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1 | INTRODUCTION
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Abstract

Background: Portal vein resection and reconstruction in locally advanced pancreatic
cancer represents a potentially curative treatment in selected patients without in-
creasing surgical mortality. However, vascular reconstruction after segmental ve-
nous resection is challenging. The parietal peritoneum has emerged as a venous
substitute but few reports include its use as a tubular graft. We report a retro-
spective series of portal vein reconstruction using a falciform ligament tubular graft
during pancreaticoduodenectomy.

Material and Methods: Technical aspects and short-term morbidity and mortality
after pancreaticoduodenectomy with falciform ligament tubular graft interposition
were analyzed.

Results: Among 21 patients who used parietal peritoneum for venous substitution
between 2015 and 2019, eight underwent pancreaticoduodenectomy with venous
resection and reconstruction using interposition of falciform ligament tubular graft.
The mean duration of surgery and clamping time were 350 and 27 min, respectively.
No perioperative blood transfusion was required. All the grafts were patent the day
after surgery. No complication related to venous obstruction was detected during
the hospital stay. Two patients had postoperative pancreatic fistula. No further
intervention was needed. The 90-day mortality was null.

Conclusions: The use of interposition of falciform ligament tubular graft for portal
venous reconstruction during pancreaticoduodenectomy seems to be a reliable, in-

expensive, and safe procedure.
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surgical mortality and provides better long-term survival than other
palliative treatments in specialized centers.’~” Venous reconstruction

Surgical resection is the only curative option for patients with pan-
creatic cancer. Extended procedures with en bloc vascular resection
have been used to increase the resectability and achieve a better
prognosis in locally advanced pancreatic cancers. Resection of the
involved portal vein (PV) or superior mesenteric vein (SMV), most
commonly during pancreaticoduodenectomy (PD), does not increase

can be performed by lateral venorrhaphy or tangential patch, or end-
to-end anastomosis, after lateral or short segmental venous resec-
tions, respectively. However, vascular reconstruction can be chal-
lenging after more extensive PV/SMV resection, requiring a tubular
graft interposition.® A range of materials, synthetic or biological, has
been used as venous substitutes. Tubular graft options include
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synthetic grafts (such as polytetrafluoroethylene—PTFE), autologous
veins (such as left renal, saphenous, iliac, and internal jugular veins),
cadaveric veins cryopreserved, and bovine pericardium.®~** Main
concerns with the use of these sources include the risk of graft in-
fection (mainly in synthetic grafts) and the need for additional inci-
sions or visceral dissection to harvest autologous veins. Also, in cases
where venous resection was not predicted preoperatively some of
these options may not be promptly available. Additionally, long-term
anticoagulation is usually required. The use of autologous parietal
peritoneum had been proposed as an advantageous option of venous
substitute since it avoids all the cited concerns. Thus, autologous
parietal peritoneum has been more frequently used for venous re-
construction in abdominal surgery, mainly as lateral patches for in-
ferior vena cava and PV/SMV repair with encouraging results.”> *®
However, few cases of autologous parietal peritoneum for tubular

d.*?° After our initial experi-

graft interposition have been reporte
ence with inferior vena cava reconstructions”* using different grafts
of parietal peritoneum—peritoneo-fascial graft (parietal peritoneum
backed by posterior rectus sheath) and nonfascial parietal perito-
neum (harvested from falciform ligament or other sites), our group
standardized the use of falciform ligament tubular graft for PV/SMV
reconstruction whenever graft interposition was needed. This study
reports a series of patients in whom autologous falciform ligament
was used as tubular graft interposition during PD with en bloc

PV/SMV resection.

