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Review paper

Is subcutaneous laparoscopic recti abdominis repair (SCOLA)  
a safe approach to repair diastasis of the rectus abdominis muscles 
(DMra)? A brief review

Czy technika podskórnej laparoskopowej naprawy rozstępu mięśni prostych 
brzucha (SCOLA) jest bezpieczną metodą leczenia chirurgicznego rozstępu mięśni 
prostych brzucha (DMra)? Krótki przegląd piśmiennictwa
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Abstract

Diastasis of the rectus abdominis muscles is defined according to Beer’s classification: the distance between the straight 
abdominal muscles greater than 2.2 cm, measured 3 cm above the belly button with relaxed abdomen. The conditions in 
which it occurs most frequently are 12 months post-partum or in obese subjects who have suffered evident weight loss. We 
retrospectively evaluated PubMed databases, Embase, and the Cochrane Library by applying various combinations of the 
subject-related terms. The search terms identified with the medical subject heading (MeSH) were “diastasis of the rectus 
abdominis (DMRA), laparoscopic repair, subcutaneous laparoscopic recti abdominis repair”. The aim of the study was to de-
scribe laparoscopic techniques for the correction of combined ventral hernia with the plication of the diastasis of the rectus 
abdominis, muscle and to present the results.

Streszczenie

Zgodnie z klasyfikacją zaproponowaną przez Beera rozstęp mięśni prostych brzucha stwierdza się, gdy poszerzenie prze-
strzeni między brzegami mięśni prostych przekracza 2,2 cm przy pomiarze wykonywanym przy rozluźnionym brzuchu na 
wysokości 3 cm nad pępkiem. Zaburzenie występuje najczęściej w okresie 12 miesięcy po porodzie lub u osób otyłych, u któ-
rych nastąpiła znacząca utrata masy ciała. Na potrzeby pracy dokonano retrospektywnego przeglądu publikacji w bazach 
danych PubMed, Embase i Cochrane Library, stosując różne kombinacje terminów związanych z analizowaną tematyką. 
Za pomocą medycznych nagłówków tematycznych (MeSH) zidentyfikowano następujące terminy wyszukiwania: rozstęp 
mięśni prostych brzucha (DMRA), naprawa laparoskopowa, podskórna laparoskopowa naprawa rozstępu mięśni prostych 
brzucha. Celem pracy było opisanie laparoskopowych technik naprawy przepukliny brzusznej wraz z zeszyciem brzegów 
rozstępu mięśni prostych brzucha oraz przedstawienie wyników uzyskiwanych przy zastosowaniu tej metody.

Introduction

By diastasis of the rectus abdominis (DMRA) we 
mean distancing of the medial margins of the rectus 
muscles of the midline, usually greater than 2 cm. 
Beer et al. [1], in their classification, defined DMRA as 
the distance between the straight abdominal muscles 
greater than 2.2 cm, measured 3 cm above the navel 
with a  relaxed abdomen. Clinically it manifests as 
swelling in the anterior wall of the abdomen accentu-
ated by contraction of the abdominal muscles and/or 

an increase in intra-abdominal pressure. The differ-
ential diagnosis is usually with abdominal wall her-
niation [2]. Usually, diastasis of the rectum does not 
involve clinical symptoms but, often, only aesthetic 
symptoms, which can be treated by plastic surgeons; 
however, the presence of associated abdominal her-
nia means that general surgeons treat this pathology 
[3, 4]. Plastic surgeons perform DMRA treatment in 
patients with excess skin, and usually the technique 
is open and is performed with a large transverse inci-
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sion on the Pfannenstiel area associated with dermoli-
pectomy. Patients with abdominal hernia associated 
with DMRA, on the other hand, are treated by general 
surgeons with plication techniques more or less mesh 
positioning. In the literature it can been seen that the 
presence of a  large hernia and the non-positioning 
of mesh greatly increase the risk of recurrence. To 
improve these results, in the 1990s, the technique of 
plication of the abdominal fascia was associated with 
the open technique plus the use of laparoscopic mesh  
[5–7]. Recent studies by Arroyo et al. [8] and a prospec-
tive cohort – Danish Ventral Hernia Database on 4786 
patients [9] – have shown results that support routine 
use of mesh, even in small hernias, demonstrating 
a  reduction of recurrence rate from 11% to 1% and 
from 5% to 2%, respectively. These studies revealed 
a similar rate of complications based on suture alone. 
The laparoscopic technique is divided into diastasis 
repair and intraperitoneal, extraperitoneal, and sub-
cutaneous hernia repair. However, the results were 
mixed alternatives seem questionable. 

