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   Short bowel syndrome is the most common etiology of intestinal failure, resulting from either resections of 
different intestinal segments or a congenital condition. Due to the absence or considerable reduction of intes-
tinal loops in the abdominal cavity, patients with short bowel syndrome present with atrophy and muscle re-
traction of the abdominal wall, which leads to loss of abdominal domain and elasticity. This complication is an 
aggravating factor of intestinal transplantation since it can prevent the primary closure of the abdominal wall. 
A vast array of surgical techniques to overcome the challenges of the complexity of the abdominal wall have 
been described in the literature. The aim of our study was to review the modalities of abdominal wall closure 
in intestinal/multivisceral transplantation.

   Our study consisted of a systematic review following the methodological instructions described in the PRISMA 
guidelines. Duplicate studies and studies that did not meet the criteria for the systematic review were exclud-
ed, especially those without relevance and an explicit relationship with the investigated theme. After this step, 
63 articles were included in our study.

   The results obtained with these techniques have been encouraging, but a high incidence of wound complica-
tions in some reports has raised concerns.

   There is no consensus among transplantation centers regarding which technique would be ideal and with high-
er success rates and lower rates of complications.
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Background

Intestinal failure is defined as the inability to maintain homeo-
stasis through enteral absorption of nutrients, electrolytes, and 
water [1-3]. Short bowel syndrome is the most common eti-
ology of intestinal failure and results from either resections 
of different intestinal segments or a congenital condition. 
Parenteral nutrition is the first line therapy for intestinal fail-
ure; however, when life-threatening complications of paren-
teral nutrition occur, intestinal transplantation is the only cu-
rative treatment possible for these patients.

Owing to the absence or considerable reduction of intestinal 
loops in the abdominal cavity, these patients present with at-
rophy and muscle retraction of the abdominal wall, which leads 
to the loss of abdominal domain and elasticity. Furthermore, 
patients with short bowel syndrome often undergo multiple 
surgical procedures, leading to extensive abdominal scarring 
or even a frozen abdomen (Figure 1). This complication is an 
aggravating factor of intestinal transplantation since it can pre-
vent the primary closure of the abdominal wall. Even in pa-
tients without short bowel syndrome, other situations com-
monly faced by potential intestinal transplantation recipients, 
such as abdominal adhesions resulting from previous surgical 
procedures, fistulas, ostomies, or extensive abdominal fibro-
sis that result from second intention healing of peritoneosto-
mies/laparostomies [4], can also pose challenges for abdominal 
wall closure. In addition, edema after revascularization of the 

intestinal graft tends to exacerbate the difficulty of tension-
free primary closure [5]. A forced closure attempt can result 
in intestinal ischemia, wound dehiscence, infection, abdomi-
nal compartment syndrome, respiratory complications, vascu-
lar thrombosis, and consequent graft necrosis [6,7].

Successful closure in this chronically ill and highly immuno-
suppressed population has been proven to be crucial, not only 
to decrease the risk of infections, fistulas, and mycotic aneu-
rysms, but also to improve the survival of the graft and the pa-
tient [8,9]. The rate of primary abdominal wall closure after in-
testinal transplantation or multivisceral transplantation varies 
from 40% to 85% [10]. A vast array of surgical techniques to 
overcome the challenges of the complex abdominal wall have 
been described in the literature. The aim of our study was to 
review the modalities of abdominal wall closure in intestinal/
multivisceral transplantation.

Our study consisted of a systematic review following the meth-
odological instructions described in the PRISMA guidelines [11].

Initially, a search for data was performed in the Medline-
PubMed database in English. Data collection was completed in 
November 2019. The interventions analyzed in our study con-
sisted of the techniques used for abdominal wall closure dur-
ing intestinal or multivisceral transplantation. The search on 
Medline was performed in the PubMed database (www.ncbi.
nlm.nih.gov/pubmed) and was adapted using MeSH terms in 
English (intestinal OR small bowel OR multivisceral) AND (trans-
plantation). After this initial search, we made other selections 
with the more specific terms as follows: (abdominal OR wall) 
AND (technique) AND (humans).

The sample consisted of articles published in indexed journals 
and selected by 2 independent researchers (ACF and RSP) who 
read and analyzed the abstracts according to the following in-
clusion criteria: 1) publication vehicle: indexed journals, since 
they present greater dissemination and access to researchers; 
2) publication language: articles published in English, French, 
Spanish, or Portuguese; 3) year of publication: articles pub-
lished between 2003 and 2019, totaling a period of 16 years; 
and 4) modality of scientific production: original articles, case 
reports, and systematic reviews regarding techniques for ab-
dominal wall closure after intestinal transplantation.

Our study was approved by the Research Ethics Committee 
of the institution.

The bibliographic search encompassed articles from nation-
al and international literature regarding techniques to correct 
complex abdominal defects in the setting of intestinal trans-
plantation. In total, 250 abstracts of scientific articles were 
found in the databases. Studies that did not meet the criteria 

Figure 1.  Extensive abdominal fibrosis resulting from second 
intention healing of peritoneostomy and ostomy scars. 
(Arsenal of the department.)
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for the systematic review were excluded, including duplicate 
studies and especially studies not meeting the parameters 
of relevance and explicit relationship with the investigated 
theme. After this step, 63 articles were included in our study, 
as shown in Figure 2.

Discussion

About 20% to 33% of patients who present with primary clo-
sure after intestinal transplantation progress to secondary de-
hiscence of the surgical wound [1-3,12]. To overcome the dif-
ficulty of adequate abdominal wall closure, several strategies 
were used: some involved the use of small grafts in the recipi-
ent and others involved the increase of the abdominal domain.

