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1. Introduction

Although some consensus defined the surgical 
indication for intraductal papillary mucinous neoplasm 
(IPMN) as diameter of main pancreatic duct more 
than 10 mm (1). However, it is still controversial, 
Hackert et al. reported main duct type IPMN of the 
pancreas is potentially malignant, especially when the 
diameter of the main pancreatic duct (MPD) is > 5 mm 
(2). To achieve radical resection in these cases, total 
pancreatectomy (TP) is indicated. Laparoscopic TP is a 

complicated procedure that has been described recently 
with resection of the spleen and/or duodenum (3-6). 
However, function-preserving surgery, such as pylorus-
preserving pancreatoduodenectomy, is widely used 
for benign, potentially malignant and even malignant 
tumors of the pancreas (7). Laparoscopic spleen-
preserving distal pancreatectomy and laparoscopic 
duodenum-preserving pancreatic head resection 
(8,9) have been reported to treat benign or low-grade 
malignant tumors respectively. 
 Here, we present a patient with main duct IPMN 
treated with laparoscopic duodenum and spleen-
preserving TP, which has not published previously.

2. Materials and Methods

2.1. Characteristic of patient

A 68-year-old female patient was admitted to our 
hospital because preoperative examination revealed 
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pancreatic cystic lesions when she underwent 
endoscopic submucosal dissection (ESD) for early 
gastric cancer in another hospital 3 months previously. 
Physical examination and laboratory workup, including 
tumor markers, were all negative and she denied a 
history of alcohol abuse.

2.2. Imaging outcome

Enhanced computed tomography (CT) demonstrated 
(Figure 1) that there was a cystic solid lesion in the 
pancreatic head, which connected with the MPD, 
which was dilated. The lesion was not enhanced after 
injection of contrast agent, and the left renal anterior 
fascia was not thickened. The common bile duct (CBD) 
was not dilated and no significantly enlarged lymph 
nodes were found in the retroperitoneum. Endoscopic 
ultrasonography (EUS) revealed that the pancreatic 
duct at the tail of the pancreas was significantly 
dilated, with a maximum inner diameter of 6.5 mm. 
The pancreatic neck had a honeycomb-like non-echo 
structure, smooth cystic wall, no mural nodules, and the 
cystic solid lesion communicated with the MPD. The 
diameter of pancreatic head MPD expanded to 5.5 mm, 
and duodenal papilla were normal, and similar changes 
were found on magnetic resonance imaging.
 According to enhanced CT and EUS, the patient 
was diagnosed with pancreatic IPMN of mixed type. 
The lesion spread throughout the whole pancreas and 
TP was indicated. However, for this borderline tumor, 
function-preserving surgery was more appropriate 
than TP. Based on our experience with laparoscopic 
pancreatoduodenectomy and spleen-preserving distal 

pancreatectomy, we decided to perform laparoscopic 
duodenum and spleen-preserving TP. It was approved 
by Ethics Committee of Zhejiang Provincial People’s 
Hospital and had gotten written informed consent from 
the patient.

2.3. Surgical procedure

The patient was placed in the reverse Trendelenburg 
position with head raised to 30°. Pneumoperitoneum 
was established in the umbilical incision with setting 
pressure at 14 mmHg. The 5 trocars were placed in a V 
shape. The gastrocolic and hepatogastric ligaments were 
opened to visualize the pancreas. A catheter was used 
to hang up the stomach through the abdominal wall. 
Our procedure started with opening the retroperitoneum 
at the upper edge of the pancreatic neck, and dividing 
the initial part of the splenic artery and suspending 
it with a fine rubber tape. Then, we opened the 
retroperitoneum at the lower edge of the pancreas, near 
the superior mesenteric vein (SMV). After establishing 
a retropancreatic tunnel, the pancreatic neck was 
suspended by a tape and transected by an ultrasonic 
scalpel. After transection of the pancreatic neck, the 
operation was divided into two steps: spleen-preserving 
distal pancreatectomy and duodenum-preserving 
pancreatic head resection.