The aim of the present study was to describe lapa-
roscopic techniques for the correction of combined 
ventral hernias with plication of the diastasis of the 
rectus abdominis muscle, and to present the results.

Material and methods

We retrospectively evaluated the PubMed, Em-
base, and Cochrane Library databases by applying 
various combinations of the subject-related terms. 
The search terms identified with the medical subject 
heading (MeSH) were “diastasis of the rectus abdomi-
nis (DMRA), laparoscopic repair, subcutaneous lapa-
roscopic recti abdominis repair (SCOLA)”. The data-
bases were used to collect the literature published up 
to 2010. Inclusion criteria were reports that included 
the following: diastasis of the rectus abdominis 
(DMRA), laparoscopic repair, subcutaneous laparo-
scopic recti abdominis repair”. Exclusion criteria were 
as follows: case reports, letters, comments, and ab-
stracts. Duplicate reports and studies that contained 
noncancer patients were also excluded. No language 
restriction was applied in the search strategy. Two 
independent researchers performed the review. The 
PRISMA guidelines were followed during all stages of 
this systematic review. Recommendations were proto-
col, research question, search strategy, study eligibil-
ity, data extraction, study designs, risk of bias, publi-
cation bias, heterogeneity, and statistical analysis. The 
systematic literature search found 2500 articles, 330 of 
which were duplicates and hence were excluded from 
analysis. The titles and abstracts from the remaining 
2170 articles were assessed. After careful evaluation, 
2160 articles were determined to be unrelated to our 
study and subsequently excluded. The full text of the 
remaining 10 articles was thoroughly assessed. Case 
reports, editorials, letters to the editor, and general re-

views were then excluded. A  total of 6 articles were 
ultimately included for this review, describing lapa-
roscopic subcutaneous repair of concomitant ventral 
hernias and rectus diastasis. After excluding repeti-
tive reports, 4 manuscripts comprised the relevant 
literature for this review article. 

Results

Claus et al. [2] applied the subcutaneous onlay lapa-
roscopic approach (SCOLA) in 48 patients to correct 
ventral hernia associated with correction of diastasis of 
the rectus abdominis muscles (DMRA) by pre-aponeu-
rotic endoscopic technique. The authors stated there 
were no intra-operative complications and no conver-
sion rate. The technique required a  mean operative 
time of about 93.5 min. Seroma was the most frequent 
complication in 27% and 2% of surgical wound infec-
tions, and 2% presented subcutaneous tissue retrac-
tion/fibrosis. Median follow-up was 8 months. Juárez 
Muas et al. [10] treated 50 patients affected by diastasis 
recti from 50 mm to > 81 mm (14.9–55%) using subcu-
taneous recti plication with light/intermediate (90%) 
and heavy (10%) polypropylene meshes fixed with ab-
sorbable (62%) and non-absorbable material (38%). In 
32% of patients, external oblique release was necessary. 
The surgical time was 83 min. Seroma was a finding in 
12% of cases. The average hospital stay was 1.3 days, 
with pain level 3/10 according to Acute Visual Score 
(AVS). The patients returned to their usual activities 
after 16.5 days. No complications or recurrences were 
observed at 39 months. Köhler et al. [11] used subcuta-
neous technique in 20 patients affected by rectus di-
astasis with symptomatic umbilical and/or epigastric 
hernias, using a fully absorbable synthetic mesh placed 
in a supra-aponeurotic position. The mean operating 
time was 79 min, hospital stay 4 days. Two patients 
sustained symptomatic seroma. There were no re-
currences at a follow-up period of 5 months. In their 
prospective cohort study, Dong et al. [12] applied the 
SCOLA technique with use of robot surgery, demon-
strating that this approach was safe and effective for 
patients presenting with small midline ventral hernias 
and concomitant DR. They showed a mean operative 
time of 146 (46.3) min; 18.8% of seromas; 12.5% of 
hernia recurrence with mean follow-up of 2 months  
(63 days) (Table 1, Figure 1). 

