
may play an active role in the development of future 
pancreatic tumor treatments. This article reviews the 
most recent clinical applications of EUS-guided etha-
nol ablation in humans for treating pancreatic cystic 
tumors, pancreatic neuroendocrine tumors, and meta-
static lesions.
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Core tip: Ethanol, a commonly used ablative agent, has 
been used to successfully and safely ablate solid and 
cystic hepatic lesions via  percutaneous injection. Endo-
scopic ultrasonography (EUS)-guided ethanol ablation, 
a minimally invasive approach, was recently developed 
and has been successfully applied as treatment of pan-
creatic cysts, pancreatic neuroendocrine tumors, and 
abdominal metastatic lesions. Although it is not likely 
to replace radical resection for treating localized lesions 
or systemic therapy for managing metastatic tumors, 
EUS-guided ablation therapies represent an attractive 
alternative treatment modality for patients who refuse 
or are not eligible for surgery.
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INTRODUCTION
Endoscopic ultrasonography (EUS) has been used in 
clinical practice for more than 30 years[1,2] since its devel-
opment for the original purpose of  diagnosing pancre-
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Abstract
Endoscopic ultrasonography (EUS) has evolved into a 
useful therapeutic tool for treating a broad range of 
tumors since being introduced into clinical practice as a 
diagnostic modality nearly three decades ago. In partic-
ular, EUS-guided fine-needle injection has proven a suc-
cessful minimally invasive approach for treating benign 
lesions such as pancreatic cysts, relieving pancreatic 
pain through celiac plexus neurolysis, and controlling 
local tumor growth of unresectable malignancies by 
direct delivery of anti-tumor agents. One such ablative 
agent, ethanol, is capable of safely ablating solid or 
cystic lesions in hepatic tissues via  percutaneous injec-
tion. Recent research and clinical interest has focused 
on the promise of EUS-guided ethanol ablation as a 
safe and effective method for treating pancreatic tumor 
patients with small lesions or who are poor operative 
candidates. Although it is not likely to replace radical 
resection of localized lesions or systemic treatment of 
metastatic tumors in all patients, EUS-guided ablation 
is an ideal method for patients who refuse or are not 
eligible for surgery. Moreover, this treatment modality 
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atic disease and carrying out malignancy staging. In the 
early 1990s, the introduction of  curvilinear array echoen-
doscope made it possible to perform fine-needle aspira-
tion (FNA) biopsy under direct endosonographic visual-
ization. The minimally invasive and safe nature of  FNA 
led to a boon in use of  therapeutic EUS techniques, 
including EUS-guided fine needle injection (EUS-FNI). 
More recently, EUS-FNI has been applied as a pancre-
atic cancer treatment aimed at controlling pain through 
nerve blockade, as a solid tumor therapy for introduc-
tion of  brachytherapy seeds and viral vectors, and as a 
tool for ablation therapy[3-6].

Ethanol, a commonly used ablative agent, gained 
popularity according to its advantageous features of  cost 
effectiveness, ready availability, and rapidly ablation func-
tion. The mechanism of  ethanol ablation mainly involves 
cell death by causing cell membrane lysis, protein dena-
turation, and vascular occlusion[7]. Percutaneous ethanol 
injection has been used in the ablation of  renal cysts, 
hepatic cysts, and solid tumors, such as liver or adrenal 
tumors[8-12]. EUS-guided ethanol injection is superior to 
the percutaneous application because it offers real-time 
image monitoring of  the lesions located deep in the pan-
creas. In addition, EUS can provide precise measurement 
of  lesions and identification of  surrounding structures, 
and can readily deliver therapeutic agents to a target site, 
thereby minimizing damage to non-tumor tissue. Some 
EUS-guided ethanol ablation procedures for pancreatic 
tissue have been shown to be safe and feasible in animal 
models[13,14].

In this review, the recent applications, features, and 
outcomes of  EUS-guided ethanol injection treatment 
for pancreatic cystic tumors, pancreatic neuroendocrine 
tumors (pNETs), celiac plexus, and metastatic lesions in 
humans are summarized.

