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Abstract

Background
Laparoscopic pancreatic tumor enucleation (LPE) is a viable option for the removal of non-malignant
pancreatic masses leading to maximally preservation of organ function. However, postoperative
pancreatic �stula (POPF) is a concern, particularly when the mass is close to the main pancreatic duct
(MPD). Pancreatic duct stents are used to treat refractory pancreatic leakage, Preoperative stenting of the
MPD might prevent its injury when performing LPE.

Aimas
To explore the application value of pancreatic duct stents in laparoscopic pancreatic tumor enucleation.

Methods
We reviewed the clinical data of patients who underwent either Laparoscopic pancreatic enucleation with
pancreatic stenting (LPE + PS) or LPE from January 2016 to December 2019. The patients were divided
into two groups as LPE + PS and LPE.

Results
Twenty (9 LPE and 11 LPE + PS) were included in the �nal analysis. The 2 groups were equivalent in
baseline characteristics and pathologic variables. LPE + PS group showed shorter hospital stay (p = 
0.045), lower Grade B/C postoperative pancreatic �stula rates than the LPE group (p = 0.047).
Intraoperative and postoperative outcomes, including operating time (p = 0.124), estimated blood loss (p 
= 0.258), were similar in the two groups. No local recurrence and no patients presented exocrine or
endocrine insu�ciency was detected in either group.

Conclusion
This procedure is associated with acceptable morbidity and it is safe. The preoperative stenting of the
MPD may facilitates to identify the main pancreatic duct intraoperatively, might avoid the occurrence of
Grade B/C POPF.

Introduction
Traditionally, pancreaticoduodenectomy and distal pancreatectomy with splenectomy for benign or low
malignant-potential pancreatic neoplasms have the risk of pancreatic function insu�ciency[1–3].By
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reporter, more than 30% of patients develop diabetes and from 16 to 49% develop exocrine insu�ciency
after standard pancreatic resections[1, 4, 5]. Therefore, Laparoscopic pancreatectomy, such as
Laparoscopic pancreatic tumor enucleation (LPE) can preserve normal pancreatic tissue, characterized
by excellent long-term outcomes due to preserves organ function[6–8]. So, LPE may represents a limited
resection alternative to pancreaticoduodenectomy and distal pancreatectomy with splenectomy for the
treatment of these neoplasms[9].

However, the defect of LPE is the high rate of surgical complications, associated with postoperative
pancreatic �stula (POPF), whose rate is reported from 15 to 69% in the literature[10, 11].Particularly, when
the neoplasm is deep or located near the main pancreatic duct (MPD), the MPD is easily injured, resulting
in POPF [10, 12, 13].

To recognize the site of the MPD during surgery, the risk of pancreatic duct disruption would be
diminished. Thus, in this study, we report a statistical analysis of multiple preoperative and perioperative
variables related to 20 LPE, sought the clinical effect of pancreatic duct stenting in LPE.

Patients And Methods
Laparoscopic pancreatic enucleation with pancreatic stenting (LPE + PS) was adopted in 2016 at our
institution. Between January 2016 and December 2019, patients underwent either LPE + PS or LPE alone
were reviewed. The patients were divided into two groups as LPE + PS and LPE. The data considered for
clinical comparison were patient demographics, intraoperative variables (operative time, estimated blood
loss (EBL), blood transfusion requirement), complications, duration of hospital stay, and �nal pathology.
This study was approved by the Ethics Committee for Clinical Research of our institution and met the
guidelines of the Declaration of Helsinki.

Endoscopic retrograde cholangiopancreatography (ERCP) with stenting of the MPD ERCP was performed
under deep sedation in the prone position by gastroenterologist within 3 hours before LPE. We performed
peroral endoscopic duodenoscopy to the descending duodenum, identi�ed the duodenal papilla, adjusted
the scope to the center of the �eld of view (Fig. 1a). Guide-wired deep cannulation of the MPD was
achieved using a hydrophilic wire (Fig. 1b). Small quantity of contrast was injected to con�rm the correct
position of the guide-wire inside the duct. Pancreatic sphincterotomy was performed over the wire, an
appropriate plastic pancreatic duct stent (Model: CHN; 5–7 Fr/4–9 cm; Micro-Tech Co., Ltd., Nanjing,
China) according to the diameter of the residual pancreatic duct was deployed (Fig. 1c). The length of the
stent was chosen to place its intra-pancreatic end over the lesion. Figure 1d shows the pancreatic stent
placement.