Discussion

Diastasis of the rectus abdominis muscles is de-
fined according to Beer’s classification: the distance 
between the straight abdominal muscles greater than 
2.2 cm, measured 3 cm above the belly button with 
relaxed abdomen. The conditions in which it occurs 
most frequently are 12 months post-partum or in 
obese subjects who have suffered evident weight loss 
[13]. Most patients with DMRA do not have symp-
toms related to a hernia, so there is no pain, faecal ob-
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Figure 1. SCOLA technique. A – Placement of three trocar 
in suprapubic region. B – Synthesis of the anterior fascia 
of the rectus muscles with continous absorbable suture.  
C – Placement of subcutaneous mesh

B

A

C

struction, or risk of intestinal strangulation; hence, it 
is usually treated conservatively, or in patients with 
complaints due to the absence of aesthetics of ab-
dominal bulging or associated pendulous abdomen 
it is possible to perform abdominoplasty and repair 
of the DMRA by plastic surgeons. However, the thin-
ning of the linea alba is important risk factor for the 
development of abdominal wall hernia. For this rea-
son, the frequent concomitance of hernias in patients 
with DMRA often leads the patient to refer to a gen-
eral surgeon for the repair of the abdominal hernia 
and consequently of the DMRA. A single surgical ap-
proach is strongly recommended given the high inci-

dence of umbilical and/or epigastric hernias with Rec-
ti muscles Diastasis (RD) (up to 50%) [14]. The use of 
the Laparoscopic Intraperitoneal Onlay Mesh (IPOM) 
PLUS technique brings the risks of intestinal lesions, 
adherences, and intestinal obstruction or postopera-
tive neuralgias for the use of laparoscopic access and 
use of intracavitary prosthesis and its fixation media, 
giving the patients no long-term cosmetic results in 
the early postoperative period [15]. In 2015, Bellido 
Luque et al. [16] stated that the preaponeurotic endo-
scopic approach seemed to be the right therapeutical 
option for recti diastasis. Their work was strength-
ened by the studies performed in 2016 by Juárez Muas 
[10], who presented preaponeurotic endoscopic repair 
with prosthesis reinforcement with recti plication us-
ing bearded sutures. Not entering the abdominal cav-
ity, as in the laparoscopic approach, seemed to reduce 
laparoscopic complications and mesh-related com-
plications. Endoscopic subcutaneous surgery allows 
the performance of an accurate dissection, haemo-
stasis control, and washing devitalized fat tissue be-
fore placing the prosthesis [10]. With this technique, 
the percentage of seromas or wound infections does 
not appear to increase; however, in 100% of cases 
hypoesthesia was noted in the immediate postopera-
tive period. There was also a total recovery from 2 to  
6 months after surgery. This technique was called 
SCOLA (subcutaneous onlay laparoscopic approach) 
[10]. Another alternative is ELAR as endoscopic-as-
sisted reconstruction of the linea alba. It represents 
an hybrid approach from a  peri-umbilical incision 
with extension 2–3 cm higher assisted by an endo-
scopic vision aid for dissection of the pre-aponeurotic 
space until the xiphoid, and after reducing the dias-
tasis with the use of sutures, reinforced by the place-
ment of polypropylene mesh [17, 18]. Alternatives to 
the pre-aponeurotic techniques have been described 
as MILOS by Schwarz et al. [19] described as hybrid 
technique that put the mesh in the retromuscular 
space through a peri-umbilical incision or the totally 
extraperitoneal techniques by Daes [15] and Belyan-
sky et al. [20]. Recent studies have shown that the 
non-use of mesh, the use of absorbable sutures, and 
the concomitant presence of diastasis are among the 
main technical risk factors for increased relapse [8, 9, 
11]. The 5-year risk of all mesh-related complications 
requiring subsequent surgery seems to be about 5%, 
demonstrating positive outcomes and low incidence 
of hernia recurrence at 18 months [21].

Conclusions

Minimally invasive non-intraperitoneal repair 
techniques will gain more consensus between sur-
geons because they seem to respect the new paradigm 
shift of surgical techniques. These techniques repre-
sent everything that requires the repair of a wall de-
fect: minimally invasive, closure of the defect, mesh 
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not outside of the abdominal cavity, minimization of 
mesh fixation.
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