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Laparoscopic duodenum-preserving total pancreatic head resection:
a novel surgical approach for benign or low-grade malignant tumors
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Abstract

Background Duodenum-preserving total pancreatic head resection (DPPHRY) is an accepted alternative surgical procedure
for benign or low-grade malignant tumors of the pancreatic head by preserving the duodenum with its intact blood supply
from the pancreatic duodenal arterial arcade. This study describes our experience in laparoscopic DPPHRt (LDPPHR(). To
our knowledge, this is the first description of this novel minimally invasive operation.

Methods From August 2016 to May 2017, all consecutive patients who underwent LDPPHRt for pancreatic head lesions at
the HPB Surgery Department, Sun Yat-Sen Memorial Hospital in Guangzhou, China were enrolled into this retrospective
study.

Results There were ten women and two men. The average age was 37.3 years (range 8-61 years). The average diameter
of the pancreatic head lesions on pre-operative CT/MR was 3.7 cm (range 2—4.8 cm). All the LDPPHRt procedures were
performed successfully. There was no peri-operative death. The average operative time was 272.5 min (range 210-320 min).
The average blood loss was 215 ml (range 50—450 ml). Post-operative complications included pancreatic fistula grade B
(two patients, or 16.7%) and biliary fistula (two patients, or 16.7%). All the complications responded well to conservative
treatment. The mean post-operative hospital stay was 11.5 days (range 6-25 days).

Conclusions LDPPHRt provided a minimally invasive approach with good organ-preservation for benign or low-grade
malignant tumors of the pancreatic head. The long-term oncological outcomes, and the exocrine and endocrine pancreatic
functions after this operation require further studies.
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Duodenum-preserving pancreatic head resection (DPPHR)
was first described in the 1970s by Beger in Germany to treat
patients with chronic pancreatitis [1, 2]. In 1988, Takada
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performed the first duodenum-preserving total pancreatic
head resection (DPPHRt) to treat benign or low-grade
malignant tumors of the pancreatic head by preserving the
duodenum with its intact blood supply from the pancre-
atic duodenal arterial arcade [3, 4]. When compared with
pancreaticoduodenectomy (PD), the standard operation for
pancreatic head tumors, DPPHRt maintained the integrity
of the duodenum and biliary system, with non-inferiority
in the short- and long-term outcomes for benign or low-
grade malignant tumors [5—7]. The rapid advancements in
minimally invasive technology in the past two decades have
led to the increasing use of laparoscopic pancreatic surgery.
Laparoscopic PD and distal pancreatectomy (DP) are now
technically feasible [8], although the long-term oncological
outcomes remain unclear [9, 10]. Peng [11] in 2012 and
Mouet [12] in 2016 reported the minimally invasive DPPHR.
To our knowledge, there has been no report on laparoscopic
DPPHRt probably because of the complex anatomy of the
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pancreatic duodenal arterial arcade. In this article, a cohort
of patients who underwent LDPPHRt as a novel minimally
invasive surgery for benign or low-grade malignant tumors
of the pancreatic head was reported.

Materials and methods
Patients

From August 2016 to May 2017, consecutive patients who
underwent LDPPHRt were enrolled into this retrospective
study.

Surgical procedures of LDPPHRt

The patient was placed in a reversed Trendelenburg posi-
tion with head up 30° and leg splitting. The trocars were
inserted according to the 5-port-method. Pneumoperito-
neum was established with carbon dioxide at 14 mmHg.
The gastrocolic ligament was opened to explore the head
and neck of the pancreas and to check the location of the
tumor without making a Kocher’s maneuvre. The common
hepatic artery (CHA) was looked for after removal of the
group 8a lymph nodes. The CHA was dissected along its
right side, separating and protecting the proper hepatic
artery (PHA) and the gastro duodenal artery (GDA) after
slinging these vessels with vascular slings. The uncinate
process and pancreatic neck were dissected to expose the
portal vein and the superior mesenteric vein (SMV).The
portal vein-pancreas tunnel was built and the pancreatic
neck and SMV were slinged with vascular slings. The
capsule of the pancreas was cut open at the lower part of
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Fig. 1 Photos of laparoscopic duodenum-preserving total pancreatic
head resection. A Dissect the pancreas from the left and dorsal edges
of common bile duct (CBD), expose and protect posterior superior
pancreatic duodenal artery (PSPDA), which comes from the gastro
duodenal artery (GDA), with its branches going into the distal CBD
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the pancreatic neck, and subcapsular dissection was car-
ried out to the right, paying particular attention to visual-
ize the pancreatic duodenal arterial arcade which passes
along the duodenum. The lower part of the pancreatic head
and uncinate process were separated to expose the infe-
rior pancreatic duodenal arterial arcade which includes
the anterior (AIPDA) and the posterior inferior pancre-
atic duodenal arteries (PIPDA). Care was taken to protect
the branches which go into the duodenum. The pancreatic
neck was transected with a Harmonic scissors in-front
of the SMV. The pancreas head was separated from the
right and dorsal edges of the SMV. The upper part of the
pancreatic head was separated to expose the distal com-
mon bile duct (CBD) which lies inside the pancreas. The
pancreas was dissected from the left and the dorsal edges
of the CBD to expose and protect the posterior superior
pancreatic duodenal artery (PSPDA), which comes from
the GDA, with its branches going into the distal CBD and
the ampulla of Vater. The anterior superior pancreatic duo-
denal artery (ASPDA) has to be cut usually for further
deep dissection. Finally, the main pancreatic duct to the
ampulla of Vater was dissected, ligated and cut off. The
pancreatic head and uncinate process was totally resected
and the specimen was removed. The blood supply to the
CBD and duodenum was confirmed to be good (Fig. 1).
The main pancreatic duct of the pancreatic body was found
and an external ventricular drainage catheter was inserted.
An end-to-side pancreaticojejunostomy (duct-to-mucosa)
or pancreaticogastrostomy was done. The resected speci-
men was placed inside a bag and removed through a small
lower abdominal incision. Two drainage catheters were
positioned near the pancreaticojejunostomy and the CBD
and brought out through two trocar port sites.

