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Abstract

Background: Pancreaticoduodenectomy after esophageal resection is technically difficult, because blood flow of
the gastric conduit should be preserved. Celiac axis stenosis (CAS) is also a problem for pancreaticoduodenectomy,
because arterial blood supply for the liver comes mainly through the collateral route from the superior mesenteric
artery (SMA) via the gastroduodenal artery (GDA). Herein, we report the case of a patient with pancreatic head cancer
who underwent a pancreaticoduodenectomy after esophagectomy with concomitant CAS.

Case presentation: A 76-year-old man with pancreatic head cancer was referred to our department. He had a
history of esophagectomy with retrosternal gastric conduit reconstruction for esophageal cancer. Computed tomog-
raphy showed severe CAS and a dilated collateral route between the SMA and the splenic artery (SPA). We prepared
several surgical options depending on the intraoperative findings, and performed radical pancreaticoduodenectomy
with concomitant resection of the distal gastric conduit. The right gastroepiploic artery (RGEA) of the remnant gastric
conduit was fed from the left middle colic artery (MCA) with microvascular anastomosis. Despite CAS, when the GDA

Microvascular reconstruction, Dorsal pancreatic artery

was dissected and clamped, good blood flow was confirmed, and the proper hepatic artery did not require recon-
struction. The patient was discharged on postoperative day 90.

Conclusions: We successfully performed radical pancreaticoduodenectomy after esophagectomy with concomitant
CAS, having prepared multiple surgical options depending upon the intraoperative findings.
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Background

Pancreaticoduodenectomy is a radical treatment for pan-
creatic head cancer. It is technically difficult to perform
pancreaticoduodenectomy in patients who have under-
gone subtotal esophagectomy in the past, especially if

*Correspondence: saiura-tky@umin.acjp

! Department of Hepatobiliary-Pancreatic Surgery, Juntendo University,
Graduate School of Medicine, 2-1-1, Hongo, Bunkyo-ku, Tokyo 113-8421,
Japan

Full list of author information is available at the end of the article

@ Springer Open

followed by reconstruction of the gastric conduit. The
blood flow to the gastric conduit is usually supplied
mainly by the gastroduodenal artery (GDA) via the right
gastroepiploic artery (RGEA) which is divided during
pancreaticoduodenectomy.

Celiac axis stenosis (CAS) is another hurdle for under-
going pancreaticoduodenectomy, and is caused by exter-
nal compression or internal occlusion [1-7]. In many
cases of CAS, the gastroduodenal artery (GDA) is the
main collateral pathway from the superior mesenteric
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artery (SMA) to the celiac artery system through the
common hepatic artery (CHA) [8, 9]. In CAS, the divi-
sion of the GDA during pancreaticoduodenectomy can
cause an ischemic threat, not only to the liver, stomach,
and remnant pancreas, but also to the gastrojejunal,
hepaticojejunal, and pancreaticojejunal anastomoses
[10].

Precise preoperative diagnosis is difficult, because pan-
creatic cancer exhibits local invasive growth. Therefore,
we are often obliged to make decisions of vascular resec-
tion and reconstruction intraoperatively. As such, based
on the preoperative CT, multiple surgical choices should
be prepared for different situations.

Here, we report a case of pancreaticoduodenectomy
after esophagectomy with concomitant CAS.

