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A B S T R A C T   

A quality metric for centers performing rectal cancer surgery is a high percentage of sphincter sparing proced
ures. These procedures often involve temporary bowel diversion to minimize the complications of an anastomotic 
leak. The most common strategy is a diverting loop ileostomy which is then closed after completion of adjuvant 
therapy or the patient recovers from surgery. Loop ileostomy is not without complications and the closure is 
complicated by a one in three chance of incisional hernia development. Strategies to prevent this problem have 
been designed using a variety of techniques with and without mesh placement. This proposed pilot study will test 
the safety and efficacy of a novel stoma closure technique involving permanent mesh in the retro rectus position 
during ileostomy closure. The study will prospectively follow 20 patients undergoing ileostomy closure using this 
technique and evaluate for safety of the procedure, quality of life, and feasibility for a larger randomized 
controlled trial. Patients will be followed post procedurally and evaluated for 30-day complications, as well as 
followed up with routine cancer surveillance computed tomography every 6 months in which the presence of 
stoma site incisional hernias will be evaluated. The results of this pilot study will inform the design of a multiple 
center, blinded randomized controlled trial to evaluate the utility of permanent mesh placement to decrease the 
incidence of prior stoma site incisional hernias.   

1. Introduction 

Survival from colorectal cancer is continually increasing due to ad
vances in multi-modality therapies leading to a growing cohort of pa
tients with a history of the disease [1,2]. Technologic improvements 
have allowed sphincter preserving surgery to be offered to a greater 
proportion of patients [3]. However, temporary ostomies are often used 
as part of sphincter preserving surgery to minimize the consequences of 
complications at downstream anastomosis and are closed when clini
cally appropriate [4]. The most common ostomy used for temporary 
diversion for colon and rectal cancer is the loop ileostomy, which is an 
ostomy fashioned from the terminal segment of the small intestine. 
Eventual restoration of intestinal continuity and closure of the ostomy 
puts patients at risk of developing a hernia at that site – a complication 
that occurs in approximately one third of patients [5–9]. These prior 
stoma site incisional hernias can reduce quality of life through chronic 
pain and disfigurement, and at worst require emergency surgery for 

intestinal obstruction [10–15]. 
Risk factors for incisional hernias include obesity, malnutrition, 

immunosuppression, connective tissue disorders, and previous abdom
inal surgery [10,16–19]. Prior stoma site incisional hernias have similar 
risk factors, but have also been shown to be more prevalent in patients 
with a history of malignancy, surgical site infections, preoperative 
radiotherapy, ASA>3, hypertension, and duration of stoma in situ [7,8, 
20,21]. While some of these general hernia risk factors, such as smoking, 
may be modifiable, others, such as the level of wound contamination, 
are not [22]. Since providers cannot address all risk factors for stoma site 
hernias, research has been focused on alternative ways to address this 
clinical problem. 

Recently, attention has focused to ileostomy site closure technique in 
order to address the high rate of prior stoma site incisional hernias. 
Although the fascia of stoma sites are routinely closed primarily, pri
mary repair of abdominal wall hernias have an unacceptably high 
recurrence rate of up to 43% [23]. In addition, nearly all ostomy sites 
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will have a fascial defect greater than 2 cm, which is where most sur
geons would consider using mesh for ventral hernia repair, as incorpo
rating mesh, whether biologic or synthetic, has been shown to decrease 
the failure rate of repair for incisional hernias [23,24]. Thus the idea of 
incorporating mesh at the time of stoma site closure in order to prevent 
future stoma site hernia has been proposed. 

Previous efforts to reduce formation of these hernias by placing mesh 
at the time of closure have been described as having fair success, how
ever they are limited by heterogeneity in both patient selection and 
procedure [25–29]. These studies have used suboptimal anatomic 
positioning of the mesh reinforcement and are further limited by lack of 
technique consistency between surgeons and consideration of associated 
resource costs. Our goal is to evaluate the safety and feasibility of our 
technique for closure of ostomy sites, designed to minimize the potential 
for hernia formation, in addition to evaluating post procedure quality of 
life. We aim to provide baseline information for the design of a larger 
trial aimed at evaluating the superiority of the technique over the cur
rent standard. 

