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 17 

ABSTRACT 18 

Background. Patients undergoing emergency surgery for peritonitis are at increased risk of 19 

abdominal wall-related complications. In patients with peritonitis the risk of incisional hernia (IH) 20 

is extremely elevated. The evaluation of quality of life of patients with incisional hernia showed 21 

lower mean scores on physical components of health-related quality of life and body image. 22 

Furthermore, the arise of a post-operative abdominal wall complication (i.e. wound dehiscence, 23 

evisceration and IH) greatly increases morbidity and mortality rates and prolongs the 24 

hospitalization. 25 

Methods. The present study aims to evaluate the efficacy of the use of a swine dermal collagen 26 

prosthesis implanted preperitoneally as a prophylactic procedure in urgency/emergency setting 27 

against abdominal wall complications in patients operated with contaminated/infected field in 28 

peritonitis. The sample size was defined in 90 patients divided in two arms (prosthesis positioning 29 

versus normal wall abdominal closure). The follow-up will be performed at 3, 6 and 12 months after 30 

surgery. The percentage of incisional hernias, wound infections, adverse events will be investigated 31 

by physical examination and ultrasound. 32 

Discussion. The objective is to evaluate the possibility to reduce the incisional hernia rate in 33 

patients undergoing urgent/emergent laparotomy in contaminated/infected field with peritonitis by 34 

using swine dermal collagen prosthesis preperitoneal positioning as a prophylactic procedure. 35 

Trial registration. The trial has been registered on clinicaltrials.gov (ID number: NCT04681326) 36 

from 23 December 2020. 37 



 38 

TRIAL REGISTRATION 39 

The trial has been registered on clinicaltrials.gov (ID number: NCT04681326) from 23 December 40 

2020. 41 
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 51 

INTRODUCTION 52 

Background and rationale 53 

Patients undergoing emergency surgery for peritonitis are at increased risk of abdominal wall-54 

related complications. In patients with peritonitis the risk of incisional hernia (IH) is extremely 55 

elevated. The incidence of IH in patients operated with peritonitis is up to 54 %, compared with an 56 

incidence of 11–26 % in the general surgical population [1] [2] [3]. Moreover, up to 24.1 % of 57 

patients with peritonitis undergoing emergency laparotomy may develop fascial dehiscence [4]. The 58 

evaluation of quality of life of patients with IH showed lower mean scores on physical components 59 

of health-related quality of life and body image [5]. The prophylactic mesh implantation 60 

demonstrated to reduce the incisional hernia rate in patients undergoing vascular or bariatric 61 

procedures [6][7][8]. However, the intraperitoneal non absorbable mesh implantation in infected 62 

fields is generally considered at least of doubtful safety because of the theoretical increased risk of 63 

chronic mesh infection and enterocutaneous fistula [9][10][11]. Most incisional hernias develop 64 

during the first three months after surgery, which represents the critical period for the healing of 65 

transected muscular and fibrous layers of the abdominal wall [12]. However, most studies 66 

recommended a long-term follow up period of up to at least 5 years for midline abdominal incisions 67 

to determine the real incisional hernia rate [13][14]. The midline abdominal incision is preferred in 68 

abdominal surgery, as it provides wide and rapid access compared other incisions. However, the 69 

incidence of incisional hernias is higher following midline abdominal incisions than in other 70 

abdominal incisions [15]. In emergency surgery the midline incision in the majority of cases is a 71 

necessity. Several factors affect the process of wound healing: surgical site infection, poor surgical 72 

technique, and patient-related factors (i.e. peritonitis, old age, obesity, diabetes mellitus, nutritional 73 

deficiencies, hepatic cirrhosis, jaundice, renal impairment, malignancy, cardiac disease, chest 74 

problems, previous abdominal incisions, steroid therapy). Data about the use of biological 75 

prosthesis in infected fields are scarce and derive principally from case reports and case series [16]. 76 

However, indications about their use and usefulness in infected fields have been recently published 77 

by the Italian Biological Prosthesis Working Group (IBPWG) [16]. A previously published 78 

prospective observational study evaluated the efficacy of implantation of biological prosthesis in 79 

high risk patients in order to reduce the incidence of incisional hernia. This study suggested the 80 

efficacy of this kind of prosthesis in reducing incisional hernia rate in patients with multiple risk 81 

factors [17]. A recently published meta-analysis showed as the use of biological prosthesis in 82 

ventral hernia repair resulted in a lower infectious wound complication rate but in an similar 83 

recurrence rate. These results supports the application of biological prosthesis in high risk patients 84 