Case presentation

A 76-year-old man had follow-up at our hospital after
esophagectomy with retrosternal gastric conduit recon-
struction for esophageal cancer, which had been per-
formed 8 years earlier. Multi-detector computed
tomography (MDCT) revealed a low-dense mass of
24 x 20 mm in the pancreatic head and infiltration to the
anterior superior pancreaticoduodenal artery (ASPDA).
The tumor also had attachment to the superior mesen-
teric vein (SMV) of less than 180 degrees (Fig. 1a). The
gastric conduit was receiving its blood supply mainly
from the RGEA, according to the arterial phase of
dynamic CT. The RGEA was involved in the tumor. Fur-
thermore, in this case, the celiac axis had severe stenosis.
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There was considerable calcification around the stenosis
of the celiac artery; therefore, the cause of the stenosis
was suspected to be arteriosclerosis. Although the arte-
rial pathway between the proper hepatic artery (PHA)
and the SMA were developed through the GDA, we iden-
tified well-developed collateral flow from the SMA to the
splenic artery (SPA) via the DPA (Fig. 1b). Tumor mark-
ers were elevated, with a CEA of 5.6 ng/ml, and CA19-9
of 706 U/ml. Endoscopic ultrasound-guided fine-needle
aspiration (EUS-FNA) revealed adenocarcinoma. The
patient was diagnosed with advanced pancreatic head
cancer as T2, N1, MO, and Stage IIB, according to the
UICC-TNM classification, 8th Edition [11]. The tumor
had no contact to SMA nor celiac axis, and contact to
SMV was less than 180 degrees. According to NCCN
guidelines, the resectability status would be resectable.
However, we judged this case as unresectable due to the
infiltration of the RGEA, because only this artery sup-
plied arterial blood flow to the gastric conduit. Therefore,
the patient received chemotherapy (nab-paclitaxel plus
gemcitabine for 14 cycles). In our institution, we discuss
the indication of conversion surgery after chemotherapy
in case-by-case situation. In this case after 11 months of
chemotherapy, we planned to perform a pancreaticoduo-
denectomy, because there was neither progression of the
tumor nor distant metastases, CEA decreased to 5.0 ng/
ml and CA19-9 to 344 U/ml, and the patient strongly
requested to receive the operation. For CAS, before per-
forming a pancreaticoduodenectomy, we tried inserting
an endovascular stent for the purpose of securing blood

mass (arrowheads) in the pancreatic head with attachment on the anterior superior pancreaticoduodenal artery (ASPDA). b Celiac artery
stenosis (CAS) and branch from the superior mesenteric artery (SMA) to the splenic artery (SPA) via the dorsal pancreatic artery (DPA) before
pancreaticoduodenectomy
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flow of the PHA when dissecting the GDA during pan-
creaticoduodenectomy. We failed to place the stent due
to severe stenosis, but confirmed blood flow from the
SMA to the SPA via the DPA, which was detected at
MDCT (Fig. 1b).

Next, we planned to reconstruct the RGEA using the
middle colic artery (MCA) during pancreaticoduodenec-
tomy for preserving blood flow of the gastric conduit. We
also planned to revascularize the PHA using the jejunal
artery of the Roux-en-Y loop in case we could not pre-
serve the DPA, which is the collateral pathway from the
SMA to the SPA, or in case of deficient blood flow in
the CHA after division of the PHA or the GDA in spite
of preserving the DPA (Fig. 2). If the root of the GDA is
involved in the tumor, the PHA should be cut and recon-
structed. If the root of the GDA is tumor-free, the GDA is
ligated and divided, and should be reconstructed in case
of insufficient blood flow in the PHA after clamping of
the GDA.

The root of the RGEA showed tumor involvement
on the preoperative CT, and the RGEA was cut at
the marginal site of the remnant gastric conduit dur-
ing the operation. There was no backflow from the cut
end of the gastric conduit side; therefore, it was recon-
structed using MCA microscopically. The RGEV could
be preserved because of its distance from the tumor.
Although the right gastric artery had been preserved
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during esophagectomy in this case, this artery was not
detected at MDCT before PD. Furthermore, during
PD, the right gastric artery was not palpable, and we
divided this artery at the root. Using a supra-colic ante-
rior artery-first approach [12], we dissected the trunk of
the inferior pancreaticoduodenal artery (IPDA) and the
first jejunal artery (J1a). The second nerve plexus of the
pancreatic head (PLph-II) was dissected, preserving the
nerve plexus around the SMA (PL sma). At the lower
edge of the pancreatic body, the DPA, which communi-
cated with the SPA, was identified (Fig. 3a). The gastric
conduit was divided on the oral side of pyloric ring. In
this case, the GDA was confirmed tumor-free intraop-
eratively, and blood flow after clamping of the GDA was
sufficient by color Doppler ultrasonography, suggesting
that the collateral circulation from the SMA to the SPA
via the DPA worked sufficiently. As a result, reconstruct-
ing the PHA was unnecessary (Fig. 2). When the GDA
was divided (Fig. 3b), we confirmed that the tumor had
also invaded the SMV; therefore, we performed a pan-
creatic transection, with en bloc portal vein resection
(20 mm long), and end-to-end reconstruction. The left
branch of the middle colic artery (It. MCA) was used to
reconstruct the RGEA. End-to-end suturing of It. MCA
and RGEA was performed with 9-0 NYLON suture
(CROWNIJUN Inc., Japan) under an operating micro-
scope (Fig. 3b, c). A retrocolic pancreaticojejunostomy, a
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Fig. 2 Operational strategy with celiac axis stenosis after esophagectomy. The continuous line denotes the flow of the actual operation and the
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Fig. 3 Graphic illustration of the operation record. a Right gastroepiploic artery (RGEA) was dissected along with the tumor, and there was

