
Page 1/14

 Ovine Forestomach Matrix Implant for Surgical
Management in Perianal Fistulas: A Retrospective
Case-Series 
Vinesh Anandarajan 

Vassar Brothers Medical Center
Pranat Kumar 

Vassar Brothers Medical Center
Kathryn Wells 

Vassar Brothers Medical Center
John Choi 

Vassar Brothers Medical Center

Research Article

Keywords: Anal fistula, extracellular matrix, fistula plug, ovine forestomach matrix, perianal fistulas

Posted Date: July 10th, 2024

DOI: https://doi.org/10.21203/rs.3.rs-4607116/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Additional Declarations: Competing interest reported. Pranat Kumar and John Choi are consultants for
Aroa Biosurgery Limited.

https://doi.org/10.21203/rs.3.rs-4607116/v1
https://doi.org/10.21203/rs.3.rs-4607116/v1
https://doi.org/10.21203/rs.3.rs-4607116/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/14

Abstract

Background
Surgical management of perianal fistula (PF) is complicated by a high rate of recurrence and risk of
damage to the sphincter complex. Advances in surgical techniques and the use of traditional and
biologic fistula plugs have demonstrated recent success. However, the need for minimally invasive, cost-
effective techniques capable of lower recurrence rates still exists. Ovine forestomach matrix (OFM) is a
biologic graft capable of regenerating healthy native tissue and was used for the surgical management
in PFs in this study.

Methods
This retrospective case-series analyzed data collected from 25 patients at a single site treated with OFM
for various perianal fistula subtypes as a key component of the surgical treatment algorithm. The
primary outcome was healing status at 12 weeks. Secondary outcomes included time to complete
closure, recurrence at follow-up intervals, and post-operative complications.

Results
The most common PF subtype was a trans-sphincteric fistula (72%) and of primary and cryptoglandular
origin. Mean PF depth was 3.3 ± 1.6 cm with a 76% incidence of healing at 12-weeks and a median time
to closure of 4.5 weeks (IQR: 4.0, 6.0). At last follow-up, 21 of 25 PFs were completely healed (84%) with
one recurrence at a median follow-up time of 25 weeks (IQR: 15.5, 29.5). Eighty percent of patients
reported no pain at post-operative follow-up.

Conclusion
OFM was found to be a safe, efficacious, and cost-effective treatment for the surgical management of
perianal fistula. At last follow-up, OFM achieved successful closure with no recurrences using a median
single device implantation.

Introduction
The primary goal of surgical management of perianal fistula (PF) is to eradicate any existing infection
and promote definitive closure of the fistula tract without compromising the function of the sphincter
complex. With current surgical management techniques, successful treatment of PFs remains a
challenge due to high recurrence rates and the potential for injury to the sphincter complex, which can
result in incontinence [1, 2]. This problem is compounded due to the number of PFs associated with
inflammatory bowel disease, including Crohn's disease [3] and ulcerative colitis [4], which can result in
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complex fistulas that often require a multidisciplinary approach [5]. These challenges will continue to
grow due to the chronic nature of these disease states and their increasing global prevalence [6].
However, perianal abscess remains the overwhelming contributing factor in the pathogenesis of PFs.
Importantly, the incidence of the disease states may be underreported due to social stigma associated
with the condition. This combination of factors presents a need for surgical advances in the
management of PFs.

Currently, invasive surgical procedures such as ligation of inter-sphincteric fistula tract (LIFT) and
mucosal advancement flaps, offer high clinical efficacy, but still carry a risk of post-operative
complications, including infection, bleeding, or anal sphincter damage [7, 8]. Less invasive techniques,
such as fibrin glue injection and traditional fistula plugs, minimize these complications but often result in
poor closure rates and a high recurrence rate [9, 10]. More recently, surgical management advances have
included techniques that incorporate video-assisted procedures in an attempt to limit incontinence
associated with injury to the sphincter complex [11]. Similarly, ablative techniques have demonstrated
success in mitigating sphincter damage but carry a high recurrence rate with moderate clinical efficacy
[12, 13]. Stem cell therapies have also shown value, particularly with respect to fistulas related to Crohn’s
disease, but future studies evaluating PFs of other etiologies are needed [14, 15].