EUS-GUIDED ETHANOL ABLATION 
THERAPY FOR PANCREATIC CYSTIC 
TUMORS
Pancreatic cysts are common, with the incidence of  as-
ymptomatic cysts being reported at about 2.5% in the 
general population[15]. The advances of  various imaging 
modalities, such as computed tomography (CT) scanning, 
magnetic resonance imaging, and EUS, have been accom-
panied by an increase in detection of  pancreatic cystic 
neoplasms (PCNs). Pancreatic cystic tumors are mainly 
classified as either mucinous cystic neoplasms (MCNs), 
serous cystic neoplasms (SCNs), or intraductal papillary 
mucinous neoplasms (IPMNs), according to histopatho-
logical features[16]. Some cystic tumors of  the pancreas, 
such as MCNs and IPMNs, have the potential to become 
malignant and are often treated by surgical resection 
when malignancy is suspected. Although surgical resec-
tion is generally recommended, pancreatic cyst ablation 
is an increasingly popular treatment option, especially via 
injection of  ethanol or other ablative agents into the cyst 
cavity under EUS guidance.

Recent studies have shown that EUS-guided ethanol 
injection into pancreatic cysts is safe and feasible, slows 
or inhibits growth, and avoids the risks associated with 
surgical resection. Gan et al[17] published the first report 
of  safety and feasibility for the ethanol lavage and abla-
tion of  pancreatic cystic lesions using EUS-FNI. In that 
study, 25 patients with pancreatic cysts (MCNs, n = 13; 
IPMNs, n = 4; SCNs, n = 3; pseudocysts, n = 3; uncer-
tain etiology, n = 2) were treated with escalating doses 
(5%-80%) of  ethanol for 3-5 min under EUS guidance. 
The results demonstrated that this procedure effectively 
reduced tumors without inducing complications, such as 
pancreatitis, in the short- and long-term follow-up pe-
riods. Eight patients (35%) had complete resolution of  
the cysts, and five patients undergoing surgical resection 
showed histological evidence of  epithelial ablation.

To further determine whether EUS-guided ethanol la-
vage can decrease pancreatic cyst size, a multicenter, ran-
domized, prospective trial was performed in 2009[18]. The 
primary aim of  that study was to compare the change of  
pancreatic cyst size after EUS-guided lavage with 80% 
ethanol or saline solution alone. Of  the 42 patients en-
rolled, 25 patients were initially treated with 80% ethanol 
lavage and 17 patients were administered saline solution 
lavage. Three months after the first lavage, a second pan-
creatic cystic lavage was performed. Patients who initially 
received an ethanol lavage received a second ethanol 
lavage, and those who received an initial saline solution 
lavage were then given an 80% ethanol lavage. The results 
indicated that EUS-guided 80% ethanol injection resulted 
in a greater decrease in size of  pancreatic cystic tumors 
compared with the saline solution injection, and that the 
overall resolution rate of  pancreatic cystic tumors was 
33.3%. Incidences of  major complications, such as ab-
dominal pain, intracystic bleeding during lavage, and acute 
pancreatitis, were similar in the two groups. Furthermore, 
nine of  the study patients (75%) were followed-up for 
two years after initial cyst resolution, and no evidence of  
cyst recurrence was found in any patient[19]. 

