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Background and Aims: Although EUS-guided celiac plexus neurolysis (EUS-CPN) is frequently performed, its

efficacy for palliation of pain in pancreatic cancer is suboptimal. Recently, EUS-guided radiofrequency ablation
(EUS-RFA) has been proposed as a palliative treatment option for pancreatic neoplasms. We performed a
single-blind, randomized trial to compare the effectiveness of EUS-CPN and EUS-RFA for palliation of pain in
pancreatic cancer.

Methods: Patients with abdominal pain because of locally advanced or metastatic pancreatic cancer underwent
EUS-CPN (n Z 14) or EUS-RFA (n Z 12). EUS-RFA was performed using a 1F monopolar probe passed via a 19-
gauge FNA needle, by targeting the area of celiac plexus or visualized ganglia. Primary outcome was pain severity
as measured by the European Organization for Research and Treatment of Cancer (EORTC) Quality of Life Ques-
tionnaire pancreatic cancer module (PAN26) administered pretreatment and at 2 and 4 weeks post-treatment.
Secondary outcome measures were comparison of quality of life as determined by the PAN26 and EORTC Quality
of Life Questionnaire core questionnaire (C30) and opioid analgesia use between the 2 groups.

Results: Both the PAN26 (49.0 vs 57.0, P < .001) and C30 (51.9 vs 64.4, P Z .032) revealed less pain for EUS-RFA
than for EUS-CPN. Also, the EUS-RFA cohort experienced significantly less-severe GI symptoms, were able to plan
more for the future, and had better emotional functioning compared with the EUS-CPN group.

Conclusions: Compared with EUS-CPN, EUS-RFA provided more pain relief and improved the quality of life for
patients with pancreatic cancer. (Clinical trials registration number: NCT03152487.) (Gastrointest Endosc
2019;89:58-66.)
(footnotes appear on last page of article)
Pancreatic cancer is often associated with intense and re-
fractory pain. Although non-narcotic medical therapies fail
to control pain adequately, opioids induce side effects
such as constipation, altered mental status, and respiratory
depression.1 The main advantage of administering a
nonpharmacologic therapy such as celiac plexus neurolysis
(CPN) is that both pain control and quality of life can be
improved but without the attendant risk of medication-
induced side effects.2-4 CPN involves the destruction and
subsequent fibrosis of the splanchnic nerve fibers by percu-
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taneous or intraoperative injection of alcohol or a sclerosing
agent.5,6 The treatment has been shown to be significantly
more effective than placebo, with pain relief lasting between
6 weeks and 6 months.

The first report of EUS-guided CPN (EUS-CPN) via the
transgastric route was published in 1996 and was shown to
be safe, with significant improvement in pain scores in 88%
of patientswithpancreatic cancer or intra-abdominalmetasta-
ses at a 3-month follow-up.7 However, subsequent studies
demonstrated substantial variation in the proportion of
patients experiencing pain relief (24%-80%).8-16 With the
objective of improving treatment outcomes, the technique
of neurolysis has undergone several iterations to include in-
jection into both sides of the celiac trunk, broader injection
to include the space around the superior mesenteric artery,
and direct injection into the celiac ganglia.17-20

Radiofrequency ablation (RFA) is an electrosurgical
technique that uses a high-frequency alternating current
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Bang et al EUS-CPN vs EUS-RFA for pancreatic cancer pain
to produce thermal coagulation of neoplastic lesions. RFA
has also been shown to be effective in inducing splanchnic
nerve blockade in patients with abdominal pain because of
chronic pancreatitis and pancreatic or liver cancer.21,22

Hitherto, RFA has been administered only by intraopera-
tive or percutaneous techniques, but more recently, dedi-
cated probes have been developed for RFA of pancreatic
neoplasms under EUS guidance.23-25 Despite limited data
on their clinical effectiveness, preliminary evidence dem-
onstrates good tolerability and an acceptable safety profile.
Given the suboptimal treatment outcomes for EUS-CPN,
we hypothesized that EUS-guided RFA (EUS-RFA) could
potentially be superior to EUS-CPN for alleviation of pain
in pancreatic cancer patients. This is because EUS-RFA
likely results in more focused targeting of the celiac plexus
of nerves, whereas injection of alcohol in EUS-CPN involves
diffusion over a wide anatomic compartment. We therefore
conducted a randomized trial to compare EUS-RFA and
EUS-CPN for palliation of pain in patients with pancreatic
cancer.
METHODS