Therefore, a need still exists for a minimally invasive, clinically effective, simple, and cost-effective
alternative to traditional surgical interventions for PF. This has led many surgeons to explore regenerative
biomaterials as a treatment option, such as biologic anal fistula plugs [16, 17]. Biological implant
materials, in both allograft and xenograft form, have seen adoption in PF management [18, 19]. However,
the goal of many fistula plugs is to provide a method of occluding the fistula alone without a specific
focus on augmenting tissue regeneration. For this reason, biologic fistula plugs have demonstrated
success in limiting incontinence and surgical complications but exhibit varying degrees of clinical
efficacy. More recently, a biologic implant derived from ovine forestomach matrix (OFM) has been
studied as a novel alternative to the traditional plugs with promising early success [20]. OFM is a
decellularized extracellular matrix (dECM) that preserves inherent tissue architecture and retains
biomolecules crucial to the tissue regeneration process [21]. In this study by Hsu et al, 14 patients
received OFM as a perianal fistula implant (PAFI) and were followed for a median 37.6 ± 20.1 weeks. Of
the 78.6% (n = 11/14) of patients that healed during the study, median time to complete closure was 3.6
weeks. Only two patients in the study required an additional OFM PFAI procedure and no adverse events
or post-operative infections were reported.

In addition to its preliminary success as a PAFI, OFM may serve as an ideal implant device due to its
ability to function in an inflammatory and contaminated environment. OFM devices have been show to
modulate wound proteases in preclinical [22] and clinical studies [23] and may be particularly effective in
the inflammatory environment present in PFs. Additionally, OFM has demonstrated the ability to recruit
mesenchymal stromal cells [24], stimulate cell proliferation and angiogenesis [25], all of which are key
components of tissue regeneration. OFM has been further employed in the regeneration of multiple
types of contaminated soft tissue defects, in addition to the recent use as a PAFI [20, 26–29]. The



Page 4/14

combination of initial clinical efficacy in PFs and in other contaminated, inflammatory tissues has led the
authors to perform a larger single-center, retrospective case series to validate the previously published
PAFI pilot study in a new, larger patient population. OFM was evaluated as a PAFI to facilitate closure,
minimize post-operative complications, and negate the need for more invasive surgical interventions.

Methods
The study protocol was reviewed by the Nuvance Health Institutional Review Board, and ethical oversight
of the retrospective study was waived. The study was conducted in accordance with institutional
guidelines and the World Medical Association Declaration of Helsinki ethical guidelines. All patient
information, including any patient images, was de-identified for research purposes. All patients signed
written informed consent for the procedure.

Data were collected and retrospectively analyzed from patients that met the inclusion and exclusion
criteria (Table 1) and represented consecutive patients that had undergone a minimally invasive PAFI
using OFM between July 2021 and October 2023. OFM graft (Myriad Matrix™ Soft Tissue Bioscaffold,
Aroa Biosurgery Limited, Auckland, New Zealand) and/or micronized OFM (Myriad Morcells™, Aroa
Biosurgery Limited, Auckland, New Zealand) were used according to the instructions for use.
Preoperative MRI was obtained for surgical planning when appropriate. Patients received general
anesthesia or monitored anesthesia care for the surgical procedure. Local anesthesia was administered
using 1% lidocaine as a bilateral pudendal nerve and/or circumferential perianal nerve block. The fistula
tract was first debrided with a curette to remove epithelial tissue lining the fistula. The OFM device was
hydrated with saline, then hand rolled to create a cylindrical implant. The OFM device size was
determined based on the length and diameter of the fistula tract (either 5x5 cm or 7x10 cm and 3-layer
for narrow diameter and 5-layer for wider diameter). Any remaining space in the defect was filled with
OFM particulate. The OFM implant was introduced into the fistula tract and then secured at the internal
and external opening with absorbable polydiaxonone sutures (PDS) in a U-stitch technique. Additional
local anesthesia was administered at the conclusion of the case for pain control. Postoperative dressing
of Xeroform® and gauze was then applied. Time to heal was determined by clinical evaluation and
defined as no sign of drainage, open wound, or surrounding infection. Positive drainage of fecal material
or air through the external opening was a clinical sign of recurrence.
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Table 1
Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

