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Abstract. Background/Aim: Pancreatic cancer remains
asymptomatic for a long period of time, being frequently
diagnosed when vascular invasion is already present. Such
cases are widely known as borderline lesions. The aim of this
study was to identify the effectiveness of vascular resection in
this subgroup of patients. Patients and Methods: Fifteen such
cases were submitted to surgery with curative intent. Results:
Eight cases were diagnosed with borderline resectable lesions
with portal vein invasion and were submitted to per primam
resection and seven cases were initially diagnosed with
arterial invasion and had been initially submitted to
neoadjuvant chemotherapy followed by resection. In all cases
portal vein resection was needed while in other four cases
association of superior mesenteric artery resection was
performed. Postoperatively, five patients developed
complications requiring reoperation, three of whom died at
the end of the first postoperative month. The histopathological
studies confirmed the completeness of resection in all cases.
Conclusion:
resections remain demanding procedures, and are reserved for
cases in which a radical resection is feasible.

Vascular resections in pancreatic cancer

Pancreatic cancer remains one of the most aggressive
malignancies affecting people worldwide, which is
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unfortunately associated with poor rates of survival. Data
reported so far demonstrate that in the absence of surgery,
patients with pancreatic cancer will survive only few months
after diagnosis (1, 2); however, in cases in which surgery
with curative intent is feasible a significant benefit in terms
of survival can be achieved, the five-year overall survival
being 20-25% (2, 3). Unfortunately, at this moment only 15-
20% of cases are candidates for upfront surgery when
diagnosis is established, and this proportion has been rather
constant for decades (2).

Once the benefit of radical surgery was demonstrated, the
attention of surgeons focused on increasing the rates of
patients who will benefit at a certain moment from surgery
with curative intent. In the meantime, improvement of the
surgical techniques and of the perioperative management of
these patients as well as the experience gained by surgeons
after performing complex procedures of hepatobiliary
surgery and liver transplantation provided the possibility of
adjusting certain gestures of vascular resection in pancreatic
surgery. Therefore, more complex procedures have become
feasible and otherwise unresectable pancreatic tumors have
been submitted to resection with curative intent (4-12).

These types of pancreatic tumors are widely known as
borderline resectable pancreatic malignancies; this notion
includes both anatomical and oncological factors. The
anatomical factors are related to the encasement of venous
structures such as the portal vein or the superior mesenteric
vein and/or arterial structures such as the celiac trunk, the
superior mesenteric artery or the common hepatic artery (13-
16). The oncological factors are rather related to the
positivity of the lymph nodes or to the presence of increased
levels of CA 19-9 (beyond a certain threshold). In anatomical
borderline resectable cases, although initially it was
considered that surgery is not feasible, in the last decades
resection has suggested with curative intent. Nowadays, in
such cases the therapeutic strategy might consist of per
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primam resection or neoadjuvant chemotherapy followed by
resection. The objective of the present study was to present
a case series of 15 patients submitted to surgery as first
intent treatment or after neoadjuvant chemotherapy.

Patients and Methods

Between 2013 and 2017, 15 patients with anatomical borderline
pancreatic tumors have been submitted to surgery with radical
intent. The patients were included in the present study after
obtaining the approval of the Ethical Committee (no 44/2018). The
local extension of the tumoral process was determined by using
objective criteria given by the magnetic resonance imaging and
computed tomography; according to these information, anatomical
borderline resectable lesions were defined by the following criteria:
(a) more than 50% reduction in the diameter of the venous
structures — portal vein alone or in association with superior
mesenteric vein or short length of occlusion of a venous segment,
suitable for resection and reconstruction, (b) less than 180 degrees
encasement of the superior mesenteric artery, (c) abutment of the
celiac trunk or of the common hepatic artery but in the absence of
the extension at the level of the celiac axis or common hepatic
artery bifurcation (17). Criteria of initially unresectable pancreatic
head cancer were related to the presence of a greater than 180
degrees encasement of the superior mesenteric artery or celiac trunk.
In these cases, neoadjuvant chemotherapy for decreasing the
tumoral volume followed by surgery was the option of choice.

Postoperative complications were classified according to the
Clavien-Dindo system (18) and to the International Study Group of
Pancreatic Surgery (19).

