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INTRODUCTION

In recent years, advances in endoscopic diagnosis and treat-
ment of pancreaticobiliary diseases have led to the endoscopic 
treatment of duodenal ampullary tumors.1-7 Most duodenal 
ampullary tumors are derived from adenomas or carcinomas; 
however, adenomas are considered precancerous lesions that 

may become carcinomas through an adenoma-carcinoma 
sequence.8,9 Thus, complete resection is essential for radical 
treatment. Traditionally, local papillectomy and pancreati-
coduodenectomy have been the standard treatments for du-
odenal ampullary tumors. However, the invasiveness of these 
procedures poses a great challenge among older patients and 
those with comorbidities. Therefore, surgical treatment was 
replaced with endoscopic papillectomy, which is a minimally 
invasive treatment, but the excision procedure has not been 
standardized. 

The duodenal papilla is a rounded projection at the orifice 
of the pancreaticobiliary duct; the complications associated 
with surgical excision of this part include pancreatitis and 
cholangitis. Furthermore, treatment difficulties may arise 
when bleeding or perforation occurs due to the limitations in 
the devices used during duodenoscopy. 

Submucosal injections of saline or diluted epinephrine 
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solution have been administered to achieve a safe and com-
plete resection of tumors and to prevent the occurrence of 
complications, such as bleeding and perforation from endo-
scopic mucosal resection (EMR) of the stomach and colorectal 
adenomas. A local injection of hypertonic saline-epinephrine 
(HSE) is also considered useful in endoscopic resection of 
early gastric cancer.10 Since 2010, HSE local injection has been 
performed in our institution for the prevention of bleeding. 
However, a preoperative submucosal injection is generally not 
performed in patients scheduled for endoscopic papillectomy; 
the tumor may not appear elevated because the duodenal 
papilla is located at the orifice of the pancreaticobiliary duct.

The utility of preoperative submucosal injections for im-
proving the complete resection rate or preventing complica-
tions, such as bleeding, pancreatitis, and perforation, during 
endoscopic papillectomy needs to be clarified further. There-
fore, this study aimed to investigate the clinical efficacy of HSE 
local injection around the anal side before endoscopic papil-
lectomy for the prevention of bleeding.

MATERIALS AND METHODS

Data of consecutive patients who underwent endoscopic 
papillectomy for duodenal ampullary tumors in our institu-
tion between October 2002 and September 2019 were retro-
spectively reviewed. The complete resection rates, pathological 
margins, and post-papillectomy complications were compared 
between patients who underwent simple snaring resection 
(Group A) before 2010 and those who received a pre-proce-
dure submucosal HSE injection (Group B) after 2010.

Endoscopic papillectomy was performed by two endos-
copists with more than 15 years of experience performing 
endoscopic retrograde cholangiopancreatography (ERCP). 
Computed tomography, endoscopic ultrasound, and ERCP 
were performed preoperatively, and endoscopic papillectomy 
was indicated in patients with (1) exposed tumor type, (2) no 
tumor extension to the biliary and pancreatic ducts, and (3) 
no tumor extension to the duodenal muscle layer. Endoscopic 
papillectomy was not indicated in patients with ulceration 
because of their strong potential for deep invasion. In cases 
where preoperative biopsy revealed adenocarcinoma, endo-
scopic papillectomy was performed in patients who satisfied 
the abovementioned criteria; in patients without lymph node 
metastasis, endoscopic papillectomy was performed after ob-
taining an informed consent. This study was approved by the 
ethics committee of our institution (M16155). Informed con-
sent was obtained from all patients.

