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INTRODUCTION:  Distal  pancreatectomy  with  en  bloc  celiac  axis  resection  (DP-CAR)  is  an  operation  tech-
nically  demanding,  uncommonly  performed,  even  in  high-volume  pancreatic  centers,  which  may  offer
a curative  resection  in  patients  with  locally  advanced  cancer  of  the  body  of  the  pancreas,  otherwise
considered  unresectable.
PRESENTATION  OF  CASE:  We  present,  in  clinical  and  technical  detail,  a patient  with  DP-CAR  with  a  very
good  intraoperative  and  postoperative  course,  no  complications,  short  hospital  stay,  and  histology  con-
sistent with  a curative  resection.
DISCUSSION:  Because  of  the  scarcity  of DP-CAR,  even  high-volume  individual  centers  have  been  able  to
Locally advanced pancreatic cancer
Celiac axis resection
Distal pancreatectomy
DP-CAR
Hepatic artery resection
Appleby operation

gather  relatively  limited  experience,  and  only  in  a time  frame  of more  than  a decade  each.
CONCLUSION:  DP-CAR  can  be curative  for a minority  of  patients  with  pancreatic  adenocarcinoma  and  is
performed  only  in centers  with  a long,  dedicated  interest  in advanced  pancreatic  surgery  with  a well-
known  track  record  in  resection  of  borderline  and  locally  advanced  pancreatic  cancer  involving  major
peripancreatic  veins.

©  2020  Published  by  Elsevier  Ltd  on behalf  of  IJS  Publishing  Group  Ltd.  This  is  an  open  access  article
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1. Introduction

Distal pancreatectomy associated with celiac axis resection (DP-
CAR) for locally advanced pancreatic cancer (PC), according to
the NCCN criteria (Version 1.2020, 11/26/19), is a very uncom-
mon  operation, even in well-established, high-volume pancreatic
centers. In a recent multi-institutional study, the cumulative expe-
rience of 23 hospitals (2000–2017), added up to 191 patients [1].
A meta-analysis, involving mostly Japanese centers, provided data
on 283 patients from 18 studies over 38 years [2]. In either of these

two large studies the annual number of DP-CAR per hospital is cal-
culated at 0.4 or 0.5. Of course, in very high-volume centers, the

Abbreviations: CA, celiac axis; CHA, common hepatic artery; CT, computed
tomography; DP-CAR, distal pancreatectomy with celiac axis resection; EBL, esti-
mated blood loss; GDA, gastroduodenal artery; ICU, intensive care unit; LFTs, liver
function tests; NAC, neoadjuvant chemotherapy; PC, pancreatic cancer; PHA, proper
hepatic artery; PV, portal vein; SMA, superior mesenteric artery; SMV, superior
mesenteric vein.
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nnual number is certainly higher and varies between 2.5 and 3.8
1,3].

DP-CAR is generally associated with significant mortality and
orbidity, much higher than “straightforward” pancreatoduo-

enectomy, or DP, even in experienced hands. Mortality is reported
round 10% [1,2,4,5] and varies between 3.5% and 18% [3,6–9],
lthough nil mortality has also been documented [10–12]. Median
urvival after DP-CAR is generally less than 20 months [1,2,4,6], but
his may  reflect older experience before neoadjuvant chemother-
py (NAC) was the rule for locally advanced PC. When NAC is
dministered, median survival may  increase to 2–3 years [3,7,9].
ecause DP-CAR is only sporadically performed and individual
xperience is limited, an orchestrated international effort by highly
espected pancreatic surgeons [13] was made, so that safe and
vidence-based guidelines for the indications, contraindications,
anagement algorithms, and technicalities for this operation can

e formed for wider application.
We hereby present a case of DP-CAR with excellent periop-

rative outcome. To the best of our knowledge this is the first

P-CAR in our country. Written informed consent was obtained

rom the patient for publication of this case report and accompany-
ng images. A copy of the written consent is available for review by
he Editor-in-Chief of this journal on request. This work is exempt

s an open access article under the CC BY-NC-ND license (http://creativecommons.
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from approval from our institution’s ethics committee and has been
reported in line with the SCARE criteria [14].

