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Abstract

Background Parastomal hernias can be prevented or
repaired using synthetic mesh; however, reported complica-
tions include infection, fibrosis and potential bowel erosion.
The study aim was to assess the safety, feasibility and
potential efficacy of using a prophylactic collagen implant.

Methods Twenty patients undergoing defunctioning sto-
mas were randomised to a conventional procedure or rein-
forcement with the implant. Follow-up included regular
symptom questionnaires, clinical examination, stoma site
ultrasound, and serum inflammatory markers.

Results Ten patients (four males; mean BMI 26.3) had a
conventional stoma, and ten (three males; mean BMI 26.3)
received the implant. At a median of 6.5 months follow-up,
a parastomal hernia was clinically evident in three of ten
patients without the implant, and in none of ten patients
with the implant. There were no clinical complications,
ultrasound evidence of chronic seromas or serological evi-
dence of a systemic inflammatory response.

Conclusions Xenogeneic collagen has been demon-
strated to aid soft tissue reinforcement. In this study, in con-
trast to published data relating to the use of conventional
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synthetic mesh, there were no complications related to
infection or the implant’s proximity to the bowel. This trial
demonstrates that the implant is safe, feasible to use and
has the potential to prevent parastomal herniation.
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Introduction

Parastomal hernias have a reported incidence of up to 50%,
increasing with the length of follow-up [1, 2]. They can
lead to complications ranging from poor cosmesis [3], mild
discomfort and difficulty with appliance application
(causing skin irritation and leakage of bowel contents) [4]
to life-threatening complications such as strangulation,
obstruction and perforation [5-7]. One in three require
surgical repair [8] and, of the documented techniques,
prosthetic mesh repair (to reinforce the edges of the stoma
trephine) is the most efficacious, although it still has
reported recurrence rates of up to 8%, as well as the associ-
ated morbidity and cost of a second procedure [1]. As such,
certain surgeons have recognised that prevention of paras-
tomal hernias may be the best approach [1, 9]. To date, a
number of studies have reported encouraging results
regarding the prophylactic placement of polypropylene
mesh in an attempt to reduce the rate of parastomal hernia-
tion [8, 10, 11].

Polypropylene mesh strengthens the abdominal wall
both by mechanical tension and by induction of a strong
chronic inflammatory foreign body response [12]. This con-
sequently results in mesh contraction and formation of an
avascular fibrotic conglomerate [13], with the potential for
bowel erosion, intraperitoneal adhesions, infection and, in
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the event of any of these complications, difficult removal of
the mesh due to dense adhesions to the bowel and extraper-
itoneal tissue incorporation [14-18].

A more biocompatible alternative is an acellular cross-
linked collagen sheet derived from porcine dermis (Per-
macol, Tissue Science Laboratories). It has been used
successfully for laparoscopic inguinal and parastomal
hernia repair [19, 20], repair of large abdominal wall
defects [21, 22], and general surgical soft tissue augmen-
tation in both animals and humans [23-26]. Comparative
studies with polypropylene in rat models have demon-
strated that it has better tissue compatibility, with less
adhesion formation, more orderly collagen deposition and
comparable tensile strength at 90 days after implantation
[27].

The aim of this phase 1 study was to assess the safety,
feasibility, and potential efficacy of preventing parastomal
hernias using this cross-linked collagen implant.

Materials and methods

The study was approved by the local ethics committee
(REC reference: P/02/263).

Patients

All patients requiring a defunctioning loop stoma, per-
formed as part of an elective procedure, were prospectively
invited to participate in the study on an intention-to-treat
basis. After obtaining informed consent, patients were ran-
domised, by means of opening consecutively numbered
sealed envelopes, to receiving either a conventional loop
stoma or the same procedure with addition of the collagen
implant. Patients were blinded as to which arm of the trial
they had been entered into. Patient age, sex, and body mass
index (BMI) were recorded. Details on previous abdominal
surgery and the primary procedure requiring a loop stoma
were also recorded.

