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INTRODUCTION

The prevalence of  asymptomatic pancreatic cyst 
was approximately 24.3% in the autopsies of  elderly 
Japanese patients.[1] The trend of  increased discovery 
of  pancreatic cystic tumors is particularly important 
because these tumors are composed of  a wide range 
of  lesions ranging from benign to malignant.[2] The 
revised Sendai guidelines for the management of  
pancreatic cysts suggest operation for mucinous cystic 
neoplasms (MCNs), main duct intraductal papillary 
mucinous neoplasms, and branch duct intraductal 
papillary mucinous neoplasms with high-risk features.[3] 
Surveillance is recommended for mucinous cysts that 
do not meet the above surgical indications. However, 

patients with advanced comorbid conditions or of  
an elderly age are considered at high risk for surgery, 
especially if  pancreaticoduodenectomy is contemplated 
for cystic tumors of  the head of  the pancreas. 
Moreover, patients tend to be reluctant to undergo 
a pancreatic resection in the absence of  definite 
evidence of  malignancy. Given the perioperative 
morbidity and mortality risk of  pancreatic resection, 
an individualized treatment strategy based on a 
risk-benefit analysis[4] is essential, and a minimally 
invasive alternative modality is required. Recent 
research has focused on the promise of  endoscopic 
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ultrasound (EUS)-guided ethanol ablation as a safe 
and effective therapeutic modality for pancreatic 
cystic tumors. In this review, the technical issues and 
treatment outcomes of  EUS-guided cyst ablation will 
be summarized.

TECHNIQUE OF ENDOSCOPIC 

ULTRASOUND-GUIDED ABLATION 

OF PANCREATIC CYST

EUS imaging is the prerequisite step in evaluating the 
characteristics of  pancreatic cystic tumors. Anatomic 
and morphologic features of  pancreatic cysts are 
evaluated as follows: Location, number, size, and 
characteristic features (septation, wall thickness, mural 
nodule, calcifi cations, communication with pancreatic 
duct, dilatation of  pancreatic duct). [5] EUS-guided 
fi ne-needle aspiration is performed with a 22-gauge 
or 19-gauge needle. The cysts are evacuated until 
they almost completely collapse. The amount of  
aspirated fluid, its color, clarity, and viscosity are 
recorded, and samples are sent to check amylase 
and carcinoembryonic antigen (CEA) concentration 
and for cytological examination.[5] Ablative agent 
is injected into the cyst using an equal volume of  
originally aspirated f luid. The main concept of  
ablation is the lavage of  the cyst, repeated injection, 
and aspiration of  ablative agent in the cystic cavity 
for 3-5 min.[5] Instead of  lavage, retention (a single 
injection of  ethanol and removal after 3-5 min) could 
be another option according to the characteristics 
of  the cystic lesion. At the end of  the lavage 
session, the ethanol and fluid mixture in the cyst 
is completely evacuated. In selected cases, paclitaxel 
is injected into the cyst (equal volume of  originally 
aspirated fl uid from the cyst) and is retained in the 
cyst without removal. We prefer using a 22-gauge 
needle to 19-gauge or 25 gauge needle, since a 
19-gauge needle is prone to leakage of  ablative 
agent and a 25-gauge needle is not appropriate for 
aspiration of  viscous cystic fluid and injection of  
viscous paclitaxel.

CHOICE OF ABLATIVE AGENTS

To date, ethanol (80-99%) and paclitaxel have been 
investigated as ablative agents in pancreatic cysts.

A commonly used ablative agent is ethanol owing 
to its cost-effectiveness, ready availability, and rapid 
ablative effect. The low viscosity of  ethanol permits 
repeated fi lling and emptying of  the cyst. The concept 
of  ablation of  the pancreatic cyst is based on the 
experience of  cyst ablation in the liver, kidney, and 
thyroid gland.[6] Ethanol injection is believed to induce 
cell membrane breakdown, rapid protein degradation, 
and vascular blockage.[7,8]