Reduced-Size Grafts

Incompatibility in size makes the primary closure of the recipi-
ent’s abdominal wall one of the most important technical chal-
lenges related to intestinal transplantation. The use of pediatric 
donors for adult recipients or anatomical reduction of the graft 
are alternatives. Since the 1990s, small donors have been pre-
dominantly used for intestinal transplantation. The donor-to-
recipient body weight ratio should be ideally between 1.1 and 
0.76 [13], demonstrating that recipients with intestinal failure 
commonly have reduced weight in relation to their size. However, 
transplantation centers have increasingly accepted organs with 
considerable size incompatibility owing to the scarcity of donors 
that meet the ideal characteristics. The discrepancy between 
donors and recipients is a critical issue that significantly limits 

the availability of organs. In the United States, after 3 years on 
the intestinal transplantation waiting list, 17.6% of patients 
were still waiting for a donor [14]. Organ donation from larg-
er donors would increase the availability of organs, potentially 
reducing waiting time. Pediatric recipients are the most affect-
ed because of the scarcity of pediatric donors. Thus, an option 
to prevent high mortality rates of patients on the waiting list 
is to consider the anatomical reduction of the intestinal graft.

The development of reduced-size intestinal grafts was aimed to 
increase the pool of availability of donors or isolated intestinal 
grafts; it is possible to overcome size differences greater than 
10: 1 (body weight) between donors and recipients with this 
technique [15]. For liver and intestine reduced-size grafts, the 
use of reduction techniques [16] resulted in the use of organs 
from donors that were up to 5 times larger than recipients [17].

The first reduced-size graft was reported by Reyes et al [16] in 
1998 (Table 1). The recipients were a 3-year-old boy with he-
patic-intestinal insufficiency and a 63-year-old man with hepa-
titis C and hepatocarcinoma, both transplanted with the same 
adult deceased donor liver. The pediatric recipient received 
the left lateral hepatic section (segments II and III) in continu-
ity with the intestine, with no need of biliary reconstruction 
(Figure 3). The remnant liver of the donor was transplanted 
to the adult recipient. In 1999, Xenos et al [18] described their 
technique for graft reduction. The technique consists of divid-
ing the liver (left lateral section represented by segments II and 
III) and the small intestine (ileum) during a combined trans-
plantation; biliary reconstruction was performed by Roux-en-Y 
hepaticojejunostomy.
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Articles identi�ed through search on
PubMed database on November 2019

N=250

Articles with titles, abstracts and
key words screened N=229 Articles excluded: n=102

Excluded: n=64
• Non-intestinal transplantation: n=28
• No abdominal wall techinques
   reported: n=22
• Animal model: n=12
• Review: n=2
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N=63

Articles after duplicated removed
N=21

Figure 2. Study design.
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In 2000, de Ville de Goyet et al [17] performed transplants in 
2 children with chronic intestinal insufficiency, weighing 7.6 
and 9.8 kg, respectively, with a multivisceral graft from 2 do-
nors weighing 35 kg each. Multivisceral grafts had their size 
reduced during bench surgery (leaving the hepatic hilum un-
touched) and consisted of segments II and III of the liver and 
entire small intestine, including the duodenum and head of 
the pancreas. In these cases, there was also no need for bil-
iary reconstruction owing to the preservation of the donors’ 
duodenum in continuity with the intestinal graft.

Also in the 2000s, 15 isolated small intestines were success-
fully reduced by Delrivière et al [15] by obtaining a 100-cm il-
eal graft vascularized by the superior mesenteric artery and 
vein. The technique consisted of dissecting the vascular ped-
icle through mesenteric transillumination. The dissection was 
initiated on the right side of the mesenteric pedicle, following 
the path of the superior mesenteric artery and superior mesen-
teric vein, and the branches on the right were connected and 
sectioned (ileocecal, right colic and medium colic arteries), ex-
cept for the ileal branch, which was dissected all the way. The 
lymphatics of the ileal mesentery were preserved to guarantee 
the maintenance of lymphatic drainage. The use of the distal 
ileum effectively reduced the graft size due to the reduction 
in the size of the mesentery. During the dissection of the ped-
icle’s left side, all venous and arterial branches that did not 
supply the potential graft were connected and sectioned. All 
adipose tissue and lymph nodes around the mesenteric pedi-
cle were removed to reduce mesenteric volume.

Graft reduction techniques had their “golden age” until the 
end of the 1990s, becoming obsolete due to their potential 
complications, complex techniques, and unsatisfactory results. 
Moreover, there is a significant risk of bleeding, fistula, or ste-
nosis of the stapled portion, and, therefore, other techniques 
have been preferred to facilitate abdominal wall closure. The 

need for finding a standard and reproducible technique fa-
vored the emergence of alternative techniques, such as com-
ponents separation, tissue expanders, synthetic and biologic 
meshes, aponeurosis transplantation with the rectus muscle 
fascia [7], and even total abdominal wall transplantation [4].

Tissue Expanders

The first description of tissue expanders was made by Byrd 
and Hobar in 1989 [19]. Currently, they have been successful-
ly used in general, pediatric, and plastic surgery to close large 
defects of the skin and abdominal wall (Figure 4).

Figure 3. Reduced-size graft. Created with Adobe® Photoshop.

Year Author N Technique Outcome

1998 Reyes et al 1 Pediatric: LLHS + intestine
Adult: Remmant liver (Right lobe + 
segment IV)

Retransplantation due pancreatic 
leakDied

1999 Xenos et al 1 LLHS + ileumbiliary reconstruction in 
Roux-en-Y

Died of intestinal perforation + severe 
rejection

2000 Ville de Goyet et al 2 LLHS + entire small intestine, including 
duodenum and head of the pancreas

Hospital discharge with complete enteral 
feeding

2000 Delrivière et al 15 One-meter ileal graft vascularized by 
SMA and SMV

No outcomes reported

Table 1. Graft reduction techniques.