no backflow from the cut end of the gastric conduit side. At the lower edge of the pancreatic body, the dorsal pancreatic artery (DPA), which
communicated with the splenic artery (SPA), was identified. b When the gastroduodenal artery (GDA) was dissected, good blood flow from the
cut end of the side of hepatic arteries was established. ¢ Arterial blood flow in the proper hepatic artery (PHA) was provided from the superior

choledochojejunostomy, and an antecolic gastrojejunos-
tomy were performed, in this order, with a single jejunal
loop. Then, a Braun anastomosis was performed between
the afferent and efferent parts of the jejunal loop, which
were involved in the gastrojejunostomy. Good blood flow
of the remnant gastric conduit was confirmed by ICG-
fluorescence imaging.

The total length of the operation was 598 min and the
total blood loss was 350 ml. A blood transfusion with
280 ml was performed. We did not use antithrombotic
therapy. A minor leakage of the gastrojejunostomy
occurred in day 22. Endoscopy showed no ischemic
change at the gastric conduit, and the case could be
managed conservatively. We judged as functional recov-
ery at day 43, and started S-1. However, the patient
developed minor aspiration pneumonia after starting
S-1, and needed swallowing rehabilitation for a while
and discharged from hospital on postoperative day
90. Postoperative enhanced CT showed that sufficient
inflow was provided from the 1t. MCA to the RGEA,
and sufficient inflow from the SMA to the SPA via the
DPA (Fig. 4). Macroscopically, a 2.8 x3.2x3.0 cm-
sized, ill-circumscribed and whitish mass was seen,
mainly located in the pancreatic head. Microscopically,
the tumor was an invasive ductal carcinoma mainly
composed of moderately differentiated tubular compo-
nents. The carcinoma infiltrated the common bile duct,
duodenum, peripancreatic fat tissue, and portal vein.
Metastasis of the carcinoma to a lymph node (No. 13)
located in the peripancreatic head was found. All surgi-
cal margins of the bile duct, duodenum, and pancreas
were free from carcinoma. The chemotherapeutic effect

Fig. 4 Postoperative MDCT. Postoperative enhanced CT showed
that sufficient inflow was provided from the It. MCA to the RGEA, and
sufficient inflow from the SMA to the SPA via the DPA

determined by pathological observation was Grade Ila
according to the EVANS classification, and Grade 3
according to the CAP classification [13, 14]. The over-
all pathological stage was T3, N1, MO, and Stage IIB,
according to the UICC-TNM classification (Fig. 5a—d)
[11]. Fifteen months after the surgery, the patient was
alive with no recurrence.
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whitish mass (red dot) in the pancreas, invading the portal vein (arrow) and peripancreatic fat. b—d Microscopically, tubular carcinoma was seen
with sclerotic stroma, invading the portal vein (arrows in b and c).[b and d: hematoxylin and eosin stain, c: Elastica van Gieson stain]
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Discussion

Here, we report a successful resection of a locally
advanced pancreatic head cancer in a patient with a his-
tory of esophagectomy and CAS. Both esophagectomy
and CAS are major problems jeopardizing pancreati-
coduodenectomy from the viewpoint of preserving the
blood flow of the residual organs. Modern imaging tech-
nology can offer detailed information on vessel anatomy;
however, a precise diagnosis of tumor infiltration is often
difficult to make. We successfully performed the resec-
tion having prepared multiple surgical options to choose
from based on the intraoperative findings.

