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 Case series
 Patients: Male, 74 • Female, 69
 Final Diagnosis: Hepatobiliary pancreatic cancer
 Symptoms: Fever • jaundice • vomiting
 Medication: —
 Clinical Procedure: —
 Specialty: Surgery

 Objective: Unusual setting of medical care
 Background: In cases of celiac axis occlusion requiring pancreaticoduodenectomy for malignancy, both oncologic curability 

and control of hepatic arterial flow must be considered, but the operative strategy is undeveloped.
 Case Reports: Case 1: A 74-year-old man was diagnosed with hilar cholangiocarcinoma with celiac axis stenosis. The collat-

eral from the superior mesenteric artery ran through the pancreas head but no invasion was observed in pre-
operative imaging. Hepatopancreatoduodenectomy with preservation of a collateral was performed.

  Case 2: A 69-year-old woman was diagnosed with pancreas head cancer with celiac axis occlusion. The col-
lateral from the superior mesenteric artery ran through pancreas head and tumor invasion was observed. 
Pancreaticoduodenectomy with bypass revascularization using a vein graft was performed. Both operations 
were performed safely oncologically under preoperative planning that was based on computed tomograph-
ic angiography. The operative procedure was ultimately determined by evaluation of perioperative blood flow 
under Doppler ultrasonography after clamping the gastroduodenal artery.

 Conclusions: Preoperative simulations of arterial revascularization and perioperative evaluation of blood flow are necessary 
for the success of this procedure.

 MeSH Keywords: Biliary Tract Neoplasms • Celiac Disease • Pancreatic Neoplasms • Pancreaticoduodenectomy

 Abbreviations: ALT – alanine aminotransferase; AST – aspartate aminotransferase; CA – celiac axis; CA19-9 – carbohy-
drate antigen 19-9; CEA – carcinoembryonic antigen; CT – computed tomography; CTA – CT angiography; 
gGTP – g-glutamyltranspeptidase; GSV – greater saphenous vein; HPD – hepatopancreatoduodenectomy; 
PA – pancreaticoduodenal arcade; PD – pancreaticoduodenectomy; PIPDA – posterior inferior pancreati-
coduodenal artery; SMA – superior mesenteric artery; SpA – splenic artery
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Background

In celiac axis (CA) occlusion due to the median arcuate liga-
ment syndrome, celiac arterial flow is supplied almost entire-
ly by a collateral of the superior mesenteric artery (SMA). In 
pancreaticoduodenectomy (PD) for malignancy with CA occlu-
sion, in which the collateral artery runs through the pancre-
aticoduodenal arcade (PA), both oncologic curability and con-
trol of the CA system, especially of the hepatic artery, must be 
considered. Although there have been 17 reports of CA occlu-
sion in PD since 1981 [1–17], the operative strategy for this 
complex disease is still undeveloped. In the present 2 cases, 
hepatopancreatoduodenectomy (HPD) for hilar cholangiocar-
cinoma and PD for pancreatic head carcinoma, both with as-
sociated CA occlusion, we used 2 different methods to over-
come these problems: preservation of the collateral artery and 
revascularization with bypass.

Case Reports

Case 1

A 74-year-old man visited our hospital complaining of fever 
and vomiting. Laboratory examinations revealed mild liver 
dysfunction (aspartate transaminase [AST], 43 IU/L; alanine 
transaminase [ALT], 45 IU/L). Levels of the tumor markers car-
cinoembryonic antigen (CEA) and carbohydrate antigen 19-9 
(CA19-9) were 2.7 ng/dL and 18.0 U/mL, respectively. Computed 

tomography (CT) showed enhancement and thickening of the 
lower biliary tract, without invasion to other organs or lymph 
nodes, and no distant metastasis (Figure 1). CT angiography 
(CTA) showed stenosis of the CA and common hepatic artery 
(Figure 2A) and the development of a collateral artery from 
the superior mesenteric artery running through the pancreas, 
the inferior pancreaticoduodenal artery (IPDA) via the PA, and 
a thickened dorsal pancreatic artery to the gastroduodenal ar-
tery (GDA) (Figure 2B). Step biopsy of the common bile duct, 
B2/3 and B4 showed adenocarcinoma, but the right bile duct 
was negative. The patient was diagnosed with clinical stage 
IIIA hilar cholangiocarcinoma (International Union Against 
Cancer (UICC) 7th edition [18]) with CA stenosis. At that time, 
the treatment method that carried the greatest possibility of 
being curative and resulting in the best prognosis was surgi-
cal, despite the high degree of invasiveness and the risk of 
poor postoperative quality of life due to complications [19]. 
The surgical method was left HPD as per the patient’s wish-
es after receiving detailed information about his options and 
providing written informed consent.

