
Phenol-based endoscopic ultrasound-guided celiac 
plexus neurolysis for East Asian alcohol-intolerant upper 
gastrointestinal cancer patients: A pilot study

Hirotoshi Ishiwatari, Tsuyoshi Hayashi, Makoto Yoshida, Michihiro Ono, Hiroyuki Masuko, Tsutomu Sato, 
Koji Miyanishi, Yasushi Sato, Rishu Takimoto, Masayoshi Kobune, Atsushi Miyamoto, Tomoko Sonoda, 
Junji Kato

Hirotoshi Ishiwatari, Tsuyoshi Hayashi, Makoto Yoshida, 
Michihiro Ono, Tsutomu Sato, Koji Miyanishi, Yasushi Sato, 
Rishu Takimoto, Masayoshi Kobune, Junji Kato, Department 
of Medical Oncology and Hematology, Sapporo Medical Univer-
sity School of Medicine, Sapporo 0600061, Japan 
Tomoko Sonoda, Department of Public Health, Sapporo Medi-
cal University School of Medicine, Sapporo 0600061, Japan
Hiroyuki Masuko, Atsushi Miyamoto, Department of Hospital 
Pharmacy, Sapporo Medical University School of Medicine, Sap-
poro 0600061, Japan
Author contributions: Ishiwatari H designed the research; Ishi-
watari H and Hayashi T performed the endoscopic procedure; 
Ishiwatari H, Hayahi T, Yoshida M, and Ono M collected the 
data and provided clinical advice; Masuko H and Miyamoto A 
prepared the neurolytic agent and provided clinical advice; Sato 
T, Miyanishi K, Sato Y, Takimoto R, Kobune M and Kato J pro-
vided clinical advise; Ishiwatari H and Sonoda T analyzed the 
data; Ishiwatari H wrote the paper; Hayashi T revised the paper; 
all authors approved the final manuscript for publication.
Correspondence to: Hirotoshi Ishiwatari, MD, PhD, Assis-
tant Professor, Department of Medical Oncology and Hematol-
ogy, Sapporo Medical University School of Medicine, South 1, 
West 16, Chuo-ku, Sapporo 060-8543, 
Japan. ishihiro481019@gmail.com
Telephone: +81-11-6112111-3254  Fax: +81-11-6127987
Received: February 19, 2014           Revised: April 14, 2014
Accepted: May 19, 2014
Published online: August 14, 2014

Abstract
AIM: To investigate the effectiveness of phenol for the 
relief of cancer pain by endoscopic ultrasound-guided 
celiac plexus neurolysis (EUS-CPN). 

METHODS: Twenty-two patients referred to our hos-
pital with cancer pain from August 2009 to July 2011 
for EUS-CPN were enrolled in this study. Phenol was 
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used for 6 patients with alcohol intolerance and ethanol 
was used for 16 patients without alcohol intolerance. 
The primary endpoint was the positive response rate 
(pain score decreased to ≤ 3) on postoperative day 7. 
Secondary endpoints included the time to onset of pain 
relief, duration of pain relief, and complication rates. 

RESULTS: There was no significant difference in the 
positive response rate on day 7. The rates were 83% 
and 69% in the phenol and ethanol groups, respec-
tively. Regarding the time to onset of pain relief, in the 
phenol group, the median pre-treatment pain score 
was 5, whereas the post-treatment scores decreased 
to 1.5, 1.5, and 1.5 at 2, 8, and 24 h, respectively (P  < 
0.05). In the ethanol group, the median pre-treatment 
pain score was 5.5, whereas the post-treatment scores 
significantly decreased to 2.5, 2.5, and 2.5 at 2, 8, and 
24 h, respectively (P  < 0.01). There was no significant 
difference in the duration of pain relief between the 
phenol and ethanol groups. No significant difference 
was found in the rate of complications between the 2 
groups; however, burning pain and inebriation occurred 
only in the ethanol group.