Paclitaxel is a chemotherapeutic agent used in the 
treatment of  ovarian cancer, breast cancer, and 
lung cancer.[9] Its mechanism of  action seems to 
involve inhibition of  the disassembly of  microtubules 
during cell division and the induction of  apoptosis.[9] 
Cremophor EL, a polyoxyethylated castor oil vehicle 
of  paclitaxel, forms a product of  a hydrophobic and 
viscous character, exerting a durable ablative effect 
in the cyst with a low risk of  leakage.[10] The highly 
viscous paclitaxel solution should be diluted 1:1 in 
0.9% normal saline and be prepared in a final dose 
concentration of  3 mg/mL paclitaxel before injection.[11] 
Alternative formulations of  paclitaxel, using a less 
viscous delivery vehicle, (e.g., polymeric micelle) can 
be injected without dilution.[11] In contrast to ethanol, 
paclitaxel needs to be retained in the cystic cavity 
to induce apoptosis and tumor cell death. Removing 
paclitaxel is diffi cult because of  high viscosity.

OUTCOMES OF CLINICAL TRIALS

Clinical trials of endoscopic ultrasound-guided cyst 
ablation are summarized in Table 1
An initial pilot study involving 25 patients with 
presumed mucinous cysts evaluated the efficacy 
and safety of  EUS-guided ethanol lavage.[12] During 
follow-up of  6-12 months, 8 out of  23 patients had 
complete resolution. All septated cysts persisted during 
follow-up after ethanol ablation. Histologic evidence of  

Table 1. Clinical trials of EUS-guided ethanol ablation for cystic tumor of pancreas
Authors Number of patients Ablative agents Median size (mm) Complete resolution (%) Follow-up period
Gan[12] 25 ethanol 19.4 (6-30) 35 6-12 months
Dewitt[13] 42 ethanol 22.4 (10-58) 33 3-4 months after last lavage
Oh[11] 47 ethanol with paclitaxel 31.8 (17-68) 62 median 20 months (12-44)
DeWitt[14] 22 ethanol with paclitaxel 25 (15-43) 50 median 27 months (17-42)
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epithelial ablation was observed in five patients who 
underwent resection. No complications were reported.[12]

A prospective double-blinded randomized control trial 
was conducted involving 42 patients who underwent 
EUS-guided ablation using 80% ethanol or saline lavage 
of  cysts.[13] Ethanol lavage resulted in a greater decrease 
in cyst size than did saline.[13] The overall cyst ablation 
was 33.3%. Complication rates were similar in both 
groups, with one instance of  complication of  acute 
pancreatitis in the ethanol lavage group. 

To enhance the effect of  ethanol ablation therapy, 
Oh et al. performed EUS-guided injection and lavage 
of  ethanol followed by injection of  paclitaxel into 
pancreatic cystic tumors.[15] An initial pilot study 
found that complete resolution of  pancreatic cystic 
tumors was observed in 11 out of  14 (79%) patients 
after treatment.[15] A minor complication including 
hyperamylasemia and abdominal pain was found in only 
one patient. The authors suggested that ethanol lavage 
with paclitaxel injection was a safe and effective method 
for treating pancreatic cystic tumors.[15] A subsequent 
study involving 52 patients who underwent EUS-guided 
ethanol lavage with paclitaxel injection for pancreatic 
cysts was conducted.[11] Forty-three patients were 
followed up for a median period of  22 months, and 
four patients underwent surgery for persistent cysts.[11] 
The histopathological extent of  epithelial ablation for 
those who underwent surgery ranged from 0% to 100% 
[Figure 1]. Ultimately, complete response was achieved 
in 29 (62%) patients, partial response in 6 patients, and 
persistent cysts in 12 patients.[11] The small cyst volume 
was the only independent predictor associated with 

complete resolution of  the cyst.[11] Complications were 
transient fever (n = 1), abdominal discomfort (n = 1), 
pericystic spillage (n = 1), pancreatitis (n = 1), and 
splenic vein obliteration (n = 1).[11]

DiMaio et al. analyzed the effectiveness of  multiple 
EUS-guided ethanol lavage sessions for the ablation of  
pancreatic cystic tumors.[5] The outcome demonstrated 
that multiple ethanol lavage sessions resulted in a 
greater decrease in the size compared with one ethanol 
lavage treatment. Complete resolution of  the cyst was 
not seen in any patient after the first EUS-guided 
ethanol lavage but it was achieved in 38% of  patients 
(5 out of  13) who underwent two sequential ethanol 
lavage treatments.[5]