2 | METHODS
2.1 | Patients

A retrospective study in a tertiary referral center for pancreatic
surgery. All patients who underwent PD with concurrent PV/SMV
resection and reconstruction using falciform ligament tubular graft
were evaluated. Patients were operated on by the same surgical
team. Since 2015 parietal peritoneum is considered the first option
for all patients requiring venous patches during abdominal surgeries.
During this period, 10 tubular grafts (9 for superior mesenteric-PVs
and 1 for inferior vena cava reconstruction) and 11 lateral patches
(7 for inferior vena cava, 2 for PV, and 2 for middle hepatic vein
reconstruction) were used. Our first two peritoneal tubular grafts
(one for PV and another for inferior vena cava reconstruction) were
peritoneo-fascial backed by the posterior rectus sheath. Following
this initial experience, we made eight additional tubular grafts
using the falciform ligament. The use of falciform ligament is
described here.

All patients had the diagnosis of nonmetastatic locally advanced
ductal adenocarcinoma of the pancreatic head and received neoad-
juvant chemotherapy with irinotecan/oxaliplatin or gemcitabine-
based protocols for 2-3 months.

The study was previously approved by the institutional ethics
committee and registered online (www.plataformabrasil.com; CAAE:
19718819.6.0000.5343)

2.2 | Surgical procedures
2.21 | Resection

A Whipple procedure with en bloc PV/SMYV resection was performed in
all cases. After the need for graft interposition was defined (segmental
PV/SMV resection of 3 cm or greater), the parietal peritoneum (falciform
ligament) harvesting was carried out and the tubular graft was fashioned.
Only after the surgical specimen had been completely dissected and at-
tached merely to the PV and SMV venous clamping and sectioning of the
veins for final resection of the specimen were performed.

2.2.2 | Graft harvesting and venous reconstruction

Harvesting of falciform ligament peritoneum is started by sectioning the
round ligament close to the anterior abdominal wall. Then the falciform
ligament is sectioned close to the round ligament and the liver par-
enchyma to the triangular ligaments. The falciform ligament is later sec-
tioned close to the anterior abdominal wall and diaphragm to join the
previous line of resection (Figure 1). The fat free area of the falciform
ligament was used. Careful dissection of the fat from the mesothelium
should be done in those cases which the fat free area of the falciform is
not enough. The tissue should be handled gently and the inner part of the
tube should be the mesothelial surface.

The procedure of peritoneal harvesting should be performed
without diathermic tools to avoid thermal injury to the graft. Also,
excessive traction should be avoided. Once harvested, the graft is
immediately placed in isotonic saline solution.

The tubular grafts were created by wrapping the harvested falciform
ligament around a cylinder (anal dilator or syringe) to match the diameter
of the PV/SMV (Figure 2). A continuous 5-0 polypropylene suture was
used to assemble the graft with the expected length to be replaced.
Additional interrupted stitches were placed in case a longer graft was
needed. A continuous suture longer than the expected length should not
be done as the suture line would be sectioned while fitting the graft.

Immediately before the vascular clamping for the PV/SMV resection,
the patient was fully anticoagulated with unfractionated heparin
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FIGURE 1 (A) Autologous nonfascial parietal peritoneum
harvesting from the falciform ligament. Both sides of the graft have
mesothelium and can be used as the inner side of the reconstructed
vessel. (B) Intraoperative view of falciform ligament harvesting
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FIGURE 2 Surgical aspect of a ligament falciform tubular graft
being fashioned

FIGURE 3 Intraoperative aspect of a falciform ligament tubular graft
during pancreaticoduodenectomy with portal venous segmental
resection. The tubular graft is anastomosed with the superior mesenteric
vein (SMV) and the portal vein (PV). Note that the suture line used to the
creation of tubular graft is sited anteriorly. The splenic vein was ligated.
CHA, common hepatic artery; PV, portal vein; SMV, superior mesenteric
vein; SMA, superior mesenteric artery

(activated partial thromboplastin time two times control). First, anasto-
mosis between the tubular graft and the SMV is performed using running
polypropylene 5-O or 6-O sutures (posterior and anterior) allowing a
further diameter increase of approximately 25% (growth factor). The
suture line used to create the tubular graft sits anteriorly to facilitate the
identification of leakage following revascularization.

