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Abstract
Despite the advance of diagnostic modalities, carcino-
ma in the body and tail of the pancreas are commonly 
presented at a late stage. With unresectable lesions, 
long-term survival is extremely rare, and surgery re-
mains the only curative option for pancreatic cancer. 
An aggressive approach by applying extended distal 
pancreatectomy with the resection of the celiac axis 
may increase the resectability and analgesic effect but 
great care must be taken with the arterial blood supply 
to the liver and stomach. Sometimes, accidental injury 
to the pancreatoduodenal artery compromises collateral 
blood flow and leads to fatal complications. Therefore, 
knowledge of any alternative restoration of the com-
promised collateral flow before surgery is essential. The 
present case report shows a patient with a pancreatic 
body cancer in whom the splenic, celiac, and common 
hepatic arteries were involved with the tumor, which 
extended almost to the root of the gastroduodenal ar-

tery. We modified the procedure by reanastomosis be-
tween the proper hepatic artery and middle colic artery 
without vascular graft. The postoperative course was 
uneventful, and the patient was discharged on post-
operative day 19. The patient was immediately free of 
epigastric and back pain.
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Core tip: The present case report shows a patient with 
a pancreatic body cancer in whom the splenic, celiac, 
and common hepatic arteries were involved with the 
tumor, which extended almost to the root of the gastro-
duodenal artery. We modified the procedure by reanas-
tomosis between the proper hepatic artery and middle 
colic artery without vascular graft.
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INTRODUCTION 
Carcinoma of  the body of  the pancreas is often discov-
ered at an advanced stage by reason of  lack of  symptoms. 
Because the only long-term survivors of  cancer of  the 
pancreatic body have been those who have undergone re-
section, complete surgical resection is the only treatment 
that may lead to a prolonged survival[1]. However, the 
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resection rate is low, and chances for resection are often 
lost to distant metastasis, regional invasion into adjacent 
organs, or the involvement of  major vessels. Tumor in-
volvement of  the common hepatic artery (CHA) and/or 
celiac axis (CA) is a primary reason for this. Several high-
volume pancreatic centers have reported that advanced 
pancreatic body/tail carcinoma can be safely treated by 
left-sided pancreatectomy with en bloc resection of  infil-
trated major vascular structures[2]. These methods were 
supported by the reported prognosis of  the patients, 
which seems to be similar to that in patients without re-
section of  major vascular structures[3]. 

Hirano et al[4] reported that, in patients who under-
went distal pancreatectomy with en bloc celiac axis resec-
tion (DP-CAR), the surgical margins were histologically 
clear in 95% of  patients and the postoperative mortality 
rate was 0%, despite a high morbidity rate (48%). The 
estimated overall 1- and 5-year survival rates were 72% 
and 17%, respectively, and the median survival was 21 
mo. Moreover, radical distal pancreatectomy with en bloc 
resection of  the celiac artery, celiac plexus, and celiac 
ganglions is reported to provide patients with locally 
advanced cancer of  the pancreatic body with complete 
and enduring pain relief[5]. Therefore, radical surgery is 
justifiable in patients with advanced cancer of  the pan-
creatic body, even when it has invaded adjacent major 
vessels, such as the celiac artery and/or the portal vein. 
When performing DP-CAR surgery, it is essential to 
preserve the arterial blood supply to the stomach and 
liver. The arterial blood supply during this procedure is 
maintained by the collateral pathways via the pancreato-
duodenal arcades from the superior mesenteric artery to 
the gastroduodenal and hepatic arteries, which develop 
immediately after ligation of  the celiac artery[6]. However, 
there are some cases in which the gastroduodenal artery 
arises from the area close to the CA. In such a situation, 
it would be difficult to preserve the gastroduodenal artery 
during DP-CAR surgery. In addition, the effort to pre-
serve the gastroduodenal artery during surgery introduces 
risk of  injury. In this case, we performed DP-CAR with 
reconstruction of  the common hepatic artery by use of  
the middle colic artery in the patient with gastroduodenal 
artery (GDA) arising from the area close to the CA. We 
here report a technique used for reconstruction that was 
feasible in the case of  shutoff  of  the arterial blood sup-

ply to the liver in DP-CAR. 

