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SURGEON AT WORK
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Abstract

Background/purpose  Theresectability of locally advanced
pancreatic cancer depends upon, before anything else, the
relationship between the tumor and the adjacent arterial
structure. Pancreatic cancer that has developed at the caudal
side of the pancreas can invade the common hepatic artery
(CHA). Pancreatic cancers with CHA involvement can
become candidates for surgery in selected cases. Pancreatic
cancer arising at the caudal side of the pancreas head may
sometimes invade the right and left hepatic arteries (RLHA)
as well as the CHA. Pancreatic cancer with RLHA
involvement may be assessed as unresectable unless com-
plex vascular reconstruction is performed.

Methods We have experienced 3 cases of successfully
resected pancreatic cancer with RLHA and portal vein
(PV) invasion. Pancreatectomy (including total pancrea-
tectomy in two cases and pancreatoduodenectomy in one
case) with RLHA and PV reconstruction was performed.
Three different techniques of arterial reconstruction that
were suitable for the individual cases were used. They
were: (1) end-to-end anastomosis between the CHA and the
left hepatic artery (LHA) and end-to-end anastomosis
between the middle hepatic artery (MHA) and the right
hepatic artery (RHA), (2) end-to-end anastomosis between
the left gastric artery (LGA) and the RHA and end-to-end
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anastomosis between the right gastroepiploic artery and the
LHA, and (3) end-to-side anastomosis between the splenic
artery (SA) and the LHA and end-to-end anastomosis
between the SA and the RHA.

Results The mean operating time was 735 min (range
686—800 min) and the mean blood loss was 1726 ml (range
1140-2230 ml). Microscopic curative resection (R0) was
possible in all cases even if their International Union
Against Cancer (UICC) stage was IIb. There was one case
of wound infection, although no serious complications,
including hepatic artery thrombosis, liver failure, or biliary
fistula were observed. By follow-up three-dimensional
computed tomography (3D-CT) angiography, the patency
of the anastomosed artery was confirmed to be maintained
in all three cases.

Conclusions RO operation with 3 different arterial
reconstruction techniques was able to be performed with-
out presenting any risk.

Keywords Hepatic artery reconstruction -
Pancreatectomy - Vascular resection - Pancreatic cancer

Introduction

The form of hepatic artery (HA) bifurcation is diverse and
tumor invasion to the right and left hepatic arteries (RLHA)
can occur depending upon the extent of the tumor. Cancers
of the pancreatic head involving the RLHA are usually
assessed as unresectable. Serious problems including the
presence of arterial variants can happen when hepatic
transplantation takes place. Various techniques of arterial
reconstruction have thus been developed [1]. On the basis
of experience in the use of these techniques, we performed
pancreatectomy in 3 patients with cancers of the pancreatic
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head with RLHA and portal vein (PV) involvement.
Techniques of reconstruction that were suitable for the
individual cases are reported in the present article.

Surgical techniques
Case 1

Case 1 was a man 64 years of age in whom end-to-end
anastomosis between the common hepatic artery (CHA)
and the left hepatic artery (LHA), along with end-to-end
anastomosis of the middle hepatic artery (MHA) and the
right hepatic artery (RHA) was performed.

The RHA, the LHA, the MHA and the left lateral
hepatic artery (LLHA) were exposed by dissection of the
hepatoduodenal ligament. The celiac artery, the CHA, the
splenic artery (SA) and the left gastric artery (LGA) were
also dissected and exposed with care (Fig. 1). Despite the
presence of tumor involvement in the RHA, the LHA, and
the CHA, curative pancreatic resection with arterial
resection was thought to be possible. As a usual procedure
of pancreatoduodenectomy, the bile duct, the pancreas, and
the duodenum were cut. The length between the cut ends of
the CHA and the RHA was considered too long for end-to-
end anastomosis, although it was thought that anastomosis
between the CHA and the LHA could be performed
without difficulty. The CHA, the LHA, and the RHA were
ligated and divided at the dotted lines shown in Fig. 1, and
the specimens were removed. The cut ends of the CHA and
LHA were anastomosed with each other in an end-to-end
fashion with 7-0 proline interrupted sutures (Fig. 2, green
circle). After vascular control had been released, the back
flow from the RHA was weak, so additional RHA recon-
struction was considered necessary. Owing to sufficient
intersegmental arterial communication between the medial
and left lateral segments of the liver, no change was noted
in the back flow of the RHA after a vascular clamp had
been applied tentatively to the MHA. Therefore the MHA
was ligated and divided at the blue dotted line shown in
Fig. 1, and the cut ends of the MHA and RHA were
anastomosed in an end-to-end fashion (Fig. 2, blue circle).
Portal vein (PV) reconstruction was completed prior to the
removal of specimens. Postoperative three-dimensional
computed tomography (3D-CT) angiography showed that
both the anastomosed arteries were patent, and visualiza-
tion of the LLHA and RHA was achieved (Fig. 3). The
green dotted circle in Fig. 3 shows the site of the CHA-
LHA anastomosis and the blue dotted circle shows the site
of the MHA-RHA anastomosis. The operating time was
686 min and blood loss was 1810 ml. RO resection was
possible.
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Fig. 1 Operative photograph of Case 1 showing dissection around
the arteries. The right hepatic artery (RHA), the left hepatic artery
(LHA), the middle hepatic artery (MHA), and the left lateral hepatic
artery (LLHA) were dissected at the hepatoduodenal ligament. The
celiac artery, the common hepatic artery (CHA), the splenic artery
(SA), and the left gastric artery (LGA) were also dissected with care.
The dotted lines show the planned resection lines

