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Abstract
Purpose Rectus diastasis (RD) associated with abdominal hernias present a surgical challenge associated with a paucity in 
treatment guidelines. The objective of this systematic review is to review surgical techniques and assess complication and 
recurrence rates of RD in patients with concurrent abdominal hernias.
Methods PubMed and EMBASE databases were systematically searched, and data extraction was performed on articles 
which met the inclusion criteria. Pooled analyses of complication and recurrence rates were performed to compare open vs. 
minimally invasive surgery. Student t tests were performed to compare differences in continuous outcomes.
Results Twenty-eight studies were included in this review. RD can be surgically repaired by both open and laparoscopic 
approaches using both non-absorbable and absorbable sutures. The majority of the techniques reported included mesh inser-
tion either above the aponeurosis, retromuscular, preperitoneal, or intraperitoneal. Open techniques, compared to laparoscopic 
approaches, were associated with a significantly higher rate of skin dehiscence (6.79% vs. 2.86%; p = 0.003) and hematoma 
formation (4.73% vs. 1.09%; p < 0.001) and a significantly lower rate of post-operative seroma formation (2.47% vs. 8.29%; 
p < 0.001). No significant difference in RD recurrence rates were observed between open and laparoscopic repair (0.22 vs. 
0.63%, p = 0.17).
Conclusion Both open and laparoscopic surgery are safe and effective methods that can be used to repair RD in patients 
with RD and concurrent abdominal hernias as evident by the low recurrence and complication rates and almost negligible 
major complications post repair.

Keywords Abdominal hernias · Rectus diastasis · Laparoscopic · Complication rates

Introduction

Rectus diastasis (RD) is defined as the widening of the linea 
alba and the separation of the rectus abdominis muscles by 
more than 2 cm at the midline [1]. The pathophysiology 
of RD is secondary to increased intra-abdominal pressure, 
which reduces the consistency of the intercrossed fibers of 
the linea alba [2]. Given that RD is generally perceived as 

a cosmetic condition, it is not covered by the vast majority 
of insurance coverage plans in the United States, despite 
its association with a multitude of functional sequalae that 
significantly worsen a patient’s quality of life [3].

RD is associated with decreased intra-abdominal wall 
integrity which causes aesthetic dissatisfaction and muscu-
loskeletal pain. These patients often complain of weakness 
and muscular instability, which can ultimately lead to pelvic 
and spinal injury [4, 5]. While RD is a distinct entity, it is 
frequently misclassified as a ventral hernia as it often shares 
the same clinical presentation of a protruded abdomen [6]. 
RD differs from a ventral hernia as it has an intact continu-
ous linea alba with no midline defects and lacks a true her-
nia sac [6]. However, untreated RD can increase the risk of 
midline hernias, further adding to the misdiagnosis [7, 8].

Treatment options vary from conservative physiotherapy 
to surgical repair and reconstruction [4, 9]. As there is a 
paucity in the literature relating to guidelines on surgical 
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indications and the advent of a wide array of novel surgi-
cal approaches, there is a need for an updated review of the 
literature to help develop an evidence-based approach to the 
surgical management of this condition.

To that end, the overarching goal of this study is to sys-
tematically review all the studies that reported on RD repair 
associated with abdominal wall hernias and to compare their 
complication and recurrence rates.

Methods

Search strategy

This review was conducted in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) statement [10]. The PubMed and EMBASE data-
bases were systematically searched to retrieve any clinical 
study that describes and reports on surgical techniques and 
outcomes of RD repair in patients with abdominal hernia 
defects. The search strategy was performed using a com-
bination of keywords and MeSH terms including the terms 
divarication, rectus diastasis, plication, abdominal hernias, 
ventral hernias, and hernias, joined by the BOOLEAN terms 
AND & OR.