2. Methods 

2.1. Study aims 

Aim 1: To test our hypothesis that our technical procedure of mesh 
implantation at the time of ileostomy closure is safe and does not in
crease the risk of wound occurrences, including those requiring proce
dural intervention, compared to historical controls of primary fascial 
closure only.  

(a) Our closure technique as compared to institutional historical 
control will result the same or fewer surgical site infections such 
as superficial, deep, and organ space infections at 30 days  

(b) Our closure technique as compared to control will result the same 
or fewer surgical wound complications requiring procedural 
intervention: such as dehiscence, seroma formation, or chronic 
wound infection at 30 days 

Aim 2: To test the hypothesis that our technical procedure of mesh 
implantation at the time of ileostomy closure will be associated with key 
secondary outcomes:  

(a) Our closure technique will decrease the incidence of stoma site 
incisional hernia site occurrences compared to historical controls 
of primary fascial closure only evaluated at 30 days after surgery 
and every 6 months after, until two years from date of closure.  

(b) Our closure technique as compared to control result in higher 
quality of life scores after surgery 

Aim 3: We will evaluate our study protocol for the feasibility of 
performing a larger trial by measuring recruitment, retention of pa
tients, adherence to the study protocol, and process assessment.  

(a) By the completion of this pilot study, our expected outcomes are 
to have demonstrated a high level of procedural fidelity among 
the operating surgeons of the modified ostomy closure technique 
and comparable costs to the standard procedure  

(b) By the completion of this pilot study, our expected outcomes are 
to have demonstrated greater than 80% recruitment and reten
tion of eligible participants  

(c) By the completion of this pilot study, our expected outcomes are 
to have demonstrated greater than 90% adherence to the study 
protocol. 

2.2. Approach 

This is a pilot study evaluating the feasibility of a novel modification 

to an established surgical procedure. We will use a modification of Si
mon’s Two stage approach, whereby we will use a initial cohort moni
toring each patient through the primary end point before enrolling 
subsequent patients in the expansion cohort [30]. The first phase will 
include five patients, if there are 1 or fewer major wound occurrences 
within 30 days including those requiring return to the operating room, 
then the study will proceed to the second phase which will include a 
total of 15 patients followed concurrently. All patients will be seen in 
clinic where eligibility for the study and voluntary consent will take 
place, undergo the mesh placement at the time of ileostomy reversal, 
and then have follow up appointments 30 days post operatively and then 
every 6 months as part of routine colorectal cancer surveillance. At each 
of the appointment’s patients will fill out both the quality of life and 
bowel function questionnaires which will provide both a baseline and 
many post-operative evaluations. Computed tomography imaging will 
be obtained every 6 months per National Comprehensive Cancer 
Network (NCCN) guidelines and the stoma site evaluated for hernia 
formation. Other pertinent patient data will be obtained through chart 
review through the electronic health record. 

2.3. Preliminary data 

The research team performed a retrospective study of our institu
tional cohort in order to evaluate the natural history of post stoma 
closure incisional hernias in patients diagnosed with colorectal cancer 
by examining the prevalence, as well as changes of the abdominal wall 
over time at previous stoma sites. The study was performed at our ac
ademic tertiary referral center of adult patients diagnosed with colo
rectal cancer, identified by ICD9/10 codes, who underwent stoma 
reversal, identified by CPT codes, from 2011 to 2018 and had at least 
one post-operative CT scan performed. Our main outcome measure for 
this work was fascial defect identified on post stoma reversal CT scan. 

Of 92 patients that were included, 52 (57%) were male, with mean 
age of 58 years at stoma reversal. A total of 81 (87%) were diagnosed 
with rectal cancer, and 11 (12%) with colon cancer. Fascial defects were 
noted in 45 (49%) patients, with stoma site hernias present in 24 (26%) 
patients on CT imaging. Our institutional prior stoma site hernia prev
alence is consistent with rates of prior stoma site hernias of 30% in other 
studies [5–9]. In addition, we found that the radiologic stoma site 
incisional hernia incidence was much higher than the rate of clinical 
diagnosis. The clinical rate of hernia detection was only 6 (25%) of 
patients with radiologic hernias. Of these, three were electively 
repaired. There were no differences in stoma duration to type of defect 
development after stoma reversal (p ¼ 0.133). Most hernias occurred 
within two years. 