In this case, the RGEA showed tumor involvement on
the preoperative MDCT; therefore, there was no choice
of preserving the RGEA. There have been several reports
of successful pancreaticoduodenectomy associated with
esophagectomy (Table 1) [15-34]. The RGEA can be
preserved in patients with non-pancreatic ductal adeno-
carcinoma; however, in two cases, it has been described
as difficult [30, 31]. Inoue et al. reported radical pan-
creaticoduodenectomy with microvascular anastomo-
sis of the cut end of the GDA and RGEA to secure the
arterial blood flow of the gastric conduit [30]. We chose

MCA to reconstruct the RGEA, because we mainly use
MCA to reconstruct left gastric arteries during distal
pancreatectomy with celiac axis resection to preserve
blood flow of the stomach, and we are experienced in
the procedure [35]. Reconstruction of the RGEA using
MCA has also been reported by Okochi et al.[31]. ICG-
fluorescence imaging is helpful to confirm blood flow
in the remnant stomach [36]. Our patient developed
minor leakage at the site of the gastrojejunostomy. It
was thought that the anastomotic leakage was not due
to ischemia, but because the gastric conduit was drawn
into the vertical space creating continuous tension in
the anastomosis. The postoperative CT revealed patency
of MCA-RGEA anastomosis, and upper gastroscopy
revealed no ischemic change around the leaking point or
specific mucosal changes associated with ischemic gas-
tropathy [37].

CAS was another problem in our case. There are many
reports of pancreaticoduodenectomy with CAS. Causes
of CAS could be median arcuate ligament syndrome
(MALS) or atherosclerosis, which remain controversial
[3, 38]. At first, we tried to improve blood flow by placing
a vascular stent as reported by Sakorafas et al. [39]. Due
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to the severe stenosis, it failed to function. CAS results
in the development of major collateral pathways (GDA
or DPA) that arise from the SMA, resulting in the feed-
ing of the CHA branches through retrograde flow via
the GDA or the arc of Buhler [8, 9, 39, 40]. However, in
patients with CAS who have developed a collateral path-
way through the GDA that is sacrificed during pancreati-
coduodenectomy, we must consider how to preserve the
arterial flow of the liver. To prevent ischemia after pan-
creaticoduodenectomy, interventional radiology, arterial
reconstruction, and median arcuate ligament division
surgery have been considered [3, 10, 39, 41-45]. In con-
trast, Oikawa et al. reported a procedure similar to the
present case which identified well-developed collateral
circulation between the SMA and the SPA through the
DPA and dissected GDA with any preoperative inter-
vention or reconstruction in patients with CAS [46]. In
our case, we identified well-developed blood flow from
the SMA to the SPA via the DPA and successfully pre-
served blood flow without reconstructing the PHA.
Some investigators have argued that the division of GDA
during pancreaticoduodenectomy in patients with CAS
does not always result in ischemic complications of the
upper abdominal organs, reporting that only 13-17% of
patients with CAS required arterial reconstruction dur-
ing pancreaticoduodenectomy, because abundant collat-
eral circulation beyond the pancreatic head arcade might
develop between the CA tributaries and SMA tributaries
[1-3]. We had planned to revascularize the PHA using
the jejunal artery of the Roux-en-Y loop in the case of
deficient blood flow in the PHA after dissecting the GDA
(Fig. 2). Fortunately, based on the intraoperative findings,
we were able to preserve blood flow in the hepatic artery
without reconstruction due to the sufficient collateral
blood flow from the SMA to the PHA via the DPA.

Conclusion

In conclusion, we report a successful pancreaticoduo-
denectomy for pancreatic head cancer in a patient with a
history of esophageal resection and CAS. Both history of
esophageal resection and CAS are major problem in pan-
creaticoduodenectomy; therefore, careful planning based
on the MDCT helps ensure a successful surgery.
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