Procedure
Endoscopic papillectomy was performed under a duodeno-

scope (TJF-240 or TJF-260V; Olympus, Tokyo, Japan) with a 
working channel of 4.2 mm. After an indigo carmine dye was 
sprayed to confirm the extent of the lesion, en bloc excision 
was attempted using a single-line snare or SD-230U (Olympus, 
Tokyo, Japan) to snare from the oral side. In Group B, a small 
amount (1–2 mL) of HSE, consisting of saline (15 mL), 10% 
sodium chloride solution (5 mL), and epinephrine (1 mL), was 
injected into the submucosal layer around the anal side after 
spraying an indigo carmine dye. Excision was performed with 
a high-frequency electrosurgical generator in Autocut 120 W 
mode using ICC200 (Erbe, Tuebingen, Germany) or PSD-60 
(Olympus, Tokyo, Japan). Snaring was initiated at the oral side 
of the papilla and was advanced further to fit the entire tumor; 
then, the anal papilla was resected (Fig. 1). After collecting the 
specimen with a net catheter, the excision site was assessed. If 
residual tumor was suspected, additional snare resection was 
performed. For bleeding, hemostasis was achieved through 
high-frequency coagulation using a snare tip, argon plasma 
coagulation, or application of hemoclips. Pancreatic stenting 
or nasal pancreatic duct drainage was performed to prevent 
postoperative pancreatitis, except in the patients with pancre-
atic divisum. Biliary stenting was performed at the operator’s 
discretion. Bleeding that occurred during the endoscopic 
papillectomy procedure was defined as immediate bleeding, 
while bleeding that occurred 12 hr after the endoscopic pap-
illectomy procedure was defined as delayed bleeding. Blood 
tests were performed 2 hr, the next morning, 3 day, and 7 day 
after papillectomy to assess for complications. If anemia, he-
matemesis, or melena progression was observed, endoscopic 
hemostasis was attempted. Postoperative pancreatitis was 
evaluated using Cotton’s criteria. Follow-up examinations via 
a duodenoscope were conducted 3 or 6 months after resection 
and yearly for 1–5 years. If recurrence was suspected, a biopsy 
was performed for pathological evaluation. Complete clinical 
resection was defined as the absence of recurrence 3–6 months 
after resection.

Statistical analysis
All statistical analyses were performed using EZR (Saitama 

Medical Center, Jichi Medical University, Saitama, Japan), 
which is a graphical user interface for R (The R Foundation for 
Statistical Computing, Vienna, Austria).11 Continuous and cat-
egorical variables were compared using the Mann–Whitney U 
test and χ² test. Two-sided p-values of <0.05 were considered 
significant. 
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RESULTS

A total of 113 patients underwent endoscopic papillectomy 
at our institution between October 2002 and September 2019. 
Six patients with histologically non-neoplastic lesions were 
excluded. Finally, 107 patients were enrolled in this study: 44 in 
Group A (22 men: average age, 66.43±12.97 years) and 63 in 
Group B (30 men: average age, 67±11 years). The final patho-
logical findings of Group A were as follows: 24 had adenomas, 
8 had adenoma-like adenocarcinoma, 11 had adenocarcino-
mas, and 1 had neuroendocrine tumor (NET). Meanwhile, 
the final pathological findings of Group B were as follows: 54 
had adenomas, 3 had adenoma-like adenocarcinoma, 5 had 
adenocarcinomas, and 1 had NET. The mean tumor sizes of 
Groups A and B were 16.93±7.29 mm and 17.59±7.56 mm, 
respectively. The total en bloc resection rate was 89.7% (96/107). 
The en bloc resection rates in Groups S and I were 86.3% (38/44) 
and 92.1% (58/63), respectively; although the en bloc resection 
rate in Group B tended to be higher, the difference was not sta-
tistically significant (p=0.354). Complete clinical resection was 

achieved in 89.7% of the patients (102/107): Group A: 88.6% 
(39/44) and Group B: 90.5% (57/63) (p=0.754) (Table 1).

In Group A, the pathological examination revealed that 
64% (28/44) had negative, 27% (12/44) had positive, and 9% 
(4/44) had uncertain vertical resection margin; in Group B, 
67% (42/63) had negative, 16% (10/63) had positive, and 17% 
(11/63) had uncertain vertical resection margin. In Group A, 
64% (28/44) had negative, 27% (12/44) had positive, and 9% 
(4/44) had uncertain horizontal resection margin; in Group B, 
71% (45/63) had negative, 16% (10/63) had positive, and 13% 
(8/63) had uncertain horizontal resection margin. It was dif-
ficult to evaluate the resection margin in 11 patients who had 
a piecemeal resection; in the other patients, it was difficult to 
determine the pathological resection margin due to the burn-
ing effect of endoscopic papillectomy. The positive rates of hor-
izontal and vertical pathological margins were lower in Group B, 
but no statistically significant difference was observed (Table 2).