Because no invasion of the PA was seen on preoperative imag-
ing, the operative plan was to preserve the PA. Intraoperatively, 
we clamped the gastroduodenal artery to decrease hepatic ar-
tery flow, which did not recover despite cutting the median 
arcuate ligament. However, malignant invasion was not ob-
served around the PA preoperatively, and we were able to pre-
serve the GDA and posterior PA oncologically safely (Figure 3). 
Operation time was 978 minutes and blood loss was 2390 mL. 

Figure 1.  Case 1: CT showing enhancement and thickening of the lower biliary tract (arrowhead) without invasion to other organs or 
lymph nodes, and no distant metastasis. CT – computed tomography.
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Histopathologic examination revealed negative margins and 
led to an UICC 7th edition [18] diagnosis of pT2a pN1 cM0, 
>G3; stage IIIB. The patient was discharged to home on post-
operative day 214 despite postoperative bile leakage, cholan-
gitis, and the need for rehabilitation. The cholangitis occurred 
frequently after discharge, and hence adjuvant therapy was 
not able to be performed. He had a recurrence of peritoneal 
carcinomatosis 17 months after HPD and died 1 month later.

Case 2

A 69-year-old woman visited her primary care physician com-
plaining of jaundice. Laboratory examinations revealed jaundice 
and elevated liver and biliary tract enzymes (total serum bili-
rubin, 1.6 mg/dL; AST, 39 IU/L; ALT, 70 IU/L; alkaline phospha-
tase, and 1393 U/L; gamma glutamyl transpeptidase [g-GTP], 
372 U/L). Levels of the tumor markers CEA and CA19-9 were 
2.0 ng/dL and 67.9 U/mL, respectively. Dynamic CT showed a 
hypovascular tumor of the pancreatic head with invasion into 
the bile duct and surrounding tissue but no nodal or distant 
metastasis (Figure 4A). The tumor was in contact with the pos-
terior inferior pancreaticoduodenal artery (PIPDA) (Figure 4B), 
but was 15 mm from the GDA. CTA showed complete occlu-
sion of the CA (Figure 5A), with a collateral artery from the 
SMA. The CA was supplied by the development of the IPDA via 
PA to the GDA (Figure 5B). She was diagnosed with cT2 cN0, 
cM0, cStage IB cancer [18]. Endoscopic biliary drainage was 
performed via nasal tube, and cytology of the bile revealed 
adenocarcinoma. The patient was diagnosed with carcinoma 
of the pancreatic head with CA occlusion and was admitted 
to our hospital after her jaundice was reduced.

Because oncologic cure did not allow preservation of the ar-
cade, we planned PD with revascularization. IPDA-splenic ar-
tery (SpA) bypass was planned preoperatively. The SpA, rath-
er than the GDA, was chosen as the anastomotic site because 
the GDA was too close to the tumor; the SpA, because of its 

A B

Figure 2.  Case 1: CTA showing (A) extensive stenosis at the CA and CHA (arrowhead) and (B) the development of a collateral artery 
from the SMA via IPDA and PA to GDA. CA – celiac axis; CHA – common hepatic artery; CTA – computed tomography 
angiography; GDA – gastroduodenal artery; IPDA – inferior pancreaticoduodenal artery; PA – pancreaticoduodenal arcade.

Figure 3.  Case 1: Hepatopancreatoduodenectomy with 
preservation of the GDA (arrow) and the posterior 
pancreaticoduodenal artery (arrowhead).
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location and distance from the IPDA, was relatively easy to 
anastomose to the IPDA. The graft needed to be at least 10 
cm long and of sufficient diameter to supply adequate arte-
rial flow to the CA system; therefore, we planned to use the 
right greater saphenous vein.

