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Abstract Although the indication of locally advanced pancreatic cancer with arterial involvement is controversial, the outcome
of the patients with such disease treated by combined resection and reconstruction of the invaded artery has improved recently.
For pancreatic body carcinoma invading the celiac axis, distal pancreatectomy with celiac axis resection has been safely
performed. However, in case of pancreatic body carcinoma with involvement of the celiac axis, the common hepatic artery
and the gastroduodenal artery, margin-negative resection requires total pancreatectomy with celiac axis resection and restoration
of hepatic arterial flow. Here, we describe an interposition grafting technique using the splenic artery harvested from the resected
specimen. This technique is effective and may widen the resectability of pancreatic cancer in selected patients.
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Introduction

Surgery remains the only potentially curative treatment for
patients with pancreatic cancer, and en bloc resection with
sufficient surgical margin was reported to be associated with
long-term survival.1,2 Currently, an invasion of the portal-
superior mesenteric vein does not preclude patients from sur-
gery because combined venous resection and reconstruction
of these vessels can be safely performed. The survival of pa-
tients with such a procedure performed by experienced sur-
geons compares favorably with those who undergo standard
resections.3 Recently, resection and reconstruction of invaded

arteries has been reportedly associated with no significant in-
crease in mortality and may contribute to improved prognosis
in carefully selected patients.4–6 For pancreatic body carcino-
ma invading the celiac axis (CA), distal pancreatectomy com-
bined with celiac axis resection (DP-CAR) has been reported
to be safely performed with complete cancer removal by en
bloc resection of the nerve plexus.7,8 Also, we previously
reported that preserving the left gastric artery (LGA) during
DP-CAR can result in similar curability without an increased
risk of ischemic complications of the stomach or liver (mod-
ified DP-CAR).9 Pancreaticoduodenectomy combined with
hepatic artery resection and reconstruction can be performed
for invasion to the short segment of the common hepatic artery
(CHA) and proper hepatic artery (PHA) due to pancreatic
head carcinoma.10 However, in case of pancreatic body carci-
noma with cancer involvement of the CA, the CHA, and the
gastroduodenal artery (GDA), margin-negative resection re-
quires total pancreatectomy with restoration of hepatic arterial
flow. For reconstruction of the hepatic artery, an autologous
venous graft or a prosthetic graft can be used for interposition.
However, the use of a venous graft is not appropriate for
arterial reconstruction and requires additional harvesting from
another location, whereas the use of a prosthetic graft should
be avoided because of the potential risk of postoperative in-
fections. Here, we describe an interposition grafting technique
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using the splenic artery (SPA) harvested from the resected
specimen.

Surgical Techniques

To evaluate the indication of surgery, we routinely performed
three-dimensional computed tomography (3D-CT), magnetic
resonance imaging (MRI), and fluorodeoxyglucose-positron
emission tomography (FDG-PET)/CT. The operative proce-
dure then begins with a thorough exploration to confirm the
absence of contraindications for resection. Following chole-
cystectomy, the PHA is identified and taped. Following dis-
section of the distal part of the left gastric vein and identifica-
tion of the LGA, the dissection proceeds to the origin of the
LGA. The confirmation of no cancer cells by intraoperative
pathological diagnosis at the nerve plexus around the LGA
root and of the position where PHAwill be severed is required
for margin-negative resection.

Lifting the transverse colon upward, the peritoneum of the
duodenal recess is incised and the aorta, the inferior vena cava,
and the left renal vein are exposed using the left posterior
approach by mobilizing and rotating the fourth portion of
the duodenum and the uncinate process of the pancreas. After
the transection of the proximal jejunum, the mesentery base is
incised, and the ligament of Treitz is opened and divided on
the left and anterior side of the mesenteric root. The superior
mesenteric artery (SMA) is taped, and the dissection proceeds
to the origin of the SMA with consequent division of the
common trunk of the first jejunal artery and the inferior
pancreaticoduodenal artery, which generally arises from the
left dorsal aspect of the SMA. Thus, the posterior and right
aspects of the SMA are exposed, and the uncinate process of
the pancreatic head is separated from the SMA (Fig. 1). These

procedures were previously described as the artery-first ap-
proach to pancreaticoduodenectomy but may be difficult to
perform in obese patients.11,12

After transection of the distal part of the stomach, the dis-
section proceeds to the CA, the avascular plane is opened to
reach the aorta, and the diaphragmatic slips around the aorta
are excised. Thus, the root of the CA is identified and taped.9

Complete lymphadenectomy of the lower hepatoduodenal lig-
ament is performed, and the common bile duct is divided
proximal to the cystic duct. The GDA need not be identified
because it will be resected en bloc with the CHA and CA.
After transposing the upper jejunum to the right of the mes-
enteric pedicle, the remaining nerve plexus of the pancreatic
head is dissected, and the portal vein is skeletonized, thereby
completely isolating the pancreatic head from the SMA and
CA. The splenorenal ligament is divided, and the spleen is
drawn medially together with the tail of the pancreas after
retroperitoneal dissection. After division of the short gastric
vessels and the inferior mesenteric vein, the splenic vein is
divided, and the dissection proceeds to the left. The adrenal
vein and the adrenal gland become part of the posterior plane,
and the renal vein becomes the inferior border of dissection.

