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Abstract 

Background Pancreatic cancer is a devastating disease with less than 5% 5-year survival. Inoperable patients often 
present with pain. Randomized controlled trial have shown that endoscopic ultrasound-guided celiac plexus neu-
rolysis (EUS-CPN) improves pain control. It is usually performed by injecting bupivacaine followed by absolute alcohol 
around the celiac axis.

Study design Single center, randomized, double blind controlled trial of EUS-CPN with and without bupivacaine 
in patients with inoperable malignancy (pancreatic or other) involving the celiac plexus. The study was approved 
by research ethics board with approval number of 2022-9969, 21.151 and registered on ClinicalTrials.gov 
(NCT04951804).

Discussion We hypothesize that bupivacaine is superfluous and may actually reduce pain control by diluting 
the neurolytic effect of alcohol. Bupivacaine is also potentially dangerous in that it may produce serious adverse 
events such as arrythmias and cardiac arrest if inadvertently injected intravascularly.

Conclusion This randomized trial is designed to assess whether bupivacaine is of any value during EUS-CPN.

Background
Pancreatic cancer is the most devastating of all cancers 
with a dismal survival rate. Pancreatic cancer is the 3rd 
most common cause of cancer-related deaths worldwide. 
The 5-year survival rate of all patients with pancreatic 
cancer is approximately 5%, and this figure has remained 
relatively stable over the past 25 years, since most 
patients present with inoperable disease [1, 2].

Seventy to 80% of patients with pancreatic cancer have 
abdominal pain at the time of diagnosis, which reduces 
quality of life and possibly survivability. Adequate pain 
control is therefore considered an essential component 
for the care of these patients. In the initial phase, the pain 
is visceral, but with disease progression, somatic pain 
may occur, especially due to the peri-pancreatic invasion 
of neural structures, such as the celiac plexus [3].

The effectiveness of CPN is well established. It is safe, 
produces significant pain reduction, significantly reduces 
narcotic requirements, and may even increase surviv-
ability [4–6]. Wyse et al. were the first to publish a rand-
omized, sham-controlled trial demonstrating the efficacy 
of EUS-CPN for pain due to pancreatic cancer and 
authored the most recent published guidelines on the use 
of EUS-CPN [4, 7].
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Currently, it is standard EUS-CPN practice to inject 
bupivacaine immediately before injecting absolute alco-
hol, to theoretically prevent pain during and after the 
procedure [7]. However, the true value of bupivacaine 
during neurolysis has never been studied. There are no 
data showing whether bupivacaine injection has any real 
influence on intra-procedural, immediate post-proce-
dural, or long-term pain control. The injection of bupiv-
acaine before the alcohol may have no effect, a synergistic 
effect, or an antagonistic effect, by diluting the alcohol 
and reducing its neurolytic capacity. Inadvertent intra-
vascular injection of bupivacaine may also cause irrevers-
ible cardiac arrythmias and death [8]. In other words, 
in the worst-case scenario, the injection of bupivacaine 
may increase procedural risk, with questionable effect in 
terms of pain reduction.

In our institution, we stopped applying bupivacaine 
during EUS-CPN approximately 2 years ago, with no 
obvious difference intra- or post-procedure and a pos-
sible reduction in the need for repeat neurolysis—sug-
gesting that neurolysis without bupivacaine may be more 
effective (unpublished observations).

Therefore, we designed a randomized clinical trial 
to determine if bupivacaine is of any value during 
EUS-CPN.

Methods
Objectives and design
The primary hypothesis for this study is that bupivacaine 
injection before neurolysis dilutes the neurolytic effect 
of alcohol and therefore decreases its analgesic effective-
ness. We also believe that bupivacaine injection has no 
influence on intra- or immediate post-procedural pain.

The primary aim of study is to compare the effec-
tiveness of EUS-CPN with and without bupivacaine. 
Secondary aims include a comparison of intra- and post-
procedural pain, narcotic use, adverse events, and sur-
vival between the studied groups.

This is a single-center, randomized, double-blinded, 
parallel groups, non-inferiority clinical trial to be per-
formed at the endoscopy unit of the Centre Hospitalier 
de l’Université de Montréal (CHUM) in Québec, Canada.

The SPIRIT reporting guidelines have been used in 
protocol formulation [9].