Post-papillectomy bleeding occurred in 22 (20.6%) patients: 
12 (27.2%) in Group A and 10 (15.9%) in Group B. Immediate 
bleeding occurred in 20.5% (9/44) of the patients in Group 

Fig. 1.  Hypertonic saline-epinephrine (HSE) submucosal injection before papillectomy. Endoscopic view of ampullary adenoma. (A) Endoscopic view of ampullary 
adenoma. (B) HSE submucosal injection around the anal side of the duodenal papilla. (C) The anal side of the papilla appeared white after HSE injection. (D) Snaring 
with safety margin. (E) No bleeding after papillectomy. (F) The orifice of the bile duct was clearly identified.
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Table 1.  Clinicopathological Characteristics of Patients with Ampullary Tumor

A group 
(n=44)

B group 
(n=63) p-value

Gender (M:F) 22:22 30:33 0.85

Mean age, yr 66.43±12.97 67.0±11 0.66

Average tumor size, mm 16.93±7.29 17.59±7.56 0.66

Final histopathological 
result

  Adenoma 24 54

  Carcinoma in adenoma 8 3

  Carcinoma 11 5

  NET 1 1

En bloc resection 38 (86.3%) 58 (92.1%) 0.35

Clinical complete resection 39 (88.6%) 57 (90.5%) 0.75

Pacreatic stent placement 33 (75%) 50 (79%) 0.323

Adverse events

Bleeding

  Immediate 9 (20.5%) 3 (4.8%) 0.026

  Delayed 3 (6.8%) 7 (11.1%) 0.52

Pacreatitis 14 (31.8%) 7 (11.1%) 0.010

Perforation 0 1 (1.6%) 1

Mortality 0 0

NET, neuroendocrine tumor.

Table 2.  Results of Pathological Margin

A group 
(n=44)

B group 
(n=63) p-value

Vertical margin

  Positive 12 (27%) 10 (16%) 0.22

  Negative 28 (64%) 42 (67%)

  Uncertain 4 (9%) 11 (17%)

Horizontal margin

  Positive 12 (27%) 10 (16%) 0.22

  Negative 28 (64%) 45 (71%)

  Uncertain 4 (9%) 8 (13%)

Table 3.  Immediate Bleeding Cases Compaired wtih Tumor Size

Tumor size Immediate bleeding p-value
≦10 mm 0% (0/20) 0.004

11–19 mm 6.4% (3/47)

20 mm≦ 25% (10/40)

Table 4.  Immediate Bleeding Cases Compaired wtih Pathological Findings

Pathological findings Immediate bleeding p-value

Adenoma 10.3% (8/78) 0.526

CiA/Carcinoma 14.8% (4/27)

CiA, carcinoma in adenoma.

Table 5.  Odds Ratios for Immediate Bleeding Cases

Characteristics Odds ratios 95% CI p-value

Carcinoma 1.040 0.208–5.200 0.963

HSE local injection 0.173 0.044–0.679 0.012

Tumor size (>20 mm) 9.61 2.255–40.96 0.002

CI, confidence interval; HSE, hypertonic saline-epinephrine.

A and in 4.8% (3/63) of the patients in Group B (p=0.0255). 
Delayed bleeding occurred in 6.8% (3/44) of the patients in 
Group A and 11.1% (7/63) of those in Group B (p=0.52). One 
patient in Group B, who had taken docosahexaenoic acid and 
eicosapentaenoic acid, experienced delayed bleeding that re-
quired transfusion and arterial embolization. 

Post-papillectomy pancreatitis occurred in 21 (19.6%) 
patients: 14 (31.8%) in Group A and 7 (11.1%) in Group B 
(p=0.0124). In addition, immediate bleeding and pancreatitis 
occurred simultaneously in 11.4% (5/44) and 1.6% (1/63) of 
the patients in Group A and Group B, respectively (p=0.0794). 
Perforation occurred in one patient in Group B, who recov-
ered conservatively. No procedure-related mortalities were 
reported (Table 1). 