Laparoscopic pancreatic enucleation (LPE)

With the patient in a supine position with legs abducted, and after inducing general anesthesia with
tracheal intubation, we routinely placed sterile drapes. A small curved incision was made under the
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umbilicus, and pneumoperitoneum was established by Veress needle puncture with a pneumoperitoneum
pressure of 12–15 mmHg (1 mmHg = 0.133 kPa). We then performed a 10-mm cannula puncture, and
inserted a 30° laparoscope. A 5-mm cannula was placed 2 cm below the costal margin of the left and
right anterior axillary lines as traction ports, during laparoscopy. We set a 12-mm cannula as the main
operating port, 2 cm above the umbilicus on the outer edge of right rectus abdominis muscle, horizontally,
and set another 10-mm cannula as a traction port at the corresponding position on the left side. The �ve
punctures were V-shaped.

The abdominal cavity was explored to exclude tumor peritoneal metastasis, and we used an ultrasonic
scalpel (Harmonic Ace; Ethicon Endo-Surgery, Cincinnati, OH, USA) to incise the gastrocolic ligament and
enter the lesser omental bursa. Once the pancreatic parenchyma was exposed, intraoperative ultrasound
allowed to identify the lesion and the MPD containing the stent (Fig. 2b). The mass was dissected free
using a 1–2-mm side opening in the pancreatic capsule to guarantee complete enucleation of the tumor,
using the electrosurgical and ultrasonic scalpels (Fig. 2c). No sealants or patches were used to the
resection wound. After bagging the specimen, we extended the incision below the umbilicus
longitudinally and inferiorly to remove the specimen. The specimen and its margins were then sent for
intraoperative frozen section histopathological examination. After the abdominal cavity was �ushed, and
no active bleeding was found. One closed-suction drainage tube was placed close to the site of
enucleation (1 case showed in Fig. 2).

POPF was assessed according to the International Study Group on Pancreatic Fistula
recommendations[14], and Postoperative morbidity was graded using the Clavien–Dindo classi�cation[15].
Grades I and II were grouped as minor, and grades III–V were considered as major complications[15].

Follow-up

We removed the stent approximately 1 month postoperatively (Fig. 2e). In patients with POPF, we
removed the pancreatic stent 3 months after recovery and discharge from the hospital. Recurrence was
diagnosed by CT (Fig. 2f). Pancreatic endocrine insu�ciency was de�ned as new-onset diabetes and
worsening diabetes. Patients with diarrhea and steatorrhea, weight loss, and taking of pancreatic enzyme
supplementation were considered to have pancreatic exocrine insu�ciency. Patients were followed up via
phone call or out-patient examination. The �nal follow-up was taken in April 2020.

Statistical analysis
Demographic, pathologic, and perioperative details were extracted from this database. Continuous
clinicopathological data were expressed as mean ± standard deviation or median (range) as appropriate.
Categorical variables were reported as number and percentage. Continuous clinicopathological data were
analyzed with Student’s t test (or Mann–Whitney U test). Categorical variables were analyzed with the
Fisher’s exact test (or likelihood ratio). We performed all statistical analyses with SPSS v22.0 (IBM Corp.,
Armonk, NY, USA). P < 0.05 was considered statistically signi�cant.
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Results
Baseline characteristics

20 patients were included in the �nal analysis, of which 9 patients (45.0%) underwent LPE + PS and 11
patients (55.0%) underwent LPE. Table 1 demonstrates that the baseline characteristics was equivalent
between the 2 patient groups. The distribution of tumor size, tumor location and histopathologic
diagnosis was also equal between the 2 groups (Table 1).

Surgery outcomes in the LPE + PS and LPE groups

Results of our statistical analysis of surgical outcomes are shown in Table 2. This analysis revealed that
the LPE + PS group had shorter hospital stay (8.7 ± 3.2 vs. 13.2 ± 5.6 days, p = 0.045) than the LPE group,
lower Grade B/C postoperative pancreatic �stula rates than the LPE group (p = 0.047). Intraoperative
outcomes, including operating time (p = 0.124), estimated blood loss (p = 0.258), were similar in the two
groups. Postoperative complications occurred in 6 patients (66.7%) in the LPE + PS group and 6 patients
(54.5%) in the LPE group (p = 0.670) (Table 3). The rate of minor and major complications did not differ
between two groups (p = 0.685). The rates of bleeding, reoperation, delayed gastric emptying, and
cardiopulmonary complication were similar in the two groups. No patients required post-operative
intensive care management. There was one patient developed postoperative abdominal hemorrhage
required reoperation, and no perioperative deaths in either group.