Materials

Permacol (Tissue science Laboratories, Aldershot, Hants,
UK) is a porcine-derived acellular dermal sheet, predomi-
nately composed of Type I collagen (93-95%), with Type
IIT collagen and a small amount of elastin comprising the
remainder. Its manufacture involves trypsinisation (to
remove all living cells and non-collagenous debris), solvent
extraction (to remove all lipid and fat deposits), y irradia-
tion and cross-linkage with hexamethylene-di-isocyanate
[25]. Implants were unconditionally donated by Tissue
Science Laboratories Plc.
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Surgical technique
Stoma formation

All patients had a 2 x 2 cm trephine created through the
layers of the anterior abdominal wall, including the rectus
sheath, at a pre-marked skin site. In those receiving the
implant, the potential space between the posterior layer of the
rectus sheath and the peritoneal membrane (pre-peritoneal
position) was dissected in all directions around the trephine
to allow for the placement of the implant. Sterile sheets of
10 x 10 cm, 1.0 mm in thickness, were utilised. A cylindri-
cal defect, approximately 2 cm in diameter, was fashioned in
the centre of the collagen sheet, and the implant was inserted
into the previously created plane. The central defect was
sutured to the appropriate layer of the rectus sheath (at the
12, 3, 6 and 9 o’clock positions), using interrupted 3/0 pro-
lene sutures, so as to encircle the abdominal trephine (Fig. 1).
The outer four corners of the implant were also sutured to the
rectus sheath in the same fashion. The cut edge of the peri-
toneum was sutured to the corresponding edge of the posterior
layer of the rectus sheath to enclose the implant.

In all patients, the appropriate loop of bowel was
brought through the peritoneum, the implant (if present),
and the remaining layers of the anterior abdominal wall,
without any tension. The stoma was fashioned in the stan-
dard manner using 3/0 vicryl rapide.

Stoma reversal

In those undergoing stoma reversal, the bowel was dis-
sected down to the peritoneal cavity. If present, the colla-

Fig. 1 Central defect of implant sutured to the posterior layer of the
rectus sheath (at the 12, 3, 6 and 9 o’clock positions), using interrupted
3/0 prolene sutures, so as to encircle the abdominal trephine. This
photograph is a reprint from [28] (reproduced with permission by John
Wiley & Sons on behalf of BJSS)
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gen implant was biopsied, and the opening in the bowel
either primarily closed with 3/0 vicryl or the surrounding
bowel resected and anastomosed using a GIA stapler. The
peritoneum, rectus sheath and, if present, the implant tre-
phine, were closed using either 1/0 loop PDS or interrupted
1/0 nylon sutures. The skin was closed in the standard man-
ner using staples.

Biopsy specimens were taken from the edge of the
implant trephine, and immediately fixed in 4% formal
saline. After fixation, appropriate samples were embedded
in paraffin, 5 pm thick sections were cut and stained with
haematoxylin and eosin (H&E).

Follow-up

Patients were followed-up until the time of stoma reversal or,
in the event of the stoma not being reversed, until 12 months
after stoma formation. Patients completed a questionnaire
assessing for symptoms associated with parastomal hernia-
tion on a monthly basis, and underwent a clinical examina-
tion for signs of a parastomal hernia, and other
complications, at 6 weeks postoperatively and then every
3 months until stoma reversal or 12-months post-stoma for-
mation. In those patients whose stomas were reversed, at the
time of the second procedure any evidence of stomal hernia-
tion was recorded. Serum white cell count, C-reactive pro-
tein levels and erythrocyte sedimentation rates were
performed on a monthly basis, for 6 months, to establish
whether there was any serological evidence of a systemic
inflammatory response related to the presence of the implant.
Ultrasound examination of the stoma site was performed at
least 3 months after stoma formation, usually on the day
prior to reversal, to detect for evidence of localised chronic
seroma formation related to the presence of the implant.

Statistical analysis

Statistical analysis of the results was not performed on
account of the small numbers involved in this phasel study.

Results

Twenty patients were included in the study. Ten were ran-
domised to receiving the mesh, and ten to a conventional
stoma. All patient demographic and relevant surgical data is
summarised in Table 1.

Clinical and operative

The clinical and operative findings are summarised in a
flow chart (Fig.2). Of the ten patients randomised to
receiving a conventional stoma, five of ten had their stomas
reversed at a median of 5 (range 3-8) months, and three of
the ten patients had evidence of parastomal herniation.
Of the ten patients recruited to receiving the implant, seven
of ten had their stomas reversed at a median of 7 (range 1-
10) months, and none of the ten patients had any evidence
of parastomal herniation. At the time of stoma reversal, the
collagen implant was found to be present and intact. The
peritoneal and muscular surfaces of the implant had
become bordered with non-fibrous, well-vascularised con-
nective tissue with mild-to-moderate adherence, and fibrous
scar tissue was only evident at the suture sites. Adherence
to bowel serosa was non-existent to minimal. There was no
difficulty in removing the implant, and the implant did not
complicate reversal of the stoma. No patient (0 of 20)
developed any infective complications, fistula formation or
bowel erosion.

