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Introduction: Total pancreatectomy with en-bloc celiac axis resection (TP-CAR) and interposition graft placement
between the aorta and the proper hepatic artery is a technically demanding, very uncommonly performed
operation, even in high-volume pancreatic centers.

Presentation of case: We present, in clinical and technical detail, a patient with locally advanced adenocarcinoma
of the pancreatic body and neck involving the celiac and common hepatic arteries and portal vein, who un-
derwent neoadjuvant chemotherapy and radiation with very good response, followed by TP-CAR and aorto-
proper hepatic artery bypass using saphenous vein graft. The patient had an uneventful intraoperative and
postoperative course, short hospital stay, and histology consistent with a curative resection.

Discussion: TP-CAR with common hepatic artery resection and proper hepatic artery reconstruction in patients
with locally advanced pancreatic body cancer after appropriate neoadjuvant therapy can be performed safely and
be potentially curative in centers with an established track record in advanced pancreatic surgery involving
major peripancreatic vessels.

Conclusion: TP-CAR with proper hepatic artery reconstruction is a rare but potentially curative operation for
selected patients with otherwise unresectable pancreatic adenocarcinoma.

1. Introduction

Celiac artery resection (CAR) in the context of major pancreatectomy
for locally advanced pancreatic cancer (PC), according to the NCCN
criteria (Version 1.2020, 11/26/19), is still a rather uncommon opera-
tion, even in well-established, high-volume pancreatic centers. In two
[1,2] recent multi-institutional studies over 18 and 38 years respec-
tively, the annual number of these cases per pancreatic center is calcu-
lated at 0.4 and 0.5. CAR is most often performed in the course of distal
pancreatectomy (DP), where the arterial supply to the liver relies on the
integrity of the gastroduodenal (GDA) and proper hepatic artery (PHA)
pathway. However, when the tumor extends to and involves the whole

length of the common hepatic artery (CHA) to its bifurcation to GDA and
PHA, or even the GDA itself, then, not only a more extended pancrea-
tectomy is necessary, but also arterial blood should be rerouted to the
PHA more distally. Such cases are very rare in the literature. They
appear as reports of a single patient [3-8], or two patients [9]. Even in
series with a significant number of arterial resections, these particular
types of cases remain rare: one [10], two [11], five [12], seven [13], or
eight patients [14]. Only very recently, a series of at least 33 patients
from the Mayo Clinic [15] was published, in which a rational classifi-
cation of various types of CAR procedures was suggested, depending on
the extent of pancreatectomy and the additional to CAR arterial resec-
tion(s) and reconstruction(s) required. According to this classification,
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CAR associated with CHA resection requiring an interposition graft be-
tween the aorta and the PHA forms Class 2; when associated with total
pancreatectomy (TP), it forms Class 2B.

“Classic” DP-CAR (without PHA revascularization) is generally
associated with significant mortality and morbidity, much higher than
“straightforward” pancreatoduodenectomy, or DP, even in experienced
hands [1,2]. However, with increasing expertise, improved patient se-
lection, universal administration of neoadjuvant chemotherapy (NAC)
and even neoadjuvant radiation, not only perioperative results have
significantly improved, but also survival may extend to 2-3 years
[16-18], or even longer [15].

We hereby present a case of TP-CAR and interposition vein graft
placement between the aorta and the PHA (Mayo Clinic class 2B) with
very good perioperative outcome. To the best of our knowledge, this is
the first such case in our country and one of the very few in the English
literature with the exception of the Mayo Clinic. Written informed
consent was obtained from the patient for publication of this case report
and accompanying images. A copy of the written consent is available for
review by the Editor-in-Chief of this journal on request. This work is
exempt from approval from our institution's ethics committee and has
been reported in line with the SCARE criteria [19].

2. Case report

A 50-year-old woman presented with a four-month history of grad-
ually increasing back pain and a three-month history of new onset non-
insulin dependent diabetes mellitus. She denied abdominal pain, weight
loss, decreased appetite, or other symptoms. She was a nonsmoker,
active, high school teacher with excellent performance status and a body
mass index of 25.2 kg/m? Her past medical history included only
Hashimoto's thyroiditis, managed with thyroxine. She had no family
history of cancer. Physical exam and blood work including liver function
tests (LFTs) and bilirubin were normal. Ultrasonography showed a
tumor in the body of the pancreas. CA 19-9 was 476 u/mL and CEA 10.8
u/mL. Computed tomography (CT) demonstrated a 5 cm low-density
tumor in the neck and body of the pancreas with retropancreatic
extension encasing the common hepatic artery (CHA) for 360° at all its
length, as well as the celiac axis (CA) for 360° sparing 0.7 cm of its origin
from the aorta. In addition, it abutted the anterior and right aspect of the
superior mesenteric artery (SMA) for 210° and 3 cm. It also infiltrated
the splenomesenteric vein junction and the left aspect of the portal vein
(PV) for 2 cm. There was no evidence of liver or peritoneal metastases.
Endoscopic ultrasonography with fine needle aspiration documented
ductal adenocarcinoma. NAC with FOLFIRINOX was initiated and she
completed a six-cycle protocol (twice a month for six months), without
any significant side effects. With NAC completion, CA 19-9 had
decreased to 17 u/mL and CEA to 0.7 u/mL. A month later, neoadjuvant
radiation was administered with further decrease of the CA 19-9 and
CEA to 14 u/mL and 0.4 u/mL respectively. Two months later, CT
documented only slight decrease in the tumor size, but the pattern and
degree of both CA and CHA involvement was unchanged (Figs. 1, 2).
Magnetic resonance imaging ruled out liver involvement and all imaging
was negative for any distant metastatic disease.