LLHS – left lateral hepatic section represented by segments II and III; SMA – superior mesenteric artery; SMV – superior mesenteric 
vein.
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The use of tissue expanders before intestinal transplantation 
was first reported by Ville de Goyet et al in 2000 [17], follow-
ing other authors (Table 2).

As in other abdominal closure techniques, tissue expanders 
have several potential disadvantages, such as the impossibility 
of predicting the date for performing the intestinal transplan-
tation, additional exposure to anesthesia, difficulty in the heal-
ing process of malnourished patients, and complications relat-
ed to gradual injection in the inflatable tissue expander [20].

Despite their versatility, tissue expanders have been associat-
ed with significant complications since the start of their use. 
An overall complication rate of 13% to 20% has been report-
ed, with infection, prosthesis migration, and hematoma be-
ing most frequent [21]. The use of intraperitoneal tissue ex-
panders can result in potentially worse complications, such 

as peritonitis and compression of intra-abdominal organs. 
The experience of using tissue expanders in patients await-
ing intestinal transplantation is limited because of concerns 
related to the use of foreign material in critically ill patients 
as well as to space limitations caused by fistulas, scar tissue, 
and often stomata.

Component Separation

One possibility to facilitate abdominal closure after intestinal 
transplantation is abdominal wall component separation (CS). 
The first attempt to increase the capacity of closure in an ab-
dominal defect was described in 1920 by Gibson [21] while 
performing relaxation incisions in the anterior fascia of the 
rectus abdominis muscle. A few decades later, Albanese [22] 
reported the fascial incision of the external oblique muscle to 
aid the repair of a large eventration. This surgery was repeat-
edly reproduced by Young [23], who modified it and described 
the performance of fascial incisions to relieve tension, sepa-
rating the anterior and posterior sheath of the rectus abdom-
inis muscle and then incising the lateral margin of the anteri-
or fascia to repair epigastric hernias.

In 1990, the term “component separation” was defined by 
Ramirez et al [24], and the technique was widely popularized 
through the report of the correction of abdominal defects in 
11 patients. The epigastric region was closed by approaching 
the left rectus abdominis, with its transverse abdominal and in-
ternal oblique muscles attached to the flaps of both the trans-
verse abdominal and right internal oblique muscles. The left 
rectus abdominis was separated from its insertion in the low-
er rib cage, creating a rectus-pectoral flap to facilitate closure. 
The defect in the middle and lower abdominal wall was closed 
by rejoining the rectus abdominis, internal oblique, and trans-
verse abdominal muscles to the remaining portion of the rectus 

Figure 4. Expander tissue. Created with Adobe® Photoshop.

Author Year n Tissue expander site Period Outcome

Ville de Goyet [17] 2000 1 Pre-peritoneal 3 m Success Primary closure using reduced graft

Alexandrides [6] 2000 1 Peritoneal 18 d Removed due peritonitis

Marin-Gutzke [20] 2008 1 Combined 5 m Success primary closure

Watson [21] 2013 5 Subcutaneous 3 m 3 pat. “complete graft coverage”
1 pat. still waiting IT

Vidyadharan [22] 2013 7 Subcutaneous 7 m* 7 pat. re-exploration due complications
4 pat. complete closure using reduced grafts

Weiner [23] 2014 1 Combined 10 m Staged closure

Ceulemans [24] 2016 2 Subcutaneous 7 m
3 m

1 pat. staged closure
1 pat. Success primary closure

Table 2. Techniques and results of using tissue expanders.

m – medium; pat – patient; combined , –peritoneal and retromuscular.
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abdominis, internal oblique, and transverse abdominal muscles. 
The external oblique muscles were independently advanced, as 
were the overlying skin flaps. After 4 months, the patient was 
reassessed, and the surgical wound was fully healed. The other 
10 patients also had successful correction of the abdominal de-
fect and none of them presented postoperative complications.

Surgical dissection and CS in the avascular plane fully preserves 
the innervation of the rectus abdominis muscles since the in-
tercostal nerves that innervate this muscle run deeply to the 
fascia of the internal oblique muscle. According to Nguyen and 
Shestak [25], this innervated muscle complex can be advanced 
up to approximately 4 cm in the upper abdomen, 8 cm in the 
waist region, and 3 cm in the lower abdomen on each side, al-
lowing the surgeon to reconstruct defects up to 16 cm wide at 
the waistline level. A small addition of 2 cm can be obtained by 
separating the anterior and posterior fascia of the rectus abdom-
inis muscle above the arcuate line [25,26]. Access to the external 
oblique aponeurosis usually requires significant release of the 
skin and subcutaneous tissue. However, the extensive release of 
the subcutaneous tissue sharply increases complications related 
to the wound, reaching rates higher than 60% [27]. In response 
to this problem, several variations of CS have been described, 
including the release of the rectus abdominis sheath alone or in 
combination with the release of the transverse abdominal [28] 
and the use of botulinum toxin injection into the oblique mus-
cles to perform a temporary relaxation of the components [29].