To improve the effect of  ethanol ablation therapy, 
Oh et al[20-22] performed EUS-guided ethanol lavage with 
a paclitaxel injection to treat cystic tumors of  the pan-
creas. An initial study found that complete resolution 
of  pancreatic cystic tumors was achieved in 11 of  14 
patients after treatment with ethanol and paclitaxel injec-
tion; in addition, minor complications, including hyper-
amylasemia and abdominal pain, were observed in one 
patient[20], but no cases of  acute pancreatitis occurred. 
The study’s collective findings demonstrated that ethanol 
lavage with paclitaxel injection is a safe, feasible, and ef-
fective method to treat pancreatic cystic tumors. How-
ever, only a small number of  patients and only short-
term outcomes were assessed in this study. A subsequent 
study by this group was carried out involving a larger 
population (n = 52) with a longer-term follow-up period 
(n = 47 for > 12 mo). All patients underwent 99% pure 
ethanol injection into the collapsed cyst for a 3-5 min la-
vage. After the injected ethanol was aspirated, paclitaxel 
solution was injected into the cyst cavity. Ultimately, 
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complete resolution was achieved in 29 of  the patients 
(62%). No treatment-related complications, including 
bleeding, bowel perforation, or severe pancreatitis, were 
observed[22].

DiMaio et al[23] retrospectively analyzed the effective-
ness of  multiple EUS-guided ethanol lavages for pan-
creatic cystic tumor treatment. The results showed that 
multiple ethanol lavage treatments resulted in a greater 
decrease in the size and surface area of  PCNs compared 
with only one ethanol lavage treatment. Complete cyst 
resolution was not seen in any patient after the first 
EUS-ethanol lavage, but was achieved in 5 of  the 13 pa-
tients (38%) who underwent two sequential EUS-ethanol 
lavage treatments. Again, no treatment-related complica-
tions were observed, with the exception of  one patient 
complaining of  minor abdominal pain.

Collectively, these preliminary studies suggest that 
ethanol ablation is relatively safe and feasible for clinical 
use in humans. Therefore, EUS-guided ablation of  pan-
creatic cystic tumors via ethanol injection, a minimally 
invasive technique, may be an attractive choice to treat 
patients who refuse or are not eligible for surgery. How-
ever, there are a number of  limitations in these studies. 
First, some studies only included a treatment group, and 
no control group was included. Second, there was not 
a definitive diagnosis made prior to application of  the 
ethanol ablation procedure. Inclusive criteria were based 
on the imaging findings and some benign lesions might 
have been treated unnecessarily. Third, the patients were 
followed-up for a relatively short period of  time for doc-
umentation of  cyst resolution. Thus, EUS-guided cyst 
ablation is an experimental therapy modality that should 
be used with caution. 

EUS-guided pancreatic cyst ablation is mainly used 
currently for the following indications: (1) patients who 
refuse surgery or are high-risk surgical candidates; (2) 
cysts that appear to be benign and are morphologically 
indeterminate; and (3) asymptomatic cysts that increase 
in size during the follow-up period. Before ethanol abla-
tion for pancreatic cysts can be widely accepted, a pro-
spective, randomized, controlled trial with a long follow-
up period is required to determine the clinical efficacy 
of  ethanol ablation therapy compared with surgical  
resection.

EUS-GUIDED ETHANOL ABLATION 
THERAPY FOR PANCREATIC 
NEUROENDOCRINE TUMORS
pNET account for a small percentage of  all pancreatic 
tumors (1.3%), but their incidence is increasing[24]. Al-
though surgical enucleation or resection is considered 
as the treatment of  choice for pNET, a few patients are 
not suitable candidates for surgery because of  old age or 
comorbidities. Recently, successful application of  EUS-
guided ablation therapy using ethanol has been reported 
for the treatment of  pNET. Jürgensen et al[25] reported 
successful resolution of  a 13 mm insulinoma by EUS-

guided ethanol ablation therapy in a 78-year-old woman 
(diagnosed by laboratory findings and EUS-FNA). Becau
se the patient was in poor general condition and refused 
surgical resection, EUS-guided ethanol injection was per-
formed. Although mild procedure-associated pancreatitis 
was experienced after the ethanol ablation procedure, 
complete resolution was achieved in the patient. The pa-
tient had durable glycemic control throughout the recov-
ery and follow-up and no indications of  insulinoma were 
observed by follow-up EUS.