After division of the CA distal to the branching of the LGA
and the PHA with clamping of each artery as an important
final step, en bloc resection is performed together with the
pancreas, duodenum, peripancreatic lymph nodes, and the
CA, including the CHA and the SPA. If the portal-superior
mesenteric vein is invaded with cancer, venous resection and
reconstruction is conducted (Fig. 2).

The SPA is harvested starting at a site sufficiently distal
from the tumor invasion and mobilized as far as possible to-
ward the splenic hilum (Fig. 3). The SPA can then be cut on
both sides and flushed with heparin solution. An end-to-end

Fig. 1 The ligament of Treitz is opened, divided on the left and anterior
side of the mesenteric root, and the superior mesenteric artery is taped.
The aorta, the inferior vena cava, and the left renal vein are exposed

Fig. 2 The schema of total pancreatectomy with celiac axis resection
combined with venous resection. The celiac axis distal to the left gastric
artery branching is divided, and the proper hepatic artery is divided.
Venous resection and reconstruction is conducted, if necessary
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anastomosis with a microvascular technique between the PHA
and CA with the SPA graft is performed at both sides by an
experienced vascular surgeon (Fig. 4). To restore gastrointes-
tinal continuity, choledochojejunal and gastrojejunal anasto-
moses are performed.

Discussion

Pancreatic cancer has an extremely poor prognosis. Surgery is
the only curative option, and prolonged survival is achieved
only by resection with macroscopic tumor clearance. The ad-
vancement in surgical techniques in the modern era has led to
improved results and long-term survival for patients with pan-
creatic cancer following surgery.1,2 Meanwhile, the indication
of locally advanced pancreatic cancer with arterial involve-
ment of the hepatic artery and SMA remains controversial
because of the high rates of postoperative mortality and
morbidity.13,14 Hirano et al.7 reported an excellent outcome
of locally advanced cancer of the pancreatic body with in-
volvement of the CA, while Bachellier et al.15 reported that
pancreatic resection combined with arterial resection may pro-
long survival in carefully selected patients; the criteria for
resectability have gradually expanded.

In case of combined resection of the hepatic artery, great
care is needed to maintain intraoperative arterial blood flow to

the liver before the CHA is severed. Although arterial blood
flow through the GDA can nourish the liver in DP-CAR, the
combined resection of GDA abolishes arterial blood supply to
the liver. Yoshidome at al.16 reported that PHA embolization
prior to pancreaticoduodenectomy immediately develops col-
lateral circulation; the left liver was perfused by the inferior
phrenic artery or the artery running thorough the lesser omen-
tum, and the right liver was perfused by the retroperitoneal
collateral artery. Thus, pancreaticoduodenectomy combined
with resection of the hepatic artery without reconstruction
might be a feasible procedure in selected patients. However,
complete removal by en bloc resection of the retroperitoneal
tissue, including the nerve plexus around the CA, may alter
the collateral pathway. Therefore, reconstruction of the hepatic
artery is almost mandatory. Suzuki et al.17 reported the recon-
struction of the hepatic artery using the middle colic artery,
while Seelig et al.5 and Hackhert et al.18 reported the use of the
SPA. The use of the SPA harvested from the resected speci-
men does not sacrifice any other blood supply, and the caliber
of the SPA is well matched to that of the CA and PHA. Such
graft interposition between the PHA and the CA distal to the
LGA branching does not jeopardize arterial supply to the
stomach. Care should be taken to prevent a kinking of the
artery, which may cause early thrombosis and liver ischemia.
Although venous stagnation of the stomach due to the lack of
the left gastric vein is a matter of concern, no problems with
delayed gastric emptying or gastric ulcer is experienced with
probable drainage via the cranial remnants of the lesser omen-
tum and the distal esophagus.

A total of 105 patients with pancreatic ductal carcinoma
underwent pancreatectomy from 2008 to 2014. Among these
patients, 11 patients underwent pancreatectomy combined
with artery resection; pancreaticoduodenectomy combined
with hepatic artery resection and reconstruction was per-
formed in three patients, DP-CAR was performed in six pa-
tients, and the procedure described here was performed in two
patients. Postoperative 3D-CT angiography revealed that pa-
tency was maintained in the anastomosis between the PHA
and CA with the SPA graft. The postoperative courses were
uneventful. Pathological findings showed a cancer invasion to
the resected artery and free of surgical margin from the stump
of cancer invasion. Both patients underwent adjuvant

Fig. 3 Harvesting of the
autologous splenic artery. a The
splenic artery is harvested from
the resected specimen. b Splenic
artery autograft

Fig. 4 Intraoperative image after reconstruction of the hepatic artery.
Interposition of the splenic artery graft as an end-to-end anastomosis
between the proper hepatic artery (white arrow) and celiac axis distal to
the left gastric artery (black arrow). The left gastric artery is preserved
(arrow head)
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chemotherapy with S-1. One patient had a recurrence of
paraaortic lymph node 36 months since surgery, and another
patient had lung metastasis 14 months since surgery.

In conclusion, hepatic artery reconstruction using SPA
graft interposition is effective and may widen the resectability
of pancreatic cancer in selected patients. Furthermore, this
technique may be useful in cases with insufficient blood flow
to the liver in DP-CAR because of nontumorous reasons such
as arteriosclerotic stenosis.
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