During surgery, clamping of the GDA under Doppler ultraso-
nography caused disappearance of hepatic artery flow, which 
was not restored even with release of the median arcuate liga-
ment. Before the resectional stage of the procedure, IPDA-SpA 
bypass was performed using a right greater saphenous vein 

graft that was 12 cm in length and was confirmed to have no 
flexion. After bypass, hepatic artery flow was restored despite 
GDA clamping, and PD was performed safely, without loss of 
hepatic artery flow (Figure 6). Operation time was 744 min-
utes and blood loss was 880 mL. Histopathologic diagnosis 
was pT3, pN1, cM0, stage IIB [18]. Postoperatively, there was 
good hepatic artery flow (Figure 7A); however, 2 months af-
ter surgery, stenosis was observed at the site of anastomosis 
of the IPDA and greater saphenous vein (Figure 7B). The ste-
nosis was thought to be caused by thickened vascular intima 
of the graft; the cause of this thickening was unknown, but 

A B

Figure 4.  Case 2: CT showing a hypovascular tumor (arrowhead) of the pancreatic head (A, portal phase) in contact with the PIPDA 
(arrowhead) (B, arterial phase). CT – computed tomography; PIPDA – posterior inferior pancreaticoduodenal artery.

A B

Figure 5.  Case 2: Preoperative CTA. (A) CA occlusion (arrow) and (B) the collateral from the IPDA via PA to GDA. CA – celiac axis; 
CTA – computed tomography angiography; GDA – gastroduodenal artery; IPDA – inferior pancreaticoduodenal artery.
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may have been due to arterial pressure. Angiography showed 
that the right and left hepatic arteries were supplied by the 
right inferior phrenic artery (Figure 8A) and left internal tho-
racic artery (Figure 8B), respectively. The patient is without re-
currence 8 months after PD with adjuvant S-1 chemotherapy.

Discussion

CA occlusion or stenosis is identified in approximately half of 
abdominal angiographies [20]. In cases of CA occlusion, the 
blood flow in the CA system, including the common hepatic 

Figure 6.  Case 2: PD with IPDA-SpA bypass using GSV graft through the transverse mesocolon (arrow, anastomotic site). GSV – greater 
saphenous vein; IPDA – inferior pancreaticoduodenal artery; SpA – splenic artery; PV – portal vein.

A B

Figure 7.  Case 2: Postoperative CTA showing (A) no stenosis on postoperative day 15 but (B) extensive stenosis at the IPDA-GSV 
anastomosis 2 months postoperatively (arrow). CTA – computed tomography angiography; GSV – greater saphenous vein; 
IPDA – inferior pancreaticoduodenal artery.
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A B

Figure 8.  Case 2: Postoperative angiography. Right and left hepatic arteries (arrowhead) supplied by (A) right inferior phrenic artery 
and (B) left ITA (arrow), respectively. ITA – internal thoracic artery.

artery, SpA, and left gastric artery, is supplied by the collater-
al pathways that develop from the superior mesenteric artery 
via the PA, through the GDA, to the liver and other organs. 
However, in patients with CA occlusion who have developed 
a collateral through the PA and who require PD for malig-
nancy, we must consider how to secure hepatic artery flow. 
Radiotherapy and/or chemotherapy can treat the malignant 
tumor more safely, but surgery is the only method that has 
the possibility of being curative [19]. The present patients se-
lected surgical treatment after being provided with informa-
tion regarding the risks of surgery and the possibility of a de-
cline in quality of life postoperatively, and information about 
other treatment options.

Reports suggest that preservation of the collateral [6,9] or revas-
cularization [3,5,11,17] is useful in overcoming these problems. 
We have described our pre- and postoperative assessments.

Preoperative evaluation of the abdominal arteries using CTA 
or angiography should be performed. At our institution, pa-
tients who undergo hepatobiliary pancreatic surgery routine-
ly undergo CTA to evaluate the vascular anatomy, and abnor-
malities are sometimes found incidentally in asymptomatic 
patients. In cases of CA occlusion, the course of the collateral 
pathway and the oncologic distance between collateral and 
tumor must be determined, and the potential for preservation 
of the collateral should be assessed.