Participants
After approval of the study by the Institutional Review

Board, we attempted to recruit consecutive patients in
the wards or preprocedure consultation rooms at a single
tertiary referral center who presented with abdominal
pain and pancreatic mass on CT or magnetic resonance im-
aging that was suspicious for locally advanced or metastatic
pancreatic malignancy or those with previously diagnosed
locally advanced or metastatic pancreatic adenocarcinoma.
Patients aged <19 years, those who had undergone prior
EUS-CPN, those with irreversible coagulopathy (interna-
tional normalized ratio >1.5 or platelet count <50,000/
mm3), those in whom a preliminary diagnosis of adenocar-
cinoma could not be established intraprocedurally at EUS-
guided FNA, or abdominal pain with etiology other than
pancreatic malignancy were excluded. Informed consent
was obtained from all patients.

Randomization and masking
Computer-generated randomization assignments were

provided by the statistician using a block randomization
method and placed in sequentially numbered, sealed, opa-
que envelopes that were opened by the research coordi-
nator intraprocedurally to determine treatment allocation.
Once the inclusion criteria were met, patients were ran-
domized equally (1:1 allocation) to 1 of 2 treatment
arms. Given the differences in procedural techniques, en-
doscopists were not blinded to the treatment allocation.
However, study participants and research coordinators
who conducted the outcome assessments were blinded
to the type of intervention. No antibiotics were adminis-
tered before or after the intervention. All authors had full
www.giejournal.org
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access to the study data and have reviewed and approved
the final manuscript.

Study interventions
All interventions were performed using a curved linear-

array echoendoscope (UCT140; Olympus America Corpo-
ration, Center Valley, Pa) under monitored anesthesia
care using propofol with patients in the left lateral position.
Lactated Ringer’s solution was infused at a rate of 75 mL/h
in all patients during the procedure. In patients without a
prior tissue diagnosis, EUS-guided FNA of the pancreatic
mass was first performed. Randomization was undertaken
intraprocedurally only after a preliminary diagnosis of
adenocarcinoma was rendered by an onsite cytopatholo-
gist and unresectability was confirmed.

The site of celiac artery take-off from the aorta was visu-
alized endosonographically, and every attempt was made
to identify the celiac ganglia, which were typically seen be-
tween the celiac artery and the left adrenal gland as hypo-
echoic, comma-shaped structures, often with an irregular
edge. If more than 1 ganglia were identified, the larger
ganglia were targeted for intervention. If ganglia could
not be identified at EUS, then interventions were per-
formed in the space located between the celiac trunk
and the aorta. The procedures were performed by 1 of 3
endoscopists (S.V., R.H.H., J.Y.B.) who have all performed
at least 2000 EUS procedures individually.

EUS-CPN technique. The tip of a 19-gauge FNA nee-
dle (Expect; Boston Scientific, Marlborough, Mass) was
introduced into the celiac ganglia (Video 1, available
online at www.giejournal.org) or the celiac plexus space
(Video 2, available online at www.giejournal.org). Using
both color Doppler and aspiration to confirm that the
needle tip was not intravascular, we first injected 10 mL
of .25% bupivacaine, followed by 20 mL of 98%
dehydrated alcohol.

EUS-RFA technique. TheHabib EUS-RFA catheter (EM-
cision Ltd, London, UK) is a 1Fr wire (.33 mm/.013 ins) with a
working length of 190 cm. RF power was applied to the elec-
trode at the end of the wire to coagulate tissue. The device
was monopolar and used in conjunction with a grounding
(diathermy) pad applied to the patient’s lower back. The
catheter was connected to an adaptor cable, which was
then connected to a generator with power set at 10 W.

The stylet of a 19-gauge needle was removed and the
RFA catheter gently inserted inside the hollow of the
FNA needle until the needle tip was reached. The catheter
was then withdrawn by a few millimeters so the catheter
tip was located just proximal to the needle tip. The FNA
needle containing the RFA catheter was then inserted
into the working channel of the echoendoscope. After
puncturing the celiac ganglia using the FNA needle, the
RFA catheter was gently pushed into the ganglia until it
could not be pushed in any further. The FNA needle was
then withdrawn by 1 cm while at the same time advancing
the RFA catheter within the ganglia to disengage the
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Figure 1. CONSORT flow diagram of patients undergoing EUS-guided celiac plexus neurolysis or radiofrequency ablation.
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contact between the active part of the RF catheter and the
metallic FNA needle. When required, fluoroscopy was used
to enable visualization of the RFA probe protruding
beyond the tip of the needle. RF energy was applied for
90 seconds at the set wattage. Application of RF energy
was visualized sonographically as hyperechoic change
within the ganglia. The RFA probe was then retracted
and the needle repositioned to ablate another area of the
ganglia (Video 3, available online at www.giejournal.org).
This process was repeated 3 to 4 times to ensure
complete ablation of the ganglia, as indicated by
hyperechogenicity of the entire ganglion. When celiac
ganglia were not visualized, the 19-gauge needle was posi-
tioned at the celiac plexus space and RF energy was admin-
istered at 2 locations, for 90 seconds per location (Video 4,
available online at www.giejournal.org).

