Female)
BMI (kg/m?)

ASA (I/n/iy

|

1l

Ll

44.5+13.5
24/32
23.0+3.3

10
42
2

Table 2 Demographics of Patients

Receiving Liposomal Bupivacaine for

SGB

n=54

Age (years)

Gender (Male/Female)
BMI (kg/m?)

ASA (I/1/11)

|

1l

1]

44£12.6
22/32
24.1%£2.9

13
37
4
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60 hours and 72 hours, respectively. The doses associated with hoarseness in these patients were 3.2 mL and 4.0 mL,
respectively.

Discussion

Stellate ganglion block (SGB) plays a significant role in the treatment of chronic sympathetic nerve-mediated conditions
such as Complex Regional Pain Syndrome (CRPS) and hyperhidrosis. It has also demonstrated considerable efficacy in
alleviating postoperative pain, improving insomnia, and managing refractory arrhythmias."' > This study simultaneously
determined the ED90 and ED99 of both bupivacaine hydrochloride and liposomal bupivacaine for SGB using the biased
coin up-and-down sequential design. This method offers greater precision in exploring the minimum effective volume
compared to traditional approaches, which is crucial for enhancing drug safety and reducing the risk of complications.'®
The dose escalation gradient was set at 0.2 mL for bupivacaine hydrochloride and 0.4 mL for liposomal bupivacaine,
a design based on pre-trial results indicating that these dose differences produced distinguishable variations in block
efficacy.

The most common complication of SGB is hoarseness, primarily caused by the spread of the local anesthetic to the
recurrent laryngeal nerve.'” Previous research indicated that the ED99 for 1% lidocaine is approximately 3.97 mL,
whereas the typical clinical doses for short-acting local anesthetics often range from 5-10 mL. Such a volume, being
multiples higher, significantly increases the risk of drug spread to the recurrent laryngeal nerve or brachial plexus.®
Although bupivacaine hydrochloride carries a certain risk of cardiotoxicity and the SGB injection site is close to the
internal carotid artery, lidocaine is often preferred in clinical practice. However, lidocaine has lower anesthetic potency,
requiring a larger volume to achieve the same blocking effect.

The results of this study show that the ED90 and ED99 for 0.5% bupivacaine hydrochloride in SGB are 2.07 mL
(95% CI: 1.98-2.56 mL) and 2.37 mL (95% CI: 2.33-3.05 mL), respectively. This represents a reduction of approxi-
mately 40% in the effective volume compared to the ED99 of 1% lidocaine (3.79 mL vs. 2.37 mL), suggesting that
bupivacaine hydrochloride, while maintaining effective blockade, may reduce volume-related complications through
lower-volumeadministration. Considering the relatively high cardiotoxicity of bupivacaine hydrochloride,'® the ED 99
value of 2.37 mL (equivalent to 11.85 mg of 0.5% bupivacaine hydrochloride) is significantly below the threshold for
cardiovascular toxicity, thus indicating a reduced risk of cardiovascular toxicity and, potentially, volume-related
complications when used at this determined dose. The confidence intervals for the effective doses, especially for
liposomal bupivacaine, are relatively wide. This reflects the inherent variability in individual response to nerve blocks,
which can be influenced by anatomical differences, tissue characteristics, and the complex release kinetics of the
liposomal formulation. While the isotonic regression method provides robust point estimates (ED90, ED99), the width
of the CIs indicates the precision of these estimates in the studied population. Therefore, the ED values presented here
should be interpreted as population estimates. In clinical practice, they serve as a scientifically informed starting point,
and the optimal dose for an individual patient may lie within this range, necessitating careful observation and titration.