2.3.1. Spleen-preserving distal pancreatectomy

After hanging the pancreatic neck by the atraumatic 
grasper, we opened the pancreatic capsule along the 
lower edge from proximal to distal, visualized the 
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Figure 1. Enhanced CT showed the lesions in different parts of pancreas in each phase.
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from the posterior superior pancreatoduodenal artery 
(PSPDA), which came from the gastroduodenal artery. 
Maintenance of the integrity of the PSPDA was the key 
to avoiding ischemia of the CBD and postoperative bile 
leakage. 
 We followed the principle that from left to right, 
from ventral to dorsal, preservation of some pancreatic 
tissue would avoid injury to the posterior arcade along 
the duodenum. When we reached the descending 
duodenum, the MPD to the ampulla of Vater was 
visualized, ligated and cut off. The pancreatic head 
including the uncinate process was resected completely 
(Figure 2), and the specimen was placed in a bag and 
retrieved by an enlarged trocar incision. Two drainage 
tubes were positioned on the wound surface of the 
pancreas and Winslow hole, respectively.

3. Results and Discussion

Spleen-preserving and duodenum-preserving 
laparoscopic TP was performed in 270 min, with 250 
ml blood loss, without major complications including 
postoperative bleeding, duodenal or splenic necrosis, or 
delayed gastric emptying. On postoperative day (POD) 1, 
the nasogastric tube was discontinued, and diabetic fluid 
was started on POD 3. The drainage tube was withdrawn 
on POD 7, when there was no evidence of bile and 
pancreatic leakage. The patient’s hospital course was 
uncomplicated and she was discharged home on POD 
9. Pathological examination demonstrated mixed type 
of IPMN with mild to moderate dysplasia. For insulin 
regimen, we gave continuous insulin infusion during 
fasting and adjusted the dosage according to the level of 
fasting blood glucose. When oral feeding was resumed, 
we gave quick-acting insulin before three meals and 
long-acting insulin before bedtime, after obtaining the 
opinion of an endocrinology consultant. Compound 
digestive enzyme capsules were used in the substitution 
therapy of external secretion function. 

splenic vein, and carefully dissected the branches of 
the vein toward the pancreas and ligated them with a 
hem-o-lok (Teleflex, USA.) clip. After disconnecting 
all the branches attached to the splenic vein, we pulled 
the pancreas to the tail side, which made it clearer to 
expose the upper edge of the pancreas. We opened the 
pancreatic capsule along the upper edge from proximal 
to distal and pulled the initial part of the splenic artery, 
which was suspended by a tape in the direction of 
the head side, which ensured proper tension between 
the distal pancreas and the splenic artery. As with the 
splenic vein, we disconnected the branches from the 
splenic artery to the pancreas. The distal pancreas was 
resected completely.

2.3.2. Duodenum-preserving pancreatic head resection

After finishing distal pancreatectomy, we started 
duodenum-preserving pancreatic head resection. We 
turned the pancreatic neck to the right side, and divided 
the space between the portal vein-SMV and pancreatic 
head, some collateral branches toward the uncinate 
process were dissected and sealed by hem-o-lok. We 
dissected the tissue between the superior mesenteric 
artery (SMA) and uncinate process, bipolar coagulation 
and hem-o-lok were used to ligate or seal the small 
branches from the SMA to the uncinate process. The 
anterior capsule of the pancreas was opened at the 
lower part of the pancreatic neck, and subcapsular 
dissection was carried out. After the anterior inferior 
pancreatoduodenal artery (AIPDA) was dissected and 
ligated by hem-o-lok, the lower part of the pancreatic 
head and uncinate process were separated by preserving 
a small amount of pancreatic tissue to ensure the 
integrity of the posterior inferior pancreatoduodenal 
arterial (PIPDA) arcade. When the upper part of the 
pancreatic head was separated, the lower CBD was 
exposed and the terminal CBD was embedded in the 
pancreas. The blood supply of the lower CBD came 

Figure 2. The structure after duodenum and spleen preserving total pancreatectomy.