Some studies, such as the one by Black et al [30], reported the 
experience of using CS associated with the use of prosthetic 
meshes to correct abdominal wall defects in the transplanted 
population. Of the 19 patients who underwent defect correc-
tion with CS + biologic or synthetic mesh, 31.6% presented 
complications, such as seroma, hematoma, abscess, and de-
hiscence. Scheuerlein et al [31] identified greater recurrence 
of the abdominal defect using CS alone than with the combi-
nation of CS and biologic mesh. They also observed a lower 
incidence of postoperative complications in transplanted pa-
tients when using CS in association with biologic mesh, to the 
detriment of using synthetic mesh. Brewer et al [32] also dem-
onstrated an advantage in the use of biologic mesh in trans-
planted patients after repairing abdominal hernias in 34 pa-
tients with biologic mesh and 26 with synthetic mesh. They 
observed that the patients who received the biologic mesh had 
a lower infection rate (65.4% vs 14.7%, P<0.05), fewer recur-
rences (76.9% vs 23.5%, P<0.05), and less need for mesh re-
moval (69.2% vs 11.8%, P<0.05) in comparison with patients 
who received synthetic mesh.

A study at MedStar Georgetown University Hospital by Zolper 
et al [33] demonstrated that the use of CS associated with 
the use of biological meshes can be a successful strategy in 
the transplant population in an immunosuppressive regimen, 

despite concerns about the compromised abdominal vascu-
larization of anterior abdominals surgeries. Soft tissue inter-
vention is crucial for abdominal wall reconstruction in that 
population with previous scars; in addition, achieving stable 
skin coverage is equally important for strength to fascial re-
pair, as wound healing compromise leads to a cycle of recur-
rent hernia [34].

A relevant factor for good results of the CS technique is the 
need for the wall components to be intact, well vascularized, 
innervated, and with complacency; that is, without fibrosis 
from previous scars [26]. However, this is a condition often 
lacking in intestinal transplantation candidates, owing to mul-
tiple previous interventions. Another complication factor is the 
presence of stomata, since the closure of the aponeurotic de-
fect during the colostomy/ileostomy reversal surgery provides 
some tension on the ipsilateral fascia of the abdominal wall.

Prosthetic Meshes

The interest of studying abdominal wall defects has existed 
since ancient times; the first references on the subject are 
from Egyptian civilization and are present in the Ebers Papyrus 
(1536 BC) [35]. The observation and correlation between a her-
nia and the weakness of the abdominal wall muscle is attrib-
uted to Galen (129-201 AD) [36]. The most recent revolution 
for the surgical treatment of abdominal defects emerged with 
the concept of tension-free surgery through the use of poly-
propylene mesh (Figure 5). Since then, the use of prostheses 
started with the aim of strengthening the abdominal wall, and 
the use of meshes was quickly disseminated [37].

Usher first used polypropylene meshes in 1959 in the United 
States, showing good results [38]. In Brazil, the first report 
was made by Felício Falci [39] in 1969 in a series with 100 
patients who underwent inguinal hernia treatment. The ten-
sion-free correction of aponeurotic defects was widespread in 
the 1970s, especially in publications from Lichtenstein [37,40].

Still, in the 1950s, there was a publication describing the ide-
al characteristics that a prosthetic material should present: it 
should be chemically and biologically inert, mechanically sta-
ble, non-carcinogenic, suitable for sterilization, biocompatible, 
and hypoallergenic [41]. It is usually not easy to obtain a mesh 
that meets all of these criteria. To date, several materials have 
been used to manufacture prosthetic meshes, including knit-
ted polypropylene [38], commercial polyester fabric [41], nylon, 
stainless steel [42], cotton [43], vicryl [44], expanded polytet-
rafluoroethylene (PTFE) [45], ethylene terephthalate, carbon 
fibers [46], oxidized cellulose, polyethylene glycol, and hylan 
G-F20 [47]. There are currently 3 types of meshes: synthetic, 
composite, and biologic.
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Synthetic Meshes

Synthetic meshes can be subclassified as non-absorbable and 
absorbable types.

Non-absorbable meshes encompasses the following mesh types: 
polypropylene, polyester, and expanded PTFE [48]. Polypropylene 
mesh is permanent, widely used, consists of mono-, dou-
ble-, or multi-filaments, and is lightweight (Vypro; Ethicon) or 
heavyweight (Marlex). Comparatively, the heavy mesh is thick-
er, with smaller pores and less elasticity, also presenting in-
creased tensile strength. All polypropylene meshes generate 
a vigorous foreign body reaction and produce strong repair 
through rapid integration into the abdominal wall. However, 
these same properties also make polypropylene meshes sus-
ceptible to adhesions, obstructions, formation of fistulas, re-
traction, and bacterial growth.

Polyethylene terephthalate (polyester) mesh is non-absorb-
able and is manufactured to be more malleable, less inflam-
matory, and more resistant to infections. Polyester meshes in-
clude Dacron (DePoy Intl, Leeds, UK), Mersilene (Ethicon), and 
Symbotex (Covidien, Mansfield, MA, USA).

The expanded PTFE mesh is another permanent and synthet-
ic mesh, manufactured with 2 surfaces, 1 ventral and 1 viscer-
al [48]. The ventral surface faces the abdominal wall and has 
a rough surface with large pores to facilitate incorporation, 
while the visceral surface faces the peritoneal content and is 
designed to be smoother with smaller pores to prevent adhe-
sions, obstructions, and fistulas. PTFE meshes include Teflon 

(EI DuPont de Nemours and Company, Wilmington, DE, USA) 
and GORE-TEX (WL Gore & Associates, Wall Township, NJ, USA).

Absorbable synthetic meshes (polyglycolic acid, polyglactin) 
are useful for repairing hernias for a short period because 
they induce little inflammatory reaction before their hydroly-
sis and are considered to be made of unsatisfactory material 
for use in permanent replacement of the abdominal wall [49].

