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Background/Aims: Treatment of residual intraductal lesions after endoscopic papillectomy for
ampullary adenomas is relatively difficult. Few studies have been conducted using intraductal
radiofrequency ablation (RFA) in the treatment of such lesions, and no study has aimed to reduce
the side effects of excessive heat caused by RFA. Recently, a temperature-controlled RFA probe
was developed to avoid excessive heat. This study aimed to investigate the safety of this new
RFA probe in the treatment of intraductal lesions of ampullary adenoma.

Methods: Patients who received RFA for residual intraductal lesions after endoscopic papillec-
tomy between November 2017 and June 2019 were retrospectively reviewed. A novel tempera-
ture-controlled probe (ELRA) was used for intraductal RFA, and clinical data including adverse
events were collected.

Results: Ten patients were included in this study. Intraductal adenomas showed low-grade dys-
plasia in eight patients and high-grade dysplasia in two patients. The median diameter of intra-
ductal adenomas was 9 mm (range, 5 to 10 mm) in the common bile duct and 5 mm (range, 4
to 11 mm) in the pancreatic duct. Adverse events occurred in three patients (30.0%), of which
two were mild pancreatitis and one was asymptomatic biliary stricture. Over a median follow-up
period of 253 days, only one patient underwent additional surgery, as the remainder showed no
adenomatous lesions on follow-up biopsies.

Conclusions: The new temperature-controlled RFA probe can be used with acceptable safety
for the treatment of residual intraductal lesions after endoscopic papillectomy. Further evaluation
through future prospective studies is needed. (Gut Liver 2021;15:307-314)
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rence of nearly 30%.>° Due to this background, endoscopic

INTRODUCTION

Ampullary adenoma is a rare disease with a prevalence
of approximately 0.04% to 0.12% in autopsy studies, but it
accounts for a large proportion of small intestine tumors."
Since ampullary adenoma is a precancerous lesion that
follows the adenoma-carcinoma sequence, removal with
complete resection is the principle of treatment.’ Therefore,
surgical resection, such as pancreaticoduodenectomy, has
been widely used, but the associated morbidity and mor-
tality is considerable.*” Another surgical method, transdu-
odenal excision, has less morbidity but has a risk of recur-

papillectomy has recently become a preferred treatment
for ampullary adenomas that lack evidence of an invasive
cancer component. However, endoscopic papillectomy has
the potential for incomplete resection, particularly if there
is an intraductal extension of the ampullary adenoma.”
Thus, various methods, including radiofrequency (RF)
ablation (RFA), have been studied to treat intraductal le-
sions of ampullary adenoma, but few such cases have been
reported.’ Intraductal RFA is a method of necrosing a tu-
mor using the heat from a RF electrode, and several studies
have been conducted on patients with malignant biliary
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strictures.” Previous studies have shown adverse events
after intraductal RFA treatment, including ductal stricture,
cholangitis, pancreatitis, and hemobilia, which are largely
associated with tissue necrosis caused by excessive heat."""
To facilitate safer RFA, a temperature-controlled RF probe
has recently been developed. This RF probe automatically
adjusts the temperature of the RF electrode so that it does
not rise above the initial set temperature, avoiding exces-
sive heat.”” This probe has been tested for safety in a swine
model of biliary stricture and recently in small prospec-
tive studies in patients with malignant biliary stricture."*"*
However, there have been no studies using only tempera-
ture-controlled RF probes for the treatment of intraductal
extensions of ampullary adenoma. Therefore, the aim of
this study was to determine the safety of RFA using a novel
temperature-controlled RF probe for the treatment of re-

sidual intraductal lesions after endoscopic papillectomy.