A recent study evaluated the changes in pancreatic 
cystic fluid DNA following EUS-guided ablation 
with ethanol and paclitaxel.[14] Cystic fluid analysis 
after ablation revealed the elimination of  all baseline 
mutations in eight out of  11 patients. The post-ablation 
image demonstrated complete response in 10 (50%) 
patients, partial response in 5 (25%) patients, and 
persistent cyst in 5 (25%) patients. These data suggested 
that EUS-guided ablation with ethanol and paclitaxel 
may possibly eliminate mutant DNA in neoplastic 
pancreatic cysts.[14]

Questions remain unanswered despite the results of  
the clinical trials described above. First, the risk of  
overtreatment of  benign cysts is inevitable in the 
absence of  pretreatment pathologic confirmation. 
Differential diagnosis of  pancreatic cysts is still 
challenging despite an extensive workup, and inclusion 
criteria of  current clinical trials were mainly based 
on the cross-sectional imaging. Second, pathologic 
confi rmation of  cysts is not possible without surgical 
resection; current evidence cannot suggest the 
preventive role of  ablative therapy in premalignant 
lesion. Third, complete response on imaging study does 
not mean that an eradication of  tumor and regular 
follow-up are required even after the initial response 
of  ablative therapy. Fourth, the results of  long-term 
follow-up are essential to fi gure out the possibility of  
preventing cancer development.

SPECIAL CONSIDERATIONS FOR ABLATION

The baseline cyst size may be predictive of  clinical 
success. Oh et al. reported that an initial cyst size of  
less than 35 mm was predictive of  complete resolution 

Figure 1. Extent of histopathological changes after ablation of 
pancreatic cystic lesion:[16] (a) Atrophied epithelia with fi brosis (b) 
Transitional zone (c) Remnant mucinous epithelia
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after ablation.[11] However, DeWitt et al. found that a 
size of  less than 25 mm did not predict resolution after 
ethanol ablation.[17]

The ideal morphology for ablation is a unilocular 
cyst. However, the presence of  multilocularity is not 
considered a contraindication to treatment. From the 
viewpoint of  cyst morphology, cysts that have a few 
locules (up to 5-6) are preferably indicated because the 
presence of  multiple septa in cysts may prevent the 
delivery of  the ablative agent into all locules.[18,19] In a 
septated cyst, ablation may be performed initially in one 
locule of  the cyst. Thereafter, the needle sequentially 
penetrates each septum and ablation is continued 
until all the locules are covered. Polycystic serous 
cystadenomas are not considered to be an indication for 
ablation due to the presence of  as many as hundreds 
of  small cysts, which hinder uniform distribution of  the 
ablative agent.[18] EUS-guided ethanol ablation should 
only be considered in selected cases. An experienced 
endoscopist should consider before treatment whether 
the morphology favors a safe and effective ablation of  
the entire cyst epithelia.

The permanence of  the cyst ablative effect is a major 
concern. Successful cyst ablation achieved for an initial 
short-term period may not guarantee a long-term 
resolution and the preventive effect against premalignant 
lesion.[16] Oh et al. reported in their clinical trial of  47 
patients who underwent EUS-guided ethanol lavage 
with paclitaxel injection that complete response was 
achieved in 29 (62%) patients over a median follow-up 
period of  21.7 months.[11] Two MCNs that showed a 
good initial response showed regrowth at 12 months.[11] 
Even radiologic evidence may not ensure the histologic 
evidence of  cyst resolution. Close monitoring is 
mandatory even after complete radiologic resolution 
although an individualized surveillance policy may be 
acceptable based on risk factors.[11]

To enhance the therapeutic effi cacy of  ablation, multiple 
EUS-guided ethanol lavage sessions can be tried 
[Figure 2].[19] Dimaio et al. found that multiple lavage 
sessions resulted in a signifi cantly greater decrease in 
the size of  the cyst compared with only one treatment 
session.[5] Tailored intervention based on the internal 
cyst morphology is required to improve the treatment 
effi cacy, and a booster ablation should be considered 
when complete resolution is predicted initially and an 
additional ablation session can be safely performed.[19]