Non-absorbable meshes are preferred for repairing uncontam-
inated abdominal wall defects, while absorbable meshes are 
preferred for repairing infected abdominal wall defects until 
resolution of the infection; then, they can be replaced with a 
non-absorbable mesh. However, the mesh is a foreign body, 
being an important cause of peritoneal adhesion, particular-
ly if it is used intraperitoneally. Non-absorbable meshes also 
present a higher risk of infection as an additional risk factor 
[50,51]. The ideal mesh maintains adequate and permanent oc-
clusion of the abdominal wall defect, with low rates of infection 
and adherence, and does not induce fistula formation [52-54].

Composite Meshes

The second mesh category is called composite, which can be 
coated in the parietal or ventral surface [48]. These meshes 
were produced because of the increase in laparoscopic repairs 
of ventral hernias as well as because of the increase in open 
surgery complications, culminating in the removal of the poly-
propylene, polyester, or PTFE mesh. The composite mesh is a 
dual-surface material, with the ventral surface being a non-
absorbable mesh to be incorporated into the abdominal wall, 
and the visceral surface may be coated with a temporary resis-
tant barrier (coated composite mesh) or a permanent barrier 
(double-sided mesh) against adhesions. Common coated com-
posite meshes include Proceed (Ethicon) and Sepramesh (CR 
Bard), while the dual-surface composite meshes are Composix 
(CR Bard) and DualMesh (WL Gore & Associates).

Biologic Meshes

The last mesh type is the biologic, which emerged from the 
need for closure of contaminated or potentially contaminat-
ed areas with meshes [48]. Introduced in the United Kingdom 
in the 1990s and approved by the FDA in the 2000s [55], bi-
ologic meshes allow tissue infiltration and regeneration, at-
tracting native fibroblasts and promoting neovasculariza-
tion [56,57] and serving as a matrix for re-epithelialization. 
This culminates into the deposit of antibiotics and defense 
cells on the mesh, providing the ability to resist infection in 
hostile environments and not requiring removal in cases of 
infection [58,59]. Common meshes in this category include 
AlloDerm and Strattice (Lifecell Corporation, Branchburg, 
NJ, USA), DuraDerm (CR Bard), BioDesign (Cook Medical Inc, 

Figure 5. Prosthetic meshes. (Arsenal of the department.)

e934595-7

Fortunato A.C. et al: 
Techniques for closing the abdominal wall
© Ann Transplant, 2022; 27: e934595

REVIEW PAPER

Indexed in: [Science Citation Index Expanded] [Index Medicus/MEDLINE] 
[Chemical Abstracts] [Scopus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Bloomington, IN, USA), Tutopatch (Tutogen Medical Inc, Alachua, 
FL, USA), and Permacol (Medtronic, UK).

The composition of the biologic mesh is mainly of processed 
acellular dermal matrix derived from porcine, bovine, or human 
sources, making it immunologically inert. These products are 
supplied in non-crosslinked and crosslinked types. Crosslinking 
is thought to increase durability, tensile strength, and enzymatic 
degradation as well as to decrease bacterial contamination [59]. 
However, Romain et al did not observe a significant difference 
in hernia recurrence rates after 11 months between the groups 
of patients who received crosslinked and non-crosslinked por-
cine mesh in their series of 39 patients [59]. Although all bio-
logic xenograft meshes provide matrices for cell growth, not 
all undergo similar processing techniques and, as a result, are 
remodeled in different ways [60].

There is no consensus on the body’s reaction to different types 
of meshes. For example, Mulier et al [60] found that Permacol 
(crosslinked) and Strattice (non-crosslinked) showed endovas-
cular growth and collagen infiltration in the host. On the oth-
er hand, Novitsky et al [61] reported that improved inflamma-
tory response and foreign body reaction are responsible for 
encapsulation and poor integration in the host of crosslinked 
biologic meshes. In addition, Deeken et al [62] demonstrated 
that crosslinked materials caused greater fibrous encapsula-
tion in the first 6 months, although the materials of the stud-
ied mesh exhibited a substantial decrease in encapsulation be-
tween 6 and 12 months, making it similar to non-crosslinked 
materials for 12 months.

In contaminated wounds, the rates of infection at the surgi-
cal site and recurrence between synthetic and biologic mesh-
es were 21.5% and 13.5% and 21% to 17.8%, respectively, fa-
voring the use of biologic mesh in this scenario [63]. In a major 
single-center study of 512 patients who underwent abdomi-
nal wall reconstruction using biologic mesh, the rates of her-
nia recurrence were reduced to 11.5% after 3 years and 14.6% 
after 5 years [64]. Unfortunately, biologic meshes are excep-
tionally expensive. A critical aspect of any intervention analy-
sis is the cost-benefit ratio. The cost of a non-crosslinked por-
cine acellular skin in 2012 was approximately US $32.40/cm2; 
thus, the cost of a 25×40 cm prosthesis is in the range of US 
$32 000 [65]. Comparatively, polypropylene mesh of a simi-
lar size costs approximately US $0.15/cm2, effectively costing 
100 times less than the biologic type [66].

The use of prostheses to repair abdominal wall defects has 
brought new problems. Although the mesh reduces the rates of 
hernia occurrence, it has its own set of complications; infection 
is one of the most devastating complications after any mesh 
implantation [67]. The risk of infection in correcting abdominal 
wall defects appears to be greater than in other clean cases; 

however, there is a wide variety reported in the literature, from 
1% to 10% [68], depending on the type of mesh, technique, 
and population. Infection of prostheses in the abdominal wall 
can cause serious and expensive consequences, as well as a 
serious impact on the patient’s life owing to prolonged hos-
pitalizations, multiple reinterventions, and high social costs.

