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Abstract

Conventional pancreatic resections, including
pancreatoduodenectomy, distal pancreatectomy, and total
pancreatectomy, result in a loss of normal pancreatic parenchyma
and may cause impairment of exocrine and endocrine pancreatic
function. The current literature suggests that less invasive surgery is
associated with faster recovery and less morbidity than open surgery.
Regional pancreatectomy is a kind of less invasive surgery in terms of
parenchyma-sparing.

Regional pancreatectomy includes enucleation, inferior head
pancreatectomy, spleen-preserving distal pancreatectomy, central
pancreatectomy, combined inferior head plus distal pancreatectomy
(spleen-preserving), dorsal pancreatectomy (spleen-preserving), and
duodenum-preserving pancreatic head resection (DPPHR). Some of
them are rather major operations; however, they are less invasive
compared with corresponding alternatives in terms of parenchyma-
sparing. Regional pancreatectomy is mainly indicated for benign
neoplasms, including intraductal papillary mucinous neoplasm
(IPMN), mucinous cystadenoma, serous cystadenoma, and small
sized neuroendocrine tumors including insulinoma. Invasive ductal
carcinoma, even when the tumor is small enough, is not eligible
because, most of these tumors show extrapancreatic invasion.

Advancements of surgical techniques have allowed us to perform
several types of regional pancreatectomy. Regional pancreatectomy
is a technically feasible surgical option for benign, borderline or low-
grade malignant tumors of the pancreas. Assistance with pancreatic
stenting and/or laparoscopy is recommended in some cases to reduce
the invasiveness and/or to prevent complications.
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Introduction
Conventional pancreatic resections, including
pancreatoduodenectomy, distal pancreatectomy, and total

pancreatectomy, resultin aloss of normal pancreatic parenchyma
and may cause impairment of exocrine and endocrine pancreatic
function. Although such procedures are mandatory for malignant
diseases, they seem excessive for benign or borderline conditions.

The current literature suggests that less invasive surgery is
associated with faster recovery and less long-term morbidity
than open surgery. It is also applicable to pancreatectomy.

Regional pancreatectomy includes enucleation, inferior head
resection [1-4], spleen-preserving distal pancreatectomy [5-
8], central pancreatectomy [9-11], combined inferior head
plus distal pancreatectomy (spleen-preserving) [12,], dorsal
pancreatectomy (spleen-preserving) [13], and duodenum-
preserving pancreatic head resection (DPPHR)[14, 15](Figure
1).Combined inferior head plus distal pancreatectomy and
dorsal pancreatectomy are rather major operation, however,
these are much less invasive compared with their corresponding
alternative, total pancreatectomy. Inferior head resection is a
less invasive alternative of pancreatoduodenectomy.

Advancements of surgical techniques have allowed us to
perform several types of regional pancreatic resection. Regional
pancreatectomy is mainly indicated for 1) benign or low-grade
malignant neoplasms, including branch duct type of intraductal
papillary mucinous neoplasm (IPMN), mucinous cystadenoma,
serous cystadenoma, small-sized neuroendocrine tumor such
as insulinoma, and small-sized solid-pseudopapillary tumor;
2) non-neoplastic cysts such as lymphoepithelial cyst; 3)
isolated metastases to the pancreas (especially from renal
cancer). Invasive ductal carcinoma, even when the tumor is
small enough, is not eligible because the most of these tumors

Figure 1: a) inferior head pancreatectomy, b) spleen-preserving dis-
tal pancreatectomy, c) central pancreatectomy, d) combined regional
pancreatectomy, e) dorsal pancreatectomy (spleen-preserving), f) duo-
denum-preserving pancreatic head resection (DPPHR).Painted portion
in black is to be resected. Figure 1 is cited from one of the references
(Hirota, 2013) with some alterations.
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show extrapancreatic invasion [16,17,18]. Such techniques are
introduced and the associated discussion is reviewed in this
manuscript.