Following tubular graft and SMV anastomosis, the tubular graft
was clamped and the SMV clamp opened to check for leakages. After
that, the anastomosis between the tubular graft and the PV was
performed similarly (Figure 3).

FIGURE 4 Schematic representation of falciform ligament
tubular graft interposition between the superior mesenteric vein and
the portal vein

The tubular graft clamp is removed first to fill the graft with
blood avoiding any air embolism and allowing the identification of all
possible clots. After removal of the clamps, protamine was used for
the reversal of anticoagulation. The splenic vein was ligated and not
reconstructed in four cases and preserved in the other ones as illu-
strated in Figure 4.

2.2.3 | Postoperative care

Postoperative care was standardized with patients monitored at the
intensive care unit for 2 days. Subcutaneous administration of un-
fractionated heparin at a dose of 5000 U t.i.d. was continued post-
operatively, until hospital discharge. Anticoagulants were not
routinely used following hospital discharge. The patency of the graft
was documented at regular follow-up imaging exams.

3 | RESULTS

Patients were four males and four females; mean age was 58
years old.

The mean duration of the surgical procedure was 350 min
(300-480 min). The mean clamping time of the mesenteric-portal
blood flow was 27 min (21-30 min). No transfusion of red blood cells
or fresh frozen plasma was necessary during the perioperative
course. Additional information is shown in Table 1.

Duplex scan was routinely performed in the one postoperative
day to assure the patency of the graft as early thrombosis can be life
threatening, Standard follow-up was based on contrast computed
tomography (CT) scan every 3 months for the first 2 years. All the
grafts showed to be patent 1 day after surgery at duplex examination.
During hospitalization later graft patency was verified only in four
patients, with contrast-enhanced abdominal CT for other reasons.
However, no complication possibly related to venous obstruction was
identified during the hospital stay. The 90-day mortality rate was 0%.
Two patients developed postoperative pancreatic fistula grade B. No
further surgical or radiological intervention was needed.

At a 6-months follow-up routine contrast-enhanced CT scans did
not show thrombosis in seven (88%) patients, and in one patient
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TABLE 1 Patients characteristics and

Age Splenic vein Lenght of Surgical Intraoperative . X

Patient  (year) Sex status® graft (cm) time (min) bleeding (cc) technical details on tubular grafts for
portal/mesenteric vein reconstruction

1 54 Male Preserved 5 360 500

2 62 Male Preserved 4 340 450

3 71 Female Ligated 5 480 600

4 47 Female  Preserved 3 360 600

5 53 Male Preserved 4 310 400

6 66 Female Ligated 5 300 300

7 57 Male Preserved 4 340 450

8 53 Female  Preserved 3 310 300

2No splenic vein reconstruction was performed.

partial thrombosis was observed with no clinical manifestation. Mean
overall hospital stay was 16 (10-28) days.

4 | DISCUSSION

Pancreatic cancer remains a highly fatal malignancy, with an in-
creasing incidence over the world, and 459.000 new cases worldwide
in 2018 according to GLOBOCAN estimates.” In the next 20-30
years, pancreatic cancer is projected to become the second leading
cause of cancer death in the United States.”***

Locally advanced disease, typically due to vascular involvement,
is present in at least one-third of patients. Advancements in surgical
technique (mainly improvements in venous and arterial reconstruc-
tion) and neoadjuvant chemotherapy offer an opportunity to improve
outcomes for these patients.>

Pancreatic surgery requiring combined vascular resection is fre-
quently performed in high-volume centers. Its role is well established
when associated with perioperative chemotherapy. Postoperative
mortality seems to be similar to pancreatic resections without vas-
cular resection. Despite a worse survival, probably related to more
advanced disease, pancreatic resection associated with vascular re-
section in tumors with venous invasion provides better long-term
results than other palliative treatments and even the possibility of a
cure.””/?>31 The recently published recommendations from the
French National Institute of Cancer®? favors pancreatic resections
combined with vascular resection to achieve complete tumor re-
moval. Unlike R1 resections, complete resections can result in in-
creased survival and even be curative.