[18]. One recent systematic review evaluated the positive effect on incisional hernia rate of the 85 

prophylactic mesh positioning in high risk patients [19]. No randomized trials have been published 86 

since now about the use of biological prosthesis in contaminated or infected fields. The rationale of 87 

the trial is to evaluate the efficacy of the use of swine dermal collagen prosthesis implanted 88 



preperitoneally as a prophylactic procedure against incisional hernia in patients operated in 89 

urgency/emergency setting in contaminated/infected fields with peritonitis. The aim of the study is 90 

to reduce the incidence of incisional hernia from 50% to 20%. 91 

 92 

 93 

Basic Information 94 

Swine dermal collagen prosthesis is a acellular collagenic membrane of swine origin deatigenated 95 

and naturally cross-linked. The prosthesis is latex free and free from phthalates. This system allows 96 

to eliminate the antigenic cellular component maintaining the extracellular collagenic components. 97 

These factors enhance the host tissue cells ingrowth into the prosthesis. Production and shipment of 98 

the prosthesis are performed according to the international standards EN ISO 13485:2016 and EN 99 

ISO 13485:2016.  100 

 101 

METHODS/DESIGN 102 

Objective 103 

The Primary objective is to evaluate the possibility to reduce the incisional hernia rate (from 50% to 104 

20%) in patients undergoing urgent/emergent laparotomy in contaminated/infected field with 105 

peritonitis by using swine dermal collagen prosthesis preperitoneal positioning as a prophylactic 106 

procedure. The secondary objective is to evaluate the impact on morbidity and mortality of the 107 

systematic swine dermal collagen prosthesis preperitoneal positioning as a prophylaxis for 108 

incisional hernia in patients operated in contaminated/infected field with peritonitis. 109 

 110 

Ethics 111 

The trial will be conducted in accordance with the Declaration of Helsinki and according to local 112 

and regional ethical standards. The study was approved by the Local Ethical Committee on 113 

06/02/2020 with protocol number 506/2019/DISP/AOUPR. 114 

 115 

Study endpoint 116 

The primary endpoint is to evaluate the incisional hernia rate at 3, 6, 12 months. The secondaries 117 

endpoints are to define: morbidity (Adverse Events (AE) and Serious Adverse Events (SAE)), 118 

surgery time, time to drain removal, length of stay in hospital, mortality. 119 

 120 

Study design 121 

This is a prospective, randomized controlled, post-marketing clinical study with medical device. 122 

The trial is proposed as multicentric with coordinator University Hospital of Parma (Emergency and 123 



Acute Care Surgery, Parma University Hospital, Parma, Italy). The protocol will be registered and 124 

published. Exists the possibility that other centers, once seen the published protocol, will ask to join 125 

the study. The eventuality will be evaluated and discussed. The number of subject to be screened is 126 

90, 45 for each group (study arm and control arm). 127 

 128 

 129 

Trial schedule 130 

In Figure 1 the time-laps of the trial, from approval by Local Ethics Committee to end of the study. 131 

 132 

Figure 1: trial time-laps 133 

 134 

Eligibility criteria 135 

The inclusion criteria are: 136 

• Patients aged > 18 years old 137 

• Clinical and/or laboratory and/or radiological evidence/signs of peritonitis of any origin 138 

(peritoneal reactivity, positive Blumberg sign, fever, free air/fluid in abdominal cavity, 139 

leucocytosis, increased PCR, lactic dehydrogenase (LDH), tachycardia, tachypnea, clinical 140 

or radiological evidence/suspect of bowel ischemia) 141 

• Eventual strong suspect of possible bacterial translocation (reduction of the natural intestinal 142 

barrier against bacterial translocation, i.e. bowel ischemia, bowel sovradistension, intestinal 143 

occlusion, etc.) 144 

• Surgical indication for midline laparotomy independently from eventual previous 145 

laparotomies 146 

• Informed consent  147 



The exclusion criteria are: 148 

• Patients aged < 18 years old 149 

• Informed consent refusal 150 

• No Clinical and/or laboratory and/or radiological evidence/signs of peritonitis of any origin 151 