Among the cases of immediate bleeding, the incidence of 
bleeding was associated with tumor size: larger tumors had a 
tendency to cause bleeding (Table 3). Furthermore, we eval-
uated the subgroups according to the pathological findings. 
Immediate bleeding occurred in 10.3% (8/78) of the patients 
in the adenoma subgroup and in 14.8% (4/27) of the patients 
in the carcinoma and CiA subgroup, relatively. There were no 
statistical differences between the pathological findings (Table 
4). The logistic regression model was used to calculate the 
odds ratios (ORs) and their corresponding 95% confidence 
intervals (CIs) for immediate bleeding associated with tu-
mor size, HSE submucosal injection, and carcinoma. Results 
showed an OR of 9.61 for tumor size (95% CI, 2.255–40.96; 
p=0.002), an OR of 0.173 for HSE submucosal injection (95% 
CI, 0.044–0.679; p=0.012), and an OR of 1.04 for carcinoma 
(95% CI, 0.208–5.200; p=0.963) (Table 5).
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DISCUSSION

Endoscopic papillectomy has been performed in recent 
years, as a minimally invasive treatment for adenomas.12 
Although the endoscopic papillectomy procedure is not stan-
dardized, it has a high complete resection rate. Submucosal 
injection of saline or a dilute solution of epinephrine is com-
monly administered to achieve a safe and a complete resection 
and to prevent the occurrence of complications associated 
with EMR for stomach and colorectal tumors.11 In endoscop-
ic papillectomy, submucosal local injection before resection 
is generally not performed because (1) the tumor cannot be 
lifted since the duodenal papilla is located at the orifice of the 
pancreaticobiliary duct; (2) the tumor is depressed by local 
injection of the abovementioned solution, making snaring 
and en bloc resection difficult; and (3) disadvantages, such as 
increase in the risk of postoperative pancreatitis, were noted.13 
On the contrary, submucosal injection may prevent unnec-
essary resections because the inability to lift the lesion is pre-
dictive of invasion; thus, the risk of bleeding can be reduced.14 
Moreover, submucosal injection was useful for achieving safe 
excision of lateral spreading tumors.15

The complete resection rate of endoscopic papillectomy 
was 46%–92%.12 Hyun et al. compared the complete resection 
rate between the submucosal injection group with epineph-
rine solution (1:10,000 dilution) and the no-injection group 
and found that the resection rate in the submucosal injection 
group was significantly lower (50% vs. 80.8%).16 Local injec-
tion caused the ampullary tumor to sunk and made the tumor 
margin unrecognizeable.16 In our method, which involved the 
administration of HSE submucosal injection around the anal 
side, the submucosal injection group had a slightly higher clin-
ical complete resection rate (90.5% vs. 88.6%). 

A few studies have reported the pathological margins of en-
doscopic papillectomy. Hyun et al. reported the positive rates 
of horizontal and vertical margins in a submucosal injection 
group and a no injection group (8.3% vs. 7.7% and 20.8% vs 
7.7%).16 Although no statistical difference was found, the pos-
itive rates of the horizontal and vertical margins between the 
submucosal injection group and the no-injection group were 
both 16% and 27% in our study. The difference in injection 
method was considered to be the reason why the positive rate 
of the pathological margins tended to be lower in the submu-
cosal injection group. In previous studies, many institutions 
performed a local injection around the entire papilla, and the 
amount of injection varied.17 In our institution, local injection 
was not performed around the oral side; rather, only a small 
amount (1–2 mL) of solution was injected around the anal 
side. If local injection is performed around the entire papilla, 

the ampullary tumor may be depressed by local injection, but 
the possibility decreases if only a small amount of solution is 
locally injected around the anal side. Furthermore, if snaring is 
initiated from the oral side, the anal margin of the tumor may 
be difficult to identify. By injecting a small amount around the 
anal side, the tumor margin can be easily identified, and more 
reliable snaring is possible.