Study population
All patients referred for EUS for suspected pancreatic 
malignancy or for neurolysis for pain due to proven pan-
creatic malignancy are eligible. The study will be pre-
sented to them by a single research assistant, who will 
also obtain study consent before the procedure. Patients 
will be randomized if they meet all inclusion criteria and 
have no exclusion criteria presented in Table 1.

Sample size calculations
The sample size, estimated in relation to the primary out-
come, is based on the detection of a minimum clinical 
difference of 3 points on the Likert scale between the 2 
study groups, with a beta error of 20%, an alpha error of 
5%, and a standard deviation of 7. n = 2 × 7.8 × (7/3) 2 = 
2 × 7.8 × 5.4 = 90 per group.

Duration
Approximately 3000 EUS procedures are performed at 
CHUM annually, including approximately 300 adeno-
carcinomas of the pancreatic genu/body/tail, of which 
90% (270) are inoperable and have pain. Given a sample 

Table 1 Inclusion and exclusion criteria for the study

Inclusion criteria 1. Malignant-appearing pancreatic mass, or proven pancreatic cancer involving the pancreatic genu, body, or tail on imaging done 
before the endosonography
2. Any level of abdominal or back pain considered to be potentially related to the mass:
a. New onset pain (< 3 months)
b. Constant
c. Centrally located
d. With or without irradiation to the back
e. No obvious other source of pain
3. No possibility of immediate surgical management. (Based on EUS evidence of venous involvement ≤ 1 cm from portal conflu-
ence and/or arterial involvement of the celiac axis or the splenic artery ≤ 1 cm from the bifurcation of the celiac axis, and/or evi-
dence of liver metastases)
4. Signed, informed consent
5. Celiac axis accessible for bilateral neurolysis at EUS

Exclusion criteria 1. Allergy to bupivacaine
2. Tumors amenable for curative resection
3. Significant coagulopathy (platelets < 50000 µ/L, INR > 1.4, uninterrupted use of oral anticoagulants at therapeutic dosage 
[except for antiplatelet agents]
4. Patients with concurrent sepsis
5. Previous EUS CPN
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size requirement of 90 patients and allowing for a 50% 
refusal/dropout rate, this study could be completed in 
approximately one and a half years. This was the approxi-
mate time frame for our previous RCT on neurolysis in 
the same patient population [4]. An extra 3 months will 
be necessary for completion of data analyses and draft-
ing of the manuscript. The study will be terminated as 
soon as recruitment is complete. An extension will be 
requested if recruitment is not complete after one and a 
half years.

Randomization and blinding
Participants will be randomized in 1:1 fashion, by sealed 
opaque envelopes, prepared by an independent third 
party, using a list produced by the web-based randomiza-
tion service Sealed Envelope™.

Since the final inclusion criteria (accessibility of the 
celiac axis by EUS) is determined during the procedure, 
while the patient is sedated, the patient will be blinded to 
the treatment arm.

The research nurse who collects the data will not be 
present during the randomization process, nor the proce-
dure, and will therefore also be blinded to the treatment 
arm.

Study arms

1. EUS-CPN with bupivacaine: endoscopic ultrasound-
guided bilateral celiac plexus neurolysis with abso-
lute alcohol 20 mL preceded by injection of 10 ml of 
bupivacaine 0.5%

2. EUS-CPN: endoscopic ultrasound guided bilateral 
celiac plexus neurolysis with absolute alcohol 20 mL 
only

Patient follow‑up
Patients will be followed in the immediate post-proce-
dural period until 4 months after the procedure or death 
whichever comes first; see Fig. 1.

Immediate post-procedural surveillance:

1. Likert pain scores pre-procedure (T0) and 30 min 
after arriving in recovery (T30) and then every 30 
min until discharge

2. Opioid use in the last 3 days before the procedure
3. Vital signs pre-procedure (T0), immediately before 

and after neurolysis, and at 30 min after arriving  
in recovery (T30), and then every 30 min until  
discharge

4. Requirements for analgesia during the recovery 
period

Post-discharge surveillance:
Telephone interviews by a single research assistant on 

days 3, 7, 30, 60, 90, and 120* for:

1. 7-point Likert scale for pain (Table 2)
2. Global rating scale of change (GRSC) (Table 2)
3. Any adverse events (diarrhea, fever, dizziness, leg 

weakness)
4. Hospital visits
5. Narcotic use.

*Days 3 and 7: ± 2 days; days 30, 60, 90, and 120: ± 4 
days

Outcomes
Primary outcome
Comparative change in Likert pain scores before proce-
dure (T0) and at 30 days after the procedure (Table  2) 
with treatment failure defined as less than 3-point 
decrease in Likert pain scores.