Postprocedure care
After completion of the procedure, patients were moni-

tored for 2 hours before discharge. One liter of normal sa-
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line solution was administered in all patients during the
recovery period unless contraindicated. Patients were
crossed over to the alternate treatment arm if they re-
ported persistent symptoms, and a repeat intervention
was requested by their oncologists.

Assessment of outcome measures
For severity of pain and quality of life, 4 measures were

used: the European Organization for Research and Treat-
ment of Cancer (EORTC) Quality of Life Questionnaire
pancreatic cancer module (PAN26), the EORTC Quality of
Life Questionnaire core questionnaire (C30), the Brief
Pain Inventory-Short Form (BPI), and the visual analog
scale (VAS).

EORTC PAN26. The PAN26 was administered to all pa-
tients undergoing interventions. The instrument contains
26 items assessing pain, GI symptoms, oral intake,
anorexia, cachexia, and emotional problems related to
pancreatic cancer. The pancreatic cancer module is de-
signed for patients at any stage of the disease and
www.giejournal.org
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TABLE 1. Patient characteristics and procedure details

Characteristic Subgroup CPN group (n [ 14) RFA group (n [ 12) P value*

Age, y Mean (SD) 65.7 (12.1) 62.8 (13.7)

Median (IQR) 65 (57-74) 59 (52-75) .520

Gender Female 6 (42.9) 7 (58.3) .431

Male 8 (57.1) 5 (41.7)

Race Black 1 (7.1) 1 (8.3) .720

White 13 (92.9) 10 (83.3)

Other 0 1 (8.3)

Duration of symptoms, wk Mean (SD) 5.1 (3.7) 5.6 (3.1)

Median (IQR) 3.5 (3-6) 6 (3.5-7.5) .406

Location of pancreatic mass Head/uncinate 8 (57.1) 8 (66.7) .701

Body/tail 6 (42.9) 4 (33.3)

Tumor stage I 0 0 .360

II 6 (42.9) 2 (16.7)

III 3 (21.4) 3 (25.0)

IV 5 (35.7) 7 (58.3)

Tumor size, mm Mean (SD) 32.5 (7.3) 29.6 (9.4)

Median (IQR) 30 (30-30) 27.5 (22.5-35) .173

Tissue diagnosis Established previously 5 (35.7) 7 (58.3) .249

Established at time of procedure 9 (64.3) 5 (41.7)

Chemotherapy before CPN/RFA 3 (21.4) 6 (50.0) .218

Technical successy 14 (100) 12 (100) .999

Adverse events 5 (35.7)z 5 (41.7)x .999

Crossover to alternate arm 3 (21.4) 0 .225

Values are n (%) unless otherwise defined.
CPN, Celiac plexus neurolysis; IQR, interquartile range; RFA, radiofrequency ablation; SD, standard deviation.
*Comparison of continuous variables was performed using the Wilcoxon rank sum test.
yCeliac ganglia visualization: 5 (35.7%) in the CPN group, 4 (33.3%) in the RFA group.
zPostprocedural adverse events in the CPN group: diarrhea (n Z 1), fever (n Z 1), nausea/vomiting (n Z 1), and increase in abdominal pain (n Z 2).
xPostprocedural adverse events in the RFA group: nausea/vomiting (n Z 4), increase in abdominal pain (n Z 1).

Bang et al EUS-CPN vs EUS-RFA for pancreatic cancer pain
undergoing endoscopic, surgical, chemotherapy, or pallia-
tion. The PAN26 scales have been found to be both reliable
and valid, and symptom scales are sufficiently sensitive to
detect clinically meaningful differences in quality of
life.26,27 The instrument was scored according to developer
guidelines in which linear transformations were applied to
generate scales ranging from 0 to 100, with higher scores
representing higher symptom severity. The PAN26 ques-
tionnaire was administered before CPN or RFA and then
at 2 and 4 weeks after intervention. The pain score deter-
mined by PAN26 was taken as the primary outcome
measure.