Given the overall good condition of the patient, the completion of
every possible neoadjuvant treatment modality, the absence of meta-
static disease, and the pattern of peripancreatic arterial involvement, a
pancreatectomy with arterial resection and reconstruction was planned
(by the first author).

A month later (i.e: 3 months from completion of neoadjuvant radi-
ation and 10 months from diagnosis), the patient was laparoscopically
explored and absence of peritoneal, or omental seeding was secured.
Inraoperative ultrasound ruled out intraparenchymal liver lesions. A
midline incision was then made. The tumor involved the body and neck
of the pancreas extending to the right of the GDA towards the head and
incorporated the CHA, its bifurcation to GDA and PHA, and the GDA. It
also involved CA's trifurcation, as well as the CA itself circumferentially
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Fig. 1. CT (axial and coronal planes): CA bifurcation within tumor.

Fig. 2. CT (axial and coronal planes): CHA bifurcation within tumor.

sort of 5 mm from its origin. The immediate preaortic space between CA
and SMA origins was free of disease, as was the posterior 180° of the
SMA from its origin down. Given the pattern of arterial and parenchymal
involvement, the decision was made to proceed with total pancreatec-
tomy, CAR, resection of all the CHA including the first portion of the
PHA. Arterial blood supply to the liver would be re-established with a
bypass from the aorta to the PHA.

The pancreas, duodenum and spleen were mobilized, the PHA was
extensively dissected, as were the PV and SMV above and below the
pancreas. The supraceliac aorta was dissected for 6 cm and 270, so a
vascular side clamp could be safely and comfortably applied. The SMA
rostral to the lower edge of the pancreas was circumferentially dissected,
as was the origin of the CA. The right major saphenous vein was then
retrieved and a proximal aorto-saphenous vein anastomosis was per-
formed. The PHA was transected 1 cm from its origin and a distal
anastomosis between the vein segment and the PHA followed (Fig. 3).
Ultrasonography confirmed excellent liver arterial flow. The CA was
then ligated and transected at its origin and the pancreas was dissected
off the anterior aspect of the SMA for 3 cm and 210°. Finally, a 3 cm
circumferential segment of the SMV-PV around the splenomesenteric
junction was resected and a primary venous anastomosis was made. The
specimen, including a subtotal gastrectomy, was removed. Dissection
around the gastroesophageal junction had been kept to a minimum, so
that blood supply to the proximal stomach could be enough to prevent a
total gastrectomy. Continuity of the gastrointestinal tract was reestab-
lished with an end-to-side hepaticojejunostomy and an antecolic, iso-
peristaltic side-to-side gastrojejunostomy 40 cm distal to the former.

Estimated blood loss (EBL) was 1800 mL and total operative time
(including anesthesia time) was 710 min. The patient tolerated the
operation very well, was intraoperatively transfused with 3 units of
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Fig. 3. Saphenous vein graft between the supraceliac aorta and the proper
hepatic artery.

packed red blood cells, was transferred to the ICU, where she stayed for
two days and then moved to the her room. Next day's hemoglobin was
8.9 g/dL and increased to 9.6 g/dL by the day of discharge. Her post-
operative course was uneventful, she tolerated full liquids from the third
postoperative day, bowel function resumed in the third day, and pro-
gressed to general diet in the fifth day. Her abdominal drain was
removed and was discharged in the 12th postoperative day in good
condition. At discharge LFTs and bilirubin were normal and CT angio-
gram demonstrated normal patency of the saphenous vein graft. Pa-
thology documented RO resection (margin>1 mm), ypT1cNO ductal
adenocarcinoma, with near-total pathologic response to neoadjuvant
therapy (Tumor Regression Score:1 in Ryan's modified scale 0-3). Two
months postoperatively, she has no abdominal symptoms and tolerates
general diet being dependent on loperamide and insulin. LFTs are
normal. She is fully cognizant that she underwent a very uncommon
operation, which had a very good overall outcome and is about to return
to her previous level of activity.