SAFETY ISSUES

Regardless of  the ablative method, safety and response 
to treatment are important issues. Acute pancreatitis 
is the major concern in performing ethanol injection 
into the pancreatic cysts. A plausible mechanism for 
pancreatitis may relate to a direct cytotoxic effect on the 
ductal epithelium, the activation of  zymogen, and/or 
pancreatic ductal hypertension due to direct injection of  
the ethanol.[5] Previous studies reported pancreatitis in 2% 
to 10%, abdominal pain in 2% to 20%, and intracystic 
bleeding in 2% of  the patients.[11-14] Unintentional injection 
of  an ablative agent into the pancreatic parenchyma might 
increase the risk of  pancreatitis.[11]

Thrombosis in the portal venous system adjacent 
to the cyst has been reported in two patients after 
ethanol lavage and paclitaxel injection [Figure 3].[11,20] 
Evidence of  extensive inflammation around the 
cysts is found as wall calcifi cation and fi brosis in the 
resected specimen.[20] Moreover, pericystic leakage 
of  ablative agents may induce the extension of  
infl ammation into the adjacent vascular structure.[20] 
When a cyst is located close to the portal venous 
system, the volume of  injected ethanol should 
be calculated thoroughly and extensive lavage is 
contraindicated to prevent ethanol leakage and the 
local spread of  infl ammation.[20]

To further enhance the ablative effect, the 
chemotherapeutic agent, paclitaxel, is injected into the 
cyst. Although a low dose of  the chemotherapeutic 

Figure 2. Endoscopic ultrasonography (EUS) and computed 
tomography (CT) of a septated pancreatic cyst.[19] A 5-cm septated cyst 
was noted in the head of the pancreas on (a) EUS and (b) CT (c). A 
follow-up CT 24 months after the fi rst ethanol lavage showed a marked 
decrease in size but the cyst still persisted. The patient underwent a 
second session of ethanol lavage (d). A follow-up CT scan 2 years 
after the second lavage demonstrated cyst resolution, demonstrating 
sustained treatment response



Cho, et al.: A literature review and perspectives

297ENDOSCOPIC ULTRASOUND / OCT-DEC 2015 / VOL 4 | ISSUE 4

agent is locally injected, theoretical concerns have 
been raised about the possibility of  adverse systemic 
events. Oh et al. demonstrated that plasma paclitaxel 
concentration after local injection of  paclitaxel was so 
low that it was nearly undetectable and rarely caused 
systemic toxicity.[21]

PROPOSED INDICATIONS AND FUTURE 
PERSPECTIVES

Careful patient selection is needed to avoid unnecessary 
procedures, and to tailor interventions to maximize 
therapeutic efficacy. Indications proposed for 
EUS-guided cyst ablation include:
1. A benign mucinous cystic tumor or serous cystic tumor,
2. Cysts that are morphologically indeterminate,
3. A cystic tumor greater than 2 cm and less than 5 cm in 

diameter,
4. A unilocular or oligolocular cyst, with six or fewer 

locules,
5. Cyst without communication with the main pancreatic 

duct, and
6. Patients who are reluctant to opt for surgery or who 

possess high perioperative risk.

EUS-assisted ethanol ablation of  a pancreatic cystic 
tumor is considered to be a relatively safe and 
potentially effective procedure. When a pancreatic cystic 
tumor is completely resolved, the surveillance strategy 
may be modifi ed and may no longer even be necessary 
if  regrowth is not observed over a certain period of  
time. Further studies are warranted to determine the 
long-term outcomes of  ethanol ablation of  pancreatic 
cystic neoplasms. However, technical difficulty and 
vigorous effort during the procedure are the obstacles 
of  widespread use of  this technique. EUS-guided 

ablation therapy needs a fi ne control of  endoscope and 
stable positioning of  the needle into the cyst during 
lavage. A dedicated device and novel ablative agent 
should be developed to improve technical feasibility. 
EUS-guided ablation therapy might offer an alternative 
to the traditional surgical approach in the future. 
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