MATERIALS AND METHODS

1. Patients and data collection

Patients with ampullary adenoma who underwent
intraductal RFA for residual intraductal adenoma after
endoscopic papillectomy from November 2017 to June
2019 at the Seoul Saint Mary’s Hospital were included in
this study. Inclusion criterion was the presence of intra-
ductal adenoma confirmed by intraductal biopsy in distal
common bile duct or pancreatic duct. Exclusion criteria
were patients who did not consent to the RFA procedure,
presence of resectable periampullary cancer, acquired or
congenital coagulopathy, prior gastric surgery prevent-
ing the endoscopic retrograde cholangiopancreatography
(ERCP) procedure (e.g., Billroth II or Roux-en-Y), less
than 18 years old, and pregnancy. We collected patient de-
mographic data, characteristics of the ampullary adenoma,
endoscopy reports of intraductal lesions after endoscopic
papillectomy, details of RFA treatment, follow-up duration,
pathologic results at last follow-up, and adverse event. Ad-
verse events were evaluated based on the American Society
for Gastrointestinal Endoscopy lexicon." This study proto-
col was based on the Declaration of Helsinki and approved
by the Institutional Review Board of Seoul Saint Mary’s
Hospital (IRB number: KC19RESI0540). Written informed
consent for RFA and follow-up was obtained from all pa-
tients prior to the procedure.

2. Study procedure and outcome measurements

All ERCP and intraductal RFA procedures were per-
formed by two expert endoscopists. After initial endo-
scopic papillectomy and at follow-up, the intraductal
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Table 1. Clinical Characteristics of the 10 Patients

Initial deep/

Follow-up

ERBD/
ERPD
after RFA

No. of

Time from

Intraductal
extension

Final follow-up

Worst ductal

Adenoma lateral Duct(s)

Adenoma

Age
yr)

Patient

duration

RFA
sessions

papillectomy

pathology

pathology

margin involved

involvement

pathology

size (mm)

No.

to RFA (day)

length (mm)

(day)

333
622

Normal

+/+

TA-HGD
TV-HGD
TA-LGD
TA-LGD
TA-LGD
TA-LGD
TA-LGD
TA-LGD
TV-LGD
TA-LGD

6,1

CBD, PD
CBD
CBD

+/-
+/-

TA-HGD
TV-HGD
TA-LGD
TA-LGD
TA-LGD
TA-LGD
TA-LGD
TA-LGD
TA-LGD
TA-LGD

25

70
75

ADC m/d

+/+

15

2*

570
275
357

74
231
123
186

91

+/-
+/+
+/+
+/+
+/+
+/+
+/+
+/+

1
1
1
1
1
1
1
1

28
738
10

1,150
86
122
132

10,10
.5
B

10,4
10,5
10,4

CBD, PD
CBD, PD
CBD, PD
CBD, PD
CBD

CBD, PD
CBD, PD

/-
/-
/-
UA
/
/-
UA

7
15
10
10
4
0

1
10

23
54
74
A
b4

36
71
26

RFA, radiofrequency ablation; ERBD, endoscopic retrograde biliary drainage; ERPD, endoscopic retrograde pancreatic drainage; M, male; F, female; TA, tubular adenoma; HGD, high grade dysplasia; TV,

tubulovillous adenoma; LGD, low grade dysplasia; UA, unable to assess; CBD, common bile duct; PD, pancreatic duct; ADC, adenocarcinoma; m/d, moderately differentiated.

*Patient No. 2 showed HGD on follow-up biopsy 2 months after endoscopic papillectomy, and the pathological results of subsequent surgical treatment revealed adenocarcinoma.
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extension of the ampullary adenoma was determined us-
ing cholangiogram or pancreatogram through ERCP, or
through direct observation of the bile duct or pancreatic
duct orifice via duodenoscope. Prior to the procedure,
second generation cephalosporin antibiotics were admin-
istered prophylactically. When a recurrent adenomatous
lesion involved in both the duodenal wall and the bile duct
or pancreatic duct, snare resection of the duodenal lesion
was performed first, followed by RFA in the same session.
On the other hand, if there was no lesion that could be ex-
cised with snare on the duodenal side, RFA was performed
without snare resection.