Male or female patients age > 18-years old Patients still under active
management having received their PF
treatment < 3 months prior

Patients with a primary or recurrent PF (cryptoglandular
disease) treated with OFM graft and/or OFM particulate as
part of their surgical intervention

Patients that did not receive OFM
graft and/or particulate as part of
their PF treatment

  Patients with inflammatory bowel
disease

Patient demographics (e.g. age, gender, significant baseline comorbidities, Park’s Classification), prior
surgical interventions and outcomes (e.g. complete healing, recurrence, complications) were captured in
Excel® (Microsoft Corporation). The primary study outcome was defined as complete healing at post-
operative week 12. Secondary endpoints included median time to complete healing, recurrence of fistula
during the follow up interval, and post-operative complications (e.g. infection, pain, and recurrence).
Descriptive statistics (e.g., median, mean, standard deviation (SD)) were computed using Excel®.

Results
A total of 25 participants were included in this case series. Twenty patients were male, and 5 patients
were female with a mean age of 48.3 ± 14.9 years (Table 2). The majority of participants presented with
medical co-morbidities (80%), with obesity (64%) and hypertension (44%) being the most common (Table
2). One patient had a prior history of colon cancer. Four patients had intersphincteric fistulas (16%), 18
patients had transsphincteric (72%), and 3 patients had extrasphincteric defects (12%) (Table 3). A prior
history of cryptoglandular infection occurred in 23 of 25 patients (92%). Sixty percent of PFs were
primary and 40% were recurrent fistulas. The mean PF depth was 3.3 ± 1.6 cm (median, 3.5 (IQR: 2.3,
4.0). Most patients had prior surgical intervention: fistulotomy (48%, n = 12/25), incision and drainage
(I&D) (28%, n = 7/25), LIFT (8%, n = 2/25), and a single patient had a previous colostomy. Two patients
had two prior fistulotomies and two patients had two prior I&D procedures. A total of 13 patients (52%)
had pre-operative seton placement for a median duration of 35.0 weeks (IQR: 16.0, 47.5) (mean, 39.5 ± 
32.4). The median OFM implant application was 1.0 (IQR: 1.0, 1.0) (mean, 1.1 ± 0.3) (Table 3).
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Table 2
Patient Demographics

Characteristic Value

Participants (n) 25

Age (mean ± SD) [median, (IQR)] 48.3 ± 14.9 [36, (38, 58)]

Gender  

Male, % (n) 80.0% (20)

Female, % (n) 20.0% (5)

Complicating co-morbidities, % (n) 80% (20)

DM 12.0% (3)

Hypertension, % (n) 44.0% (11)

Obesity, % (n) 64.0% (16)

Afib, % (n) 8.0% (2)

CAD, % (n) 8.0% (2)

OSA, % (n) 8.0% (2)

COPD, % (n) 16.0% (4)

HLD, % (n) 16.0% (4)

Constipation, % (n) 8.0% (2)

Colon cancer, % (n) 4.0% (1)

Abbreviation: n, sample size; SD, standard deviation of the mean; IQR, interquartile range; DM,
diabetes mellitus; Afib, atrial fibrillation; CAD, coronary artery disease; OSA, obstructive sleep apnea;
COPD, chronic obstructive pulmonary disease; OSA, obstructive sleep apnea; HLD, hyperlipidemia
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Table 3
Baseline Anal Fistula Characteristics and Operative Technique

Characteristic Value

Type of fistula, % (n) 25 (100%)

Intersphincteric, % (n) 16.0% (4)

Transsphincteric, % (n) 72.0% (18)

Extrasphincteric, % (n) 12.0% (3)

Fistula depth (mean ± SD), [median (IQR)] (cm), (n) 3.3 ± 1.6, [3.5 (2.3, 4.0)], (25)

Primary or recurrent fistula, % (n)  

Primary, % (n) 60.0% (15)

Recurrent, % (n) 40.0% (10)