Reasons for patients not undergoing stoma reversal by
12 months included patient preference (n=3), patient’s
co-morbidities preventing further complex surgery (n = 2),
recurrent anal carcinoma requiring proctectomy (n = 1),
severe pouchitis (n = 1), and prolonged chemotherapy for
advanced rectal cancer (n = 1).

Patient questionnaire

The results of the patient questionnaire are summarised in
Table 2. Of the ten patients randomised to receiving a

Table 1 Patient and operative
characteristics

Demographics Conventional Stoma + implant
stoma (n = 10) (n=10)

Mean age (years) 50 (22-70) 42.6 (21-69)
Sex ratio (M:F) 4:6 3:7
Mean BMI 26.3 (20.1-44) 26.3 (22.6-31)
Mean no. of previous abdominal operations 1(0-2) 1(0-3)
Indication/1° procedure

Megarectum/rectal reduction 1 1

Slow transit constipation/loop ileostomy 1 1

Faecal incontinence/gracilis neosphincter 3 5

Rectal cancer/anterior resection 3 0

Ulcerative colitis/proctocolectomy and pouch 2 3
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Fig. 2 Flow chart of clinical
and operative findings

Consented to randomisation
n=20

Implant
n=10

No implant
n=10

Reversal of stoma
at median 7
(1 - 10) months
n="17

Stoma not reversed
at 12-months

n=73

Reversal of stoma

at median 5
(3 — 8) months
n=>5

Stoma not reversed
at 12-months

n=5

Parastomal hernia

Parastomal hernia
n=0

Parastomal hernia
n=1

Parastomal hernia
n=2

n=0
Table 2 Results of patient questionnaire
Symptoms Conventional Stoma +
stoma (n = 10) implant (n = 10)
Stomal bulge 3 1*
Bulge — difficult bag 2 0
application
Stoma bag leakage 2 0
Bulge — pain 1 0
Stoma ceases to produce wind 0 1*
Stoma ceases to produce stool 0 1°
Nausea and vomiting 2 2obe
Abdominal bloating 2 obe

% No hernia evident on clinical examination or at the time of stoma
reversal

® Symptoms secondary to small bowel obstruction secondary to intra-
abdominal adhesions

¢ Symptoms present pre-operatively—no hernia evident on clinical
examination or at the time of stoma reversal

conventional stoma, three documented the presence of a
parastomal bulge, which corresponded to the same three
patients in whom a clinically detected parastomal hernia
was evident. These three patients documented symptoms
related to the presence of a parastomal hernia, including
difficulty with bag application, leakage of stoma bag con-
tents, nausea, vomiting, bloating, and parastomal discom-
fort. Of the ten patients recruited to receiving the implant,
one of ten documented a parastomal bulge although there
was no hernia evident on clinical examination, ultrasound
examination or at the time of stoma reversal. One patient
complained of symptoms of intermittent small bowel
obstruction (nausea, vomiting, bloating and cessation of
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wind and stool per stoma) shortly after stoma formation,
prompting early stoma reversal (1 month post initial stoma
formation); no hernia was detected clinically, on ultrasound
or at the time of stoma reversal, but a loop of small bowel
proximal to the stoma was found to be wrapped around an
intra-peritoneal adhesive band at a distance from the
abdominal wall trephine and implant. Another patient (1 of
10) complained of regular nausea, vomiting and bloating
but these symptoms were unaltered in frequency or severity
compared to those experienced pre-stoma formation.

Stoma site ultrasonography

Of the ten patients randomised to receiving a conventional
stoma, nine of ten underwent stoma site ultrasonography at
a median of 5 (range 3-12) months post-operation, and
none (0 of 9) had ultrasonographic evidence of a chronic
seroma or fluid collection. Of the ten patients randomised to
receiving the implant, seven of ten underwent stoma site
ultrasonography at a median of 6 (range 1-10) months post-
operation, and none (0 of 7) had ultrasonographic evidence
of a chronic seroma or fluid collection.

Serology

Serology results are illustrated in Fig. 3. The white cell
count was neither decreased nor elevated beyond the limits
of the normal range in either group, with the exception of
day 1 post-operation in the no-implant arm (Fig. 3a). The
erythrocyte sedimentation rate (Fig. 3b) and C-reactive pro-
tein level (Fig. 3c) were elevated beyond the upper limit of
the normal range in both groups post-operatively, but there
was no apparent difference between the groups.
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Fig. 3 a—c Serology results at varying time points post-stoma forma-
tion: dark grey bars (red in online) results of patients who received the
collagen implant, light grey bars (green in online) results of patients
who had a conventional stoma. In each panel, the dotted line indicates
the upper limit of the normal range. a Mean white cell count. b Mean
erythrocyte sedimentation rate (ESR). ¢ Mean C-reactive protein
(CRP) level

Histology

Eight of ten patients recruited to receiving the implant
underwent stoma reversal and had biopsies taken of the
implant. These revealed a clear line of demarcation
between the collagen implant and host connective tissue,
with a mild mononuclear cell response and new vessel

formation limited to the interface between the collagen
implant and host connective tissue, and via native pores
within the collagen implant [28]. No polymorphonuclear
cell response was evident, and the only foreign body giant
cells seen occurred in association with stitch granulomata
[28].