In terms of risk factors a BMI >30 was associated with significantly 
increased risk of stoma site hernia on multivariate analyses (OR 11.9, 
95% CI 2.41–58.94, p ¼ 0.002), though smoking, hypertension, stoma 
type, pathologic stage, and chemotherapy within 90 days were not 
found to be significant. It is possible that our analysis for this review was 
not powered to identify these risk factors as significant given our sample 
of 92 patients. Our preliminary study was also limited by the retro
spective nature and inconsistencies in clinical documentation which did 
not allow us to specify stoma closure technique. Since our preliminary 
work showed similar rates of prior stoma site incisional hernias at our 
institution to the literature, we wanted to further evaluate a potential 
solution to this problem, starting with our population, to reduce the 
burden of these hernias. 

2.4. Participants and procedures 

Participants will be 20 adult patients diagnosed with left sided colon 
and rectal cancer treated with resection and diverting loop ileostomy 
who plan to undergo closure of their loop ileostomy. Participants must 
be evaluated by a qualified surgeon and found to be a suitable candidate 
for surgery. Participants will be excluded from the pilot study if they 
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have a pre-existing systemic infection at the time of their scheduled 
ileostomy closure, have severe medical comorbidities or take medica
tions that can affect tissue healing such as: cirrhosis, chronic renal 
failure requiring dialysis, collagen disorder, or on immunosuppression 
(anti-TNF agents, chemotherapy, or prednisone >10 mg/day). Patients 
will also be excluded if they have undergone a previous abdominal 
hernia repair with mesh placement, are scheduled to undergo concur
rent procedures in addition to closure of diverting loop ileostomy, and 
those who’s ileostomy closure is not performed through the previous 
stoma site (those requiring exploratory laparotomy for closure). The 
study has been reviewed and approved by Dartmouth Hitchcock Medical 
Center Institutional Review Board (00030952) and is registered on 
ClinicalTrials.gov (NCT03750461). 

Participants will be recruited from the Dartmouth Hitchcock 
Department of Surgery, Division of Colon and Rectal Surgery clinical 
practice. The three operating surgeons and patient recruiters are faculty 
members of the Division of Colon and Rectal Surgery in the Department 
of Surgery at DHMC. The anticipated number of patients included (20) 
represents an attainable number within the planned study period (1 
year) based on the clinical volume of colon and rectal surgery clinical 
practice. 

All patients will undergo the following encounters; For encounter 1 
patients will be assessed for ileostomy closure based upon completion of 
any applicable therapy after primary resection of their malignancy. 
Appropriate candidates will be determined at the operating surgeon’s 
discretion based on customary evaluation of clinical status. The 
informed consent process will be initiated, and the patient recruited into 
the study. Encounter 2 is the operative procedure. The procedure for 
closing the ileostomy (i.e. bowel anastomosis) will be at the discretion of 
the surgeon, provided it is performed through the ileostomy site without 
additional laparotomy incisions. In accordance with SCIP guidelines, 
pre-operative intravenous antibiotic and subcutaneous pharmacologic 
venous thromboembolism prophylaxis will be administered. Patients 
with a history of MRSA infection will also receive a dose of intravenous 
vancomycin prior to the procedure. 

The abdominal wall reconstruction portion of the procedure will be 
standardized to ensure consistency between surgeons. The posterior 
rectus sheath is closed with native tissue either primarily, using hernia 
sac if present, or bridged with polyglactin-type mesh and a quickly 
absorbing suture material. This is done to isolate the mesh from the 
peritoneal cavity. The retrorectus plane is developed using electrocau
tery and blunt dissection to provide adequate placement of mesh such 
that it overlaps the posterior sheath defect by a minimum of 3 cm on all 
sides (Fig. 1). The mesh used will be a Bard™ Soft Mesh which is a light 
weight, woven, large pore mesh made of polypropylene, which is an 
FDA approved product indicated for use in the reconstruction of soft 
tissue defects. 