Prior surgical intervention, % (n) 68.0% (17)

Fistulotomy, % (n) 48.0% (12)

(8.0%, (n = 2) had undergone two prior
fistulotomies)

I&D, % (n) 28.0% (7)

(8.0% (n = 2) had undergone two prior I&D)

LIFT, % (n) 8.0% (2)

Colostomy, % (n) 4.0% (1)

Prior cryptoglandular infection, % (n) 92.0% (23)

Prior seton use, % (n) 52.0% (13)

Pre-operative seton duration (weeks), median (IQR),
[mean ± SD], (n)

35.0 (16.0, 47.5), [39.5 ± 32.4], (13)

Pre-operative pain, % (n) 48.0% (12)

Product applications, median (IQR), [mean ± SD], (n) 1.0 (1.0, 1.0), [1.1 ± 0.3], (25)

Abbreviations: n, sample size; SD, standard deviation of the mean; IQR, interquartile range; I&D, incision
and drainage; LIFT, ligation of intersphincteric tract

The median time to heal was 4.5 weeks (IQR: 4.0, 6.0) (mean, 6.1 ± 5.0). At 12-weeks, 19 patients
remained healed (76%), 3 patients were not healed (12%), 2 patients had unreported data (8%), and 1
patient had a PF recurrence (4%). The median follow-up time was 25 weeks (IQR: 15.5, 29.5) (mean, 24.4 
± 14.3). Outcomes at last follow-up were 21 patients remained healed (84%), 4 patients were not healed
(16%), and one recurrence that underwent a second application of OFM and healed uneventfully at 5.5
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weeks. The single patient with a recurrence remained healed at last follow-up. Preoperative pain was
reported in 12 patients (48%) and decreased to 5 patients reporting pain postoperatively (20%). There
were no postoperative complications or adverse events reported.

Discussion
The optimal surgical management for PFs is debated due to a combination of high recurrence rates, the
risk of incontinence associated with more invasive procedures, and recent advances in surgical
techniques. The goal remains to achieve high closure rates with a minimally invasive procedure that
minimizes the risk of damaging the sphincter complex while limiting the recurrence rate. With no
consensus on a standard surgical approach, traditional and biologic fistula plugs, or implants, have been
an increasingly common reported solution [9]. In this study, OFM was used as a PAFI due to its
demonstrated ability to augment healthy soft tissue regeneration in chronic defects, its ease of use, low
cost, and demonstrated previous efficacy as a PAFI [20]. In this retrospective case series of 25 patients,
OFM was able to achieve healing and maintain closure in 76% (n = 19) of cases at 12-weeks with a
median healing time of 4.5 weeks with a median single application (Table 4). Using Park’s classification,
the majority of the PFs were transsphincteric in nature (72%) with a mean depth of 3.3 ± 1.6 cm
(Table 3). Only one patient presented with a recurrence at 12-weeks. At 6 weeks following index PAFI, the
patient presented with intermittent sanguinous drainage via a small unhealed opening and was treated
with a course of antibiotics. Upon further follow-up, a recurrence was noted and a second OFM PAFI was
placed 4 months after the index surgery. Approximately 5.5 weeks following the second procedure, the
defect healed without further complication. At last follow-up, 21 out of 25 PFs (84%) remained healed.
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Table 4
Post-operative Clinical Outcomes

Characteristic Value

Post-operative pain, % (n) 20.0% (5)

Time to heal (weeks), median (IQR), [mean ± SD], (n) 4.5 (4.0–6.0), [6.1 ± 5.0], (22)

Outcome at 12 Weeks  

Remains healed, % (n) 76.0% (19)

Not healed, % (n) 12.0% (3)

Not reported, % (n) 8.0% (2)

Recurrence, % (n) 4.0% (1)

Maximum follow-up duration (weeks), median (IQR), [mean ± 
SD], (n)

25.0 (15.5–29.5), [24.4 ± 14.3],
(25)

Outcome at last follow-up visit  

Remains healed, % (n) 84.0% (21)

Not healed, % (n) 16.0% (4)

Recurrence, % (n) 0.0% (0)