Discussion

The view that prevention is the best approach to the man-
agement of parastomal hernias has been expressed in two
review articles [1, 2], and there is good clinical evidence to
date for placing a mesh at the time of stoma formation in
order to achieve this aim [8, 10, 11]. However, the ideal
material for this purpose has yet to be determined, although
the specific success determining characteristics of such a
material would intuitively include: avoidance of a foreign
body inflammatory response (biocompatibility), and there-
fore fibrosis, contraction and potential bowel erosion; ade-
quate mechanical strength; and prolonged biodegradation,
thereby avoiding herniation following early implant resorp-
tion. Furthermore, it has been proposed that both recurrent
and incisional hernias (which by definition include parasto-
mal hernias [3]) can be regarded as a consequence of a
pathological shift of the collagen ratio within the healed
wound, from “mature” type I collagen to “immature” type
IIT collagen, which may result in a loss of tensile strength,
and predispose to hernia formation [29]. It is therefore rea-
sonable to hypothesise that any material used to reinforce
an abdominal wall stoma should either be predominantly
composed of type I collagen or correct the balance of colla-
gen metabolism. Permacol is composed of up to 95% type 1
collagen, and has been shown in both in vitro and animal
studies to possess the aforementioned qualities. In vitro
studies have shown that the cross-linking confers resistance
to collagenase degradation [30], and when implanted into
the abdominal wall of rat models, Permacol induced a mild
chronic inflammatory response with no evidence of signifi-
cant fibrosis [26, 27].

The results of this prospective randomised pilot study to
prevent parastomal herniation demonstrate that this novel
procedure seems safe to use: there were no complications
related to infection or the proximity of the implant to the
bowel; there was no ultrasonographic evidence of loca-
lised seroma formation or serological evidence of a sys-
temic inflammatory response related specifically to the
implant; and the histological data revealed only a mild
chronic inflammatory response to the implant. Technically,
the procedure is easy to perform and, more importantly,
the implant is easy to remove should any hitherto unrecog-
nised complications arise. Most importantly, the data
suggests that this technique has the potential to prevent
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parastomal hernias, in that none of the ten patients who
received the implant developed a parastomal hernia
compared with three of ten patients who underwent a con-
ventional stoma.

The decision to pilot the technique on defunctioning
loop stomas was based on a number of factors. Previous
studies have demonstrated a 6% herniation rate in loop
stomas at 3 months [1], and it is reasonable to assume that
the rate increases with the duration of follow-up, as has
been shown with end stomas [2]. Moreover, the construc-
tion of loop stomas requires a comparatively larger
abdominal trephine than end stomas, which theoretically
places them at greater risk of developing a parastomal her-
nia in the longer term. These are important points when
considering that the median time to stoma reversal in the
12 of 20 patients who underwent stoma reversal was
6.5 (range 1-10) months, and that the remainder, either
being unsuitable or unwilling to undergo reversal, are
therefore at increased risk of herniation in the longer term.
Other factors included the greater technical ease of revers-
ing loop stomas, compared to end stomas, in the event of
complications, and the unique opportunity this study
model provided for histological assessment of the human
host response to the implant (more detailed assessment is
not within the remit of this paper and is the subject of
another study [28]).

In conclusion, this procedure, using a cross-linked colla-
gen implant, seems safe to use in close proximity to the
bowel (in contrast to published data relating to the use of
conventional synthetic mesh [14—18]), is technically feasi-
ble and has the potential to prevent parastomal hernias. Fur-
ther study, employing appropriately powered sample sizes,
longer-term follow-up and cost-benefit analysis, is now
required to establish whether this cross-linked collagen
implant is at least as effective as synthetic mesh at prevent-
ing parastomal herniation, and which method is associated
with the fewest complications. An additional challenge will
be to identify whether all patients undergoing stoma forma-
tion should undergo prophylactic primary mesh placement
or if the procedure should be targeted at those most at risk
of such a complication.
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