The mesh is placed in this plane and secured in place with slowly 

absorbable monofilament (0-polydioxanone preferred) sutures placed 
through the anterior fascia or with application of fibrin sealant at the 
surgeon’s discretion. This space is then irrigated with 250 mL of baci
tracin/neomycin/polymixin antibiotic solution, patients with a history 
of MRSA will have vancomycin added to this solution. The anterior 
rectus sheath is then closed in a running fashion with slowly absorbing 
monofilament suture (0-polydioxanone preferred). Again, 250 mL of 
antibiotic solution are used as irrigation. A closed suction drain may be 
left in the retrorectus space at the discretion of the surgeon. Scarpa’s 
layer is closed if possible and then skin closed with a circumferential 
purse string absorbable suture and the subcutaneous cavity packed with 
iodoform gauze. This gauze is then removed on post-operative day 2. 
Post operatively the patient will receive standard care. 

For encounter 3 and beyond the patients will be seen at 30 days 
following discharge from hospitalization for stoma closure for a clinical 
examination and then will undergo standard follow-up for their cancer 
surveillance. Patients will be evaluated for complications within 30 
days, including surgical site infections, the definition of which was taken 
directly from the CDC criteria and was categorized into superficial, deep, 
and organ space infections. Cancer surveillance will proceed in accor
dance with National Comprehensive Cancer Network (NCCN) guidelines 
which include computed tomography imaging every 6 months. 
Concurrently, clinical cancer surveillance evaluation by the operating 
surgeon (in conjunction with surveillance visits by medical oncology) 
will be performed on the same schedule with evaluation of clinical ev
idence of hernia formation as well as assessment of patient experience 
with the stoma site as part of regular cancer surveillance visit. These 
images will be subsequently evaluated for radiographic evidence of 
hernia formation by a radiologist blinded to the presence of the mesh, 
which is radiolucent. All radiographs will be reviewed by a single faculty 
of the Department of Radiology. Patients will be undergoing computed 
tomography evaluation primarily as part of their cancer surveillance, 
and the imaging is not obtained expressly for the purposes of this study 
and are only secondarily utilized to screen for hernia occurrence. These 
visits occur on a prescribed schedule for a period of 5 years after cancer 
treatment has concluded, after which no further follow-up is required. 

During each appointment with their surgeon patients will fill out 
both a quality of life assessment questionnaire as well as a bowel func
tion questionnaire. The Promis SF 2.0 8a Ability to Participate in Social 
Roles and Activities instrument was chosen to assess quality of life 
because it has been used prior to evaluate quality of life in patients 
diagnosed with cancer [31]. To assess bowel function the Colorectal 
Functional Outcome (COREFO) instrument was chosen due to its ability 
to appropriately assess bowel function in colorectal cancer patients who 
have undergone surgery, including those with severe bowel function like 
those patients suffering from low anterior resection syndrome [32]. Both 
questionnaires will be administered via tablet both prior to their pro
cedure and at every post-operative visit to the colon and rectal surgery 

Fig. 1. Retro-rectus placement of mesh in abdominal wall.  
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clinic. 
The primary concern is for surgical site infections. In the absence of 

mesh, the incidence of infection in ileostomy closures is estimated be
tween 6 and 18% [33–35]. This rate is minimized with the use of a purse 
string skin closure with iodine impregnated gauze packing vs partial 
closure with an open ended drain (Penrose type) or primary skin closure 
[36]. Prospective trial data estimates the overall incidence of infections 
when bioabsorbable mesh is placed in Class II and III ventral hernia 
repairs at 18%. None required mesh explantation and all wounds 
eventually healed [37]. Other reports of macroporous polypropylene 
mesh in clean-contaminated and contaminated wounds suggest an 
infection rate of 7.1% for clean contaminated and 19% for contaminated 
cases [38]. Surgical site occurrences will be treated on an individual 
patient basis determined by the clinical consequences of the occurrence. 
Infection may potentially be treated with antibiotics, local wound care, 
operative debridement, radiographically guided drainage procedures, 
vacuum assisted wound closure devices, or mesh removal at the 
discretion of the study team. Other potential adverse events are those 
inherent to intestinal surgery; anastomotic leak, peritoneal abscess for
mation, bowel obstruction, or ileus, in addition to the risks associated 
with general anesthesia. Any adverse event will be reported to the IRB of 
record and handled appropriately according to the accepted standard of 
care. 

2.5. Assessment measures 

We will collect measures of our primary, secondary, and tertiary 
outcomes (see Table 1 below). 

2.6. Data analysis 

Initially descriptive statistics will be calculated to summarize the 
demographic and baseline characteristics of the participants using 
appropriate univariate tests. 