www.biosciencetrends.com

BioScience Trends. 2019; 13(5):456-460. 459

 We followed up the patient for 3 months, and 
routine blood, biochemical and other indicators, and 
glycosylated hemoglobin were in the normal range. 
Enhanced CT was repeated 1 month after surgery, which 
showed a small amount of normal pancreatic tissue 
left surrounding the CBD, and no duodenal or splenic 
ischemia.
 MPD diameter 5-9.9 mm is the single best predictor 
of high-grade or invasive main duct type IPMN, and is a 
key indicator of surgical candidates (10). MPD diameter 
> 10 mm is identified as a high-risk stigmata for 
malignancy in the Fukuoka guidelines (1). According 
to the location of the lesion, pancreatoduodenectomy, 
central pancreatectomy, distal pancreatectomy and TP 
are available surgical procedures. 
 TP is a complicated and highly technically 
demanding procedure, especially when performed 
laparoscopically. Several studies have focused on 
laparoscopic TP and demonstrated that it is a safe 
procedure in selected patients. Chapman et al. reported 
laparoscopic TP with spleen preservation for main duct 
IPMN (3). Peng et al. reported 3 cases of TP for IPMN 
and pancreatic neuroendocrine tumor, they resected the 
whole pancreas and duodenum with preservation of the 
pylorus and spleen (6).
 Function-preserving pancreatic surgery was launched 
recently, and provided patients with enhanced recovery 
and low rate of postoperative complications (7). 
Beger et al. reported duodenum-preserving pancreatic 
head resection for pancreatic benign or low-grade 
malignant lesions (11). Cao et al. reported 12 cases of 
laparoscopic duodenum-preserving total pancreatic 
head resection (8). They transected the pancreatic neck 
and performed subcapsular dissection to mobilize the 
pancreatic head, and paid close attention to preserving 
the anterior and/or posterior pancreatic duodenal arterial 
arcade. Furthermore, Yamashita et al. reported the case 
of resection of the second portion of the duodenum 
but preserving the pancreas for a recurrent duodenal 
adenocarcinoma patient (12).
 However, in most of the published studies, TP was 
combined with duodenal and/or splenic resection, even 
in some patients with benign or potentially malignant 
lesions. There are no reports of laparoscopic TP with 
both spleen and duodenum preservation.
 Our center has experience of laparoscopic spleen-
preserving distal pancreatectomy and laparoscopic 
duodenum-preserving pancreatic head resection over 
100 cases in the past 5 years. These procedures have 
been proved to be minimally invasive and patients have 
better survival and quality of life postoperatively.
 In the present case, we performed duodenum and 
spleen-preserving TP. The duodenal papilla could be 
seen at the intersection of the biliary, pancreatic and 
alimentary tracts. Our procedure starts with transection 
of the pancreatic neck, followed by two steps of spleen-
preserving distal pancreatectomy and duodenum-

preserving pancreatic head resection. The key feature of 
spleen-preserving distal pancreatectomy is accurately 
identifying the arterial branches of the splenic artery 
(e.g. great pancreatic artery, transverse pancreatic artery, 
or dorsal pancreatic artery) and venous branches toward 
the pancreas. The small branches usually tear easily if 
we hang the distal pancreas with too much tension, and 
this is the most common reason for conversion to or 
combination with splenectomy. We strongly recommend 
transection of the pancreatic neck first, which facilitates 
hanging the distal pancreas to visualize the space 
between the splenic vessels and distal pancreas, by 
excluding the limitation of the immobilized pancreatic 
head. But in potentially malignant cases, the principle 
of En bloc resection should be applied strictly.
 Duodenum-preserving pancreatic head resection 
is the best choice for treatment of benign and low-
grade malignant tumors, but it only can be carried 
out in large centers. The duodenum has a poor blood 
supply. Its feeding arteries are the anterior and posterior 
arcades, which are formed by branches of the superior 
pancreatoduodenal artery (SPDA) and IPDA. The 
anterior SPDA (ASPDA) and AIPDA derive from the 
anterior arcade, and the PSPDA and PIPDA from the 
posterior arcade. Compared with the concomitant artery, 
preservation of venous arcade is tougher because of thin 
wall. The pancreatic head is covered by a capsule to 
the front and in the rear, and this capsule is continuous 
with the retroperitoneum, and surrounded by the 
C-shaped duodenum and left margin of the portal vein. 
In this space, we must preserve at least one arcade. 
The anterior arcade is usually detached for further deep 
dissection, and the posterior arcade must be preserved 
carefully. Takada (13) mentioned that the PSPDA is 
important to avoid ischemia, and the retropancreatic 
fascia (posterior capsule) and fibrotic tissue along the 
CBD were preserved to ensure the blood supply. The 
anterior capsule should be opened with ligation of the 
initial part of the ASPDA and AIPDA, the posterior 
capsule should be kept integrally for preserving PSPDA 
and PIPDA. In addition, the segment of the Wirsung 
duct (MPD) that converges into the ampulla should be 
identified and sealed.
 Laparoscopic duodenum and spleen-preserving TP 
is a safe, feasible, function-preserving, novel surgical 
procedure, and surgeons should implement spleen-
preserving distal pancreatectomy and duodenum-
preserving pancreatoduodenectomy. Surgeons who want 
to implement this procedure should perform laparoscopic 
spleen-preserving distal pancreatectomy or laparoscopic 
duodenum-preserving pancreatic head resection, and 
then laparoscopic duodenum and spleen-preserving TP. 
The outcome from present single case or small numbers 
of cases can only be suggestive, and further prospective 
randomized studies are needed to obtain an objective 
assessment of laparoscopic duodenum and spleen-
preserving TP.