A RFA catheter (ELRA™, STARmed, Goyang, Korea)
and RF generator system (VIVA Combo™, STARmed)
were used for intraductal RFA procedures. The RFA cath-
eter used in our study was 7 F large and 175-cm long with
bipolar electrodes of 4-mm width and 11-mm length. The
RFA catheter was inserted into the biliary or pancreatic
duct through a 0.025- or 0.035-inch guidewire. If lesions
were involved in both ducts, RFA was performed in the
biliary and pancreatic ducts, respectively. The RF gen-
erator system used in this study provided a temperature
mode to maintain the set temperature during the proce-
dure to prevent excessive heating. The generator was set
at a maximum temperature of 80°C and a power of 7 W
with reference to previous studies.*'*'* Intraductal RFA
was performed within 90 seconds while observing the de-
gree of whitish color change due to heat around the duct
orifice. After RFA, both biliary stents with 7-F or 10-F
diameter (Cotton-Leung or Zimmon or ST-2 Soehendra
Tannenbaum biliary stent; Cook Medical, Winston-Salem,
NC, USA) and pancreatic stents with 5-F or 7-F diameter
(Geenen pancreatic stent; Cook Medical) were placed in
all possible cases for preventing cholangitis and pancreati-

tis. Follow-up endoscopy was performed 2 days after RFA
to evaluate the healing status of the RFA site, and acute

complications such as bleeding. Biliary and pancreatic
plastic stents were removed by follow-up endoscopy 1 to
2 months after RFA. Subsequent follow-up endoscopies
were performed every 3 to 6 months within 1 year from
RFA, and every 6 months to 1 year thereafter. At all follow-
up endoscopy, biopsy was performed at the margin of the
RFA site to assess the recurrence of adenoma. Computed
tomography scans were performed around 6 months after
RFA to evaluate duct stricture. After that, if clinically sus-
pected of duct stricture, imaging tests, such as computed
tomography or magnetic resonance cholangiopancreatog-
raphy, were performed at the physician’s discretion.

The primary endpoint was the incidence of adverse
events after intraductal RFA. The secondary endpoint was
the rate of successful endoscopic treatment, which was de-
fined as the absence of adenomatous tissue in the follow-
up biopsy.

3. Statistical analysis

Categorical variables are presented as a number, and
continuous variables are shown as the median and range.
Statistical analyses were performed using SPSS software,
version 24.0 (IBM Corp., Armonk, NY, USA).

RESULTS

During the study period, a total of 49 patients under-
went endoscopic papillectomy. Among these patients, 10
patients were confirmed residual intraductal lesion by
intraductal biopsy and treated with endoscopic RFA. The
clinical data, including demographics, initial adenoma size
and pathology, duct involvement of the residual adenoma,
and follow-up data, are shown in Table 1. Fig. 1 shows
representative cholangiopancreatograms during RFA treat-
ment. Figs 2 and 3 show representative endoscopic images

Fig. 1. Cholangiopancreatograms
showing the intraductal extension
of the ampullary adenoma into the
bile duct (A) and pancreatic duct (B).
The radiofrequency ablation probe
is located in the pancreatic duct (C)
and bile duct (D) (patient No. 1).
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Fig. 2. Endoscopic images showing radiofrequency ablation (RFA] treatment after snare resection. The adenomatous lesion on the duodenal wall
(A was resected with a snare (B, C). Intraductal RFA of the bile duct (D) with whitish color change around the duct orifice. Placement of biliary and
pancreatic plastic stents after RFA (E). The last follow-up endoscopic image showing no recurrence (F) (patient No. 8).

with or without snare resection before RFA treatment, re-
spectively.

Ampullary adenomas were detected through screening
esophagogastroduodenoscopy in five patients and through
surveillance esophagogastroduodenoscopy for extracolonic
malignancy in three patients known as familial adenoma-
tous polyposis. The two remaining cases were found on
esophagogastroduodenoscopy performed on the suspicion
of ampullary lesions based on abdominal computed to-
mography.

Three patients with recurrent duodenal and intraductal
adenomatous lesions underwent snare resection of duo-
denal lesion prior to the RFA procedure. The size of the
duodenal lesions in these patients were all around 5 mm.
Three patients underwent intraductal RFA for a residual
intraductal lesion within 1 week after endoscopic papillec-
tomy, and the remaining seven patients underwent RFA for
a residual intraductal lesion at least 3 months after the ini-
tial endoscopic papillectomy. For those seven patients, the
median time from endoscopic papillectomy to RFA was
13.7 months (range, 2.9 to 38.3 months). All 10 patients
underwent intraductal RFA for the common bile duct with
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a median RFA delivery time of 65 seconds (range, 45 to 90
seconds), and seven of the 10 patients also underwent RFA
for the pancreatic duct with a median RFA delivery time
of 30 seconds (range, 15 to 75 seconds). After RFA, biliary
stents were inserted in all 10 patients, and pancreatic stents
were inserted in nine of the 10 patients including all pa-
tients who received RFA for the pancreatic duct.

