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Reconstruction of the Infrarenal Aorta Using a Fascia-Peritoneal Patch Graft in Pigs
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Vascular reconstruction utilizing autologous vein grafts may
require additional incisions for harvesting. Synthetic prosthetic
grafts are associated with an increased risk of infection.
Objectives: We present an alternative method of aortic
reconstruction using autologous fascia and peritoneum as a patch
graft. Methods: Fascia-peritoneal patch grafts were used to repair
an infrarenal aortic defect in 5 landrace pigs. The subjects
underwentre-laparotorny at specific intervals with excision of the
grafted aortic segment. The specimens were examined utilizing
hematoxylin and eosin stain, special stains for elastin (Weigert's
stain), collagen (Masson's Trichrome stain) and
immunohistochemical stain for factor VIII. Results: In all
specimens, no thrombosis was noted and graft patency was 100
per cent. Endothelialization was apparent at 7 days, however,
factor VIII stain failed to light up the endothelial cells in all
specimens. Elastin and collagen formation were noted in the patch
graft at 28 days as shown in Weigert's and Masson's Trichome
stain. Conclusion: Fascia-peritoneal patch graft can be used as
an alternative method of aortic reconstruction with excellent
patency rates and no wound complications.
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Vascular reconstruction plays an increasingly important
role in the surgical management oflocally invasive intra-
abdominal malignancies and traumatic or iatrogenic vascular
injuries. Different techniques of vascular reconstruction
using autologous vein grafts/ pericardium, textile patches or
tube grafts have been previously reported. 1.2.3 These methods
may not always be applicable in our local setting due to
concerns regarding prosthetic infection, unavailability of
synthetic grafts and cost consideration. Autologous vein
and pericardial grafts, although readily available require
additional incisions and time for harvesting with its attendant
morbidities. The use of peritoneal patch graft for repair of
arteries and veins was first reported in the 1960' sand
1970' s. This has not been followed by further studies unti I
recently when a group of Japanese surgeons successfully
used peritoneal patch grafts in repairing the inferior vena
cava (IVC)4 and later, the portal vein' in pigs, with 100 per
cent graft patency after 6 weeks, and 7 weeks, respectively.
The objective of this paper was to describe our experience
with this alternative method of arterial reconstruction in pigs
utilizing an autologous segment offascia and peritoneum as
a patch graft.

Methods

Five Landrace pigs (3 male, 2 females) weighing 12-15 kg
were used as the subjects of this study. Fifty mg ketamine
hydrochloride was given intramuscularly after which the
auricular vein was cannulated for intraoperative fluid
administration with plain normal saline solution. A single 250
mg dose of Cefuroxime was given per IV prior to skin
incision. The animals were then administered general
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inhalational anesthesia using Isoflurane gas. With the pig in
supine position, the abdomen was prepped. Strict asepsis
and antisepsis was maintained throughout the procedure. A
midline laparotomy incision was made down to the peritoneum
and the infra-renal aorta was isolated. A 2 em/ fascia-
peritoneal patch was harvested from the left upper quadrant
and fixed in 100 per cent alcohol for 10 minutes (Fig.1).
Systemic anticoagulation was achieved by administering
heparin IV (I 00 u/kg) prior to aortic cross clamping. A4.5
mm defect in the anterior aortic wall was then created using
an aortic punch device (Fig. 2). The exposed aortic intima
was flushed with diluted heparin in normal saline solution.
The fixed fascia-peritoneal segment was trimmed to size
and sutured to the aortic defect as a patch graft using
polypropylene 7-0 continuous suture technique. The cross
clamp was released prior to tying the sutures and hemostasis
was assured. The abdomen was closed without drainage.
The surgical wound was dressed with sterile gauze, which
was allowed to fall off and examined on a daily basis for
evidence of wound discharge, purulence, erythema and
dehiscence. No postoperative antibiotic, anticoagulantnor
anti-platelet drugs was administered and the animals were
given unrestricted access to food and water. After 7 and 28
days post operatively, the animals were randomized in pairs
to undergo re-I aparotomy wi th excisi on of the grafted aorti c
segment (Fig. 3). After harvesting the grafted aortic segment,
the animals were sacrificed and the aortic segments were
examined under light microscopy utilizing hematoxylin and
eosin (I-I & E), special staining techniques for elastin,
collagen and immunostaining for factor VIII. Techniques to
detect aortic patch graft infection were not utilized.

Figure I. Fixation of fascia-peritoneal patch in 100% alcohol.
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Figure 2. lnfrarcnal aorta (clamped) showing the aortic defect prior to
patching.

Figure 3. Intraluminal view of post mortem gran site at 4 weeks. Suture
line is seen as faint blue line (arrow).

Results

-All-of the subjects .survived the .surgery, there was one
mortality which occurred in the immediate postoperative
period. In the four which survived, no wound infections nor
ventral hernias were noted up to the period the animals
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underwent re-laparotomy. Abdominal exploration in all
subjects, including the pig which expired, revealed no
hemoperitoneum, the grafted aortic patch was intact without
aneurysmal dilatation. Gross examination of all the excised
aortas revealed a patent, unobstructed lumen without intimal
dissection nor thrombus formation. The mean diameter of
the porcine aorta used in this study was 8 mm, the surgical
defect created was a standard 4.5 mm in diameter.