Venous reconstruction after mesenteric PV resection varies
mainly according to the extension of resection. Tangential or short
segmental (until 3 cm) resections can usually be reconstructed
through a direct suture, lateral patch (with a variety of materials), or
end-to-end anastomosis. However, after a more extensive resection,
interposition of a tubular graft (prosthetic, homologous, or auto-
logous) is needed to ensure unimpaired blood flow continuity. Usual
tubular grafts include prosthetic material (generally PTFE), biological
grafts such as cryopreserved venous allograft or bovine pericardium,

and autologous veins (mostly renal, iliac, saphenous, or jugular veins).
The main disadvantages related to these techniques and materials
include high cost, risk of graft infection, low availability, long-term
anticoagulation, need for additional visceral dissection or incisions,
longer operative time, among others®~1°

Recently, the use of the parietal peritoneum as a venous sub-
stitute has been reported in some series of patients undergoing vena
cava or PV resection.'®*°71833 Experimental studies evidenced en-
dothelialization of peritoneal grafts and good patency rate in short
tubular inferior vena cava (IVC) grafts,34'35 lateral patches of IvVC,®®
and PV (with a patency rate of 100% and complete endothelialization
after 2 weeks)."”*”

The use of parietal peritoneum as a venous substitute presents
several advantages including cheaper cost, no thrombogenic risk (and
no need for long-term anticoagulation), great versatility (creation of
different size patches), immediate availability, and low risk of graft
infection.'®

Two different types of the peritoneal patches have been de-
scribed for abdominal venous reconstruction: (i) the peritoneo-fascial
graft, harvested from the posterior rectus muscle sheath, and (ii)
nonfascial parietal peritoneum, harvested from different sites, such as
the diaphragm, the hypochondrium, the subcostal region, the falci-
form ligament, the parieto-colic gutter, and the prerenal area. The
majority of lateral reconstruction of abdominal veins is performed
using a nonfascial graft. On the other hand, the majority of venous
reconstruction with tubular grafts use a peritoneo-fascial graft.'®
Nonfascial grafts seem to have a greater malleability and lower ri-
gidity than those backed by posterior rectus sheath and, in our point
of view, should be preferred for most venous reconstruction, mainly
for thin-walled veins, including those using tubular patches. In this
setting, falciform ligament represents an excellent option for a tub-
ular graft structure, as it is easily harvested, has a considerable area
usually available, both sides are coated by mesothelium allowing its
use in the inner side of the tubular graft, and it is easy to handle.

Despite the advantages, reports with the use of falciform liga-
ment for venous reconstruction are very rare, and most deal with
lateral patches and not tubular-shaped reconstructions.”%¢~>¢ This
series comprises only tubular autologous falciform ligament grafts as
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a substitute for PV/SMV reconstruction. Our first case of PV re-
construction using tubular graft was performed with a peritoneo-
fascial graft during PD and was not included in this series. The patient
presented PV thrombosis identified 1 month after surgery despite the
use of nonfractionated heparin, but with no complications directly
related to portal obstruction. All the subsequent superior mesenteric/
PV tubular reconstructions (during pancreaticoduodenectomies) were
performed using falciform ligament tubular graft. This technique was
standardized in our group for PV/SMV reconstruction with tubular
graft interposition. Despite the lack of documentation of patency
over 6 months in our patients, no complication attributable to
PV/SMV postoperative thrombosis was identified during the early
postoperative period.

5 | CONCLUSION

Our results suggest that the use of falciform ligament tubular graft
for PV/SMV reconstruction during PD is a safe technique and could
have some advantages over other methods of graft interposition.
Despite the small number of patients, to our knowledge, this is the
largest reported series of tubular grafts for PV/SMV using autologous

parietal peritoneum.
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