2. Case report

A 74-year-old man  presented with a two-month history of mild-
to-moderate upper abdominal pain and a five-month history of
new onset non-insulin dependent diabetes mellitus. He denied
back pain, weight loss, decreased appetite, or other symptoms.
He was a younger-looking, nonsmoker, active, busy professional
with excellent performance status and a body mass index of 27.1
kg/m2. His past medical history included only hypertension, easily
controlled with one medication. He had no family history of can-
cer. Physical exam and routine blood work including liver function
tests (LFTs) and bilirubin were normal. Ultrasonography showed
an “abnormality” in the body of the pancreas. CA 19-9 was <1.2
u/mL and CEA was 22 u/mL. Computed tomography (CT) demon-
strated a 4 cm low-density tumor in the body of the pancreas with
retropancreatic extension engulfing the common hepatic artery
(CHA) for 360◦ from its origin for a length of 3 cm,  as well as the
celiac axis (CA) for 360◦ sparing 0.5 cm of its origin from the aorta.
The superior mesenteric artery (SMA), superior mesenteric vein
(SMV), portal vein (PV), and the splenomesenteric vein junction
were free of tumor. There was no evidence of liver or peritoneal
metastases. Endoscopic ultrasonography with fine needle aspira-
tion documented ductal adenocarcinoma. NAC was  initiated with
FOLFIRINOX, but he was unable to tolerate more than four cycles
(twice a month for four months), due to excessive degree of throm-
bocytopenia resistant to the appropriate and standard treatment,
as well as significant decrease of his performance status. Neoadju-
vant radiation was suggested, but the patient declined. Three weeks
after NAC was discontinued, CT documented only slight decrease
in the tumor size, but the pattern and degree of both CA and CHA
involvement was unchanged (Figs. 1 and 2). Magnetic resonance
imaging ruled out liver involvement and all imaging was  negative
for any distant metastatic disease. CEA level had decreased to 9
u/mL and CA 19-9 remained undetectable.

Given the overall good condition of the patient, his inability to
complete NAC, the absence of metastatic disease, and the pattern
of peripancreatic arterial involvement, a DP-CAR was  planned (by
the first author). To verify the patency of the SMA-PHA collateral,
an angiography was performed with bilateral femoral access, test
occlusion of the CHA and contrast injection through the SMA. After
a satisfactory collateral network was documented, the CHA was
embolized with coils until stasis. Special attention was  paid in order
to leave at least 1 cm of distal CHA free of coils for surgical manip-
ulations. LFTs doubled initially, but came back to normal four days
post-embolization.

Two weeks later, the patient was laparoscopically explored and
absence of peritoneal, or omental seeding was secured. Inraopera-
tive ultrasound ruled out intraparenchymal liver lesions. A bilateral
subcostal incision was made. Interestingly, the GDA was  unusually
larger in diameter and had a very full and strong pulse. Normal
flow in the PHA and minuscule flow in the CHA were recorded
with doppler ultrasound. The anterior aspect of the SMA was  dis-
sected taking special care not to compromise its right aspect, where
the pancreaticoduodenal artery(ies) takes off to eventually form
the inflow of the GDA. The CHA was ligated and transected 1 cm
proximal to the take-off of the GDA, the neck of the pancreas was
dissected free from the SMV-PV and then transected, the inferior
and posterior aspects of the body and tail of the pancreas were

mobilized, as well as the spleen, so eventually the whole specimen
was dependent upon only the CA. The left gastric artery was lig-
ated 1 cm after its take-off from the CA. The gastroepiploic vascular
arcade had been carefully preserved and dissection around the gas-

a
2
T
i

400
PEN  ACCESS
International Journal of Surgery Case Reports 76 (2020) 399–403

roesophageal junction had been kept at a minimum, so that blood
upply to the stomach would be sufficient. The anterior, left and
ight aspects of the aorta were identified, the origin of the CA was
issected circumferentially and was  found to be macroscopically

ree of tumor for 8 mm  (Fig. 3). The CA was  suture-ligated at 3 mm
rom its take-off and the specimen removed. Estimated blood loss
EBL) was  1200 ml  and total operative time (including anesthesia
ime) was 510 min. The patient tolerated the operation very well,
as intraoperatively transfused with one unit of packed red blood

ells, was extubated in the operating room, did not require ICU
tay and was  transferred to his room. Next day’s hemoglobin was
.5 g/dL and remained stable throughout his hospitalization. His
ostoperative course was  uneventful, he tolerated full liquids from
he first postoperative day, bowel function resumed in the second
ay, and progressed to general diet in the fourth day. His abdominal
rain was  removed and was discharged in the sixth postoperative
ay in good condition. LFTs and bilirubin were normal at discharge.
athology documented R0 resection (margin>1 mm),  ypT1cN0 duc-
al adenocarcinoma. One month postoperatively, the patient has no
bdominal symptoms, tolerates general diet, has loose stool twice
aily (requiring loperamide), his diabetes is unchanged and LFTs are
ormal. He is fully cognizant that he underwent a very uncommon
peration, which had a very good overall outcome and is about to
eturn to his previous level of activity and adhering to the standard
ollow-up protocol.