The median follow-up duration was 253 days (range,
74 to 622 days). Nine of the 10 patients had no evidence of
adenomatous lesion in the last follow-up pathology. The
remaining patient had high-grade dysplasia on the follow-
up pathologic examination performed approximately 2
months after RFA. The patient underwent a pylorus-pre-
serving pancreaticoduodenectomy, and the dysplasia was
confirmed as adenocarcinoma in the surgical specimen
pathology. Patient follow-up results are summarized in Fig.
4.

Adverse events occurred in three patients. Two patients
had mild pancreatitis. Both had prophylactic pancreatic
stents, and improved with conservative management. The
other patient had asymptomatic biliary stricture confirmed
through ERCP performed about 5 months after the intra-
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Fig. 3. Endoscopic images showing radiofrequency ablation (RFA) treatment without snare resection. Adenomatous lesions around the duct (biliary,
arrow; pancreatic, arrowhead) orifices (A). Intraductal RFA of the pancreatic duct (B) and bile duct (C) with the characteristic whitish color change
apparent around the duct orifice. Appearance after RFA (D). Placement of plastic biliary and pancreatic stents after RFA (E). The last follow-up en-
doscopic image, showing no recurrence (F) (patient No. 5).

10 Patients with ampullary adenoma

Endoscopic papillectomy

LGD
(n=8)

Residual intraductal
adenoma
(n=8)

RFA for intraductal lesion of

HGD
(n=2)

Residual intraductal
adenoma
(n=2)

A

ampullary adenoma

v

No recurrence No recurernce HGD on follow-up Fig. 4. Flowchart summarizing over-
(n=8) (n=1) (n=1) all results.
| LGD, low grade dysplasia; HGD, high
grade dysplasia; RFA, radiofrequen-
PPPD cy ablation; PPPD, pylorus preserv-
Patho(lrc;l/? ADC ing pancregticoduodenectomy; ADC,
adenocarcinoma.
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Table 2. Adverse Events

Characteristics No. (patient No.)

Pancreatitis 2 [patient No. 5, 7)

Cholangitis 0
Bleeding 0
Perforation 0

Nonsymptomatic biliary stricture de- 1 (patient No. 1)

tected at ERCP

ERCP, endoscopic retrograde cholangiopancreatography.

ductal RFA. This patient underwent bougie dilation for
the biliary stricture and experienced no subsequent biliary
complications (Table 2).

DISCUSSION

In the treatment of ampullary adenoma, the relatively
less-invasive endoscopic papillectomy is currently the
preferred treatment compared to surgical treatments with
significant morbidity or mortality. The recurrence rate af-
ter endoscopic papillectomy varies from study to study, but
a rate up to 33% has been reported.'® To reduce recurrence
after endoscopic snare papillectomy, additional treatments,
such as ablation using argon plasma coagulation, can be
performed, but their efficiency is low."**
plete endoscopic treatment is difficult, especially in cases
of ampullary adenoma with an intraductal extension of
the bile duct or pancreatic duct.” The difficulty in treating
these intraductal lesions is due to the difficulty in accessing
the ductal structures using conventional devices for endo-
scopic treatment of ampullary adenoma such as snares or
argon plasma coagulation.