Fig. 2 Operative photograph of Case 1 showing that reconstruction
was completed. End-to-end anastomosis was performed between the
common hepatic artery (CHA) and the left hepatic artery (LHA; green
circle), and end-to-end anastomosis was performed between the
middle hepatic artery (MHA) and the right hepatic artery (RHA; blue
circle)
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Fig. 3 Postoperative three-dimensional computed tomography (3D-
CT) angiograms of Case 1 showing that patency was maintained in
the anastomosed arteries (green dotted circle, CHA-LHA anastomo-
sis; blue dotted circle, MHA-RHA anastomosis)

Case 2

Case 2 was a woman 75 years of age in whom end-to-end
anastomosis between the LGA and the RHA was per-
formed concomitantly with end-to-end anastomosis of the
right gastroepiploic artery (RGEA) and the LHA. Pancre-
atoduodenectomy was performed for cancer of the pan-
creatic head and the CHA was divided at the origin of the
celiac artery. The RGEA was obtained as a pedicle from
the greater curvature of the stomach. End-to-end anasto-
mosis was thus carried out between the LGA and the RHA.
After declamping had been achieved, the back flow from
the cut end of the LHA was weak, so end-to-end anasto-
mosis between the RGEA and the LHA was carried out
additionally (Fig. 4). The operating time was 800 min and
blood loss was 1140 ml. RO resection was possible.

Case 3

Case 3 was a man 57 years of age in whom end-to-side
anastomosis between the splenic artery (SA) and the LHA
was performed concomitantly with end-to-end anastomosis
of the SA and RHA.

Total pancreatectomy was performed for pancreatic
head-to-body cancer. Considering that there was no cancer
involvement around the SA, the SA was reserved as a
candidate blood vessel for RLHA reconstruction. Follow-
ing the turnover of the SA to the right side, end-to-side
anastomosis was performed between the SA and the LHA.

Cut end

fof CHA‘t

Fig. 4 Operative photograph of Case 2 showing that reconstruction
was completed. End-to-end anastomosis was carried out between the
left gastric artery (LGA) and the RHA, and end-to-end anastomosis
was carried out between the right gastroepiploic artery (RGEA) and
the LHA. SMA, Superior mesenteric artery; SA, splenic artery

Fig. 5 Operative photograph of Case 3 showing that reconstruction
was completed. End-to-side anastomosis was performed between the
splenic artery (SA) and the LHA, and end-to-end anastomosis was
performed between the SA and the RHA. SV, Splenic vein

Following declamping, the back flow from the cut end of
the RHA was insufficient, so the SA and the RHA were
anastomosed with each other in an end-to-end fashion
(Fig. 5). The operating time was 720 min and blood loss
was 2230 ml. RO resection was possible.
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Discussion

Due to the high frequency of arterial variants around the
pancreas, some cases of arterial variants that are unfavor-
able for pancreatectomy may be assessed as unresectable or
result in noncurative resection. Pancreatic cancer arising at
the caudal side of the pancreatic head may occasionally
invade the CHA. In patients in whom the RLHA have
separated from each other at the origin of the CHA, tumor
invasion may be observed in the RLHA. There are some
opinions concerning the necessity for reconstruction of
both the RLHA. For example, there is an opinion that no
problems related to unilateral reconstruction will arise if
both the RLHA have been divided. A rationale for this
argument is based on the presence of a communicating
arcade between the RLHA at the hepatic hilum [2, 3]. On
the other hand, there is an argument that the presence of
this communication may not necessarily mean that there is
a sufficient amount of blood flow. There is a possibility that
liver infarction and/or biliary complication will result if the
blood flow is sparse [4]. A communicating arcade is also
present between the lateral and medial segments of the
liver [5]. Despite the use of the severed MHA for RHA
reconstruction in Case 1 in the present study, the postop-
erative course was found to be uneventful. Although, in
most cases, reconstruction can be performed with end-to-
end anastomosis for the CHA, the reconstruction tech-
niques already described in this article were necessary in
cases requiring reconstruction of the RLHA. Although
diverse techniques with the use of a venous graft, an
arterial graft, or prosthetic materials can be applied at the
time of hepatic artery reconstruction [1, 6-9], it should be
borne in mind that anastomosis should be conducted for
two sites when a graft is used, thus making the operative
procedure complicated. The risk of infection should also be
taken into consideration when prosthetic materials have
been made use of. In this series, we employed the LGA, the
RGEA, the SA, MHA, and the CHA as the inflow arteries
for RLHA reconstruction, but no complications, including
hepatic artery thrombosis, liver failure, or biliary fistula
occurred. Postoperative 3D-CT showed that the patency of
the anastomosed arteries was maintained in all three
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patients. Further examinations are needed to establish the
significance of these operative techniques, although the RO
operation can be carried out safely even for locally
advanced pancreatic cancer with RLHA involvement, on
condition that the operative procedures to be used are well
planned.
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