In the patient with bile duct carcinoma in the present study 
(case 1), the collateral ran through the PA but the tumor was 
far from the posterior PA. We assessed it to be oncologically 
safe to preserve the collateral from the IPDA via the posterior 
PA to the GDA because no invasion was observed on preoper-
ative CT. However, depending on the extent of tumor invasion 

intraoperatively, a plan for revascularization was needed. In 
case 2 in the present study (the patient with pancreatic car-
cinoma), the PIPDA was in contact with the tumor; therefore, 
we were unable to preserve the collateral, including the PA, 
and still achieve oncologic cure. Revascularization was there-
fore needed, and we planned IPDA-SpA bypass using the right 
greater saphenous vein.

In bypass technique, it is necessary to consider the anastomot-
ic site and which graft to use. In case 2, anastomosing the cut 
ends of the IPDA and GDA with a graft would have been sim-
ple, but we chose an IPDA-SpA bypass because the GDA was 
too close to the tumor. The length and diameter should be con-
sidered when choosing a graft. To anastomose the IPDA and 
SpA through the transverse mesocolon, no less than 10 cm was 
needed, and the vessel had to be able to supply enough blood 
flow to the liver, spleen, and stomach. Considering these fac-
tors, we decided to use a greater saphenous vein as a graft.

When addressing CA occlusion intraoperatively, we first clamp 
the GDA and examine blood flow under Doppler ultrasonogra-
phy [11]; this will determine whether hepatic artery flow decreas-
es in the absence of GDA flow. If flow through the hepatic artery 
is maintained while the GDA is clamped, the GDA can be transect-
ed without the need to control hepatic artery flow, but in most 
cases, the flow will decrease or vanish once the GDA is clamped.

Next, releasing the median arcuate ligament may cause he-
patic arterial flow to increase, but doing so requires consider-
able attention. Yamada et al. [21] reported a case of PD with 
CA occlusion in which hepatic artery flow was increased only 
by cutting the median arcuate ligament, and flow was main-
tained during the operation. However, hepatic artery flow was 
suddenly lost on the night of the operation. This was because 
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of the fragility of the CA, which had been compressed by the 
median arcuate ligament for a long time. Even if arterial flow 
is restored only by cutting the median arcuate ligament, this 
may still be a case requiring revascularization. In addition to 
examination while clamping the GDA and releasing the median 
arcuate ligament, the presence of tumor invasion or the possi-
bility of collateral preservation should be confirmed.

After these perioperative evaluations, we make a final deci-
sion as to revascularization; preservation, or bypass. If there 
is no change from the preoperative evaluation, the operation 
can be performed according to the preoperative simulation. In 
a case of collateral preservation, intraoperative evaluation of 
margins using rapid pathologic diagnosis should be performed.

However, we believe that bypass may be better than collat-
eral preservation oncologically; except under special circum-
stances, bypass is our first choice. However, GDA-preserving 
PD [22] can also be very helpful in special surgical situations 
(PD in CA occlusion, or PD after prior esophagectomy with gas-
tric tube esophagoplasty) when GDA ligation leads to discon-
tinuation of the blood flow via the right gastroepiploic artery 
as the sole blood source for the gastric tube. In case 1 in the 
present study, the patient’s age and preoperative condition 
made HPD with revascularization too invasive. Ultimately, we 
chose collateral preservation, not only because of oncologic 
safety, but also to avoid a highly invasive procedure.

Another method of cutting the GDA safely in PD with CA oc-
clusion is preoperative arterial embolization. This may sim-
plify the operation because perioperative revascularization is 

rendered unnecessary, but adhesions or bleeding due to em-
bolization-related inflammation can make the operation more 
challenging. In addition, the collateral artery takes approximate-
ly 1 month to develop, which is too long for a patient with bil-
iary pancreatic cancer.

Conclusions

In PD for biliary pancreatic cancer with CA occlusion, we rec-
ommend the following points to provide an oncologic cure and 
to secure hepatic artery flow:
–  Preoperative simulation using CTA must be performed to 

evaluate whether the collateral can be preserved, as well as 
to evaluate the anastomotic site and select the best graft.

–  Intraoperatively, evaluation of the hepatic artery flow un-
der GDA clamping should be performed initially, and also 
after releasing the median arcuate ligament, to ensure that 
the operative findings do not differ from the preoperative 
evaluation.

–  When revascularization is completed, the GDA must be cut 
after ensuring that the liver hepatic artery is secured while 
the GDA is clamped.
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