Muscatiello et al[26,27] described another case of  suc-
cessful ethanol ablation involving a patient with a pan-
creatic endocrine tumor. A female patient with multiple 
endocrine neoplasia type 1 (11 and 7 mm, respectively) 
underwent 40% ethanol ablation therapy. Two months 
after the ethanol ablation, EUS with contrast enhance-
ment revealed areas of  fibrosis. However, subsequent 
resolution of  the accompanying perturbed levels of  va-
soactive intestinal peptide and chromogranin A was ob-
served. The main complication in this case was a small 
pancreatic necrotic lesion, which was presumably caused 
by minimal ethanol effusion and managed by laparo-
scopic necrosectomy.

Deprez et al[28] reported treatment of  a patient with 
insulinoma of  the pancreas head involving a 98% etha-
nol injection under EUS guidance. The patient achieved 
complete resolution (evidenced by imaging) at 3 mo after 
the procedure and remained asymptomatic and normo-
glycemic for more than two years later. Vleggaar et al[29] 
reported an ethanol ablation operation for an 82-year-
old patient with a pNET, for which 96% ethanol was 
delivered to under EUS guidance. Two months after the 
ablation therapy, EUS examination indicated that a sig-
nificant reduction in the diameter of  the tumor had been 
achieved. Finally, Levy et al[30] retrospectively reviewed 
eight patients with insulinomas who received US-guided 
ethanol ablation. Five of  those patients underwent EUS-
guided ethanol injection and the remaining three under-
went intra-operative ultrasound (IOUS)-guided ethanol 
injection. No complications occurred during or after the 
EUS-guided procedure. The IOUS-guided ethanol injec-
tion, however, was associated with minor peritumoral 
bleeding (n = 1), pseudocyst (n = 1), and pancreatitis with 
peri-pancreatic fluid (n = 1). Hypoglycemia-related symp-
toms completely disappeared in five patients who un-
derwent EUS-guided ethanol injection, and significantly 
improved in the three patients who underwent IOUS-
guided ethanol injection.

Based on these case reports, EUS-guided ethanol abla-
tion seems to be an alternative treatment option for pan-
creatic solid tumors. However, some issues remain that 
require further study, such as the choice of  target area 
and adequate ethanol dose to achieve successful abla-
tion without causing serious complications. In addition, 
EUS-guided ethanol ablation therapy for pNETs ap-
pears to harbor the possibility of  late relapse requiring 
re-intervention, as well as incomplete ablation and risk 
of  metastasis. While currently the strongest indication 
for intratumoral therapy is patients who refuse surgery 
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or are poor surgical candidates, a clinical trial enroll-
ing more patients with longer follow-up is required to 
more definitively determine the particular physiological  
indications.

EUS-GUIDED ETHANOL ABLATION 
THERAPY FOR CELIAC PLEXUS 
ABLATION
Pain is one of  the major complications of  advanced 
pancreatic cancer. It is estimated that pain is present in 
80%-85% of  pancreatic cancer patients at the time of  
diagnosis, and it can be difficult to control, even with 
high doses of  analgesics[31,32]. Celiac plexus neuroly-
sis (CPN), a chemical splanchnicectomy of  the celiac 
plexus, has been well established as an effective method 
for controlling pain and decreasing morphine consump-
tion in patients with locally advanced or unresectable 
pancreatic cancer[32,33]. Before the advent of  EUS, CPN 
was performed by radiological guidance or intraoperative 
method, both of  which are associated with a risk of  the 
serious complications of  paraesthesia, paraplegia, and 
pneumothorax[34,35]. With the development of  the EUS 
technique, EUS-guided CPN (EUS-CPN) has become a 
novel option to treat cancer-related pain in patients with 
inoperable pancreatic cancer.

EUS-CPN consists of  an injection of  absolute alco-
hol, a neurolytic agent, into the celiac ganglia to perma-
nently destroy neural tissue of  celiac ganglia. The first 
applications of  EUS-CPN were reported by Wiersema 
et al[36]. Thirty patients with pain due to intra-abdominal 
malignancies were injected with 98% dehydrated absolute 
alcohol under EUS guidance into the celiac plexus via the 
transgastric route. The majority of  patients (79%-88%) 
experienced a significant decrease in pain scores at the 10 
wk post-treatment (median follow-up time).

