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ABSTRACT

INTRODUCTION: The necessity to develop new treatment options for challenging procedures in hernia
surgery is becoming even more evident and tissue engineering and biological technologies offer even
newer strategies to improve fascial healing. The present case reports a patient-tailored surgical technique
performed to repair a grade IV abdominal incisional hernia, with a combined use of platelet-rich plasma
and bone marrow-derived mesenchymal stromal cells, implanted on a biological mesh.

PRESENTATION OF THE CASE: A 71 year-old female patient complained of an abdominal incisional hernia,
complicated by enterocutaneous fistula, four-months following laparostomy. Contrast enhanced com-
puted tomography showed an incisional hernia defect of 15.5 x 20 cm, with a subcutaneous abscess and
an intestinal loop adherent to the anterior abdominal wall, with a concomitant enterocutaneous fistula.
Surgery involved abdominal wall standardized technique closure, with in addition platelet-rich plasma
and bone marrow-derived mesenchymal stromal cells implanted on a biological mesh. Two years follow
up showed no recurrences of incisional hernia.

DISCUSSION: Coating surgical meshes with patient’s own cells may improve biocompatibility, by reducing
inflammation and adhesion formation. Moreover, platelet-rich plasma is a good source of growth factors
for wound healing, as well as a good medium for bone marrow multinucleate cells introduction into
fascial repair.

CONCLUSION: This approach s likely to improve abdominal wall repair in high grade (IV) incisional hernia,
with the real possibility of improving prosthetic compatibility and reducing future recurrences. The
authors agree with the necessity of further studies and trials to assure the safety profile and superiority

of this procedure.

© 2017 The Authors. Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

What is the best mesh for abdominal incisional hernia (AIH)
repair? What is the best surgical technique? For years, answers
to these and more questions have been asked, and at the present
time, more than 100 surgical meshes are available on the market.
However, the ideal mesh does not yet exist, and still needs to be
developed [1]. Moreover, there is the necessity to develop new

Abbreviations: AIH, abdominal incisional hernia; EF, enterocutaneous fistula;
PRP, platelet-rich plasma; BM-MSCs, bone marrow-derived mesenchymal stromal
cells; CECT, contrast enhanced computed tomography; ICU, Intensive Care Unit;
VEGF, vascular endothelial growth factor; PDGF, platelet-derived growth factor; TGF,
transforming growth factors; FGF, fibroblast growth factors; EGF, epidermal growth
factor.
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treatment options for challenging procedures in hernia surgery
(closure of open abdomen, wound infections, obesity-related
issues), and at the same time, tissue engineering and biological
technologies offer even newer strategies to improve fascial healing
[2]. AIH is one of the most common post-operative complications
after abdominal surgery, with a reported incidence around 20%
[3], and a 10-year cumulative rate of recurrence between 32%
and 63% [4]; in some cases, recurrent AIH can be complicated
by enterocutaneous fistula (EF), bowel obstruction, surgical site
infection, anatomical loss and lateralization of the abdominal wall
muscles?. Repairing high grade ventral hernias (more precisely,
grade III and 1V, according to Ventral Hernia Working Group clas-
sification [5]), are challenging for surgeons, and post-operative
complications (i.e. adhesions, EF) still occur, despite advances in
prosthetic technologies [6,7]. Given this, recent scientific studies
have concentrated on improving prosthetic biocompatibility, such
as coating mesh with the patient’s own cells, thus reducing for-
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Fig. 1. Preoperative contrast enhanced CT-scan. Incisional hernia defect of about
15 x 20 cm, with a portion of small bowel inside and an important diastasis of rectus
muscles.

eign body induced inflammation, formation of adhesions, together
with bowel obstruction and fistula formation [8,9]. Platelet-rich
plasma (PRP) and bone marrow-derived mesenchymal stromal
cells (BM-MSCs), implanted on a collagen scaffold, are one of the
possible tissue engineering techniques used to improve fascial
healing, as they seem to optimize the second and the third phase
of wound healing process (proliferation and maturation). Besides,
they strongly improve tensile strength and total energy absorption
after a primary fascial repair [10,11]. The present case describes a
patient-tailored surgical technique performed at the public Hospi-
tal “Infermi” of Rimini, Italy, in order to repair a grade IV AIH, with
a combined use of PRP and BM-MSCs, implanted on a biological

mesh (cross-linked acellular porcine dermal collagen). The paper
has been reported in line with the SCARE criteria [12].