Inferior Head Pancreatectomy

Branch duct type of IPMN often develops in the inferior
head region of the pancreas. Such benign lesion can be managed
by inferior head pancreatectomy (Figure 1a). There are two
important steps in this procedure; first, post-operative pancreatic
fistula (POPF), and second, the preservation of blood supply to
the duodemun, bile duct, and residual pancreas [2,3]. Sugiyama
et al. reported the case of a patient in whom preoperative
endoscopic pancreatic stenting prevented the development of
POPF following local resection of the pancreatic body tumor [1].
Also, Hirota etal. reported the efficacy of preoperative endoscopic
pancreatic stenting for preventing POPF formation after the local
resections in the pancreatic head region including inferior head
pancreatectomy [2]. Taken together, these reports suggest that
preoperative endoscopic pancreatic stenting may be an effective
prophylactic against POPF development after inferior head
pancreatectomy. During inferior head pancreatectomy, injury to
the main pancreatic duct (in addition to the side branch ducts)
increases the risk of pancreatic fistula formation. Pancreatic
stenting may allow the resection plane to seal by decompression
of the pancreatic duct [19,-23]. In addition to reducing pancreatic
juice leakage from the resection plane, preoperative endoscopic
transpapillary pancreatic stenting also prevents injury to the
main pancreatic duct in two ways: First, the anatomy of the
main pancreatic duct is clarified by palpating the stent, and/
or by viewing its color. Intraoperative ultrasonography and
pancreatography (via endoscopic naso-pancreatic drainage
tube) are also available [2]. By intraoperative pancreatography,
we can check the appropriateness of the resection line and
intactness of the pancreatic duct system [2]. Second, the installed
stent can prevent dislocation of the main pancreatic duct
during manipulation (by retraction of the lesion). Preoperative
endoscopic pancreatic stenting in selected patients may be an
effective prophylactic to prevent refractory POPF formation
following inferior head pancreatectomy. On the other hand, for
the preservation of blood supply to the duodenum, bile duct, and
residual pancreas, care must be taken not to injure the anterior
inferior and posterior inferior pancreaticoduodenal artery along
the duodenum.

For the cases with low grade malignancy, extended inferior
head pancreatectomy can be applied. In this operation, the
inferior head region of the pancreas, the third portion of the
duodenum, and inferior pancreatic artery along with surrounding
lymphatic nodes were resected (Figure 2). Reconstruction of the
duodenum can be done by duodeno-jejunostomy (side to side).

Spleen-Preserving Distal Pancreatectomy

In benign cases, such as insulinoma, branch type IPMN,
spleen-preserving pancreatectomy (Figure 1b) is performed.
Distal pancreatectomy with preservation of the spleen was first
reported in 1988 [5]. The advantage of preserving the spleen is
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Figure 2: Extended inferior head pancreatectomy.

obvious; it reduces the risk of postoperative severe inflammation
and peripheral blood count aberration. Spleen conservation
could be achieved by carefully dissecting the splenic vessels
off the pancreatic parenchyma or by resecting the main splenic
vessels en bloc with the pancreas but maintaining the short
gastric vessels and left gastroepiploic arcade to ensure the
collateral blood supply to the spleen (Warshaw technique) [5,6].
However, spleen-preserving pancreatectomy has recently been
shown to have comparable risk of complication to standard
pancreatectomy where the spleen is removed [7]. Warshow
reported a case of splenic abscess that occurred after sacrificing
the splenic artery and vein [5]. The viability of the spleen
depends on collateral blood supply through the short gastric
and gastroepiploic vessels coursing through the gastrosplenic
ligament. The Warshaw technique always induces splenic
ischemia since the perfusion is halved. Attempting splenic vessel
preservation during distal pancreatectomy appears legitimate
since it offers the benefits of splenic preservation, without any
significant increment in morbidity.

As a modification of hand-assisted laparoscopic
pancreatectomy, we devised a method of the spleen and
gastrosplenic ligament preserving distal pancreatectomy, in
which pancreatic resection is performed under direct vision
extracorporeally [8]. Using laparoscopic dissection technique,
we can reduce the size of laparotomy and accordingly the
invasiveness of the operation. A total of the two trocars is then
placed. After abdominal access is established, the gastrocolic
omentum is divided, and the splenic flexure is mobilized. The
short gastric and left gastroepiploic vessels are not divided
to prevent splenic volvulus after the operation. Retrosplenic
Gerota’s fascia is transected on the surface of the left kidney.
Then, the posterior plane of Gerota’s fascia is dissected from
lateral to medial direction, allowing the distal pancreas and spleen
detached from retroperitoneum. The distal pancreas, spleen,
and left side of the stomach are then pulled out of the peritoneal
cavity through the minilaparotomy (8 cm) for hand assistance
at the epigastrium as Figure 2 of ref. 8. By this procedure,
pancreatic resection and closure of the residual pancreatic
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stump is performed safely under direct vision extracorporeally.
The advantage of the extracorporeal procedure is the safety and
certainty in the dissection of the splenic vessels and preparation
of the pancreatic stump. The transected main pancreatic duct
is doubly ligated, and the transected pancreatic stump is sewn
manually. The preserved spleen, stomach and splenic vessels are
placed back in the peritoneal cavity after pancreatic resection.