CASE REPORT
A 78-year-old male was referred to the emergency ward 
of  the Gunma Prefectural Cardiovascular Center with 
acute onset abdominal pain. A computed tomography 
(CT) scan of  the thorax and abdomen confirmed an in-
frarenal abdominal aortic aneurysm (AAA) and evidence 
of  a contained acute rupture to the left retroperitoneum. 
Therefore, emergency surgery for AAA was performed. 
A follow-up CT revealed dilatation of  the main pancre-
atic duct from the body to the tail. However, a tumor at 
the body of  the pancreas was not identified (Figure 1A). 
Four months after the operation, the patient had severe 
epigastric and back pain, and his serum level of  carbohy-
drate antigen 19-9 (CA19-9) was elevated to 652 U/mL. 
Therefore, he was referred to the Department of  General 
Surgical Science, Graduate School of  Medicine, Gunma 
University 6 mo after the AAA surgery. Dilatation of  the 
main pancreatic duct was evident in CT, and the tumor, 
identified at the body of  the pancreas, had invaded the 
CA and CHA (Figure 1B). Endoscopic retrograde chol-
angiopancreatography (ERCP) demonstrated a stricture 
of  the main pancreatic duct in the body of  the pancreas 
(Figure 2). Abdominal angiography showed that the CA 
and splenic artery (SA) were involved with a tumor of  
the pancreatic body (Figure 3). These findings were con-
sistent with a diagnosis of  locally advanced cancer of  
the body of  the pancreas that invaded the CA and SA. 
Preoperative evaluation of  angiography showed that the 
GDA arose near the CA (Figure 3). 

The patient then underwent a DP-CAR. An extended 
Kocher maneuver was performed. Because of  the previ-
ous surgery, there was severe adhesion at the retroperito-
neum. The origin of  the superior mesenteric artery (SMA) 
and CA was palpated and confirmed to be uninvolved. 
The greater sac was then entered adjacent to the colon, 
and the splenocolic ligament was divided, allowing the 
inferior border of  the body and the tail of  the pancreas 
to be incised. The tumor originated from the body of  
the pancreas, and the celiac and common hepatic arteries 
were involved. Following the common hepatic artery, it 
was found to be densely encased by a tumor extending 
almost to the root of  GDA. The GDA was exposed and 
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Figure 1  Computed tomography scan demon-
strating the dilatation of the main pancreatic 
duct (A) and a tumor of the pancreatic body 
which invaded the celiac artery after the abdomi-
nal aortic aneurysm operation (B). MPD: Main 
pancreatic duct.



encircled with a proximal vessel loop. By dissecting the 
right celiac ganglion and celiac nerve plexus, the origin 
of  the CA was exposed. The body and the tail of  the 
pancreas were freed from the posterior abdomen in this 
inflamed adhesion retroperitoneal plane. The dissec-
tion was continued from the hilum of  the spleen to the 
superior mesenteric vein. The spleen was released from 
its attachment to the diaphragm, allowing it to be lifted 
and retracted medially. A portion of  Gerota’s fascia was 
lifted with the specimen to expose the left kidney and 
renal vessels. Gerota’s fascia was then excised in continu-
ity. The inferior mesenteric vein was ligated inferiorly. At 
that time, we completely excised the GDA, which was 
involved with the tumor under the pancreas. Despite the 
presence of  tumor involvement at the GDA, curative 
pancreatic resection with arterial resection was consid-
ered to be possible. Therefore, the GDA was ligated and 
divided proximal to the artery. After cutting the proper 
hepatic artery at the root of  the GDA, the stump of  the 
proper hepatic artery (PHA) and the middle colic artery 
(MCA) were anastomosed using an end-to-end technique 
with 7-0 prolene interrupted sutures and surgical loupes 
at × 2.5 magnification (Figure 4). The pulsation of  the 

PHA recovered after completion of  the anastomosis and 
was also identified by Doppler ultrasonography. The neck 
of  the pancreas was transected over the right side of  the 
portal vein (PV). The left side of  the SMA was dissected 
with the surrounding lymph node. Care was taken to 
preserve the inferior pancreaticoduodenal artery (IPDA) 
arising from the SMA or the first jejunal artery. The left 
gastric artery was then divided, and, thereafter, the short 
gastric vessels along the greater curvature were ligated. 
Finally, the celiac trunk was divided at its origin with a 
transfixing suture, and the specimen was removed. 