Results

Among the 15 cases there were eight cases submitted to per
primam resection while in the other seven cases neoadjuvant
chemotherapy consisting of 5-fluorouracil, leucovorin,
irinotecan and oxaliplatin (FOLFIRINOX) was administrated.
Decision to submit the patient to per primam surgical
procedure or to neoadjuvant chemotherapy followed by
resection was taken after studying the imaging details; patients
presenting limited portal vein invasion were submitted to
surgery as the first therapeutic intent, while patients presenting
both venous and arterial invasion were submitted to
neoadjuvant chemotherapy. However, among cases in which
arterial resection had not been seen during preoperative
examination, there were two cases in which intraoperatively a
limited degree of superior mesenteric artery invasion was
encountered. In both cases resection with curative intent was
performed, the continuity of the superior mesenteric artery
being re-established by direct reimplantation at the level of the
abdominal aorta. As for the type of pancreatic resection, in the
first case a pancreatoduodenectomy was performed; however,
the patient developed a pancreatic leak which eroded the
arterial reimplantation leading to the development of a
fulminant bleeding that led to the death of the patient during
the early postoperative period. In consequence, in the other
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case, in which intraoperative invasion of the superior
mesenteric artery was found, we decided to perform a total
pancreatectomy followed by superior mesenteric artery
reimplantation.

In all cases in which neoadjuvant chemotherapy was
administrated re-staging at the end of the neoadjuvant
chemotherapy was performed in order to evaluate the
tumoral response. The imaging studies confirmed the
absence of distant tumoral progression as well as the partial
response to chemotherapy — partial regression of the tumor
in all cases. However, in all cases a degree of vascular
invasion was still present, so vascular resection was needed
in all eight cases. Among patients submitted to neoadjuvant
chemotherapy followed by resection, the surgical procedure
was performed after a median interval of 45 days after
ending the oncological systemic treatment. Portal vein
invasion was still present in all cases but significantly
diminished under chemotherapy so the patients were
considered eligible for resection with curative intent.
Intraoperatively, the persistence of the superior mesenteric
artery invasion was encountered in two cases; however, due
to the fact that arterial invasion was limited, resection with
curative intent was performed in both cases.

When it comes to the type of surgery, it consisted of standard
pancreatoduodenectomy in nine cases, pylorous preserving
pancreatoduodenectomy in three cases and total pancreatectomy
in the remaining three cases. Clinicopathological data of the
resected patients are shown in Table I.

As for the completeness of resection, in all cases an RO
resection was demonstrated by the histopathological studies.
Moreover, in nine of the 15 cases the tumoral involvement
of all the portal vein layers was demonstrated by the
microscopic analysis, while in two of the four cases the
arterial microscopic invasion was also found.

Regarding postoperative outcomes, five of the 15 patients
developed postoperative  pancreatic  surgery-related
complications which consisted of the development of
pancreatic leaks in three cases and postoperative hemorrhage
in two cases. Details of the patients who developed
postoperative complications are shown in Table II.

As shown in Table II, the postoperative complication rate
was 33% while the postoperative mortality rate was 20%.

Discussion

Despite the recent advantages reported in the field of medical
oncology, pancreatic tumors are still associated with poor
long-term outcomes, especially in cases diagnosed with
pancreatic adenocarcinomas (12, 20-22). At the moment,
pancreatic cancer represents the fourth cause of cancer-
related death in developed countries worldwide and is
expected to become the second cause of cancer-related
deaths by the year of 2030 (23).
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Table 1. Clinicopathological data of the resected patients.

Variable

Per primam resection (8 cases)

Neoadjuvant chemotherapy
followed by resection (7 cases)

Age (years, median)
Gender
Male
Female
Type of surgery:
Standard pancreatoduodenectomy
Pylorous preserving pancreatoduodenectomy
Total pancreatectomy
Venous resection
Portal vein resection
Arterial resection
Superior mesenteric artery resection
Length of surgery (minutes, median)
Hospital stay (days, median)
Postoperative pancreatic surgery related complications:
Pancreatic leaks
Postoperative hemorrhage
Postoperative death

43 years (38-53 years)

280 minutes (240-360 minutes)

45 years (41-56 years)

5 cases 4 cases
3 cases 3 cases
5 cases 4 cases
2 cases 1 case
1 case 2 cases
8 cases 7 cases
2 cases 2 cases

320 minutes (260-400 minutes)
10 days (7-31 days) 12 days (8-29 days)
1 2
1 1
1 2

Although initially it was considered that the presence of
vascular invasion was a sign of an unresectable lesion, this
myth was destroyed once it was demonstrated that pancreatic
resections en bloc with vascular resections can be safely
performed and the long-term outcomes are similar to cases
submitted to pancreatic resections in the absence of vascular
resections. In the meantime, the concept of downstaging the
lesion by neoadjuvant chemotherapy alone or in association
with radiotherapy also increased the number of cases who
benefited from radical surgical procedures (24, 25).

Therefore, attention has been focused on improving the
surgical techniques in order to achieve the resectability of a
higher number of patients diagnosed with locally advanced
pancreatic lesions. This fact has been achieved by improving
the surgical techniques, the perioperative outcomes as well
as the preoperative neoadjuvant protocol.