In the mortal ity, under 1ight microscopy, H&E staining
of the normal aortic segment excised from the expired
subject revealed an unremarkable endothelial lining. The
prominent inner elastic lamina was delineated by the elastic
stain (Weigert's stain). Regular striated muscular layer
occasionally expanded by minimal collagen as highlighted
by the collagen stain (Masson's Trichrome stain) was
observed. The serosa with modest fibrous and adipose
tissue was unremarkable.

Both specimens taken at 7 days revealed continuous
endothel ialization from the native aortic luminal lining towards
the peritoneal patch luminal surfaces onH&E stain (Fig. 4).
The junction between the native aorta and peritoneal patch
was dramatically demonstrated by the elastic stain (Weigert's
stain), which delineates the interrupted elastic fibers,
particularly the inner elastic lamina. Moderate intramural
and serosal organizing hemorrhages were observed. Few
interspersed fibrosis were highlighted by the collagen stain
(Masson' s Trichrome).

Figu rc 4. H&E stain of grafted aorta at 7 days post-op. Arrow points to
endothelial cells. Note cndothelialization of the gran to the right of the
arrow; native aorta is on the left of the arrow.

II

H&E staining of the specimens harvested at 28 days
revealed continuous endothelialization from the native aortic
luminal lining towards the graft luminal surface. There was
mild intimal hyperplasia at the grafted portion. Interspersed
elastic fibers in the peritoneal patch were delineated by the
elastic stain (Weigert's stain). Moderate intramural collagen
deposits and fibrosis predominantly towards the serosal
layer ofthe grafted portion were highlighted by the collagen
stain (Masson's Trichrome stain). Immunohistochemical
study for factor VIII (von Willebrand's factor) failed to
light-up the endothelial cells in all the specimens stained.

Discussion

The first known series reported in humans was by Chin, et
a1. in 1999, using a peritoneo-fascial patch graft
incorporating the posterior rectus sheath." Suzman and
associates from the Memorial Cancer Center duplicated
this method in a single patient with retroperitoneal
leiomyosarcoma, where en bloc resection of the mass
created a large defect in the IVC.7 In both these studies,
assessment of graft patency did not reveal any evidence of
thrombosis.

This study has presented the application of the fascia-
peritoneal patch in aortic reconstruction. Luminal obstruction!
thrombosis at the graft site was less, owing to the high
velocity of blood flow in this large caliber vessel. No
thrombus formation was noted in all of our subjects and graft
patency was 100 per cent at 4 weeks.

Of particular concern is the ability of the patch graft to
withstand the high intraluminal pressure ofthe aorta. The
strength of the artery is attributed to the presence of elastic
fibers and collagen comprising its wall. Histochemical
markers for elastin such as Weigert's stain will delineate the
elastic fibers, most specially the inner elastic lamina.
Disruption or continuity of the elastic layer will hence be
evident. Another histochemical marker, for collagen is
Masson's Trichrome. This stain wi 11highlight any collagen
deposit, such as in the process of fibrosis. Collagen
deposition as seen on Masson's Trichome stain (Fig. 5), as
well as the presence of developing elastic fibers in the graft
on Weigert's stain (Fig.G), were both evident at 28 days
postoperatively. Progressive deposition of elastin and collagen
will provide strength to the repair. Although grossly no
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aneurysmal dilatation was noted up to 28 days post-op,
longer follow up is necessary to determine the durability of
the patch.

Figure S. Trichrome stain of grafted aorta at 28 days post-op showing
uptake of the stain (blue) in the graft. Note more intense staining on the
native aorta at the upper right hand corner.

Figure 6. Grafted aorta at 28 days post-op showing elastic fibers developing
in the patch graft (yellow arrow). Black arrow points to elastic lamina of the
native aorta; aortic lumen is on the top of the illustration. (elastic stain)

Endothelialization is thought tobe important inmaintaining
graft patency." Scientific studies have yielded evidence to
suggest that the peritoneal mesothelial lining is a non-
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thrombogenic surface that provides a foundation for
neoendothelialization.' In addition, prostacyclin production
and thrombolytic acivity have been detected in experimental
studies of mesothelia making it similar in some functional
aspects to vascular endothelium.r-" Immunohistochemical
staining using endothelial markers such as Factor VIII (von
Willebrand's factor) will emphasize the endothelial lining
cells, thus revealing the continuity from the grafted patch
towards the native aorta. Failure of the sections to take up
the immunostain may be secondary to incompatibility of
human factor VIII antibodies to porcine factor VIII in the
endothelial cells as evidenced by the non-staining of both
native aorta and patch graft (Fig. 7). However, on H&E
staining, endothelialization was apparent as early as 7 days
and was persistent up to 28 days postoperatively.

Figure 7. Factor VIII immunostain of grafted aortic segment at 28 days
failed to light-up endothelial cells.

Autologous saphenous vein grafts have been shown to
be less thrombogenic than synthetic grafts, but additional
incisions are needed for harvesting. Prosthetic grafts are
associated with higher rates of infection. The reported
incidence of prosthetic infections employed for clean
vascular reconstructive procedures is 1 to 6%11, however
the risks for prosthetic infection increases dramatically in
situations involving potentially contaminated operati ve field,
such as in gastrointestinal or trauma surgery.
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Our study has shown that fascia-peritoneal patch graft
may be used as an alternative method for reconstruction of
the aorta with excellent patency rates and no wound
infectious complications noted.
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