RFA is a treatment for killing cancer cells by using the
heat generated by electrodes and is currently used for the

treatment of various solid tumors including hepatocellular
19,20

In addition, com-

carcinoma. " Since the electrodes used in RFA can be
inserted into ductal structures using a guide wire during
ERCP, RFA is particularly useful for the treatment of intra-
ductal lesions such as malignant biliary strictures.” RFA is
also being introduced into the treatment of intraductal ex-
tensions of ampullary adenoma due to its aforementioned
features. Mehendiratta and Desilets” reported a case of
eradication of residual adenoma using RFA after endoscop-
ic papillectomy. In addition, Valente et al” reported three
cases of successful treatment via RFA in patients with am-
pullary adenoma who either refused or could not receive
surgical treatment. Recently, two small studies of RFA after
endoscopic papillectomy in 14 patients and 20 patients, re-
spectively, were published.*"* In those two studies, the rate
of successful endoscopic therapy was 70% to 92%, which
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does not appear to be notably different from the previously
reported successful treatment rate of endoscopic papillec-
tomy." However, those studies only included patients with
intraductal lesions that were relatively difficult to treat;
therefore, the treatment success rate of those studies can be
seen as relatively high given the circumstances. Our study
also showed a successful endoscopic treatment rate of 90%,
similar to the previous studies.

While the success rate of treatment was relatively high,
the rate of adverse events after RFA was as high as 40% to
43% in both of the previous two studies.”'” These adverse
event rates are higher than those after endobiliary RFA
in malignant biliary stricture.”* Compared with RFA
for malignant biliary stricture, RFA for ampullary adeno-
mas is performed at the ampullary orifice area and can
be more damaging to surrounding normal tissues, which
can increase the risk of adverse events. As these adverse
events are often caused by excessive heat, a temperature-
controlled RF probe has been developed and studied in
patients with malignant biliary stricture."* However, in the
case of ampullary adenoma, there have been no previous
studies using only a temperature-controlled RF probe. In
this study, we aimed to evaluate the safety of a temperature-
controlled RF probe for the treatment of intraductal ex-
tensions of ampullary adenoma. The incidence of adverse
events, including pancreatitis and asymptomatic biliary
stricture, was 30% in our study. Although it is difficult to
make accurate comparisons due to the low number of sub-
jects, the rate of adverse events in our study was somewhat
lower than the 40% to 43% of previous studies.”"” This
lower rate of adverse events may be attributed to the avoid-
ance of excessive heating using a temperature-controlled
RF probe, but future prospective studies are required for
validation. In addition to temperature control, the RFA
device in this study also featured an RF electrode length of
11 mm, which is shorter than the length used in previous
studies. Because the treatment success rate was similar to
that of previous studies, it is possible that the ablation of
the unnecessary region was minimized by the shorter elec-
trodes, leading to fewer adverse events. The fact that the
length of the stricture was significantly longer when using
longer probes in an endobiliary RFA animal study supports
this inference.” In some cases, longer RFA probes may be
required for complete treatment, but shorter probes are
desirable when possible. In other words, it is inferred that
patients with short intraductal lesions that can use short
RFA probe may benefit the most from RFA treatment. The
depth and width of the RFA area, which is closely related
to the treatment efficiency and the occurrence of adverse
events, is determined by a combination of power, time, and
temperature.’ Therefore, further research is needed on the
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optimal settings for these parameters for the treatment of
ampullary adenomas, keeping in mind that further adjust-
ments will be needed depending on the specific lesion.

There are several limitations in our study. First, this
study is based on retrospective data derived from a small
number of patients. Second, the follow-up period was rela-
tively short, and recurrence during follow-up was evaluat-
ed by endoscopic findings and biopsy mainly. In particular,
the proximal margin of RFA could not be properly evalu-
ated by biopsy because follow-up endoscopic examinations
were performed in the outpatient department. Therefore,
in next study, it would be ideal to evaluate the recurrence
of intraductal lesion with sufficient follow-up period using
biopsy through cholangioscopy, and endoscopic ultra-
sound. In spite of these limitations, this is the first study
that showed acceptable safety of a new temperature-con-
trolled RF probe for the treatment of ampullary adenoma
after endoscopic papillectomy.

In conclusion, RFA using a temperature-controlled RF
probe showed acceptable safety without serious side ef-
fects in 10 patients with residual intraductal lesions after
endoscopic papillectomy. Avoiding excessive heat using
temperature-controlled RFA is expected to reduce adverse
events, and future prospective studies are needed to con-
firm whether this method is significantly safer than other
RFA methods.
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