The incidence rates of bleeding and pancreatitis were re-
ported to be 2%–30% and 3%–25%, respectively.18 Generally, 
pancreatic stenting is performed to prevent postoperative 
pancreatitis.18-20 However, only a few studies have reported the 
prevention of bleeding. Hemostasis of intraoperative bleeding 
may take time, which may increase the risk of pancreatitis. In 
our study, intraoperative hemorrhage and pancreatitis tended 
to occur more frequently in the group without local injection. 
Previous studies reported that since endoscopic hemostasis 
was unsuccessful, surgical hemostasis was performed; more-
over, pancreatic duct stent occlusion due to a blood clot re-
sulted in the occurrence of pancreatitis.5,21 Saline and diluted 
epinephrine solution have been used for submucosal injection 
in previous studies,14,16,17 but their usefulness remained contro-
versial. Hyun et al. compared a group receiving submucosal 
injection of diluted epinephrine solution before resection 
(n =24) with a group not receiving an injection (n =26).16 

They reported that there was no difference in the percentage 
of bleeding.16 On the contrary, Desilets et al. suggested the use-
fulness of diluted epinephrine solution (3–10 mL) injections 
for the prevention of bleeding in 41 patients.14 In the present 
study, we administered a submucosal injection using HSE be-
fore resection, and the percentage of immediate bleeding was 
significantly less in the local injection group. HSE has a vaso-
spastic effect; hypertonic saline prolongs the pharmacological 
effect of epinephrine and causes tissue swelling; it causes he-
mostasis due to the formation of thrombus in blood vessels. 
Therefore, the standard dilution of epinephrine solution must 
be used for the prevention of bleeding. 

There is no consensus on the optimal power output and 
mode of electrosurgical current for endoscopic papillectomy. 
Power output ranged from 30 to 150 W.3,4,6,14,22 Both pure-cut-
ting current and blended current have been used, and neither 
has been proven to be superior to the other. Some investiga-
tors advocate that the use of pure-cutting mode increases the 
risk of bleeding. By contrast, blended current may potentially 
cause tissue edema due to the coagulation effect. If HSE injec-
tion reduces bleeding, it can be used as an optimal method. 

Although local injection has been reported to increase the 
risk of pancreatitis after endoscopic papillectomy,13 our study 
showed fewer cases of pancreatitis. Furthermore, pancreatic 
stent placement was more common in the injection group, 
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Fig. 2.  Reefing with hemoclips after papillectomy. (A) Endoscopic view of ampullary adenoma. (B) After papillectomy with hypertonic saline-epinephrine injection.  
(C) Reefing with hemoclips to the frenulum side of the duodenal papilla. (D) Biliary and pancreatic stents were placed.
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while postoperative pancreatitis tended to be lower in this in-
jection group. Frequently, bleeding and pancreatitis occurred 
simultaneously in our study, indicating that the time spent in 
achieving hemostasis may have affected the prompt identifi-
cation of the pancreatic duct. Local injection before resection 
is considered useful for securing a sufficient endoscopic view. 
However, in our study, delayed bleeding tended to occur more 
frequently in the HSE local injection group, and countermea-
sures were required. The pharmacological effect of HSE is time 
dependent, and it is important to prevent delayed bleeding us-
ing an additional method. Moreover, hemoclips are applied to 
prevent postoperative bleeding. Clipping, in addition to HSE 
submucosal injection, is expected to facilitate the prevention 
of immediate and delayed bleeding after endoscopic papillec-
tomy (Fig. 2). 

The current study has several limitations. First, it was a 
single-center and retrospective study; therefore, the number 
of patients used in the study was small. Second, the learning 
curve might have affected the incidence of complications. In 
the future, larger scale randomized controlled trials are re-
quired to confirm our results.

In conclusion, our findings demonstrate that a submucosal 

HSE local injection around the anal side prior to resection is 
safe and facilitates the prevention of intraoperative bleeding. 
Moreover, the application of hemoclips, in addition to the sub-
mucosal injection method, is expected to further decrease the 
complication rate.
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