Long-term outcomes

A total of 20 patients (follow-up rate 94.6%) were followed up via phone call or out-patient examination.
The median follow-up period was 27 months (range 10–39 months) and 29 months (range 14–39
months) for the LPE group and 25 months (range 10–32 months) for the LPE + PS group. No local
recurrence and no patients presented exocrine or endocrine insu�ciency was detected in either group.

Discussion
LPE was initially described by Gagner et al[16] in 1996. It represents a valid tool for radical treatment of
small non-malignant masses and is technically straightforward and ensures normal functional
outcomes. However, LPE is associated with substantial rates of POPF due to the high risk of damaging
the pancreatic ductal system. Studies have revealed that POPF remains the most common complication
after LPE (9 to 69%)[10, 11, 17, 18]. Particularly when the location of the tumor is deep, or close to the
MPD[10, 12, 13]. Protecting the main pancreatic duct during surgery to avoid POPF is the key to the safe
implementation of LPE.

To protect MPD from damage when performing LPE, There were several attempts to preoperatively stent
the MPD. In 2007, seven cases of pancreatic enucleation (PE) with MPD stent were reported in Japan[19].
One group reported 10 patients with small pancreatic tumors who were assigned PE prior to preoperative
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endoscopic placement of the MPD stent and described the relationship between the tumor and
MPD[20].Another group reported 3 cases of preoperative MPD stenting, a total of 65 cases of PE, and
stenting was performed in patients with a close distance between tumor and MPD[21]. Several other single
case reports also have been published[22–24]. However, previous studies have not compared preoperative
endoscopic pancreatic stenting with simple PE, and the potential bene�t of the procedure was
questionable.

Our data show that, in 2 patient groups undergoing LPE, LPE + PS group had lower Grade B/C POPF rates
than the LPE group (p = 0.047)and shorter postoperative hospital stay (8.7 ± 3.2 vs. 13.2 ± 5.6 days, p = 
0.045).This result was probably achieved because of preoperative endoscopic pancreatic stenting has
the following advantages: First, endoscopic pancreatic stent implantation is a minimally invasive well-
proven procedure[19]. Second, intraoperatively, surgeons were able to recognize the site of the pancreatic
duct during surgery and the presence of the stent facilitates detecting injury to the main pancreatic duct
and permits timely treatment, if injury occurs. Third, the support of the stent effectively reduces the
pancreatic secretion pressure and duodenal pressure difference and establishes effective internal
drainage, which is conducive to pancreatic wound healing after enucleation[22, 25–27]. For these reasons,
we believe that the preoperative positioning of the stent reduces the occurrence of Grade B/C POPF and
shortens the length of postoperative hospital stay.

Studies show that Post-ERCP pancreatitis occurrence ranges from 5 to 25%[28, 29]. We recommend LPE
was scheduled within 3 hours after the ERCP with stenting of the MPD to reduce the risk of stent
spontaneous migration, and anticipate the development of sequelae related to the Post-ERCP pancreatitis
as well as to reduce the length of hospital stay[30]. In this study, 1 patient developed postoperative
abdominal hemorrhage. Emergency surgical exploration revealed bleeding at the enucleation site from
small blood vessels in the wound, prompting the caution that intraoperatively, it is important to carefully
separate the tumor along the pancreatic capsule and identify whether the pancreatic duct or a vascular
stump is incorporated into the wound. we recommend intraoperatively suturing the pancreatic wound
with 4 − 0 non-absorbable suture to reduce the incidence of postoperative wound bleeding. As regards the
stent removal, patients without POPF, we removed the stent approximately 1 month postoperatively. In
patients with POPF, we removed the pancreatic stent 3 months after recovery and discharge from the
hospital.

Conclusion
This procedure is associated with acceptable morbidity and it is safe. The preoperative stenting of the
MPD may facilitates to identify the main pancreatic duct intraoperatively, might avoid the occurrence of
Grade B/C POPF. The limitations of this study were its retrospective and nonrandomized design with
relatively small number of cases. Nevertheless, this is a single-center pilot study, which might lay the
foundation for future studies with larger samples.
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Abbreviations
LPE
Laparoscopic pancreatic tumor enucleation
POPF
postoperative pancreatic �stula
MPD
main pancreatic duct
PS
pancreatic stenting
EBL
estimated blood loss
ERCP
Endoscopic retrograde cholangiopancreatography.
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Table 1
Baseline characteristics.