Subsequent studies have demonstrated that EUS-
CPN is a safe and effective method to relieve severe pain 
from advanced pancreatic cancer[3,37-39]. In a meta-analysis 
of  these EUS-CPN studies, pain relief  was observed in 
about 80% of  289 patients with pain due to pancreatic 
cancer[40]. While EUS-CPN can be delivered on either or 
both sides of  the aorta, a recent study showed that bi-
lateral injection was more effective than a central single 
injection[41]. The common complications of  EUS-CPN, 
transient diarrhea and hypotension, were observed in 9% 
and 10%-15% of  cases, respectively, and both complica-
tions were self-limiting in most cases[37].

EUS-GUIDED ETHANOL ABLATION 
THERAPY FOR OTHER TUMORS
EUS-guided injection of  alcohol is also used for ablation 
of  other abdominal tumors, such as gastrointestinal stro-
mal tumor (GIST) and intra-abdominal metastatic lesions 
located in the liver, adrenal glands, and pelvic lymph 
nodes. Günter et al[42] reported a case of  EUS-guided 

ethanol ablation of  a GIST involving a 59-year-old man 
with a 4 cm lesion in the muscularis propria of  the stom-
ach that was diagnosed by EUS and EUS-guided FNA. 
Severe comorbidity precluded surgery and the patient 
was treated with an injection of  1.5 mL of  95% ethanol 
under EUS guidance. Seven weeks after the injection, 
no endosonographic evidence of  residual tumor was 
seen, but a 1.5-cm ulcer at the treatment site was pres-
ent, which was resolved by acid suppression therapy. Two 
years after the ethanol ablation treatment, a follow-up 
examination showed complete remission of  the tumor. 
No severe complications were observed, except for self-
limiting pain in the upper abdomen.

Recently, two cases of  EUS-guided ethanol ablation 
of  a solid hepatic metastasis carcinoma have been re-
ported[43,44]. In the first, a 65-year-old man with a 3.3-cm 
lesion in the left liver and a markedly elevated carcino-
embryonic antigen level was considered as having meta-
static cancer from either a pancreatic adenocarcinoma 
or prior colorectal cancer. Multiple EUS-guided injec-
tions of  absolute alcohol were administered over several 
years. The lesion size decreased over time, as well as the 
levels of  corresponding tumor markers, indicating that 
this approach was effective in controlling tumor growth. 
Furthermore, the multiple EUS-guided hepatic tumor 
injections did not result in major complications, except 
for a small subcapsular hematoma that resolved sponta-
neously[43]. 

Our group also reported a case of  a 47-year-old man 
with a hepatic metastatic carcinoma from a pancreatic 
adenocarcinoma treated by injection of  anhydrous etha-
nol under EUS guidance (Figure 1). One month later, an 
abdominal CT follow-up scan revealed a decrease in size 
of  the lesion (Figure 2). No significant procedure-related 
complications were observed, except for a transient low 
fever[44].

Artifon et al[45] described a case of  EUS-guided alco-
hol ablation of  a 5 cm left adrenal metastatic carcinoma 
in a 52-year-old man. For this patient, the main present-
ing complaint was abdominal pain and the diagnosis of  
left adrenal metastasis from non-small-cell lung carcino-
ma was made by EUS-FNA. Three days after the alcohol 
ablation therapy treatment (15 mL of  98% absolute alco-
hol), the symptom of  abdominal pain disappeared. At the 
one-month follow-up, EUS revealed a hyperechoic nod-
ule between the pancreas and the left kidney, which was 
presumed to represent alcohol ablation-induced fibrosis.

More recently, DeWitt et al[46] reported the successful 
EUS-guided alcohol ablation of  metastatic pelvic lymph 
nodes in a patient with rectal cancer. The two injected 
metastatic pelvic lymph nodes received 4 and 2 mL of  
ethanol, respectively, which achieved local complete res-
olution at 10 mo post-treatment. No procedure-related 
complications were reported.