The primary advantage of liposomal bupivacaine, as an extended-release local anesthetic, in SGB is its ability to
prolong the duration of sympathetic blockade, potentially replacing the need for repeated blocks and extending the
therapeutic window.'*® However, as pain management patients are often treated in day wards, managing complications
occurring outside the hospital becomes more challenging. Therefore, it is essential to precisely control the dosage at the
minimum effective level. This study found that the ED90 and ED99 for liposomal bupivacaine are 3.75 mL (95% CI:
2.90-5.17 mL) and 4.35 mL (95% CI: 4.22-5.36 mL), respectively. Although the ED99 volume of liposomal bupivacaine
is approximately 44% higher than that of bupivacaine hydrochloride, its sustained-release mechanism is designed to
provide prolonged analgesia. This potentialfor longer duration, coupled with the effective dose established in this study,
suggests it could besuitable for long-term pain management regimens. However, this application prospect requires
confirmation in trials specifically designed to measure comparative block duration and long-term outcomes. Previous
studies have indicated that due to the sustained-release characteristics of liposomal bupivacaine, its standalone applica-
tion in peripheral mixed nerve blocks is associated with a relatively low success rate. However, this property may be
beneficial in reducing recurrent laryngeal nerve block during stellate ganglion block (SGB). This is because the stellate
ganglion, as a sympathetic ganglion, contains finer and unmyelinated nerve fibers, making it more susceptible to
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blockade by liposomal bupivacaine. In contrast, the recurrent laryngeal nerve, being a mixed nerve, exhibits relatively
lower sensitivity to sustained-release agents. Consequently, it is theorizedthat while achieving effective sympathetic
blockade, the relative sensitivity of different nerve fibers might differentially influence the risk profile. However, this
theoretical differential effect on nerve types, and its translation to a clinically meaningful reduction in complication risk,
require direct investigation in future comparative studies.

In the safety assessment, hoarseness occurred in 2 out of 54 patients (3.7%) in the liposomal bupivacaine group (at
doses of 3.75 mL and 4.0 mL), with symptoms resolving after 60 and 72 hours, respectively. In the bupivacaine
hydrochloride group, hoarseness also occurred in 2 out of 56 patients (3.6%), with symptoms resolving within
approximately 6 hours. The doses causing recurrent laryngeal nerve block in both groups were lower than their respective
ED99 values, indicating that this complication cannot be entirely avoided even when using the minimum effective
volume. Consequently, extra caution should be exercised in dose selection for liposomal bupivacaine due to its long
duration of action.

In addition to extended-release local anesthetics, pulsed radiofrequency represents an alternative interventional
therapy aimed at achieving prolonged neuromodulation of the stellate ganglion region. Current evidence suggests that
the duration of therapeutic effect from pulsed radiofrequency may exceed that of conventional bupivacaine hydrochloride
blocks.?' However, direct comparative data on the efficacy and durability between pulsed radiofrequency and liposomal
bupivacaine are still lacking. Against this backdrop, by determining the effective dose of liposomal bupivacaine, this
study provides critical dosimetric evidence for this emerging long-acting pharmacological strategy.

Limitations

This study did not dilute the liposomal bupivacaine formulation. The reason is that dilution increases the injection
volume, which could lead to wider drug spread and potentially increase the risk of blocking the recurrent laryngeal nerve
or even more distant nerves. For unilateral recurrent laryngeal nerve blocks lasting over 72 hours, while the impact on
respiratory safety is limited, it significantly reduces patient comfort and quality of life. Furthermore, as this was a dose-
finding study, it cannot directly compare the analgesic duration or complication rates between the two local anesthetics
for SGB. Related randomized controlled trials are currently underway. Furthermore, this study did not analyze the
potential influence of individual anatomical characteristics (eg, sex, height, neck length) on the effective volume required
for a successful SGB. Future research correlating such morphometric parameters with the minimum effective volume
could facilitate more personalized dosing regimens.

Conclusion

The ED90 of bupivacaine hydrochloride and liposomal bupivacaine for ultrasound guided SGB to be 2.07 mL and
3.75 mL, respectively. Based on these ED90 values, an initial volume of approximately 2.1 mL or 3.8 mL is
recommended for each drug to achieve effective blockade. The extended-release property of liposomal bupivacaine
suggests a potential for prolonged effect, which must be balanced against the risk of similarly prolonged complications,
as observed. Therefore, its use requires cautious, individualized dosing. These findings provide the first dose-response
data and a foundation for the evidence-based application of liposomal bupivacaine in SGB.
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