. Discussion

CA resection, first performed by Appleby [15] for locally exten-
ive gastric carcinoma, has become one of the new frontiers in
odern pancreatic surgery, so that curative resections can be per-

ormed for locally advanced cancer of the body of the pancreas,
s defined by the NCCN criteria (Version 1.2020, 11/26/19). DP-
AR had been anecdotally performed for several years, but only
ver the last decade studies with more than single-digit number
f patients have been published. This is probably not only because
f the scarcity of patients suitable (anatomically and oncologically)
or DP-CAR, but also because this operation is technically highly
emanding and associated with significant morbidity and mortal-

ty.
Our division (led by the first author) has a long-standing dedi-

ation to pancreatic surgery and performs more than 30 pancreas
esections annually. We have been performing pancreatectomies
ith SMV-PV resection and reconstruction for several years [16]

or borderline and locally advanced PC and we  have moved on to
ajor peripancreatic arterial resections. The case presented is our

rst DP-CAR and, to the best of our knowledge, the first in Greece.
ur patient was  carefully selected, in that he had excellent per-

ormance status, his tumor and peripancreatic vascular anatomy
ere scrutinized and had completed all possible NAC that he could

olerate. His intraoperative course was  smooth, he did not require
CU monitoring and care, his postoperative course was remarkably
wift with no complications, such as hemorrhage, pancreatic fistula,
astropathy, delayed gastric emptying, chylous ascites, diarrhea, or
ailure to thrive.

We  chose to perform preoperative CHA embolization to pre-
ondition the liver in arterial blood supply solely via the GDA, as is
he rule in some centers [9,13,17]. Indeed, at exploration we found
hat the GDA was  unusually wider and the blood flow through the
HA was  normal. However, preoperative CHA embolization is not
erformed in several other high-volume pancreatic centers [13]. In
 recent comparative study [7], no advantage was documented in
3 patients with CHA embolization before DP-CAR over 8 without.
hese authors proved that liver ischemia after DP-CAR developed

n patients with GDA/PHA stenosis usually after operative dissec-
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Fig. 1. CT (axial and sagittal planes): Tumor around CA.

Fig. 2. CT (axial and sagittal planes): Tumor around the bifurcation CHA-splenic artery.
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mented between 1000 and 1550 ml  [1–3,11] and 29–67% of patients
receive at least one blood transfusion perioperatively [1,3–5,11].
Fig. 3. CA take-off dissected free.

tion of the tumor located too close to the GDA, which needed to be
dissected off of it, but was not related to lack of preoperative CHA
embolization. In our case, we took special care to stay away from
the GDA, which was ligated 1 cm proximal to its take-off from the
CHA (Fig. 4) and indeed, there was no liver compromise, as reflected
in the normal LFTs and bilirubin postoperatively. In the literature,
liver ischemic complications vary a lot: 0–62% [1,2,4,7,11,17,18],
but seem to be around 20% in the larger studies [1,4,7]. Ischemic
gastropathy is also not infrequent, ranging from nil [11,18] to 29%
[9], but generally occurs in around 10% of patients [1,2,12,17]. Few
authors emphasize the need for preservation, or reconstruction of
the left gastric artery [17–19], whereas most others have not found
the need for it. Our patient never complained postoperatively of

any symptom that might allude to gastric pathology and upper
endoscopy was not performed.

O
o

401
ig. 4. CA and CHA ligated and transected. Note 1 cm CHA remnant proximal to GDA
ake-off.

Postoperative pancreatic fistula (grade B/C) is a rather fre-
uent complication after DP-CAR ranging from 10% [5] to 55–58%
7,9], but most commonly around 20–30% [1–4,11]. In general,
lavien-Dindo > 3 complications are common: 25–41% [3,6,7,9,17]
nd certainly more frequent compared to DP alone [5]. Postopera-
ive 30-day mortality is significant in all studies: 3.5–10% [4–6,9,17]
nd 90-day mortality even higher: 7–16% [1,3–5,7]. Either is very
uch higher than the respective mortality after DP alone, or pan-

reatoduodenectomy without vascular resection/reconstruction in
enters of excellence. The reported median LOS is rather long
round 20 days [2,4,11,17], not uncommonly over 30 days [7,9,18],
nd only rarely around 10 [3,5]. EBL for DP-CAR has been docu-
ur patient had uneventful recovery, had EBL of 1200 ml,  received
nly one unit of blood, had stable hemoglobin postoperatively, did
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not suffer any postoperative complication, and was discharged in
good condition on the sixth postoperative day, all of which compare
favorably to the published experience. R0 resection rate is much
lower after DP-CAR compared to usual pancreatoduodenectomy
or DP in centers of excellence and varies between 42% and 75%
[1–3,6,7,17], which may  in part reflect the absence of NAC in such
studies covering a period of over two decades. Indeed, when NAC
is the rule, R0 resection may  increase to 80% [3], as in our case.

In summary, we presented a patient with locally advanced PC of
the body of the pancreas involving the CHA and CA, who  underwent
DP-CAR, an operation rarely performed because of its unique onco-
logic, anatomic and technical features. Our patient had a curative
resection, excellent postoperative course and recovery, reflecting
the optimal possible outcome in published experience.
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