Articles retrieved from the searches were combined into 
a library on Endnote X9 (Philadelphia, PA) which under-
went deduplication. Two authors (H.E. and N.B.) indepen-
dently reviewed the search entries using strict inclusion and 
exclusion criteria. Articles were first screened by title and 
abstract. The remaining articles then underwent full text 
screening and any discrepancies between reviewers were 
resolved through consensus. Eligible studies then underwent 
data extraction. Inclusion criteria comprised of any clinical 
study reporting on surgical technique and outcomes of RD 
repair in patients with concomitant abdominal hernias. Stud-
ies were only included if the majority of their participants 
underwent a concomitant hernia repair. Studies with less 
than 10 participants were excluded. No date restriction was 
applied. Studies published in languages other than English 
were excluded.

Data collection and quantitative synthesis

Data extracted from eligible studies included author, year, 
study title, study type, total number of participants, mean 
age, gender stratification, diastasis size, surgical incision 
location, mean follow-up, surgical technique, type of suture 
used, type of mesh used, surgical time, satisfaction, pain, 
hospital stay, return to activities to daily living, complica-
tions, recurrence and radiographic outcomes. Pooled analy-
ses of complication and recurrence rates were performed 
to compare open vs. minimally invasive surgery. To avoid 

over/underestimating complication and recurrence rates, 
any study that did not explicitly report on these variables 
was excluded from the pooled analyses. Moreover, studies 
that did not differentiate their outcomes based on surgical 
technique (open vs. laparoscopic) were included in the study 
but excluded from the pooled analyses. Chi-square tests were 
used to assess significant differences between complication 
and recurrence rates regarding the variables of interest. 
Level of significance was set at < 0.05. The statistical anal-
yses were performed using IBM SPSS Version 25.0 (IBM 
Corp., Armonk, N.Y.).

Results

The initial search strategy yielded 1252 results of which 290 
were duplicates. The remaining 962 non-duplicate papers 
underwent title and abstract screening. Of which, 54 were 
deemed relevant and underwent full-text assessment against 
the aforementioned inclusion and exclusion criteria. A total 
of 28 studies were finally included in this analysis [11–37] 
(Fig. 1).

Surgical techniques

Out of the 28 articles, 10 described open RD repair tech-
niques [11–18, 38, 39], 20 described laparoscopic RD repair 
techniques [12, 15, 20, 21, 23–37, 40], with two of these 
studies describing both open and laparoscopic studies. [12, 
15]. A summary of the techniques used in RD repair can be 
found in Tables 1, 2, 3, 4. For all the included studies, the 
abdominal wall hernia was repaired when present. Out of the 
10 studies that described open techniques, a majority (n = 7) 
included inserting a mesh. The incision site varied depend-
ing on the position of the hernia, with the vast majority of 
skin incisions employed being either horizontal suprapubic 
or vertical midline (Table 1). Similarly, out of the 20 stud-
ies that described laparoscopic techniques, the vast major-
ity (n = 19) included mesh placement. The skin incisions 
were usually comprised of 3 laparoscopic ports (5–10 mm) 
which constitutes the standard laparoscopic approach. For 
both open and laparoscopic approaches, the mesh was placed 
either above the aponeurosis as an onlay, retromuscular, pre-
peritoneal, or intraperitoneal (Table 2).

Primary outcomes

The main outcome reported was recurrence rates which were 
reported in 25 studies amounting to a total of 453 and 630 
patients who underwent open and laparoscopic RD repair, 
respectively. Open RD repair was associated with an average 
recurrence rate of 0.22%. On the other hand, laparoscopic 
RD repair was associated with an average recurrence rate of 
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0.63%. There was no significant difference in RD recurrence 
rates between open and laparoscopic repair (p = 0.32).

The other outcomes reported varied from one study to 
another. Out of the studies that evaluated open techniques, 
the average operative time was 132.8 ± 26.4 min (n = 144), 
while the average hospital stay was 4.4 ± 0.5 days (n = 112) 
(Table 1). With respect to studies specifically evaluating 
laparoscopic techniques, the average operative time was 
120.4 ± 44.0  min (n = 682), while the average hospital 
stay was 3.3 ± 1.4 days (n = 610). Post-operative pain was 
reported using varying visual analogue scales or opioid con-
sumption with all studies reporting significant pain reduction 
post-surgery and no opioid consumption after the  3rd post-
operative day (Table 2).