• Surgical indication for laparotomies other than midline one 152 

• Pregnancy. 153 

The subject may withdraw at will at any time. The patient may be withdrawn from the trial at the 154 

discretion of the investigator for safety concerns. If the patient withdraws or is withdrawn at any 155 

time after receiving trial product, final safety information will be obtained. Patients who are deemed 156 

during surgery not suitable included in this protocol will be withdrawn from the study. In case a 157 

subject is being prematurely withdrawn from the trial the Investigator will ensure that the 158 

procedures for the last visit are undertaken, if possible. The primary reason (adverse event, non- 159 

compliance with protocol or other) for discontinuation must be specified in the CRF. A patient 160 

withdrawn from the study will be analyzed according to evaluability of Subjects for Analysis. 161 

 162 

Patients recruitment 163 

Enrolled patients scheduled to undergo urgent/emergent laparotomy in contaminated/infected fields 164 

with peritonitis, after signing the informed consent, and before the scheduled laparotomy will be 165 

randomized (Figure 2) to be undergone to abdominal wall closure either with mass closure 166 

technique with simple running monofilament using a long-lasting absorbable suture material or with 167 

the same technique associated to the previous retro-muscular positioning of a swine dermal collagen 168 

prosthesis (sec. Rives-Stoppa technique). There are no ethical concerns with the randomization, 169 

because the control group will receive the standard of care treatment while the study group will 170 

receive the same treatment plus the implantation of the biological prosthesis: this prosthesis does 171 

not have reported serious side effects and its expected to reduce the abdominal wall complication 172 

rate. 173 



 174 

Figure 2: graphical flow chart 175 

 176 

 177 

 178 

Intervention 179 

The mesh placement will be preceded by the plane preparation. The subcutaneous tissue will be 180 

dissociated from the anterior rectum-muscles fascia to allow the positioning of the transfix stitches 181 

necessary to the mesh fixation. Successively the retro-muscular rectum muscles plane will be 182 

prepared by the separation of the rectum muscles from the posterior rectum-muscles fascia, 183 

preparing a 5-6 cm pouch necessary to the prosthesis positioning. The mesh will be fixed with at 184 

least 8 long-lasting absorbable transfix stitched (i.e. PDS 0) placed at the cardinal and inter-cardinal 185 

points. The prosthesis will be placed with at least a 5 cm overlap. If the peritoneal plane can be 186 

sutured a Jackson-Pratt 10 suction drain will be placed under the prosthesis. A Jackson-Pratt 10 187 

suction drain will always be placed over the prosthesis. Anterior rectum fascia will be closed by 188 

emi-continuous monofilament suture with an intermediate- reabsorbable-time suture. Another 189 

Jackson-Pratt 10 suction drain will be placed over the anterior fascia if the subcutaneous tissue is 190 

thick. No subcutaneous suture will be performed. Skin stapler or interrupted stitches will be used to 191 

close the skin plane. 192 

The swine dermal collagen prosthesis that is used is manufactured by MECCELLIS BIOTECH (75, 193 

Rue de Québec 17000 La Rochelle FRANCE) and is approved for use in Europe through a CE mark 194 

and is commercially available in Italy. The composition of the product is according to the product 195 

IFU. The swine dermal collagen prosthesis should be stored at room temperature in a dry 196 

environment. 197 



Patients will be treated according to local hospital procedure. No additional costs (materials, 198 

salaries, other) due to the study will be charged to the hospital. Euroclone S.p.A. will supply all the 199 

prosthesis, as already happening for the usual clinical practice in the hospital the study is conducted 200 

in. 201 

 202 

Visit procedures 203 

The study comprises of the following visits (Table 1): 204 

• Visit 1: Screening and Baseline visit: Screening of patient, Baseline examination, Pre-surgery 205 

assessment, Informed consent 206 

• Visit 2: Treatment visit: Surgery 207 

• Visit 3: Discharge from hospital: Recording of post-surgical complications 208 

• Visit 4, 5, 6: Post surgery follow-up visits: at 3, 6 and 12 months post surgery 209 