The basic characteristics and outcomes of  the stud-
ies described herein of  EUS-guided ethanol ablation 
therapy for pancreatic cystic tumors, pNETs, and other 
tumors are summarized in Tables 1-3, respectively.
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CONCLUSION
With the advent of  curvilinear EUS, therapeutic EUS 
has emerged as an important approach to manage malig-
nancies. While prominent advances have been made in 
applications of  EUS-FNI for specific antitumor therapy, 
the field of  EUS-guided ethanol ablation therapy for 
malignancies continues to evolve. Currently, our under-
standing of  the safety and efficacy of  EUS-guided etha-
nol ablation as a tumor therapy is primarily limited by 
the small sample sizes and short-term follow-up periods 
of  related case studies. Prospective, large trials should be 

performed to better evaluate this technique: its indica-
tions and complications before it is recommended for 
widespread use in clinical practice. For example, particu-
lar patient populations may receive more benefit than 
others from the EUS-guided ethanol ablation with or 
without systemic therapies, and prospective clinical trials 
will help to define these patients. 
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Figure 1  Endoscopic ultrasonography image of hepatic tumor. A: During ethanol injection; B: Hyperechoic appearance after ethanol injection.

A B

Figure 2  Computer tomography scans of hepatic metastatic carcinoma. A: Before ethanol injection; B: After ethanol injection.

Ref. n Median size, mm 
(range)

Ablative agents Complete 
resolution

Complications

Gan et al[17] 25 19.4 (6-30) Ethanol 35% None
Oh et al[20] 14   25.5 (17-52) Ethanol and paclitaxel 79% Acute pancreatitis (n = 1)

Hyperamylasemia (n = 6)
Vague abdominal pain (n = 1)

Oh et al[21] 10  29.5 (20-68) Ethanol and paclitaxel 60% Mild pancreatitis (n = 1)
DeWitt et al[18] 42  22.4 (10-58) Saline vs ethanol 33% Abdominal pain at 2 h (n = 2)

Abdominal pain at 7 d (n = 5)
Pancreatitis (n = 1)

Acystic bleeding (n = 1)
Oh et al[22] 52  31.8 (17-68) Ethanol and paclitaxel 62% Fever (n = 1)

Vague abdominal discomfort (n = 1)
Mild pancreatitis (n = 1)

Splenic vein obliteration (n = 1)

Table 1  Summary of endoscopic ultrasonography-guided ethanol ablation for pancreatic cystic tumor
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Ref. n Maximum diameter (mm) Ethanol Volume (mL) Complications

Jurgensen et al[25] 1 13 95% 8.0 Pain in the upper abdomen
A mild increase of serum lipase activity

Muscatiello et al[26] 1 11 and 7 40% 2.0 A small pancreatic necrotic lesion
Deprez et al[28] 98% 3.5 A mild elevation of pancreatic enzymes

Hematoma ulceration of the duodenal wall
Vleggaar et al[29] 1 10 96% 0.3 None
Levy et al[30] 5 18 95% 0.1 None

0.4
0.1

20 98% 0.1
0.3

21 98% 1.0
0.3

 8 98% 3.0
1.5

16 99% 0.7
1.0

Table 2  Summary of endoscopic ultrasound-guided ethanol ablation for pancreatic neuroendocrine tumor

Table 3  Cases of endoscopic ultrasound-guided ethanol ablation for other tumor

Target tumor Maximum diameter 
(mm)

Ethanol Volume 
(mL)

Complications

Gastrointestinal stromal tumor[42] 40          95% 1.5 None
Hepatic metastasis carcinoma from colorectal carcinoma[43] 33          98%        6.0 A tiny subcapsular hematoma
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Left adrenal metastasis carcinoma from non-small-cell lung carcinoma[45] 50          98%      15.0 None 
Pelvic metastatic lymph nodes from rectal cancer[46] 11 and 10 Not stated 4.0 and 2.0 None
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