3. Discussion

Recently, an increasing number of major peripancreatic arterial re-
sections for locally advanced PC, as defined by the NCCN criteria
(Version 1.2020, 11/26/19), especially after NAC, are being reported
[14,20-23]. Among them, CAR has gained the most interest
[1,2,10,13,15,18,24], although, it is still rarely performed, even in well-
established pancreatic centers, where the annual number of CARs varies
between 0.4 and 3.8 [1,2,13,16]. It is only in the last 7 years that the
annual mean number of CARs, in the most prominent of those centers,
has increased to 7.3 [10], or 11.3 [15]. CAR is most commonly per-
formed in the context of DP (DP-CAR) for a locally advanced PC of the
body of the pancreas involving the CA posteriorly. Since the CHA is
resected, hepatic arterial blood supply relies on retrograde flow via the
SMA, pancreaticoduodenal, GDA, PHA route, which has to remain
intact. However, when the body tumor extends more to the right and
involves the CHA bifurcation (to GDA and PHA), the head of the
pancreas and its arterial blood supply ensuring retrograde hepatic
arterial flow cannot be preserved. Arterial blood can then reach the liver
only through an alternative route, which can be provided with a bypass
from the aorta to the PHA.

Such cases represent a very slim subgroup in the published experi-
ence with CARs in the English literature: Eight appear as case reports
[3-9], and 23 as small subgroups within larger studies [10-14], sum-
ming up 31 patients altogether. Recently, the first attempt at CAR
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classification was published [15]. It was based on the largest (90 pa-
tients) single-institution experience with CAR. The classification de-
pends on the pattern of arterial involvement, resection(s) and
reconstruction(s), as well as the extent of pancreatectomy required for a
curative operation. Thus, patients in whom the CHA is resected
including the GDA/PHA take-off and who require an aorto-PHA bypass
are categorized as Class 2 (if the SMA is not involved), or Class 3B (if the
SMA also has to be resected and reconstructed). The authors stated that
they had 33 Class 2 patients, but they did not specify the number of Class
3B patients. This experience of >33 patients is thus higher than all the
rest world experience combined.

Our division has a long-standing dedication to pancreatic surgery
and performs >30 pancreas resections annually. We have been per-
forming pancreatectomies with SMV-PV resection and reconstruction
for several years [25] for borderline and locally advanced PC and we
have moved on to major peripancreatic arterial resections [26]. The case
presented is our first TP-CAR with aorto-PHA bypass (Mayo Clinic Class
2B) and, to the best of our knowledge, the first in Greece. Our patient
was carefully selected: she had excellent performance status, her tumor
and peripancreatic vascular anatomy were scrutinized and had
completed all possible neoadjuvant therapy with very good biologic
response. Her intraoperative course was smooth and her postoperative
course was without complications, such as hemorrhage, gastropathy,
delayed gastric emptying, chylous ascites, or failure to thrive. Steator-
rhea and diabetes were well controlled.

The limited published experience on perioperative mortality of
pancreatectomy, CAR, and aorto-PHA by-pass provides evidence that it
is not high, at 0-7 % [1-6,8-13,15]. EBL may vary from 105 mL to 1250
mL [6,7,11], OR time can be long (660-1035 min) [6,7,11], and hos-
pitalization extended: 16 [4], 19 [3], 30 [8], 49 [12], 73 [6], or 92 [7]
days. Major complications, such as liver infarction [7], chylous ascites
[4,11], and others are common (38-53 %) [13-15], often necessitating a
reoperation [4,11,13,14]. Although our patient had a higher EBL, her
operative time, hospital stay and total absence of complications compare
favorably to the literature. Concomitant SMV-PV resection and recon-
struction, as with our patient, is common (66-73 %) [13,15] due to the
locoregional extent of the tumor.

Various types of conduits have been used for the aorto-PHA by-pass:
saphenous vein [4,6,11,14], as in our patient, middle colic artery [3,8],
jejunal artery [7,12], iliac artery [10], transposed splenic artery [9],
cadaveric cryopreserved arterial graft [14,15], or native femoral artery
[15], but there is no comparative evidence among them. With TP-CAR,
where the left and right gastric arteries and the gastroepiploic artery are
all resected, it seems safer to proceed with total gastrectomy, as is al-
ways the case in the largest such series [15]. However, if the dissection
around the gastroesophageal junction is kept to a minimum and the
lower esophageal vasculature preserved, a subtotal gastrectomy is
feasible [4,9,11,12], as in our patient. This gastric remnant preservation
may prove nutritionally significant, especially in patients with exocrine
insufficiency after TP. Our patient never complained postoperatively of
any symptom that might allude to gastric pathology and upper endos-
copy was not performed.

With NAC, survival has been reported at 2 [4,6,11], 3 [7,11], or 5
years [8]. Granted these patients are very highly selected and there is an
inherent positive bias in their outcome, there is accumulating evidence,
from larger cohorts, that survival after major arterial resection may
actually reach a little sort of 4 years (44 months), especially in patients
with good biologic response to neoadjuvant treatment modalities, i.e.
normalization of CA 19-9 preoperatively and “major pathologic
response” [15]. This is in distinction to the limited survival of 14, or 18
months when NAC is scarce [14], or not uniform [13] respectively.

In summary, we presented a patient with locally advanced PC of the
body of the pancreas involving the CA, CHA and GDA, who underwent
TP-CAR with a saphenous vein graft between the supraceliac aorta and
the PHA, an operation very rarely performed because of its unique
oncologic, anatomic and technical features. Our patient had a curative
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resection, excellent postoperative course and recovery, and very good
pathologic response reflecting the optimal possible outcome in pub-
lished experience.
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