www.biosciencetrends.com

BioScience Trends. 2019; 13(5):456-460.460

References

1. Tanaka M, Fernández-Del Castillo C, Kamisawa T, 
Jang JY, Levy P, Ohtsuka T, Salvia R, Shimizu Y, Tada 
M, Wolfgang CL. Revisions of international consensus 
Fukuoka guidelines for the management of IPMN of the 
pancreas. Pancreatology. 2017; 17:738-753.

2. Hackert T, Fritz S, Klauss M, Bergmann F, Hinz U, 
Strobel O, Schneider L, Büchler MW. Main-duct 
intraductal papillary mucinous neoplasm: High cancer risk 
in duct diameter of 5 to 9 mm. Ann Surg. 2015; 262:875-
880.

3. Chapman BC, Paniccia A, Ryan C, Schulick RD, Edil BH. 
Laparoscopic spleen-preserving total pancreatectomy for a 
main-duct intraductal papillary mucinous neoplasm. Ann 
Surg Oncol. 2017; 24:560.

4. Dallemagne B, de Oliveira AT, Lacerda CF, D'Agostino 
J, Mercoli H, Marescaux J. Full laparoscopic total 
pancreatectomy with and without spleen and pylorus 
preservation: A feasibility report. J Hepatobiliary Pancreat 
Sci. 2013; 20:647-653.

5. Gumbs AA, Daskalaki D, Milone L. Laparoscopic total 
pancreatectomy for chronic pancreatitis. Surg Laparosc 
Endosc Percutan Tech. 2018; 28:e62.

6. Wang X, Li Y, Cai Y, Liu X, Peng B. Laparoscopic 
total pancreatectomy: Case report and literature review. 
Medicine (Baltimore). 2017; 96:e5869

7. Klaiber U, Probst P, Hüttner FJ, Bruckner T, Strobel 
O, Diener MK, Mihaljevic AL, Büchler MW, Hackert 
T. Randomized trial of pylorus-preserving vs. pylorus-
resecting pancreatoduodenectomy: Long-term morbidity 
and quality of life. J Gastrointest Surg. 2019; doi: 10.1007/

s11605-018-04102-y. 
8. Cao J, Li GL, Wei JX, Yang WB, Shang CZ, Chen YJ, 

Lau WY, Min J. Laparoscopic duodenum-preserving total 
pancreatic head resection: a novel surgical approach for 
benign or low-grade malignant tumors. Surg Endosc. 
2019; 33:633-638.

9. Dai MH, Shi N, Xing C, Liao Q, Zhang TP, Chen G, Wu 
WM, Guo JC, Liu ZW, Zhao YP. Splenic preservation 
in laparoscopic distal pancreatectomy. Br J Surg. 2017; 
104:452-462.

10. Del Chiaro M, Beckman R, Ateeb Z, et al. Main duct 
dilatation is the best predictor of high-grade dysplasia 
or invasion in intraductal papillary mucinous neoplasms 
of the pancreas. Ann Surg. 2019; doi: 10.1097/
SLA.0000000000003174. 

11. Beger HG, Rau BM, Gansauge F, Poch B. Duodenum-
preserving subtotal and total pancreatic head resections 
for inflammatory and cystic neoplastic lesions of the 
pancreas. J Gastrointest Surg. 2008; 12:1127-1132.

12. Yamashita S, Sakamoto Y, Kaneko J, Tamura S, Aoki 
T, Sugawara Y, Hasegawa K, Kokudo N. Resection 
of the second portion of the duodenum sacrificing the 
minor papilla but preserving the pancreas for a recurrent 
duodenal adenocarcinoma: Report of a case. Biosci 
Trends. 2012; 6:44-47.

13. Takada T, Yasuda H, Amano H, Yoshida M. A duodenum-
preserving and bile duct-preserving total pancreatic 
head resection with associated pancreatic duct-to-duct 
anastomosis. J Gastrointest Surg. 2004; 8:220-224.

 (Received September 2, 2019; Revised October 8, 2019; 
Accepted October 10, 2019)