EORTC C30. The C30 is the core quality of life ques-
tionnaire for patients participating in clinical trials.28 The
C30 includes 9 multiple-item scales, 5 scales within the
functional domain, 3 scales within the symptom domain,
and 1 encompassing global health and quality of life. The
functional scales address physical, cognitive, emotional,
and social functioning. The symptom scales address pain,
dyspnea, insomnia, appetite loss, fatigue, GI symptoms,
and financial difficulties. The instrument was scored ac-
www.giejournal.org
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cording to developer guidelines in which linear transforma-
tions were applied to generate scores ranging from 0 to
100. For functional scales, 0 represents poor function
and 100 represents good function, whereas for symptom
scales, higher scores represent higher symptom severity.
The C30 was administered before CPN or RFA and then
at 2 and 4 weeks after intervention.

BPI and VAS. The BPI was developed by the Pain
Research Group at the University of Wisconsin-Madison
and the Department of Symptom Research at the Univer-
sity of Texas MD Anderson Cancer Center with grant sup-
port from the National Cancer Institute and the Cancer
Unit of the World Health Organization.29 The instrument
was developed specifically to measure self-reported cancer
pain and consists of 9 items encompassing pain severity
and pain interference. The questionnaire has been shown
to have satisfactory to excellent test–retest reliability,
construct validity, criterion validity, and sensitivity to
change.30-33

The VAS for pain is a single dimension measure of cur-
rent pain intensity or pain intensity in the last 24 hours,
Volume 89, No. 1 : 2019 GASTROINTESTINAL ENDOSCOPY 61
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TABLE 2. Comparison of the adjusted mean scores for PAN26 using generalized estimating equations (high score [ high level symptomology)

CPN group (n [ 14) RFA group (n [ 12) P value*

Pain 57.0 49.0 <.001

Restriction in oral intake 53.5 39.1 .031

Taste change 64.4 44.9 .280

Xerostomia 57.7 43.1 .032

Indigestion 51.0 20.6 <.001

Diarrhea and fecal urgency 24.8 16.9 .029

Jaundice 18.2 13.0 .002

Flatulence 33.5 16.0 <.001

Abdominal bloating 45.6 33.7 .015

Muscle weakness 48.2 33.6 .598

Weight loss 43.1 46.7 .525

Disinterest in sex/sexual enjoyment 65.2 72.9 .930

Dissatisfaction with body image 56.5 45.2 .426

Satisfaction with healthcare 81.1 81.6 .173

Burden of treatment 51.2 40.4 .470

Fear for future health 69.3 56.8 .001

Limitation in ability to plan for future 68.5 50.1 .003

PAN26, European Organization for Research and Treatment of Cancer Quality of Life Questionnaire-pancreatic cancer module; CPN, celiac plexus neurolysis; RFA, radiofrequency
ablation.
*P values reported for time and group interactions in the generalized estimating equation model using robust standard errors.

EUS-CPN vs EUS-RFA for pancreatic cancer pain Bang et al
with scores ranging from zero (“no pain”) to 10 (“worst
possible pain”). The VAS scores were scaled from 0 to
100 to facilitate comparison with other reported pain mea-
sures. The BPI and VAS questionnaires were administered
before CPN or RFA and then at 2 and 4 weeks after
intervention.

Analgesia requirement
Information on the dose and frequency of opioid med-

ications administered within 24 hours before the assign-
ment intervention was collected and at 2 and 4 weeks
after the procedure. The total dose of opioids
administered was then converted into oral morphine
equivalent dose for comparison (mg/24 hours). Manage-
ment of patients’ analgesic regimen was left to the discre-
tion of a single physician, who was either the patient’s
primary physician or oncologist. This physician was solely
responsible for opioid analgesia management, and no spe-
cific follow-up for opioid management was scheduled for
study purposes.

Adverse events
Information regarding the incidence of any procedure-

related adverse events was collected at 48 hours, 2 weeks,
and 4 weeks after intervention.

Data collection and follow-up
A questionnaire comprising PAN26, C30, BPI, VAS, and

opioid analgesia use in the previous 24 hours was
completed by all patients themselves on the day of the pro-
62 GASTROINTESTINAL ENDOSCOPY Volume 89, No. 1 : 2019
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cedure before undergoing EUS-CPN or EUS-RFA. After the
procedure, a research nurse who was blinded to the as-
signed intervention collected the follow-up information
in all patients via telephone calls at 48 hours, 2 weeks,
and 4 weeks.