  Laparoscopic pancreatic
enucleation + pancreatic stenting

(n = 9)

Laparoscopic pancreatic
enucleation alone

(n = 11)

P

Female/male 7/2 7/4 0.642

Age (year) 48.0 ± 9.1 47.8 ± 7.6 0.962

BMI (kg/m2) 22.6 ± 1.9 23.8 ± 3.2 0.335

Symptoms     0.630

Yes 6 7  

No 3 4  

Previous laparotomy     0.604

Yes 2 3  

No 7 8  

Comorbidity 2 4 0.642

Cardiopulmonary
disease

2 3 0.500

Diabetes mellitus 0 1  

ASA classi�cation     0.904

I 1 1  

II 7 8  

III 1 2  

Tumor size on
histopathology (cm)

2.5 ± 0.97 2.9 ± 0.86 0.431

Final Pathology     0.963

panNETs 3 4  

SPN 4 4  

SCAs 1 2  

Data are expressed as mean ± SD or n or unless otherwise speci�ed

BMI body mass index, ASA American Society of Anesthesiologists, panNETs pancreatic
neuroendocrine tumors, MCA mucinous cystadenoma, SCA serous cystadenoma, SPN: solid pseudo-
papillary neoplasms.
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  Laparoscopic pancreatic
enucleation + pancreatic stenting

(n = 9)

Laparoscopic pancreatic
enucleation alone

(n = 11)

P

MCA 1 1  

Location of tumor     0.962

Head 1 1  

Neck 1 2  

Body 3 4  

Tail 4 4  

Data are expressed as mean ± SD or n or unless otherwise speci�ed

BMI body mass index, ASA American Society of Anesthesiologists, panNETs pancreatic
neuroendocrine tumors, MCA mucinous cystadenoma, SCA serous cystadenoma, SPN: solid pseudo-
papillary neoplasms.
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Table 2
Surgical outcomes of 2 groups.

  Laparoscopic pancreatic
enucleation

+ pancreatic stenting

(n = 9)

Laparoscopic pancreatic
enucleation alone

(n = 11)

P

Operative outcomes      

Operating time (min) 112.2 ± 11.8 124.6 ± 20.4 0.124

Estimated blood loss
(mL)

83.1 ± 23.4 98.0 ± 31.7 0.258

Blood transfusion 0 0 -

Hospital staying (days) 8.7 ± 3.2 13.2 ± 5.6 0.045

Postoperative
pancreatic �stula

6 6 0.670

Biochemical leak (BL) 5 1 0.047

Grade B + C 1 5  

Overall complications 6 6 0.670

Minor complications
(grade I, II)

5 4 0.685

Major complications
(grade III)

1 2  

Bleeding     0.550

Yes 0 1  

No 9 10  

Reoperation      

Yes 0 1 0.550

No 9 10  

Delayed gastric
emptying

    0.579

Yes 1 2  

No 8 9  

Data are expressed as mean ± SD or n or unless otherwise speci�ed
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  Laparoscopic pancreatic
enucleation

+ pancreatic stenting

(n = 9)

Laparoscopic pancreatic
enucleation alone

(n = 11)

P

Cardiopulmonary
complication

0 0 -

Data are expressed as mean ± SD or n or unless otherwise speci�ed

Table 3 is not available with this version.

Figures

Figure 1

a: Identi�ed the duodenal papilla. b: Placed a guidewire in the end of the pancreatic duct along the
needle-knife. c: Prior to LPE, we placed a pancreatic duct stent in the main pancreatic duct. d: Figure
shows position of the pancreatic duct stent. (LPE: Laparoscopic pancreatic enucleation)
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Figure 2

a: Preoperative CT. A tumor (arrow) in the pancreatic body is seen as a homogenous low-density mass.
The tumor has a clear border with the surrounding tissue without metastasis or invasion. b: Intraoperative
�ndings showing a well-de�ned cystic tumor in the pancreatic body. c: Enucleation. The pancreatic
wound is visible following the enucleation, and the preoperatively-placed stent is located in the main
pancreatic duct (white dotted line). d: After LPE, the tumor was completely removed. e: The stent was
removed. f: Postoperative CT showing no obvious abnormalities.