ASPDA ~——= < GDA

and ampulla of Vater. Anterior superior pancreatic duodenal artery
(ASPDA) has to be cut usually for further deep dissection. B Com-
pletion of total pancreatic head resection while preserving the duode-
num, biliary tract and pancreatic duodenal arterial arcades
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Results

During the study period, LDPPHRt was carried in 12
patients. There were ten women and two men. The aver-
age age was 37.3 years (range 8-61 years). Pre-operative
CT/MR showed a pancreatic head lesion in all the patients.
The average diameter of the pancreatic head lesions was
3.7 cm (range 2-4.8 cm). Most lesions were cystic neo-
plasms (9/12). In three patients, including a 8-year-old
girl, the lesions were a solid-cystic neoplasm (Table 1).
Tumor markers, including carcinoembryonic antigen
(CEA), carbohydrate antigen (CA) 19-9, CA72-4, and
CA12-5 were all normal.

All the LDPPHRt procedures were carried out suc-
cessfully without any peri-operative deaths. The average
operative time was 272.5 min (range 210-320 min). The
average blood loss was 215 ml (range 50-450 ml). Most
patients (11/12) underwent pancreaticojejunostomy (duct-
to-mucosa). The remaining 8-year-old girl underwent pan-
creaticogastrostomy because of the proximity of the body
of the pancreas to the stomach. Post-operative complica-
tions included pancreatic fistula grade B (n=2, 16.7%)
and biliary fistula (n=2, 16.7%), including a 61-year-old
female who developed a delayed ischaemic CBD fistula
2 weeks after surgery. All the complications were suc-
cessfully treated conservatively. No patients developed
delayed gastric emptying or ductal stenosis. There was
no cholecystitis or pancreatitis. The mean post-operative
hospital stay was 11.5 days (range 6-25 days). Histopa-
thology revealed serous cystic adenoma (SCA) in five
patients, mucinous cystic neoplasia (MCN) in three
patients, intraductal papillary mucinous neoplasia (IPMN)
in three patients. There was one patient who had a solid
pseudopapillary neoplasia (SPN) (Table 1). All the tumor
resection margins were histopathologically negative. All
the patients were regularly followed-up, and there was no
tumor recurrence.

Discussion

The increasing use of high resolution CT/MR and endo-
scopic ultrasonography has increased the diagnostic and
accuracy rates of cystic tumors of the pancreatic head
in recent years. Most tumors are benign but with a risk
of potential malignant transformation, or are low-grade
malignant tumors [13]. Some of these patients need to be
treated by surgery because of symptoms like abdominal
pain, distension, and jaundice, or because of the possi-
bility of malignant transformation [14, 15]. DPPHR was
initially designed for chronic pancreatitis. Although many

surgeons believe that DPPHR results in improvements in
intermediate- and long-term outcomes which include the
length of hospital stay, quality of life, post-operative reha-
bilitation, and preservation of exocrine function compared
to PD and pylorus-preserving pancreaticoduodenectomy
(PPPD) [1, 2]. Although a multi-center, randomized,
controlled, double-blind ChroPac trial published in 2017
showed DPPHR to result in no difference in quality of life
compared with partial pancreatoduodenectomy for chronic
pancreatitis [16], DPPHR has recently been used to treat
benign or low-grade malignant tumors in patients who are
completely different to those with chronic pancreatitis.
These patients are predominantly young females with nor-
mal pancreatic functions. A significant proportion of these
patients wish to undergo minimally invasive treatment,
not only because of small incisions, but also because of
organ-preservation. A systematic review showed DPPHR
significantly preserved the levels of exocrine and endo-
crine pancreatic functions, with no significant differences
in the rates of pancreatic fistula, delayed gastric emptying
and hospital mortality when compared to PD, the stand-
ard treatment for tumors of the pancreatic head [17, 18].
DPPHR, by preserving the integrity of the duodenum and
biliary system with conservation of the peripancreatic tis-
sues, should better maintain the exocrine and endocrine
pancreatic functions in the short- and long-terms. In addi-
tion, the operation avoids the complications following a
biliary anastomosis.