Outcomes measures
The primary outcome measure was to compare the dif-

ference in pain severity on the PAN26 between patients
treated by EUS-CPN and EUS-RFA. The secondary outcome
measures were comparison of quality of life as determined
by the PAN26 and C30 and opioid use between the 2
groups.

Statistical analysis
The primary outcome, the PAN26 pain score, was used

to determine the sample size for our statistical analysis us-
ing generalized estimating equations (GEEs). We based our
sample size calculation using data from a prospective
observational study of patients with abdominal pain caused
by inoperable pancreatic cancer who underwent EUS-
CPN.34 To determine the required sample size, we ran
simulations on random-effects models for our primary
outcome because population-average models with
exchangeable correlation structures are equivalent to
random-effects models with just a random intercept. Based
on these simulations, we determined that we could detect
a 10-point difference in the PAN26 pain score (considered
to be a small to moderate clinical effect based on prior
studies)27,35-37 with at least 82% power by enrolling a
www.giejournal.org
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TABLE 3. Comparison of the adjusted mean scores for C30 using generalized estimating equations

CPN group (n [ 14) RFA group (n [ 12) P value*

Global health status (high score Z high QOL)

Global health status/QOL 32.7 39.6 .400

Functional scales (high score Z high function)

Physical functioning 57.4 64.5 .343

Role functioning 36.6 47.9 .243

Emotional functioning 54.3 75.8 <.001

Cognitive functioning 56.4 70.8 .052

Social functioning 47.4 49.4 .813

Symptom scales (high score Z high level symptomology)

Pain 64.4 51.9 .032

Fatigue 66.3 52.7 .057

Nausea and vomiting 33.8 22.8 .051

Dyspnea 24.7 21.2 .642

Insomnia 57.4 39.2 .062

Appetite loss 66.5 59.6 .459

Constipation 35.3 17.6 .020

Diarrhea 12.3 18.3 .242

Financial difficulties 46.5 38.7 .410

C30, European Organization for Research and Treatment of Cancer Quality of Life Questionnaire core questionnaire; CPN, celiac plexus neurolysis; QOL, quality of life;
RFA, radiofrequency ablation.
*P values reported for time and group interactions in the generalized estimating equation model using robust standard errors.
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minimum of 10 subjects per trial arm assuming assess-
ments at baseline, 2 weeks, and 4 weeks, given the struc-
ture of our variance–covariance matrices for random
effects and residuals. The GEE model was chosen because
it allows for correlations in the repeated-response variable,
requires fewer distributional assumptions, and provides
consistent estimates when correlation structures are incor-
rectly specified.38 The final sample size was set at 12
patients per group to account for a 20% drop-out rate.

Descriptive data are presented as mean with standard
deviation and median with interquartile range for contin-
uous data or frequency with percentage for categorical
data. Univariate group comparisons were performed by us-
ing the c2 or Fisher exact test for categorical variables and
pooled Satterthwaite (unequal variance) t tests or Wilcoxon
rank sum tests for continuous variables, where appro-
priate. The t tests were used to determine baseline differ-
ences between the 2 groups on summary scores for each
instrument. For GEE models, the dependent variable was
the summary score, and the independent variable of inter-
est was the group and time interaction term. The group
and time interaction allows statistical assessment of
whether the treatment groups have different response
curves over time. This also allows for flexibility in the
response in which 1 endpoint may be identical but
improvement in 1 group may occur more quickly over
time. Other covariates included in the GEE models to con-
trol for the potential effects of confounding were age,
www.giejournal.org
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gender, race, duration of symptoms, and undergoing che-
moradiation therapy. Statistical significance was deter-
mined as P < .05 in 2-tailed tests. All analyses were
conducted by using Stata 14 (Stata Corp, College Station,
Tex). There was multiple testing of outcome data arising
from individual patients, and therefore the results from
the GEE analysis of PAN26 scores are to be taken as the
main, definitive finding, with all other P values to be
seen as descriptive only, uncorrected for multiple testing.
RESULTS

Patient characteristics and procedure details
Between April and October 2017, 28 patients were

screened and 26 patients were enrolled in the study (EUS-
CPN, nZ 14; EUS-RFA, nZ 12). Two patients were excluded
before randomization because of resectable pancreatic
adenocarcinoma on EUS (Fig. 1). The median tumor size
was 30 mm (interquartile range, 25-30), and 46.2% had
stage IV cancer at the time of enrollment. Twleve patients
(46.2%) had a prior diagnosis of pancreatic cancer, of whom
9 were receiving chemotherapy. No patients were
undergoing radiation therapy. There was no significant
difference in the baseline patient or tumor characteristics
between the 2 groups (Table 1). Baseline pain and quality of
life scores are included in Supplementary Tables 1 to 3 (avail-
able online at www.giejournal.org).
Volume 89, No. 1 : 2019 GASTROINTESTINAL ENDOSCOPY 63
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TABLE 4. Comparison of the adjusted VAS and BPI scores and opioid
use using generalized estimating equations (high score [ high level
symptomology)