2. Presentation of case
2.1. Patient information

A 71 year-old Caucasian female arrived at the Department
of General and Emergency Surgery in the Rimini public Hos-
pital, referred by her family physician. She complained of an
AIH complicated by EF (grade IV [5]). Four months earlier, she
had laparoscopic surgery for gastroesophageal reflux disease,
which was complicated by an intraoperative splenic bleeding with
consequent splenectomy, postoperative pancreatic fistula, and pul-
monary embolism. Since the patient needed a redo operation,
a laparostomy with vacuum negative pressure therapy was per-
formed. The abdomen was closed 7 days later and the patient was
finally discharged. Clinical Finding. At admission, the patient was
in a weakened state, with a body mass index of 18 kg/cm2, and a
large AIH, with the stomach and a small bowel loop under the sub-
cutaneous layer, and an EF. Diagnostic Assessment. The contrast
enhanced computed tomography (CECT) showed an (incisional
hernia defects of 15.5 x 20 cm) with a subcutaneous collection in
epigastric/umbilical regions, and an intestinal loop adherent to the
anterior abdominal wall, with a concomitant EF (Fig. 1). Therapeu-
tic Intervention. A multidisciplinary group (surgeon, nutritionist,
lung specialist, radiologist, intensivist and interventional radiolo-
gist) was set up to discuss the therapeutic strategy and to enhance
patient’s preoperative optimisation. For 3 weeks, high calorie intra-
venous nutrition and respiratory physiotherapy was performed,
until patient’s performance status was good enough for facing an
elective surgical procedure. An epidural catheter for postoperative

Fig. 2. a-b-c Abdominal intraoperative situation. Macroscopic evidence of an enterocutaneous fistula, with important adhesion between small bowel loops. Fig. 2c also

represents the skin patch of 8 x 7 cm, with cutaneous fistulas ostia.

b

Fig. 3. a-b Making of PRP and BM-MSCs. a: Platelet gel. b: bone marrow stem cells.
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Fig. 4. Postoperative day contrast enhanced CT-scan on the eight day. A fluid col-
lection (10 x 3,5 cm) appeared over the prosthesis.

analgesia was put in, then the patient underwent general anaesthe-
sia and she was placed in supine position. Antibiotic prophylaxis
was administrated, according to internal hospital guidelines. After
laparotomy and a long adhesiolysis, about 30cm of the ileum,
the EF, and a piece of adherent skin of 8 x 7cm, were resected,
and after this, a manual ileal-ileal lateral-lateral anastomosis was
done (Fig. 2a-b-c). The abdominal wall reconstruction involved
combined Rives-Stoppa technique [13] with Ramirez component
separation technique [14], using a biological porcine mesh (cross-
linked acellular porcine dermal collagen, 20 x 30 cm) with a wide
overlap. Then, 120 ml of bone marrow (Total nucleated cells/ml
56 x 10%/ml) was extracted from the iliac crest bone, and, after pro-
cessing and centrifugation of the cells (BMAC, Harvest®, Terumo),
it was gathered in 20ml of volume (Total nucleated cells/ml
72 x 10%/ml). On a Petri-dish, the platelet gel was combined by
autologous PRP (5 ml; cells/ml 1.2 x 10%/ml), Plasma (5 ml), Throm-
bin (2ml) and Gluconate Calcium (2 ml). Finally, the 20 ml bone
marrow total nucleated cells were put on 60 ml of platelet gel, and
spread over the biological mesh (Fig. 3a-b). The total operative time
was 540 min, because of the extensive adhesion syndrome which
involved the entire small bowel, the necessity to free all the intesti-
nal loops from the scar tissue and to remove the loops involved in
the EF. Blood loss was compatible with the performed surgery, and
blood transfusions were not necessary. Three surgical drains were
placed: one in the peritoneal cavity and the other two above the
prosthesis, under the skin. These last two drains remained closed
until the third postoperative day to avoid the leakage of platelet-gel
mixed with stem cells through the tubes. After surgery, the patient
stayed in ICU for two days, where the lung ventilation was strictly
monitored, because of the risk of intra-abdominal pressure increas-
ing, which could reflect itself on the intra-thoracic pressure and
respiratory mechanics. The peritoneal drain was removed at the
third postoperative day, while the subcutaneous ones remained
inside until the seventh postoperative day. Follow-up and Out-
comes. After eight days, a control CECT was performed in order
to monitor the PRP and stem cells behaviour around the mesh. It
demonstrated a fluid collection (10 x 3.5 cm) over the prosthesis,
which was treated non-operatively and followed up with ultra-
sounds, because the patient had no signs of active infection (Fig. 4).
The patient received postoperative physiotherapy for 30 days and
she was discharged on 48th postoperative day, with the advice of
going on with abdominal muscles rehabilitation [15]. Histological
response confirmed the EF with fibrous-adhesive and fibrinous-
granulocytic peritonitis. Moreover, there were signs of extensive
inflammation steatonecrosis and foreign body multinucleate giant