In case of any premature discontinuation of the trial, the patient will, if possible, be called in for a 210 

last visit. Even if the patient is not able to attend, the End of Trial Form must be completed. 211 

 Visit 1 Visit 2 Visit 3 Visit 4, 5, 6 

Nomenclature 
Screenin

g 

Treatme

nt 

Dischar

ge 
Follow-up 

 

Screenin

g, 

Baseline 

Surgery 
Discharg

e 
Follow-up 

Informed consent  Ö    

Inclusion/exclusion 

criteria 
Ö    

Demographic data Ö    

Medical History/ 

Concomitant illness 
Ö    

Physical 

examination 
Ö  Ö Ö 

ASA classification Ö    

Vital signs Ö Ö   

Body weight & 

height 
Ö    



ECG (12 lead) Ö    

Haematology and 

Coagulation 

parameters 

Ö  Ö  

Blood Chemistry  Ö  Ö  

Antibiotic therapy Ö    

Start of LMW 

heparin 
Ö    

Concomitant 

medication# 
Ö continuously 

Start and end of 

surgery 
 Ö   

Site and length of 

incision 
 Ö   

Peritonitis grade 

assessment 
 Ö   

Peritoneal fluid 

sampling for  

microbiological 

examination 

 Ö   

Contamination 

assessment 
 Ö   

Intestinal resection  Ö   

Stoma creation  Ö   

Surgical 

complications 
 Ö   

Surgical drain 

placement 
 Ö   

Surgery report  Ö   

Time of drain 

removal 
  Ö  

Length of stay in   Ö  



hospital 

Post surgical 

complications 
  Ö Ö 

Abdominal wall 

ecography 
   Ö 

Adverse events Ö continuously 

# This includes use of any blood transfusions that should be 

inserted in the CRF as type (Red blood cells. FFP, Platelets). 

Table 1. Time and event chart 212 

 213 

Assessments for efficacy 214 

At discharge (Visit 3), and at follow-up evaluations (Visit 4, 5, 6) the patient will be evaluated for 215 

post surgical complications (such as hematoma/seroma, wound infection, reinterventions). 216 

Complications will be evaluated by the surgeon during surgery and at discharge. Any complications 217 

will be recorded in the CRF. If the complication leads to additional surgical interventions it needs to 218 

be noted in the CRF. The need for blood transfusions will be noted in the CRF. 219 

 220 

 221 

Follow-up of adverse events 222 

During and following a subject’s participation in a clinical trial, the Investigator/institution should 223 

ensure that adequate medical care is provided to the subject for any adverse events, including 224 

clinically significant laboratory values related to the trial. The Investigator/institution should inform 225 

the subject when medical care is needed for adverse event(s) of which the Investigator becomes 226 

aware. The follow up information should only include new (updated and/or additional) information 227 

that reflects the situation at the time of the Investigator’s signature. All non-serious AEs classified 228 

as severe or possibly/probably related to the trial product must be followed until the subject has 229 

recovered and all queries have been resolved. However, cases of chronic conditions can be closed 230 

with an outcome of “recovering” or “not recovered”. If subjects die from another event, these cases 231 

can be closed with an outcome of “recovering” or “not recovered”. The Investigator must ensure 232 

that the worst case severity and seriousness is kept consistent through the series of adverse event 233 

form and related adverse event follow-up form(s). The Investigator must forward follow-up 234 

information on non-serious AEs on the adverse event follow-up form. All serious AEs must be 235 

followed until the outcome of the event is recovered, recovered with sequelae or fatal and until all 236 

queries have been resolved. For cases of chronic conditions and cancer or if the subject dies from 237 

another event follow-up until the outcome categories are “recovered”, “recovered with sequelae” or 238 

“fatal” is not required, as these cases can be closed with an outcome of “recovering” or “not 239 

recovered”. 240 



 241 

Sample size 242 

No previous data exist on the efficacy of swine dermal collagen prosthesis in preventing incisional 243 

hernia in peritonitis patients. The following published data will be used in our sample size 244 

calculation:  245 

• “The risk of incisional hernia in patients with peritonitis is elevated, with an incidence of up 246 

to 54%, compared with an incidence of 11-26% in general surgical population” 247 

[20][1][2][3].  248 

• “The result of this pooled analysis suggests a benefit to prophylactic mesh placement during 249 

laparotomy closure in high-risk patients with a significantly reduced incidence of incisional 250 

hernia without any significant differences in seroma formation and wound infection rate” 251 