Histopathological examination of  surgical specimens 
revealed mucinous carcinoma of  the pancreas. There 
was prominent formation of  mucinous nodules and a 
mucinous carcinoma including a large quantity of  mucus 
(Figure 5). The peak aspartate/alanine aminotransferase 
(AST/ALT) was 1844/1265 U/L on the first postopera-
tive day and gradually returned to a normal level over two 
weeks. The postoperative course was uneventful, and the 
patient was discharged on postoperative day 19. Post-
operative 3D-CT angiography revealed that patency was 
maintained in the anastomosis between the GDA and the 
MCA (Figure 6). The patient was free from epigastric and 
back pain immediately and doing well after the operation. 
Five months after the operation, metastatic lesions were 
noted in the hilar of  the liver by CT scan but without lo-
cal recurrence. The patient was diagnosed with cholangitis 
and died of  hepatic failure about 6 mo after the surgery.
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Figure 2  Endoscopic retrograde cholangiopancreatography showing a 
stricture of the main pancreatic duct in the body of the pancreas. MPD: 
Main pancreatic duct.
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Figure 3  Abdominal angiography showing splenic and celiac arteries in-
volved with a solid tumor in the pancreatic body and the gastroduodenal 
artery arising from the area close to the celiac. SA: Splenic CA: Celiac axis; 
CHA: Common hepatic artery; GDA: Gastroduodenal artery.
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Figure 4  Operative photograph showing that reconstruction was complet-
ed. End-to-end anastomosis was performed between the proper hepatic artery 
(PHA) and the middle colic artery (MCA) (yellow circle). A: Before anastomosis; 
B: After anastomosis.
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gastric artery, and right gastroepiploic arteries (GEA). 
However, vascular anomalies in the peripancreatic region, 
including the hepatic artery and SMA as well as the CA, 
have been reported elsewhere[8]. Because collateral cir-
culation is significantly important in DP-CAR, a careful 
preoperative work-up is necessary. Even with vascular 
anomalies, it is justifiable to perform extended surgery 
with arterial resection for pancreatic cancer, given that 
surgery is the only curative option. Sometimes the dorsal 
pancreatic artery, which arises from the SMA, leads to the 
GDA. At times, an SMA dorsal artery plays an important 
role in the collateral circulation in patients with celiac axis 
stenosis[9]. In such cases, considerable attention must be 
paid when dissecting around the GDA. However, defini-
tive assessment or recognition of  the risk of  ischemia of  
the liver and the stomach can only be made intraopera-
tively. In our case, the GDA was intact in the preopera-
tive examination but arose from the area close to the CA 
and was involved with a tumor under the pancreas. In 
that situation, it is difficult to preserve the GDA for cura-
tive surgery. We decided to anastomose the PHA with the 
MCA during the curative operation. A specimen of  the 
pancreas revealed that microscopic curative resection was 
possible. In addition, there were no serious complications 
following surgery. Therefore we believe that the tech-
niques used for this reconstruction, which was a feasible 
and safe procedure, required shutoff  of  the arterial blood 
supply to the liver in DP-CAR. 