cells. Two years follow-up showed no recurrence of AIH and com-
plete resolution of the fluid collection.

3. Discussion

High grade IAH requires complex and tailored reconstructive
surgical techniques. Optimization of the wound healing process
is a valuable element for the prevention of recurrent IAH [10].
A biological mesh, such as a cross-linked acellular porcine der-
mal collagen one, has a good dimensional stability but, after some
time, the mechanical strength decreases as a result of enzymatic
degradation. In the meanwhile, tissue engineering helps tissue
self-regeneration and self- repair, with reported successes in IAH
repair, thanks to decellularized scaffold seeded with cells [16,17].
Recently, some authors have declared that the damage of angio-
genic and vasculogenic pathways can lead to IAH recurrence and
they have underlined the importance of the VEGF in this process
[18]. Mesenchymal stem cells secrete this kind of vasculogenic
cytokines and so, they create vascular networks that might improve
wound healing [19]. Coating surgical meshes with the patient’s
own cells helps the implanted meshes to hide themselves from
the host immune system, to reduce their adverse effects, and to
improve biocompatibility [8,9]. In literature, few authors empha-
size the importance of combined use of PRP, BM-MSCs and collagen
to improve fascial healing [10,11]; in particular, Heffner et al.
showed how the tensile strength, the total energy absorption vas-
cularization and the collagen abundance increase in mice treated
with collagen overlay, PRP and BM-MSCs versus others groups [10].
PRP is a good source of growth factors for wound healing, because
platelets release PDGF, VEGF, TGF-beta, FGF, and EGF, and in this
way, they provide a suitable environment for cellular repair and
proliferation. For these reasons, it is essential to include PRP as part
of a medium for bone marrow multinucleate cells introduction into
the fascial repair [10]. Finally, another recent study supports the
methodology of coating various types of surgical meshes with dif-
ferent cell lines, with good expectations for further development
and improvement of IAH repair techniques [20]. Otherwise, Petter-
Puchner et al. stated that even though BM-MSCs are among the
best investigated options in stem cell therapy, the invasiveness
of obtaining the cells (with regard to pain and possible compli-
cations) could be a limitation of this procedure, and the superiority
of a treatment with BM-MSCs for AIH repair-related indication still
need to be proven [2].

4. Conclusion

In this specific complex patient, PRP and BM-MSCs implanted
on a biological mesh, seemed to be a feasible technique for the
repairing high grade IAH, with the real possibility of improving
prosthetic compatibility and reducing future recurrences. How-

ever, the authors agree with the necessity of further studies and
trials to assure the safety profile and superiority of this procedure.
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