The results of aim 1 of this study will be compared using a univariate 
analysis to historical control data obtained from the DHMC ACS-NSQIP 
database, with emphasis on surgical site occurrences including all types 
of SSI, and unplanned return to the operating room data points. The 
preliminary safety and feasibility data obtained from this study will be 
used to inform design of a larger study to test the hypothesis that the 
procedure can obtain a 50% reduction in the incidence of hernia for
mation at previous ileostomy sites compared to rates reported in the 
literature. The aim 2 secondary objectives have not been previously 
reported in the literature either for patient reported outcomes or pro
spective evaluation of hernia formation so these results will be 
compared to historical controls from our institutional database. Future 
work, based on the data gained from this study, will attempt to show the 
superiority of the technique over currently used closure techniques as 
well as patient satisfaction with the procedure in a blinded, randomized 
trial. For aim 3 we will evaluate our study protocol for the feasibility of 
performing a larger trial by measuring recruitment, retention of pa
tients, adherence to the study protocol, and process assessment. 

2.7. Power 

This is a pilot study and therefore the anticipated number of patients 
included (20) represents an attainable number within the planned study 
period (1 year) based on the clinical volume of our group. Our group 
treats approximately 35–40 patients per year who would likely meet 
inclusion criteria for this trial. We estimate a cohort of 200 patients in a 
randomized controlled trial will be required to demonstrate superiority 
of the technique by demonstrating a 50% reduction in the prevalence of 
hernias from 30% to 15%. We then estimated that a 10% sample of that 
cohort will be sufficient provide preliminary safety data as well as to 
demonstrate feasibility of a future trial. 

3. Discussion 

Survival from colorectal cancer is continually increasing leading to a 
growing cohort of patients with a history of the disease. Quality of life 
after sphincter sparing surgery in colorectal cancer is highly variable 
and correlates to the proximity of the anastomosis to the anal canal, 
which is inversely proportional to amount of rectum removed [39]. 
Technologic advances has allowed more patients to undergo 
sphincter-preserving surgery than has previously been possible [4]. 
Given that most patients undergoing sphincter-preserving surgery for 
distal colorectal cancer will also undergo temporary proximal diversion, 
minimizing complications of this portion of the procedure is imperative. 
It is well known hernias are associated with a reduced quality of life 
[11]. Since many of these patients are receiving temporary fecal diver
sion as part of their treatment more patients will be at risk for prior 
stoma site hernias, research should focus on how to prevent these her
nias from forming. 

Historically, the data for repairing hernias argues against utilizing 
mesh in a contaminated or clean contaminated field, such as during 
ileostomy closure, due to concerns of significant complications such as 
infections, mesh erosion, bowel adhesions, fistula formation, and pain 
[30–42]. Biologic meshes have been used in these situations, with the 
prevailing theory being that biologics are more resistant to infection 
[43,44]. More recent data suggests that sublay placement of a macro
porous mesh of lightweight permanent or bioabsorbable synthetic ma
terials are relatively resistant to chronic infection challenge this notion, 
perhaps indicating the design and plane of implantation, rather than 
material of the mesh, are most important [38,44–46]. Multiple reports 
have indicated intraperitoneal placement of mesh is associated with a 
higher recurrence rate compared to sublay or onlay techniques, with the 
sublay associated with the most favorable long term outcomes [47–49]. 
The cost advantages of macroporous and bioabsorbable mesh have also 
been reported as superior to biologic mesh [50,51]. 

Our ileostomy closure technique incorporates a permanent mesh in 
the retrorectus position for which we expect to preliminarily demon
strate safety and similar quality of life compared to historical controls on 
short term follow-up. These results are expected to inform development 
of an appropriately powered, multiple center, and randomized 
controlled trial comparing the effectiveness of our novel modification of 

Table. 1 
Study measures  

Table 1: Study Measures   Post-operative period  

Baseline Operation 30 days 6 months 1 year 1.5 years 2 years 
Demographic information X       
Promis SF 2.0 8a questionnaire X  X X X X X 
COREFO questionnaire X  X X X X X 
Intraoperative data  X      
Complications  X X     
CT Scans    X X X X 
Surgeon fidelity  X      
Retention and recruitment X X X     
Adherence to study protocol X X X X X X X  
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ostomy closure technique to the standard technique. 
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