Secondary outcomes

1. % Difference in 7-point Likert scale and GRSC 
(Table 2):

a. T0 and all other time points specified above

2. Time to discharge from the endoscopy unit
3. % Change in cumulative narcotic use for the previous 

3-day period:

a. T0 vs T60 days
b. T0 vs T120 days

4. Rate of all intervention-specific adverse events (Using 
the American Society of Gastrointestinal Endoscopy 
classification) [10]

5. Survival

Statistical analysis
Descriptive statistics will assess patient characteristics 
(demographics, tumor size) and the balancing of rand-
omization. The data will be tested for normality, and the 
paired Wilcoxon ranked sum test will assess the pain 
scores. Student’s t test will be performed when compar-
ing two means. Fisher’s exact method will be used for 
proportions comparison. All p-values are two-tailed, 
and values < 0.05 will be considered statistically signifi-
cant. Subsequent logistic regression modeling will deter-
mine the factors that are associated with a better pain 
outcome.
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Kaplan-Meier estimates of the survival curve will 
be obtained for each treatment group, and statistical 
comparisons of these will be performed using the log-
rank test. The Cox proportional hazards models will 
be used to study survival while adjusting for potential 
confounding factors.

Patients who withdraw will be noted and will be noted 
and they will be excluded from analysis.

Trial status
The CRCHUM Research Ethics Board (REB), more pre-
cisely its CT2 Panel, has reviewed this research project at 
its full board meeting where quorum was reached. It was 
approved, with number of 2022-9969, 21.151. Approval was 
communicated to the principal investigator on September 
21, 2021. No REB member withdrew from the deliberations. 
Any protocol modification will be submitted to the REB. 
We have started recruitment on November 2, 2021, and 
36 patients have been recruited to date. The recruitment is 
expected to continue until the target sample size is reached.

Trial management
This trial was registered at ClinicalTrials.gov with reg-
istration number NCT04951804 and conducted at the 
CHUM only. Charles Mackay RN, who has extensive 
experience in clinical trials, will ensure proper trial 

Fig. 1 Schedule of enrolment interventions and assessments

Table 2 Likert pain scale and GRSC

7‑point Likert scale for pain 0 No discomfort at all
1 Minor discomfort
2 Mild discomfort
3 Moderate discomfort
4 Moderately severe discomfort
5 Severe discomfort
6 Very severe discomfort

Global rating scale of change (GRSC) 0 No improvement at all
1 Minor improvement
2 Mild improvement
3 Moderate amount of improve-
ment
4 Quite a bit of improvement
5 A lot of improvement
6 Great improvement
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conduct and all data collection. He will ensure proper 
study start-up and adaptation of the consent form. He 
will oversee participant enrolment, the randomization 
process, data collection, the timely reporting of adverse 
events and serious adverse events to the CRCHUM 
Research Ethics Board (REB), and data collection. He will 
ensure adherence to standard operating procedures of 
the CRCHUM.

Data safety monitoring board (DSMB)
A selected group of clinicians and clinical researchers will 
oversee this study’s DSMB. This will include an EUS-MD 
from outside CHUM. Members of the DSMB will not be 
involved in the conduct of the trial and their participation 
will be void of any professional or financial bias that may 
hinder their independent decision making. This commit-
tee will meet before trial initiation and meet every three 
months to review possible AEs. Each reviewer will be 
blinded to the group allocation. At the first meeting, the 
DSMB will discuss the protocol and decide on criteria to 
review the data as well as monitoring of the study. The 
following meetings will be divided into an open and close 
sessions. During the open session, the PI, statistician, 
and all members of the DSMB will be present. The PI will 
present to the committee the participants’ demographic 
characteristics, protocol compliance, quality control, 
timeliness and completeness of follow-up, and all adverse 
events. During the closed session, the DSMB alone will 
review the safety data. At the end of each meeting, the 
members of the DSMB will vote to continue, modify, or 
terminate the study. The DSMB will provide a written 
report to the REB and PIs about their conclusion.

Patient confidentiality
Following the signature of informed consent, participants 
will be given a unique identifier (ID). This study ID will 
be used in the main database containing study-related 
data. No identifying information including name, date of 
birth, or hospital unit number will be in the main data-
base to protect participant confidentiality. A separate 
password-protected file will contain participants name 
and study ID information. Only the PI will have access to 
this file. All data will be stored for 10 years following the 
study completion or as requested by the standard operat-
ing procedure of the CRCHUM.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13063- 023- 07487-7.