CONCLUSION: Phenol had similar pain-relieving ef-
fects to ethanol in EUS-CPN. Comparing the incidences 
of inebriation and burning pain, phenol may be superior 
to ethanol in EUS-CPN procedures.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: We compared the pain-relieving effect and 
complications between endoscopic ultrasound-guided 



aldehyde. Persons with deficient ALDH2 activity show 
rapid and intense flushing of  the face and symptoms of  
mild-to-moderate intoxication after drinking alcohol in 
an amount that has no effect on Caucasoids[13]. In these 
patients, ethanol is contraindicated for CPN and phenol 
is used as an alternative. However, phenol is not routinely 
used in these circumstances, and there are few data re-
garding CPN using phenol[10]. 

In this study, we compared the differences in pain-
relieving effect and complications associated with ethanol 
and phenol use in EUS-CPN. 

MATERIALS AND METHODS
Patients 
Twenty-four patients referred to our hospital who re-
ceived EUS-guided pain therapy using ethanol or phenol 
between August 2009 and July 2011 were eligible for in-
clusion. EUS-CPN had been performed for patients with 
epigastric pain caused by upper abdominal neoplasms 
and graded 4 or higher on the Numeric Rating Scale 
(NRS), in which 0 indicates no pain and 10 indicates the 
worst pain ever experienced. Of  these, 2 patients were 
excluded as they had received a previous CPN that could 
affect cancer-related pain. The remaining 22 patients 
were enrolled in this study. Relevant data were retrieved 
from the medical records at our institution. The protocol 
of  the present study was approved by the institutional re-
view boards of  the Sapporo Medical University and reg-
istered with the UMIN Clinical Trials Registry (number: 
UMIN000008129). Informed consent for the procedure 
was obtained from all patients.

Treatment allocation
In August 2009, we performed EUS-CPN using phenol 
for the first time on a patient with alcohol intolerance. As 
of  July 2011, we had performed EUS-CPN using phenol 
on 6 patients with alcohol intolerance. During the same 
period, we performed EUS-CPN using ethanol on 16 pa-
tients without alcohol intolerance. The diagnosis of  alco-
hol intolerance was established by an alcohol patch test[14]. 
Therefore, during the same time period, this study com-
pared the pain-relieving effect and complications between 
EUS-CPN using phenol on patients intolerant to alcohol 
and ethanol on patients without alcohol intolerance. 

EUS-CPN 
EUS-CPN was performed under conscious sedation 
[i.v. injection of  diazepam (5-10 mg) and pethidine 
hydrochloride (50 mg)] by 1 of  2 experienced endo-
sonographers (H. I. and T. H.) using a linear-array echo 
endoscope (GF-UCT240; Olympus, Tokyo, Japan). CPN 
was performed utilizing a sterile 22-gauge needle system 
(Echo-Tip; Wilson-Cook Medical, Winston-Salem, NC, 
United States). Using an echo endoscope, the aorta was 
identified at the level of  the diaphragm in the posterior 
lesser curve of  the gastric fundus, and traced in a sagittal 
plane to the celiac trunk. The celiac plexus was targeted 
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celiac plexus neurolysis (EUS-CPN) using phenol on pa-
tients intolerant to alcohol and ethanol on patients with-
out alcohol intolerance. Phenol had similar pain-reliev-
ing effects to ethanol; using phenol can avoid burning 
pain and inebriation complications. To date, few data 
regarding phenol-based EUS-CPN exist, and it is gener-
ally believed that phenol has a slightly slower onset and 
shorter duration of action than ethanol. Consequently, 
phenol is not routinely used in EUS-CPN. However, ap-
proximately half of East Asians lack mitochondrial al-
dehyde dehydrogenase activity, which causes alcohol 
intolerance. Our data provide evidence on phenol-based 
EUS-CPN for patients with alcohol intolerance.
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INTRODUCTION
Abdominal pain is a common problem in patients with 
upper gastrointestinal cancer and often affects both qual-
ity of  life and survival[1]. Pain is present in as many as 
70% to 80% of  patients at the time of  pancreatic cancer 
diagnosis[2,3]. Although pain can be well controlled in 
the majority of  cancer patients with conventional anal-
gesics, it can be difficult to treat and patients may suffer 
from drug-related side effects[4]. In these patients, celiac 
plexus neurolysis (CPN) may be indicated[3]. Endoscopic 
ultrasound-guided CPN (EUS-CPN) was developed in 
1996, and its use has become quite widespread because it 
is theoretically safer than posterior percutaneous CPN, as 
EUS provides detailed imaging of  the blood vessels and 
other organs[5]. EUS-CPN has been reported to relieve 
pain in 51%-89% of  patients[5-8].