Postoperative wound infection usually appears on a surgical 
wound within 30 days to 1 year after surgery, with cases in-
volving an implanted prosthesis [69-71]. Surgical site infections 
(SSI) remain the second most common type of health care-as-
sociated infection in Europe and the United States, with SSI 
accounting for 20% of all health care-associated infections in 
hospitalized patients [72]. The World Health Organization has 
shown that health care-associated infections are associated 
with an increase in morbidity, mortality (which may exceed 10% 
in certain infections) [72], hospitalization, and total costs [71]. 
In particular, the prolonged hospital stay for SSI presented an 
additional 9.7 days, and the extra hospitalization costs ranged 
between US $1087 and US $29 443 per infection [73,74]. 
According to the National Nosocomial Infections Surveillance 
System, the distribution of Tillman pathogens in surgical infec-
tions seems to have changed in the past 10 years [71,75]. The 
most frequently isolated bacteria are S. aureus, followed by co-
agulase-negative Staphylococci, E. coli, E. faecalis, Pseudomonas 
aeruginosa, Enterobacter spp, and Klebsiella. [73]

A study published in 2017 by Bueno-Lledó et al [76], includ-
ing 3470 patients who underwent correction of an abdominal 
defect with a prosthesis, demonstrated that the use of corti-
costeroids or immunosuppressive drugs, surgical time greater 
than 180 min, and concomitant enterotomy are risk factors re-
lated to infection, abdominal defect recurrence, and need for 
mesh removal, conditions naturally found in intestinal trans-
plantation. Moreover, the use of mesh can complicate future 
surgical approaches, specifically by limiting access to the graft 
for post-transplant abdominal exploration, retransplantation, 
or explantation.

Use of Meshes in Intestinal Transplantation

In the study by Di Benedetto et al [77] conducted between 
December 2001 and November 2004, 27 intestinal transplan-
tations were reported, including 20 isolated grafts, 3 multiv-
iscerals with the liver, and 4 without the liver. Four patients 
who received small-intestine isolated grafts had difficulty in 
the abdominal wall closure, requiring prosthetic mesh; how-
ever, the 4 patients required explantation of the mesh in the 
first months owing to prosthesis infection.

Alexandrides et al [6] reported 8 pediatric intestinal transplan-
tation cases; in 6 patients, the abdominal defect was treated 
with a PTFE mesh and in 2 patients with Silastic, both sutured 
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at the border of the abdominal aponeurosis. The mesh was 
generally replaced in a series by a smaller mesh with progres-
sive advancement of the surrounding abdominal wall, leading 
to closure in steps. However, most of these patients died be-
fore the final closure. The authors strongly recommend early 
removal when using Silastic mesh.

This technique was performed to provide safe and tempo-
rary abdominal closure, minimize fluid and electrolyte losses, 
and minimize contracture of the abdominal wall [78]. On the 
other hand, the prolonged use of mesh with the intention of 
secondary healing is not recommended in adults due to the 
potential development of enterocutaneous fistulas and infec-
tion [79,80]. This development can be an even more difficult 
problem for the group of transplanted patients, who are gen-
erally immunocompromised due to the administration of an-
ti-rejection agents, such as calcineurin inhibitors and steroids.

Thus, the delay in definitive closure increases the risk of com-
plications. Furthermore, the use of meshes in intestinal trans-
plantation is related to higher morbidity. Additionally, the cost 
of the mesh and the cost of treating associated complications 
have been limiting factors. [7]

Abdominal Wall Transplantation

In the last 15 years, owing to improvements in microsurgery 
techniques, abdominal wall transplantation has become a re-
ality and has allowed for the restoration of the abdominal do-
main in complex scenarios. This type of transplantation was 
introduced in 1999 in the context of reconstruction of complex 
abdominal wall defects along with multivisceral transplantation. 
In their first publication, Levi et al [4] observed that approxi-
mately 20% of patients receiving intestinal transplantation or 
multivisceral transplantation do not have enough abdominal 
wall tissue for primary closure due to previous laparotomies, 
enterocutaneous fistulas, and ostomies [4]. Several types of 
abdominal wall transplantation have been described, includ-
ing non-composite and non-vascularized allografts, non-com-
posite and vascularized allografts, and composite and vascu-
larized allografts.

Non-Composite and Non-Vascularized Allograft

This method is based on the use of both layers of the rec-
tus abdominis muscle fascia after muscle removal [81]. The 
harvesting and implantation of this type of graft is a simple 
procedure that does not require vascular anastomoses. This 
method is ideal if there is a large aponeurotic defect with mo-
bility of the skin.

The technique for graft harvesting, described by Gondolesi 
et al [7,81], consists of a median thoracoabdominal incision 

during organ harvesting. The incision is deepened to the fas-
cia, and the subcutaneous tissue is mobilized to the lateral 
border of the rectus muscle. The rectus muscle, including its 
anterior and posterior fascia, is incised subcostally and later-
ally to the rectus muscle on both sides and is then excised by 
dividing it suprapubically. Then, it is wrapped in gauze soaked 
in saline solution, placed in a sterile bag with preservation so-
lution for cold storage, and transported in a cool box with ice.

After harvesting, bench surgery becomes a fundamental step 
to properly separate the anterior and posterior lamina from 
the rectus abdominis muscles fascia and to remove the fat lay-
er from the anterior lamina left by the entry of the perforating 
arteries, which must be closed with polypropylene 6-0 sutures. 
At the end of bench surgery, a graft consisting of a double-lay-
ered fascia is preserved in a University of Wisconsin (UW) or 
HTK solution and is stored at 4°C to be used at the end of the 
recipient’s surgery. The recipient’s wound should be proper-
ly prepared before closure, with a prolonged dissection of the 
subcutaneous tissue and skin flaps to the sites, in which the 
gastrojejunostomy and/or ileostomy are placed to cover the 
entire defect with the fascia graft. The fascia is usually fixed 
using 2 continuous sutures with non-absorbable thread. When 
skin closure is not feasible, a negative-pressure wound dress-
ing should be placed directly on the graft [7,82].