DP-CAR surgery may facilitate resection in patients 
with tumors that are classified as T4 and require total 
clearance of  the pancreatic and celiac lymph nodes[2-4]. 
The clinical benefit of  extended pancreatic resections 
must, however, be balanced with the risk of  the proce-
dure. Therefore, knowledge of  the reconstruction artery 
during DP-CAR surgery is essential. Konishi et al[10] re-
ported that they reconstructed the hepatic artery using a 
graft of  the splenic artery from the resected specimen be-
cause of  weak pulsation of  the proper hepatic artery after 
occlusion of  the celiac axis. No complications related to 
hepatic ischemia were observed. Kondo et al[11] reported 
that, in compromised collateral flow via the pancreatoduo-

DISCUSSION
Adenocarcinoma of  the body and tail of  the pancreas 
often presents in the advanced stage and is considered 
unresectable in the majority of  patients. The traditional 
determinants of  unresectability with such cancers are the 
presence of  hepatic metastases, peritoneal dissemination 
of  the tumor, and local invasion of  major vascular struc-
tures, even in the absence of  distant disease. With unre-
sectable lesions, long-term survival is extremely rare. Sur-
gery is the only curative option for pancreatic cancer[1]. 
Improved operative techniques have led to improved 
results and long-term survival outcomes for patients with 
pancreatic cancer following surgery[7]. Through cumu-
lated experience in the operative and perioperative man-
agement of  patients undergoing pancreatic surgery, the 
criteria for resectability have gradually expanded.

Hirano et al[4] reported that they performed DP-CAR 
on 37 patients to treat locally advanced cancer of  the 
pancreatic body involving the common hepatic artery 
and/or celiac axis. The estimated 1- and 5-year survival 
rates were 72% and 17%, respectively, and the median 
survival was 21 mo. Moreover, radical distal pancreatecto-
my with en bloc resection of  the celiac artery, celiac plex-
us, and celiac ganglions is reported to provide patients 
with locally advanced cancer of  the pancreatic body with 
complete and enduring pain relief[5]. Since the perineural 
and neural invasion of  the nerve plexus is one reason for 
the high recurrence rate of  pancreatic cancer, dissection 
of  the surrounding neural plexus is necessary in curative 
surgery. Concomitant resection of  the celiac artery with 
a distal pancreatectomy facilitates lymph node and neural 
plexus dissection around the celiac artery. 

Great care was taken to maintain the arterial blood 
supply to the liver and stomach during the surgery before 
the transection of  the CA. It is essential to protect the 
blood flow from the SMA via the pancreaticoduodenal ar-
cades to the GDA. Arterial blood flow through the GDA 
can nourish the liver and stomach via the PHA, right 
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Figure 5  In the pathological findings, there was a prominent formation of 
mucinous nodules and mucinous carcinoma including large quantities 
of mucus. Final histolopathological diagnosis of the resected specimen shows 
mucinous carcinoma (with an intraductal papillary-mucinous tumor, Hematoxylin 
eosin staining, ×100).

PHA
Anastomosis

MCA

Figure 6  Postoperative evaluation of the proper hepatic artery by 3D-
computer tomography angiography. The arrows indicate the anastomosis 
between the proper hepatic artery (PHA) and the middle colic artery (MCA).
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denal arcades, the MCA and GEA bypass is one of  the 
procedures of  choice to reestablish collateral flow.

Immediately after the AAA operation, dilatation of  
the main pancreatic duct from the body to the tail of  the 
pancreas is the most likely indicator of  a main duct type 
intraductal papillary mucinous tumor (IPMN). However, 
in this case the tumor grew rapidly after the AAA opera-
tion. The final pathological diagnosis showed mucinous 
carcinoma. Mucinous carcinoma of  the pancreas is a rare 
type of  tumor that is sometimes difficult to diagnose. 
Sakamoto et al[12] reported that endoscopic ultrasonog-
raphy (EUS) and contrast-enhanced harmonic EUS 
are useful for the correct diagnosis of  small pancreatic 
tumors, including synchronous and metachronous occur-
rence of  IPMN and ductal adenocarcinoma. If  EUS is 
performed at the earliest possible time, an accurate differ-
ential diagnosis between main pancreatic duct type IPMN 
and mucinous carcinoma can be made.

In the case reported here, the results remain unsatis-
factory, although the patient is doing well and the resec-
tion resulted in the elimination of  epigastric and back 
pain immediately after surgery. To improve the possibility 
of  survival, a search for effective systemic chemothera-
peutic agents and their testing in trials with neoadjuvant 
and/or adjuvant therapy with radiotherapy is essential to 
complement the oncologic benefit achieved after a com-
plete surgical resection. 
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