[19].  252 

• “The use of biologic mesh for ventral hernia repair results in less infectious wound 253 

complications but similar recurrence rate compared with non biologic mesh” [18].  254 

The Sample size has been calculated using statpages.org (Proportion Difference Power / Sample 255 

Size Calculation). The sample size was defined in 90 patients (45 in each arm). 256 

 257 

Statistical analysis 258 

Only the data of participants who complete the follow-up will be considered. Ad Interim analysis 259 

will be performed after the inclusion of the 50% of patients. Descriptive analysis will be performed 260 

for all pre-operative, operative and follow-up information. For categorical variables we will use chi-261 

square test, for non-categorical one the t-test. The primary endpoint, % of patients presenting 262 

incisional hernia at 3, 6 and 12 months, will be analyzed between treatment groups using a logistic 263 

regression model, presenting odds ratio comparisons of the two. Surgery time, time to drain 264 

removal and length of stay in hospital will be analyzed between treatment groups using the T-265 

student test if data are normally distributed and with Mann-Withney test if data are not normally 266 

distributed. The distribution of data will be evaluated with the Shapiro-Francia test. The number of 267 

patients who died will be analyzed between treatment groups using a chi-square test. 268 

All statistical comparisons will be based on two sided tests with a 5% significance level. 269 

 270 

Data management 271 

Data management is the responsibility of the principal investigator. Data will be stored in an 272 

electronic database. The subject will be identified by subject number. Appropriate measures such as 273 

encryption or deletion will be enforced to protect the identity of human subjects in all presentations 274 

and publications as required by local/regional/national requirements.  275 

When all 90 patients have been entered in the data base, data quality will be ensured and a data base 276 

release conducted. 277 

 278 



DISCUSSION 279 

To date, no randomized clinical trials have examined the efficacy of biological mesh in 280 

contaminated field and no previous data exist on the efficacy of swine dermal collagen prosthesis in 281 

preventing incisional hernia in peritonitis patients. 282 

Our randomized controlled trials have the aim to evaluate the impact of biological prosthesis in 283 

contaminated field, reduce the incidence of incisional hernia from 20% to 50% and determine the 284 

impact on morbidity and mortality of the systematic swine dermal collagen prosthesis preperitoneal 285 

positioning. 286 

The result of our study will increase the knowledge about swine dermal collagen prosthesis in 287 

peritonitis patients. The long follow-up of over 36 months would permit to understand the rate of 288 

incisional hernia in the medium-long term by comparing the patients treated with the biological 289 

prosthesis and those on which traditional treatment was performed. If the use of the swine 290 

biological prosthesis will prove to be an advantage (or disadvantage) in terms of reducing early and 291 

late post-operative complications (wound infections, seroma, wound dehiscence, bleeding, 292 

incisional hernia, re-surgery) it will probably be possible to draw up more precise guidelines in case 293 

of median laparotomies during surgery for peritonitis. In fact, the absence of clear indications on the 294 

approach in case of laparotomies on infected fields leads the surgeon to have random and different 295 

behaviors from case to case without determine the cause of possible post-operative complications. 296 

Moreover, surgery performed in urgency for peritonitis is accompanied by a percentage of 297 

complications that are certainly higher than elective surgery. Trying to understand if it is possible to 298 

reduce the percentage of complications due to incisional hernias could also help to reduce the direct 299 

and indirect costs associated with surgery. Thus, studies that are aimed to determinate if it is 300 

possible are needed. The results of this trial will support a tangible decision-making process for 301 

choosing appropriate technical approach in abdominal parietal synthesis in peritonitis.  302 

 303 

TRIAL STATUS 304 

The trial was the winner of a grant from the Italian Ministry of Health for finalized research in 2018 305 

(financial years 2016-2017) with project code RF-2018-12368001. This study in in phase IV. The 306 

patients recruitment has begun on 1th December 2020 and will end after 36 months on 1th 307 

December 2023. 308 
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