The 2 neurolytic agents commonly used to perma-
nently destroy the celiac plexus are ethanol and phenol[9]. 
Ethanol causes the immediate precipitation of  endo-
neural lipoproteins and mucoproteins within the celiac 
plexus, leading to the extraction of  cholesterol and phos-
pholipids from the neural membrane[10]. Phenol achieves 
neurolysis similar to that achieved with ethanol by caus-
ing protein coagulation and necrosis of  neural structures. 
Although there are limited data comparing ethanol and 
phenol, it is generally considered that ethanol causes 
greater neural destruction[10]. 

The absence of  aldehyde dehydrogenase (ALDH2) 
causes alcohol intolerance. ALDH2 is a major contribu-
tor to alcohol sensitivity and drinking behavior in East 
Asians[11,12]. Approximately half  of  East Asian popula-
tions, including the Japanese, lack mitochondrial ALDH2 
activity, which is responsible for the oxidation of  acet-



based on its expected anatomical position relative to the 
position of  the celiac trunk. The needle was inserted 
around the celiac trunk via a transgastric approach un-
der EUS guidance. In this study, 2 CPN techniques [i.e., 
central CPN and celiac ganglia neurolysis (CGN)] were 
performed based on the endosonographer’s choice. Our 
techniques were similar to those described previously[5,8,15]. 
To prevent severe transient pain after the procedure, 1-2 
mL of  0.5% bupivacaine was injected before the etha-
nol injection; however, local anesthetic was not injected 
before the phenol injection because it has been reported 
that phenol has an immediate local anesthetic effect[10].

Neurolytic agents
We used 7% phenol in water and absolute ethanol as neu-
rolytic agents. In percutaneous CPN, ethanol has been 
used with a total dose of  40-60 mL and phenol has been 
used with doses of  20-25 mL[16]. In contrast, in EUS-CPN, 
ethanol has been used with a total dose of  10-20 mL in 
previous studies; however, the optimal dose of  phenol 
has not been reported[6]. Therefore, in this study, in terms 
of  the amount of  neurolytic agent, we used phenol in the 
same way as ethanol. In all patients, the total amount of  
neurolytic agent injected did not exceed 20 mL.

Pain scores and data collection
All patients undergoing EUS-CPN routinely filled out 
pre- and post-treatment pain score questionnaires with 
the aid of  a nurse, who was blinded to the type of  neuro-
lytic agent used. Most patients are hospitalized for more 
than 7 d after procedures related to the diagnosis and 
treatment of  cancer. Patient interviews were conducted 
in the patient’s unit and post-treatment questionnaires 
were obtained 2, 8, and 24 h after the procedure and ev-
ery day up to 1 wk after the procedure. Thereafter, nearly 
all of  these patients were continuously followed at an 
outpatient clinic in our hospital for 2-4 wk by a physician 
(other than the endosonographer who performed the 
EUS-CPN), and the pain score was measured during the 
patient interview. Pain levels reflected the strongest pain 
experienced during each interval. When the pain score 
increased to ≥ 4, thereby requiring the initiation of  nar-
cotic use or a narcotic agent dose increase, follow-up was 
terminated, as this reflected a loss of  pain relief. 

Complications
Complications were defined as any procedural side effect 
treated in any capacity beyond standard observation. 

Outcome parameters
The primary endpoint was the positive response rate on 
postoperative day 7. Positive response was defined as 
a pain score decreased to ≤ 3 on postoperative day 7. 
Secondary endpoints included the time to onset of  pain 
relief, duration of  pain relief, and complication rates. To 
evaluate the time to onset of  pain relief  in each group, 
before and after pain scores were compared in both the 
phenol and ethanol groups. The post-treatment scores 

were evaluated at 2, 8, and 24 h after the procedure. The 
definition of  the duration of  pain relief  was from the 
date of  the EUS-CPN procedure until the day the pain 
score increased to ≥ 4. 