In the duodenum-preserving partial pancreatic head
resection (DPPHRp), which is usually called the classic
Beger’s procedure, some pancreatic tissues are left to the
side of the duodenum and in the distal CBD to preserve the
pancreatic duodenal arterial arcade to ensure adequate blood
supply to the duodenum, distal CBD and ampulla of Vater.
However, partial resection of the pancreatic head requires
an additional pancreaticojejunostomy to the remnant pan-
creatic tissues which increases the risk of pancreatic fistula,
and the chance of a positive resection margin in malignant
cases [19]. DPPHRt was initially designed to overcome
these problems. The limited data available at present sug-
gest DPPHRt to result in low post-operative morbidity and
mortality rates and with maintenance of endocrine and exo-
crine pancreatic functions. Some RCT even showed signifi-
cant benefits over PD in the long-term [5, 6]. Laparoscopic
pancreatic surgery is developing rapidly. Laparoscopic or
robotic PD, distal pancreatectomy (DP), and central pancrea-
tectomy, and even a few cases of DPPHRp procedures have
recently been reported. These laparoscopic pancreatic proce-
dures have been shown to be technically feasible with repro-
ducible results. Our study on 12 patients who underwent
LDPPHRt showed a low risk of complications similar to
the open DPPHR procedure [17]. This small study indicated
the feasibility and safety of LDPPHRt in selected patients
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with benign or low-grade malignant pancreatic tumors in the
pancreatic head. These tumors should not be too close to the
duodenum or to the distal CBD. LDPPHRt is not suitable
for patients with chronic pancreatitis because inflammation
and adhesions make dissection of the pancreatic duodenal
arterial arcade difficult. Also, LDPPHRt should be used
very carefully in patients with mucinous cystic neoplasms
(MCN), because of the possible adhesions and malignant
transformation with invasion.

The anterior and posterior pancreatic duodenal arterial
arcades are composed of the PSPDA, ASPDA, AIPDA, and
PIPDA. They provide blood supply to the descending and
horizontal parts of the duodenum. Preservation of these arte-
rial arcades, especially the PSPDA and its branches which
supply blood to the distal CBD and the ampulla of Vater, is
the key to success in the LDPPHRt procedure (Fig. 2). The
complex anatomy of the arcades and their branches make
total pancreatic head resection challenging. Autopsy shows
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Fig.2 Schematic representation of total pancreatic head resection. A
Anatomical structures around the pancreatic head. B Completion of
total pancreatic head resection while preserving the duodenum, bil-

Anterior Pancreatic
Duodenal Artery
Arcade

Fig.3 Autopsy showing the
construction of the pancreatic
duodenal arterial arcades.

A The anterior pancreatic
duodenal arterial arcade typi-
cally runs in the capsule of the
pancreas, 0.5-1.5 cm away from
the duodenum. B The posterior
pancreatic duodenal arterial
arcade runs in the mesopan-
creas, 1.5-2.0 cm away from the
duodenum

the anterior pancreatic duodenal arterial arcade runs typi-
cally in the capsule of the pancreas, 0.5-1.5 cm away from
the duodenum. Subcapsular dissection of the pancreatic
parenchyma preserves the anterior arcade and its branches
which go into the duodenum (Fig. 3A). The posterior pan-
creatic duodenal arterial arcade runs in the mesopancreas,
1.5-2.0 cm away from the duodenum (Fig. 3B). By avoiding
the performance of Kocher’s maneuver, the mesopancreas
remains intact to preserve the posterior arcade, especially
the communicating branch between the PSPDA and PIPDA.
Laparoscopy provides a good view of these tiny vascular
structures for accurate dissection. The total pancreatic head
resection is carried out using a medial to lateral approach
with the following precautionary steps: (1) DO NOT make
a Kocher’s maneuvre; (2) Dissect along the GDA to expose
the PSPDA to preserve its branches which go into the CBD
and ampulla of Vater; (3) The PSPDA passes first along the
right edge and then the back of the CBD, so dissecting the

Pancreas

Posterior Pancreatic
Duodenal Artery
Arcade

Anterior Pancreatic

Duodenal Artery
Arcade

Duodenum

iary tract and pancreatic duodenal arterial arcades. PSPDA passes
first along the right side and then the back of the CBD, so dissecting
the pancreas along the left and dorsal sides of CBD is safe
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pancreas along the left and dorsal sides of the CBD is safe;
(4) Dissecting the uncinate process and then the pancreatic
neck to expose the portal vein and SMV, and to build the
portal vein-pancreas tunnel; and (5) Do subcapsular dissec-
tion at the lower part of the pancreatic head to the right to
preserve the inferior pancreatic duodenal arterial arcade.

Conclusion

LDPPHRt is a novel surgical procedure using a minimally
invasive approach to achieve good organ-preservation for
benign or low-grade malignant tumors of the pancreatic
head. Further studies are required to define the long-term
oncological outcomes, and the exocrine and endocrine pan-
creatic functions.
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