CPN group
(n [ 14)

RFA group
(n [ 12)

P
value*

VAS (0-100) 57.3 30.1 .002

BPI (0-100)

Pain severity 21.7 10.5 <.001

Pain interference 45.0 17.0 <.001

Opioid use (oral
morphine equivalent
dose in mg)

105.4 112.7 .583

VAS, Visual analog scale; BPI, Brief Pain Inventory; CPN, celiac plexus neurolysis; RFA,
radiofrequency ablation.
*P values reported for time and group interactions in the generalized estimating
equation model using robust standard errors.

EUS-CPN vs EUS-RFA for pancreatic cancer pain Bang et al
At the 4-week follow-up all patients were alive, with 16
patients (61.5%) undergoing chemotherapy (64.3% EUS-
CPN vs 58.3% EUS-RFA, P Z .999) and 1 patient undergo-
ing radiation therapy. Three patients (21.4%) in the EUS-
CPN group but none in the EUS-RFA group (P Z .225)
were crossed over to the alternate treatment arm for
persistent abdominal pain on day 8 (n Z 1) and day 15
(n Z 2) after index intervention. All 3 of these patients
did not require further intervention after crossover to the
alternate arm.

Pain scores and opioid analgesia intake
At the 4-week follow-up, after adjusting for initial pain

scores, patient demographics, symptom duration, and che-
moradiation therapy using the GEE model, pain scores
were significantly lower in the RFA group compared with
CPN on the PAN26 (49.0 vs 57.0, P < .001) and C30 (51.9
vs 64.4, P Z .032). Pain scores were also significantly lower
in the RFA group compared with CPN on BPI and (10.5
vs 21.7, P < .001) and VAS (30.1 vs 57.3, P Z .002)
(Tables 2-4). However, there was no significant difference
in the opioid analgesia use between the 2 groups at the
end of follow-up (105.4 mg for CPN vs 112.7 mg for RFA,
P Z .583).

Quality of life
At the 4-week follow-up, the mean scores for several

quality of life components in the PAN26 and C30 instru-
ments were significantly better in the RFA group compared
with the CPN group, when using the GEE model to adjust
for baseline scores, patient demographics, symptom dura-
tion, and chemoradiation therapy. In the PAN26, patients
in the RFA group had significantly less-severe GI symptoms
that included restriction in oral intake, dry mouth, indiges-
tion, diarrhea, jaundice, flatulence, and abdominal bloating
and were able to plan more for the future (less fearful for
future health and less limited in planning for future activ-
ities) (Table 2, Supplementary Table 4, available online at
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group had better emotional functioning and less
constipation compared with the CPN group (Table 3).
Additionally, the internal reliability of the PAN26 as
measured by Cronbach’s alpha in our sample at both
follow-up time points ranged from .22 to .96, which was
consistent with previously reported measures (.09-.97)
with the lower internal consistency corresponding to items
related to jaundice.27

Adverse events
No intraprocedural adverse events were encountered in

any patient. At 48 hours postprocedure, 10 patients devel-
oped procedure-related side effects, which included diar-
rhea in 1, fever in 1, nausea/vomiting in 5, and transient
increase in abdominal pain in 3 patients. There was no sig-
nificant difference in the incidence of side effects between
the 2 groups (35.7% for CPN vs 41.7% for RFA, P Z .999),
and all these symptoms had resolved with conservative
management at the 2-week follow-up (Table 1).
DISCUSSION

Given the poor prognosis of inoperable pancreatic can-
cer and the suboptimal pain control achieved with nar-
cotics and CPN, there is a need for other low-risk
therapies to mitigate symptoms. The present study is the
first to suggest that EUS-RFA is an effective modality for
alleviating pain and improving quality of life in pancreatic
cancer.