In this respect, a significant benefit was achieved once the
FOLFIRINOX protocol was introduced. This protocol
consists of systemic administration of 5-fluorouracil,
leucovorin, irinotecan and oxaliplatin and seems to increase
the rates of resectability and, in the meantime to decrease the
rates of lymph node positivity, perineural invasion and
postoperative morbidity (26, 27).

When it comes to the therapeutic decision in borderline
resectable lesions of the pancreatic head, they might consist
of per primam surgical resection or chemotherapy followed
by resection. While in cases in which only venous resection
is diagnosed preoperatively surgery with curative intent
consisting of pancreatic and venous resection and
reconstruction might be considered, cases presenting both

arterial and venous invasion can be considered as candidates
for per primam surgery or for neoadjuvant chemotherapy
followed by surgery. However, if arterial invasion is not
suspected preoperatively and is discovered only at the time
of surgery the decision should be taken according to the local
anatomy and to the experience of the surgical team. In such
cases, no clear recommendation is given, and the options of
choice are to continue the procedure by performing an
extended resection involving the arterial invaded segment or
to postpone surgery, not resect the tumor and to submit the
patient to neoadjuvant chemotherapy followed by
consecutive surgical re-exploration (3, 28, 29).

In regards to the surgical options of venous reconstruction
after portal vein resections, four types of reconstruction have
been reported so far; the first type is addressed for tangential,
limited invasion and consists of tangential resection followed
by direct suturing, the second situation is represented by the
same type of resection followed by venous reconstruction by
using a patch, the third situation is represented by a
circumferential resection followed by direct anastomosis while
the fourth situation consists of circumferential resection and
graft interposition (3, 30, 31). In our cohort, five patients were
submitted to the first type of reconstruction, seven patients
were submitted to the third type of reconstruction and three
cases were submitted to the fourth type.

As for arterial involvement, tumoral infiltration of these
structures should be considered as a sign of an extremely
aggressive lesion and the decision of performing an arterial
resection should be tailored to each patient. The decision of
performing this type of resection should be taken based on
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Table II. Postoperative complications after pancreatic resections.

Patient Age  Neoadjuvant Type of Clavien — Type of Management Short term
chemotherapy surgery Dindo grade  complication outcomes
1 45 Yes Standard pancreatoduodenectomy, 3 Pancreatic Conservative Discharged
portal vein resection leak management, in the 29th
and reconstruction drain placement postoperative day
2 48 No Standard pancreatoduodenectomy, 5 Postoperative Re-operation Died in the
portal vein resection and hemorrhage in day 3 — fourth
reconstruction, superior mesenteric hemoperitoneum post-reoperation
artery resection and reinsertion day
in the abdominal aorta
3 44 Yes Standard pancreatoduodenectomy, 5 Pancreatic Reoperation, Death in the
portal vein resection and leak totalisation of 18th
reconstruction, superior pancreatectomy, postoperative
mesenteric artery resection multiple organ day
and reimplantation dysfunction, death
4 51 No Pylorus preserving 3 Pancreatic Conservative Discharged in
pancreaticoduodenectomy, leak management the 31th
portal vein resection postoperative day
and reconstruction
5 56 Yes Standard pancreatoduodenectomy, 5 Postoperative Reoperation, Death in the
portal vein resection hemorrhage multiple organ eight

and reconstruction

dysfunction, death  postoperative day

the extent of the arterial involvement as well as on the
clinical and biological status of the patient (3). In cases in
which the preoperative investigations do not show the
presence of an arterial invasion but indirect signs pointing to
this invasion might be identified (related to the dimensions
and location of the tumor) most authors propose performing
an artery first approach in order to avoid reaching a point of
no return situation during the surgical procedure (32-34).
As for the role of neoadjuvant chemotherapy, it has been
widely demonstrated that no neoadjuvant chemotherapy
should be performed in cases presenting borderline
resectable lesions with venous invasion. In such cases, the
International Study Group of Pancreatic Surgery decided for
up front resection followed by adjuvant chemotherapy (35).
In the meantime, in cases presenting clear data suggesting
the presence of arterial invasion, neoadjuvant chemotherapy
might be beneficial in order to diminish the tumoral volume
and to provide the chance to perform a radical procedure.
Moreover, the response to neoadjuvant chemotherapy can
give certain information in regard to the biology of the
tumor, cases presenting an aggressive biology of the lesion
reporting more often a poor response to chemotherapy (35).

Conclusion

Vascular resections might increase the rates of radical surgery
in patients with pancreatic head tumors and vascular invasion.
However, the decision of performing up front surgery or
neoadjuvant chemotherapy followed by surgery should be
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taken in regard to the extent of the tumor and the invasion of
the venous and arterial structures. While in cases presenting
limited portal vein resection surgery should be routinely
performed, in cases in which arterial invasion is encountered,
a tailored approach to each case should be proposed.
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