Gondolesi et al [7] published results from 16 patients who 
received non-vascularized rectus abdominis muscle fascia. 
Abdominal wall infection developed in 7 of the 16 patients, 
and 3 of the affected patients did not have sufficient skin cov-
erage over the fascia; 2 of these patients required removal of 
the fascia graft. Since 2009, 18 other cases have been report-
ed. The Berlin group used the rectus abdominis muscle fascia 
in 5 adults, with no report of infection [81]. In the updated ex-
perience of 19 patients (9 pediatric and 10 adult) who received 
the fascia of the rectus abdominis muscle, Gondolesi et al [81] 
reported that no patient had ventral hernia in an average fol-
low-up period of about 5 years. In their study, 12 of the 19 re-
cipients required 23 reoperations due to local complications.

More recently, in 2019, Cassar et al [83] reported 2 cases of 
pediatric patients who received non-vascularized fascia grafts. 
In both cases, the wound was completely healed. Also in 2019, 
a Spanish group [84] reported 2 cases of multivisceral trans-
plantation in adults using the non-vascularized allograft for 
abdominal wall closure. The first patient died with multiple 
infections (pneumonia and intra-abdominal collections). The 
second patient had no complications and presented complete 
incorporation of the fascia graft.

The advantages of a non-vascularized rectus abdominis’ fascia 
graft include the fact that the grafts are potentially “non” im-
munogenic and that vascular anastomoses are not necessary. 
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The fascia of the rectus abdominis muscle is avascular, poor-
ly cellular, and composed mainly of fibrous tissue [7], which 
is responsible for its low immunogenicity. Moreover, the graft 
can come from the same or a different organ donor, can be 
used on the same day of the transplantation or be preserved 
for up to 21 days in UW or HTK at 4°C, or can even be cryopre-
served. Additional advantages are that the tissue is capable of 
resisting multiple reoperations and wound infections and can 
be replaced by another compatible graft when necessary [83]. 
In the long term, it is integrated with the abdominal wall and 
does not cause adhesions when the internal peritoneal layer is 
preserved. However, the literature shows that abdominal infec-
tion is associated with 44% of non-vascularized allografts [7].

Vascularized and Non-Composite Allograft

This method consists of using the posterior rectus sheath’s 
fascia in continuity with the falciform ligament when harvest-
ing the liver (and other organs, if there is multivisceral harvest-
ing) [85]. Since the fascia maintains a blood supply through the 
falciform ligament, there are fewer infectious complications. 
This type of graft is indicated when there is a combined liver-
intestinal transplantation or multivisceral transplantation. The 
falciform ligament goes inferiorly from the liver to the umbili-
cus and often carries an arterial branch called the hepatic fal-
ciform artery [86]. This branch comes from the hepatic artery 
(usually the left) and provides blood flow to the sheath of the 
posterior rectus abdominis muscle. This forms the anatomical 
basis for the use of the posterior rectus abdominis fascia as a 
vascularized allograft when placed together with a liver graft.

The technique for obtaining the vascularized graft consists 
of an incision in the midline through the skin and subcutane-
ous tissue, but not through the linea alba. The sheath of the 
anterior rectus abdominis is incised on both sides of the lin-
ea alba, and the rectus abdominis muscles along with the an-
terior sheath, subcutaneous tissue, and skin are displaced to 
expose the sheath of the posterior rectus abdominis. Parallel 
incisions (through the posterior sheath and peritoneum) are 
made in the lateral border of the rectus abdominis sheath on 
both sides. A lower transverse incision is made just above the 
umbilicus, and an upper transverse incision is made in the xi-
phoid area. At this point, the sheath of the posterior rectus ab-
dominis is connected only to the falciform ligament (which is 
in continuity with the donor’s liver). The liver is then harvest-
ed as usual in continuity with these structures [85].

Recipient hepatectomy and liver preparation in bench surgery 
are routinely performed. The flap from the posterior rectus 
abdominis sheath is inserted as an embedded flap for estab-
lishing adequate perfusion of the liver graft. In the recipient, 
as the incision is preferably vertical, the anterior and poste-
rior sheaths is medially separated and sutured at the graft 

edges. The closure of skin is primary or in series, depending 
on the patient [85].

In 2010, Agarwal et al [87] reported their experience using 
this technique in a 3-year-old patient. There were no compli-
cations in the abdominal wall throughout the patient’s treat-
ment. No tissue biopsies showed signs of acute rejection. Later, 
in 2013, Lee et al [85] reported their experience in using the 
sheath fascia of the vascularized posterior rectus abdominis 
in 4 pediatric patients in a 2-year period. At the time of pub-
lication, 3 of the 4 patients were still alive with a functioning 
liver and abdominal wall.

The vascularized transplantation of the abdominal wall has 
as a disadvantage the risk of ischemia secondary to throm-
bosis and graft necrosis [84]. In addition, it is necessary to 
alert the transplant team to harvest the sheath of the poste-
rior rectus abdominis and the falciform ligament in continu-
ity with the donor’s liver.

Vascularized and Composite Allograft

Abdominal wall transplantation associated with intestinal trans-
plantation was first reported in 2003 [4]. The vascularized and 
composite allograft of the abdominal wall comprises the peri-
toneum, posterior rectus abdominis sheath, both rectus ab-
dominis muscles, anterior rectus abdominis sheath, overlap-
ping fat and skin, and parts of the internal oblique, external 
oblique, and the transverse abdomen muscles (Figure 6). The 
combination of 2 highly immunogenic grafts, the intestine, and 
the abdominal wall (including the donor’s skin) at that time 
represented an unknown immunological risk for allograft re-
jection and graft-vs-host disease [88].