Statistical analysis
Categorical variables were compared with Fisher’s exact 
test. Continuous variables are presented as the median 
(with a range) and were compared using the Mann-
Whitney U-test. The NRS values before and after the 
procedure were compared using the Wilcoxon signed-
rank test. The Kaplan-Meier method was used to com-
pare the duration of  pain relief  between the phenol and 
ethanol groups. Patients who had not experienced an ex-
acerbation of  daily pain graded as ≥ 4 on the NRS were 
censored on the date of  death. A 2-tailed P value of  < 
0.05 was considered significant. Statistical analyses were 
performed with SPSS (version 19.0; IBM, Tokyo, Japan).

RESULTS
Patient characteristics
Patient characteristics are shown in Table 1. There were 
no significant differences between the 2 groups with 
respect to the following variables: age, gender, type of  
primary tumor, cancer treatment, direct invasion of  
the celiac plexus, preoperative pain score, or history of  
narcotic use. No significant difference was found in the 
CPN procedure used or in the total amount of  neurolytic 
agent used between the 2 groups.

Pain relief
There was no significant difference in the positive re-
sponse rate on day 7 between the phenol and ethanol 
groups. The positive response rate was 83% (5 of  6 cas-
es) in the phenol group and 69% (11 of  16 cases) in the 
ethanol group (Figure 1). 

Regarding the time to the onset of  pain relief, the 
NRS scores at 2, 8, and 24 h after the procedure were 
lower than the scores before the procedure in both 
groups. In the phenol group, the median NRS scores be-
fore the procedure and at 2, 8, and 24 h after the proce-
dure were 5, 1.5, 1.5, and 1.5, respectively (P < 0.05). The 
equivalent median scores in the ethanol group were 5.5, 
2.5, 2.5, and 2.5, respectively (P < 0.01) (Figure 2).

No significant difference was found in the duration 
of  pain relief  between the phenol and ethanol groups, as 
compared using a log-rank test (Figure 3). Referring to 
Figure 2, 5 of  the 22 patients were censored because of  
death without an exacerbation of  pain (3, phenol; 2, etha-
nol); however, none of  these patients were lost to follow-
up. The median duration of  pain relief  was 237 d in the 
phenol group and 90 d in the ethanol group.

Complications
Complications developed in 7 patients: 1 in the phenol 
group and 6 in the ethanol group (16.7% vs 37.5%; P = 
0.62). Diarrhea occurred after the procedure in 2 patients 
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properties; however, it is generally believed that phenol 
has a slightly slower onset of  action[10]. Therefore, to 
confirm the time to onset of  pain relief, we evaluated 
pain scores before and after EUS-CPN. In the phenol 
group, the pain score had already decreased 2 h after the 
procedure; this result was the same as that in the ethanol 
group. Our results reveal that EUS-CPN using phenol 
also sufficiently achieves prompt pain-relieving effects 
within 2 h after the procedure, at the latest. 

It is also generally considered that ethanol causes 
more neural destruction than phenol and that phenol has 
a shorter duration of  action than ethanol[10]. Our results 
reveal that in comparison to ethanol, phenol has a similar 
effect on day 7 after the procedure, and the effect is long 
lasting. In the Kaplan-Meier analysis, the rate of  censor-
ing because of  death without an exacerbation of  pain 
was 12.5% in the ethanol group and 50% in the phenol 
group. This observation may also show that phenol has a 
long-lasting effect, and suggests that the efficacy of  phe-
nol should be reconsidered in a prospective, randomized, 
controlled trial.

In many studies, adding a local anesthetic agent to 
ethanol has been recommended to prevent burning pain 
after CPN using ethanol; however, it is generally consid-
ered that the burning pain associated with ethanol injec-
tion does not occur with phenol because it has an imme-
diate local anesthetic effect[10]. The rate has been reported 
to be 3.4%-34% in previous studies using ethanol with 
a local anesthetic[15,17]. In our study, the rate of  burning 
pain in the ethanol group was 13%; burning pain did not 
occur in the phenol group, even though a local anesthetic 
agent was not added. Additionally, inebriation did not 

(1 patient from each group), but improved within 3 d. 
Burning pain occurred after the procedure in 2 patients 
in the ethanol group. This was treated with analgesics at 
a rescue dose and disappeared within 24 h. Inebriation 
occurred in 2 patients in the ethanol group, but they re-
covered within 24 h. During the procedure, transient hy-
potension also occurred in 1 patient in the ethanol group. 
However, hypotension was alleviated within 24 h with 
fluid replacement. 