Central Pancreatectomy

Central pancreatectomy (Figure 1c) is a type of regional
pancreatic resection for benign neoplasms located in the
pancreaticbody [9,10]. Itisalsoknownas medial pancreatectomy,
middle segment pancreatectomy, and median pancreatectomy.
The operation was first described in 1957 to treat a patient with
chronic pancreatitis [11]. After exposure of neck to the body of
the pancreas, central pancreatectomy is performed by proximal
and distal transection. The distal portion is reconstructed by
pancreatico-jejunostomy in Roux-en-Y style (Figure 3a). We
prefer extracorporeal procedure after taking out the pancreatic
tail and spleen ex vivo (ex vivo pancreato-jejunostomy, Figure
3b). If we mobilize the pancreatic body/tail and spleen
adequately using laparoscopy, ex vivo pancreato-jejunostomy
is easily performed with 8 cm of the abdominal incision as
extracorporeal hybrid technique. Using laparoscopic dissection
technique, we can reduce the size of laparotomy and accordingly
the invasiveness of the operation. Reconstruction is usually done
in insertion type end-to-side pancreato-jejunostomy[24, 25].
Central pancreatectomy allows the preservation of exocrine and
endocrine pancreatic function without loss of duodenal passage,
however, it also has a high morbidity associated with pancreatic
fistula. Pancreato-gastrostomy can also be applied instead of
pancreato-jejunostomy.

Figure 3: Ex vivo pancreato-jejunostomy in central pancreatectomy.
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Combined Inferior Head Plus Distal

Pancreatectomy (Spleen-Preserving)

For the cases with multiple branched type IPMN lesions,
combined resections such as lower head pancreatectomy + distal
pancreatectomy (spleen-preserving) can be applied (Figure
1d) [12]. For inferior head resection, preoperative endoscopic
pancreatic stenting is useful for the prevention of pancreatic duct
injury as described. The stent is also useful for the prevention
of pancreatic leakage after both resections. With this kind of
combined resection, total pancreatectomy can be avoided, which
is really less invasive for the patients.

Dorsal Pancreatectomy (Spleen-Preserving)

For the cases with multiple branched types IPMN lesions,
spleen-preserving dorsal pancreatectomy can be applied (Figure
le). The complete dorsal pancreatectomy was introduced by
Thayer et al. for IPMN in a patient with pancreas divisum[13].
If there are no lesions in the inferior head area, that portion can
be preserved to avoid total pancreatectomy. The inferior head
pancreatic duct branch is drained to the main pancreatic duct.
The pancreatic duct system should not be injured during the
procedure. This is a rather major operation; however, it is less
invasive than total pancreatectomy in terms of parenchymal-
sparing.

Duodenum-Preserving Pancreatic Head Resection
(DPPHR)

DPPHR was also devised for the clinical treatment of benign
lesions of the pancreatic head including chronic pancreatitis
(Figure 1f) [14,15]. Beger et al. introduced DPPHR for patients
with chronic pancreatitis and inflammatory mass in the head
of the pancreas [14]. During the resection of the pancreatic
head, peri-duodenal vascular arcade should be maintained.
After the resection of the pancreatic head, the distal pancreas
is reconstructed by pancreato-jejunostomy in Roux-en- Y
style. DPPHR is also a rather major operation. These rather
major operations, such as combined inferior head plus distal
pancreatectomy, dorsal pancreatectomy, DPPHR, are not suitable
for totally laparoscopic surgery. Laparoscopy is one of the tools
to reduce the invasiveness in regional pancreatectomy.

Conclusions

Advancements of surgical techniques up to this point have
allowed us to perform several types of regional pancreatic
resection. Regional pancreatectomies are technically feasible
surgical options for treating benign, borderline or low-grade
malignant tumors of the pancreas. Assistance with pancreatic
stenting and/or laparoscopy [1,2,8] is recommended in some
cases to reduce the invasiveness and/or to prevent complications.
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