Pharmacologic treatment of the celiac plexus using
alcohol causes varying degrees of sympathetic denervation
by inducing inflammation and necrosis on direct contact.
However, the unpredictability of treatment effect is
because of the varying diffusion of the injected agent
within the anatomic compartment containing the nerve fi-
bers. This diffusion, although uncommon, may induce
nerve root damage causing secondary pain or paraplegia
or could damage the surrounding vascular structures re-
sulting in retroperitoneal or fatal bleeding.39-43 With the
application of RF energy, cellular proteins denature and
cell membranes lose their integrity as their lipid compo-
nents melt. Because of the predictability of ablation and
size of necrosis being induced,23 there has been a
growing interest in the use of RFA for the neurolysis of
splanchnic nerves. Another advantage is that, unlike
alcohol and phenol, the symptom benefit is immediate.
Two studies have demonstrated the effectiveness of
percutaneous splanchnic nerve RFA for the treatment of
chronic abdominal pain.21,22

Although EUS-RFA has been shown to be beneficial for
the ablation of pancreatic neoplasms, data on their effec-
tiveness to palliate pain in pancreatic cancer are limited.
A report suggested that EUS-RFA of the celiac ganglia
yielded better pain relief in a patient with pancreatic cancer
www.giejournal.org
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who failed initial treatment by EUS-CPN.44 In the present
study, although 21.4% of patients with persistent pain
after undergoing EUS-CPN were treated by EUS-RFA,
none of the patients treated by EUS-RFA required rescue
therapy using CPN. Additionally, not only were the BPI
and VAS pain scores significantly lower but also the
adjusted scores for pain components of both the PAN26
and C30 were lower for EUS-RFA when compared with
EUS-CPN. A significant difference in several quality of life
components was also observed between the 2 groups,
which is likely associated with the lower severity of pain
in the EUS-RFA cohort.

Given these observations, how do we put the study find-
ings into context when treating patients with pain from
pancreatic cancer? It is clear that EUS-RFA affords some de-
gree of pain relief and may be a treatment option, particu-
larly when EUS-CPN is ineffective. However, before EUS-
RFA can be advocated as a first-line treatment option,
several questions and study limitations need to be ad-
dressed. First, although we chose 10 W, the ideal power
setting and treatment endpoint for performing EUS-RFA
need to be identified and then validated in large, prospec-
tive studies. Second, although we performed only 2 abla-
tions in the celiac space, it may be safer and easier to
ablate structures (ganglia) that can be visualized sono-
graphically than applying energy at an ill-defined anatomic
area. The challenge is that celiac ganglia were evident in
only 35% of patients. However, the same limitation is
encountered when performing EUS-CPN because the tech-
nique of injection is “semi-blind” as well. Third, it has been
shown that the size and shape of necrosis during RFA de-
pends on the probe gauge, length of the exposed tip,
probe temperature, and duration of treatment. The probe
used in the present study was only 1Fr in diameter and
therefore was ideal for performing RFA in the celiac space.
Although a larger diameter (18 or 19 gauge) probe may be
more effective for ablating large tumors, they may result in
perforation, vascular insult, or even parenchymal necrosis
if the pancreas is accidentally targeted. Therefore, although
no adverse events were observed with RFA in this study,
the safety profile of EUS-RFA requires further validation
in future studies. Fourth, the data presented herein pertain
to a monopolar device and not a bipolar electrode or a sys-
tem with internal cooling. Fifth, no structured follow-up
was arranged for opioid management during the study
period but rather was left to the discretion of the patients’
primary physician or oncologist, which could have intro-
duced variability. However, we believe that opioid manage-
ment by nonstudy physicians who were blinded to the type
of therapy performed minimized bias. Also, in this study,
information regarding the preintervention opioid require-
ment was collected for the 24-hour period preceding the
intervention and hence may have varied slightly if this in-
formation was collected over several days. However, we
believe the difference would have been minimal because
of the severity of the patients’ symptoms before interven-
www.giejournal.org
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tion. Finally, because the study follow-up period was until
4 weeks after intervention, the long-term treatment effi-
cacy of EUS-RFA requires further evaluation.

In conclusion, preliminary evidence suggests that EUS-
RFA may be superior to EUS-CPN for the palliation of
pain and improvement in quality of life in patients with
pancreatic cancer. However, the procedural technique
needs to be standardized, and further technologic refine-
ments may be required before its widespread adoption
can be recommended.
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SUPPLEMENTARY TABLE 1. Pretreatment scores for PAN26