Figure 6.  Abdominal wall transplantation. Created with Adobe® 
Photoshop.
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Skin, as an immunogenic organ with half of its cells belong-
ing to or related to the immune system [89,90], did not ap-
pear to be transplantable at first, but a better understanding 
of the immune basis of rejection [90,91] made the skin an ac-
ceptable part of a graft [92].

Pioneers in this procedure, the Miami group initially used an in-
verted U incision, which provided a good-sized graft for trans-
plantation, but which can also hinder or preclude the closure of 
abdominal defects in donors, an important aesthetic issue [93]. 
In many countries, this would have a low acceptability rate 
with coordinators and family members of donors. The Oxford 
group used an elliptical, longitudinal incision over the 2 rectus 
abdominis muscles, leaving the pubic insertion inferiorly and 
the lower epigastric vessels bilaterally entering the deep sur-
face of the graft [93]. The harvesting of abdominal organs is 
performed as usual and the flap of the abdominal wall is per-
fused with the other organs. After finishing the harvesting of 
organs, the detachment of the flap from the abdominal wall 
is completed. The vessels are divided with minimal dissection 
at the origin of the external iliac arteries. The abdominal wall 
is flushed with UW preservation solution, stored in UW solu-
tion, and placed in a cool box with ice [93].

In 2003, Levi et al [4] described transplanting an abdominal 
wall graft using the donor’s lower epigastric vessels (main-
tained in continuity with femoral and iliac vessel grafts) and 
implanting them to the recipient’s common iliac artery and 
vein. Subsequently, the technique was modified by Cipriani et 
al [94], using a microsurgical technique: the donor’s epigastric 
pedicles were anastomosed directly with the recipient’s epi-
gastric vessels, without the need for access to the recipient’s 
femoral and iliac vessels.

In 2014, Giele et al [95] from Oxford faced a different issue 
related to abdominal wall transplantation: storage and sub-
sequent ischemia-reperfusion injury of the abdominal wall 
graft during the procedure was longer than 5 h. The presence 
of teams working at the same time on the recipient was an 
alternative to minimize the ischemia time, with 1 team per-
forming the intestinal transplantation and the other remotely 
revascularizing the abdominal wall in the blood vessels of the 
recipient’s forearm. The duration of the procedure was an av-
erage of 50 min (range, 30-60 min). At the end of the trans-
plantation, the wall graft was revascularized in the abdomen.

Other groups reported series of abdominal wall transplanta-
tion [96]. In a review of 35 full-thickness vascularized abdom-
inal wall transplantations after intestinal/multivisceral trans-
plantations [93], the successful rate of abdominal closure 
after abdominal wall transplantation was very high, with 88% 
graft survival and no related mortality [97]; follow-up gener-
ally ranged from 6 to 7 months.

Moreover, an advantage is that the cutaneous component of 
the abdominal wall can serve as an immune modulator: a re-
cent study [93] analyzed a small cohort of 29 intestinal/mul-
tivisceral transplantations, 14 of which were combined with 
abdominal wall transplantation. The advantage of carrying a 
wall graft was demonstrated by the lower rate of intestine re-
jection (7% vs 27%) and lower rate (14% vs 33%) of diagnos-
tic errors (viral infection vs rejection), followed by better sur-
vival of the intestinal graft (79% vs 60%).

Without noninvasive markers that are reliable, rejection has al-
ways been the most feared complication after intestinal trans-
plantation. Clinical symptoms such as diarrhea, abdominal dis-
tension, and fever have often been associated and preventively 
considered as substitute markers for rejection [98]. The histo-
logical analysis of mucosa remains the criterion standard for 
detecting rejection [99], but it also creates the risk of ulcer-
ation or perforation of the graft as well as a diagnostic pitfall. 
Conversely, the cutaneous component of the transplanted al-
lograft is easily accessible and can be monitored in a more 
consistent and less harmful way than that of the visceral or-
gans during the rejection process [100] (Figure 7). Although 
the monitoring of small intestine rejection through the skin 
allograft is a fascinating hypothesis, the use of skin allograft 
to monitor the function of the small intestine should be con-
sidered with caution [94].

Abdominal wall transplantation appears to have some disad-
vantages: at the time of harvesting, the flap is disconnected 

Figure 7.  Abdominal wall transplantation. Created with Adobe® 
Photoshop.
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from its nerve connections located on the sides of the abdo-
men, resulting in the denervation of the abdominal graft. The 
absence of nerve stimuli leads to progressive flap hypotro-
phy, resulting in an abdominal wall with no muscle tone [94]. 
In addition, the procedure is still limited to a few transplan-
tation centers, where the expertise of the transplant team is 
well integrated with the plastic surgery team. Owing to the 
small number of cases presented to date, it is not possible to 
make a definitive statement related to the best technique.

Conclusions

Expanding the abdominal domain or replacing the missing or 
damaged abdominal wall is one of the challenges of intesti-
nal transplantation. Several techniques are available to over-
come this issue, and whichever approach is performed, it is 
important to notice that they may not be mutually exclusive 

and that both approaches can be combined in the same recip-
ient to ensure success of the procedure. The results obtained 
with these techniques have been encouraging, but a high in-
cidence of wound complications in some reports has raised 
concerns. Moreover, there is no consensus among transplan-
tation centers regarding which technique would be ideal with 
higher success rates and lower rates of complications.
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