DISCUSSION
To date, phenol has been used clinically in CPN, but no 
study has made a detailed evaluation of  the efficacy of  
phenol. Descriptions of  phenol use have been noted only 
in some review articles[10,16]. To our knowledge, our re-
sults represent the first retrospective observational study 
of  CPN using phenol. In the current study, we describe 
the efficacy of  phenol as a neurolytic agent in EUS-CPN, 
and reveal that it has a similar pain-relieving effect to 
ethanol. Similar to ethanol, phenol has neuro-destructive 
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Table 1  Patient characteristics and endoscopic ultrasound-
guided celiac plexus neurolysis -related data

Phenol Ethanol P  value

Number of patients 6 16
Age (yr) [median (range)] 63 (52-74) 71 (47-83) 0.396
Gender (n) [male/female] 2/4 7/9 1
Primary site (n) 1
   Pancreas/other 5/1 12/4
Treatment (n) 0.090
   CRT/CT/NT 2/3/1 0/11/5
Direct invasion of celiac plexus (n) 1 7 0.350
NRS before CPN [median (range)] 5.0 (4-7) 5.5 (4-8) 0.472
History of narcotic use (n) 1 11 0.056
EUS-CPN technique 0.330
   Central/CGN 3/3 4/12
Total amount of neurolytic agent 
(mL) [median (range)] 

18.0 (13-20) 13.0 (3.5-20) 0.085

EUS-CPN: Endoscopic ultrasound-guided celiac plexus neurolysis; NRS: 
Numeric Rating Scale; CRT: Chemoradiotherapy; CT: Chemotherapy; NT: 
No therapy; CGN: Celiac ganglia neurolysis.
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Figure 1  Positive response rate on day 7. The positive response rate was 
83% in the phenol group and 69% in the ethanol group.
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Figure 2  Time to the onset of pain relief in each group. A box-plot of pre- 
and post-endoscopic ultrasound-guided celiac plexus neurolysis pain scores. 
The first and third quartiles are represented by the ends of the box, the median 
is indicated by the horizontal line in the interior of the box, and the maximum 
and minimum values are at the ends of the whiskers. In each group, the pain 
score was decreased at 2 h after the procedure. The statistical analysis is 
based on the Wilcoxon signed-rank test. NRS: Numeric Rating Scale. aP < 0.05 
vs control; bP < 0.01 vs control.
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occur in the phenol group. Inebriation occurred after the 
procedure in 2 patients (13%) in the ethanol group. Be-
cause Japanese patients have a lower ability to metabolize 
alcohol than Caucasoid patients, this complication often 
occurs in Japanese patients during EUS-CPN using etha-
nol[12]. Our results showed that using phenol can avoid 
burning pain and inebriation complications, and may 
therefore confer some advantages over ethanol.

 The main limitation of  this study is its small sample 
size. Our sample size was too small to definitively verify a 
statistical difference. Thus, this study is regarded as a pi-
lot study. Another limitation is that the current study was 
not a randomized, comparative study. Phenol injection 
was performed only for patients with alcohol intolerance. 
In addition, the rate of  the tumor invasion to the celiac 
trunk, which has been reported to be related to a negative 
CPN response, was 17% in the phenol group; however, 
the rates reported in the EUS-CPN literature are higher 
(42.6%-47.1%)[17-19]. This difference may result in the high 
positive response rate in the phenol group. Given these 
limitations, our study should be seen as a pilot study provid-
ing preliminary data regarding the pain-relieving effect and 
safety of  EUS-CPN using phenol for cancer-related pain. 

In conclusion, our preliminary data suggest that phe-
nol has a similar pain-relieving effect to ethanol. In terms 
of  the incidences of  inebriation and burning pain, phenol 
may be superior to ethanol in CPN. 
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