Additional file 1. Copy of the case report form.

Additional file 2. SPIRIT checklist.

Acknowledgements
Not applicable.

Authors’ contributions
Drs. Sahai and Esmail: protocol conception, design, redaction, data collection, 
data analysis, manuscript preparation and revision. Dr. Paquin: data collection 
and manuscript revision. All authors are affiliated with the CRCHUM and the 
CHUM department of Gastroenterology. Dr. Esmail is also affiliated to Tanta 
University, Egypt.

Funding
No funding has been received. The first author is awarded a scholarship by the 
Ministry of Higher Education; Egypt.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Consent for publication
Consent for publication was obtained with informed consent.

Competing interests
The authors declare no competing interests.

Received: 17 November 2022   Accepted: 28 June 2023

References
 1. Rawla P, Sunkara T, Gaduputi V. Epidemiology of pancreatic cancer: global 

trends, etiology and risk factors. World J Oncol. 2019;10(1):10–27.
 2. Reynolds RB, Folloder J. Clinical management of pancreatic cancer. J Adv 

Pract Oncol. 2014;5(5):356–64.
 3. Balaban EP, Mangu PB, Khorana AA, Shah MA, Mukherjee S, Crane CH, et al. 

Locally advanced, unresectable pancreatic cancer: American Society of Clin-
ical Oncology Clinical Practice Guideline. J Clin Oncol. 2016;34(22):2654–68.

 4. Wyse JM, Carone M, Paquin SC, et al. Randomized, double-blind, controlled 
trial of early endoscopic ultrasound-guided celiac plexus neurolysis to pre-
vent pain progression in patients with newly diagnosed, painful, inoperable 
pancreatic cancer. J Clin Oncol. 2011;29(26):3541–6.

 5. Levy MJ, Gleeson FC, Topazian MD, Fujii-Lau LL, Enders FT, et al. Combined 
celiac ganglia and plexus neurolysis shortens survival, without benefit, vs 
plexus neurolysis alone. Clin Gastroenterol Hepatol. 2019;17(4):728-738.e9.

 6. Lou S. Endoscopic ultrasound-guided celiac plexus neurolysis to alleviate 
intractable pain caused by advanced pancreatic cancer. Surg Laparosc 
Endosc Percutan Tech. 2019;29(6):472–5.

 7. Wyse JM, Battat R, Sun S, et al. Practice guidelines for endoscopic 
ultrasound-guided celiac plexus neurolysis. Endosc Ultrasound. 
2017;6(6):369–75.

 8. Eledjam JJ, de la Coussaye JE, Bassoul B, Brugada J. Mécanismes de la 
toxicité cardiaque de la bupivacaïne. Annales Françaises d’Anesthésie et 
de Réanimation. 1988;7(3):204–10. https:// doi. org/ 10. 1016/ S0750- 7658(88) 
80112-6.

 9. Chan A-W, Tetzlaff JM, Gøtzsche PC, Altman DG, Mann H, Berlin J, Dickersin 
K, Hróbjartsson A, Schulz KF, Parulekar WR, Krleža-Jerić K, Laupacis A, Moher 
D. SPIRIT 2013 explanation and elaboration: guidance for protocols of clini-
cal trials. BMJ. 2013;346:e7586.

 10. Cotton PB, Eisen GM, Aabakken L, et al. A lexicon for endoscopic 
adverse events: report of an ASGE workshop. Gastrointest Endosc. 
2010;71(3):446–54.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1186/s13063-023-07487-7
https://doi.org/10.1186/s13063-023-07487-7
https://doi.org/10.1016/S0750-7658(88)80112-6
https://doi.org/10.1016/S0750-7658(88)80112-6

	Protocol for a randomized controlled trial of endoscopic ultrasound guided celiac plexus neurolysis (EUS-CPN) with vs without bupivacaine
	Abstract 
	Background 
	Study design 
	Discussion 
	Conclusion 

	Background
	Methods
	Objectives and design
	Study population
	Sample size calculations
	Duration
	Randomization and blinding
	Study arms
	Patient follow-up

	Outcomes
	Primary outcome
	Secondary outcomes
	Statistical analysis

	Trial status
	Trial management
	Data safety monitoring board (DSMB)
	Patient confidentiality
	Anchor 24
	Acknowledgements
	References