CPN group (n [ 14) RFA group (n [ 12) P value

Pain 78.0 73.6 .635

Restriction in oral intake 64.3 59.7 .751

Taste change 59.5 38.9 .204

Xerostomia 66.7 58.3 .556

Indigestion 61.9 27.8 .019

Diarrhea and fecal urgency 36.9 31.9 .722

Jaundice 29.8 27.8 .857

Flatulence 50.0 30.6 .140

Abdominal bloating 59.5 52.8 .667

Muscle weakness 42.9 47.2 .778

Weight loss 40.5 50.0 .578

Disinterest in sex/sexual enjoyment 63.1 68.1 .738

Dissatisfaction with body image 52.4 55.6 .825

Satisfaction with healthcare 75.0 84.7 .181

Burden of treatment 50.0 41.7 .533

Fear for future health 83.3 75.0 .379

Limitation in ability to plan for future 73.8 69.4 .709

PAN26, European Organization for Research and Treatment of Cancer Quality of Life Questionnaire-pancreatic cancer module; CPN, celiac plexus neurolysis; RFA, radiofrequency
ablation.
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SUPPLEMENTARY TABLE 2. Pretreatment scores for C30

CPN group (n [ 14) RFA group (n [ 12) P value

Global health status (high score Z high QOL)

Global health status/QOL 28.0 31.9 .712

Functional scales (high score Z high function)

Physical functioning 61.9 53.9 .432

Role functioning 31.0 34.7 .727

Emotional functioning 41.1 61.1 .027

Cognitive functioning 46.4 51.4 .706

Social functioning 40.5 37.5 .802

Symptom scales (high score Z high level symptomology)

Pain 83.3 73.6 .239

Fatigue 68.3 63.9 .634

Nausea and vomiting 40.5 33.3 .595

Dyspnea 35.7 27.8 .514

Insomnia 76.2 63.9 .281

Appetite loss 69.0 69.4 .978

Constipation 50.0 22.2 .042

Diarrhea 14.3 19.4 .504

Financial difficulties 50.0 47.2 .859

C30, European Organization for Research and Treatment of Cancer Quality of Life Questionnaire core questionnaire; CPN, celiac plexus neurolysis; QOL, quality of life;
RFA, radiofrequency ablation.

SUPPLEMENTARY TABLE 3. Pretreatment VAS and BPI scores and opioid use

CPN group (n [ 14) RFA group (n [ 12) P value

VAS (0-100) 58.6 50.0 .344

BPI (0-100)

Pain severity 22.1 19.8 .554

Pain interference 46.5 47.7 .843

Opioid use (oral morphine equivalent dose in mg) 95.0 125.8 .522

VAS, Visual analogue scale; BPI, Brief Pain Inventory; CPN, celiac plexus neurolysis; RFA, radiofrequency ablation.
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SUPPLEMENTARY TABLE 4. Adjusted mean scores for PAN26 using generalized estimating equations with 95% confidence intervals
(high score [ high level symptomology)*

CPN group (n [ 14) RFA group (n [ 12)

Pain 57.0 (53.2-63.0) 49.0 (43.4-53.2)

Restriction in oral intake 53.5 (44.8-62.2) 39.1 (28.9-48.4)

Taste change 64.4 (53.3-72.3) 44.9 (31.7-51.8)

Xerostomia 57.7 (48.9-65.0) 43.1 (31.7-51.7)

Indigestion 51.0 (43.4-58.6) 20.6 (14.7-25.4)

Diarrhea and fecal urgency 24.8 (22.1-30.3) 16.9 (13.2-21.1)

Jaundice 18.2 (14.5-21.8) 13.0 (7.8-17.8)

Flatulence 33.5 (28.6-39.3) 16.0 (13.2-21.1)

Abdominal bloating 45.6 (37.6-53.2) 33.7 (25.2-39.6)

Muscle weakness 48.2 (39.0-57.6) 33.6 (23.1-44.0)

Weight loss 43.1 (32.9-52.2) 46.7 (36.1-57.8)

Disinterest in sex/sexual enjoyment 65.2 (58.3-72.4) 72.9 (64.5-80.7)

Dissatisfaction with body image 56.5 (47.7-62.5) 45.2 (37.3-51.9)

Satisfaction with healthcare 81.1 (74.6-84.8) 81.6 (76.8-85.7)

Burden of treatment 51.2 (43.3-56.9) 40.4 (33.5-45.6)

Fear for future health 69.3 (64.8-75.8) 56.8 (51.1-61.8)

Limitation in ability to plan for future 68.5 (59.1-76.6) 50.1 (44.1-54.1)

PAN26, European Organization for Research and Treatment of Cancer Quality of Life Questionnaire-pancreatic cancer module; CPN, celiac plexus neurolysis; RFA, radiofrequency
ablation.
*Reported sample sizes are for the number of patients at baseline. Observations by item vary because of deaths from malignancy. Confidence intervals are for predicted mean
scores by treatment group at 2 weeks with all other covariates held constant at their mean values.
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