Abbreviations: n, sample size; SD, standard deviation of the mean; IQR, interquartile range

The study was comprised predominately of PFs secondary to cryptoglandular infection (92%) and
represent chronic, highly inflammatory defects. The chronic nature of the PF defects was further
evidenced by over half of patients having prior seton use for a median duration of 35 weeks. The proven
ability of OFM to function in hostile, inflammatory microenvironments and modulate wound proteases
has been well documented in both preclinical [22, 30] and clinical studies [26, 27, 31]. It is postulated that
the success of OFM observed in this study is in part due to the ability for OFM to function and retain
bioactivity in chronically inflammatory PF tissue. Additionally, OFM has demonstrated angiogenic activity
[25]. Due to the high vascularity of the perianal region, OFM may be particularly well suited to take
advantage and promote healthy tissue formation in this environment. Interestingly, OFM has shown the
ability to recruit mesenchymal stem cells (MSCs) [24] and retain growth factors (KGF, BMP, PDGF, VEGF)
and chemokines that promote tissue growth [21]. Using the same principle, the use of stem cell therapy
is an increasingly common treatment strategy for PFs [14] with demonstrated instances of success,
particularly in PFs associated with Crohn’s disease [32]. We hypothesize that OFM may be acting as not
only a classic anal fistula plug but may additionally be acting as a multimodal therapy due to recruitment
of progenitor cells. Furthermore, OFM was selected as a PAFI device due to the ease of use and
customizable operative sizing such that it is unique to the anatomy of each defect during surgery.
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LIFT procedures are being increasingly reported in the literature and adopted in clinical practice. Studies
have reported varying degrees of recurrence ranging from a 60% recurrence rate [33] to as low 16.7% [34]
and 12.5% [35]. These reported recurrence rates are notably higher than our observed recurrence rate of
4% at 12 weeks and 0% at final follow-up of median 25.0 weeks. However, it is worth noting the low
reported rates of incontinence with the LIFT technique in these studies compared to other invasive
methods of surgical intervention. Our current study reports no instances of incontinence in the 25
patients analyzed. A study by Zhao et al reports a much-reduced recurrence rate when LIFT is used in
combination with an anal fistula plug with a 96.2% success rate [2]. Similar to the LIFT procedure, studies
highlighting anal fistula plugs demonstrate varying degrees of success. Jayne et al highlights data
comparing anal fistula plugs to other common techniques and reports healing incidence at 12-months
as follows: fistula plug 55%, cutting seton 64%, fistulotomy 75%, advancement flap 53%, and LIFT
technique 42% [10]. Chen et al reports outcomes using decellularized small intestine submucosa (SIS)-
based anal fistula pugs of two different products (porcine and synthetic) healing rates at 6-months of
92.0% and 89.2% with recurrence rates of 2.4% in both groups [36]. Long-term follow-up data at a median
8-years was reported by Tao et al and found a 56% healing rate for anal fistula plugs, which emphasizes
the variability in reported healing ranges [37]. A study using a single application of porcine urinary
bladder matrix in 19 patients with PFs reported a 79% closure rate at a mean 17 day days with a mean 7
month follow-up [19]. However, another study using acellular dermal matrices reports a 59.1% success
rate at median 42 months follow-up [38] These data suggest that although dermal matrices and implants
show promise, additional studies are needed to further assess efficacy at long-term follow-up and in a
greater number of patients. Recent advances in MSC carrying matrices show promise in PF secondary to
Chron’s disease but, like other biological matrices, require further research [39, 40].

There are several limitations to this study. These are retrospective data collected on a relatively small
patient sample. Prospective clinical trials with a larger cohort followed for a longer duration will be
required to justify widespread clinical adoption of OFM-based PAFI for PF treatment. Future work can
include a comparative arm, further cost-analysis, and a longer follow-up period to monitor for recurrence.
OFM-based PAFI studies can additionally include the combination of additional surgical techniques that
are often used in combination with plugs and implants.

Conclusion
In conclusion, the promising results of this retrospective case series builds up on previously published
pilot study data and further suggests that an OFM implant (PAFI) may be a clinically successful and
minimally invasive treatment option for the treatment of PF.
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