Complication rates

A pooled analysis of the complication was performed. A 
total of 324 and 735 patients underwent open and laparo-
scopic RD repair from a total of 27 studies that reported 
on complications. Open RD repair was associated with a 
total complication rate of 14.6%. The three most reported 
complications were wound dehiscence (6.79%), hemato-
mas/post-operative bleeding (4.73%) and seromas (2.47%) 
(Table 5). With regards to laparoscopic RD repair, there was 
a total complication rate of 15.9%. The three most common 

complications associated with laparoscopic repairs were 
seromas (8.29%), wound dehiscence (2.86%) and infection 
(1.36%) (Table 4). There was no significant difference in the 
total complication rates between open and laparoscopic RD 
repair (14.6 vs. 15.9, respectively; p = 0.56). With regards 
to specific complications, open techniques were associated 
with a significantly higher rate of wound dehiscence and 
hematoma/bleeding compared to laparoscopic techniques 
(p < 0.001 and p = 0.003, respectively). On the other hand, 
laparoscopic techniques were associated with a significantly 
higher rate of post-operative seroma compared to open tech-
niques (p < 0.001). There were no other significant differ-
ences in the other complications reported (Table 5).

Discussion

This systematic review of surgical techniques and pooled 
analysis of complications and recurrences demonstrate the 
wide array of techniques of rectus diastasis repair in patients 
with concomitant hernia. Both open and laparoscopic tech-
niques are quite effective in repairing RD as evident by the 
low recurrence rate and the positive outcomes at long-term 
follow-up.

Rectus diastasis repair was traditionally perceived as an 
aesthetic condition. However, we have recently learnt that 

Fig. 1  PRISMA diagram for 
screening and study inclusion
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not only does RD cause cosmetic dissatisfaction to many 
patients, but it is also associated with significant functional 
impairments. A recent study demonstrated that RD is associ-
ated with increased pelvic organ prolapse, decreased abdom-
inal muscle strength, increased lower back pain and over-
all decreased health related quality of life [41]. Although 
physiotherapy is considered the first line treatment for RD, 
severe cases associated with health outcomes are amendable 
to surgery, especially if a concomitant abdominal hernia is 
present. [42].

The copresence of abdominal hernias with RD adds com-
plexity to its surgical management [42]. Hence, the current 
systematic review only included papers that reported on 
outcomes of RD repairs associated with abdominal hernias. 
Although open surgical approaches allows for optimal visu-
alization of the linea alba and rectus muscles, they are gen-
erally associated with higher levels of post-operative pain 
and larger scars [43]. Minimally invasive approaches have 
recently surged as suitable and often preferred techniques 
for ventral hernia repairs mainly due to their minimal post-
operative pain and shorter hospital stay [43]. Our review 
showed that RD can be effectively repaired using both open 
and minimally invasive techniques as evident by the very 
low recurrence rate (close to zero) at long-term follow-up. 
Moreover, our review is in line with previous papers that 
show that RD plication can be performed using both absorb-
able and non-absorbable sutures [9, 43]. Furthermore, while 
RD repair does not necessarily warrant a mesh insertion, this 
review demonstrates it is often used when there is a concom-
itant hernia. There is a paucity in clear guidelines on using 
mesh to reinforce RD repair. Al-Qattan demonstrated 100% 
recurrence of RD in patients with severe musculoaponeu-
rotic laxity without using mesh [44]. More recently, studies 
have been reporting the use of mesh with RD greater than 
5 cm [24]. Future studies should aim to study and character-
ize the indications for mesh in RD repair.

Since the surge of minimally invasive techniques for ven-
tral hernia repairs, many variations and novel approaches 
have been introduced that allow for RD repair as well. 
In addition to the traditional laparoscopic approaches, 
our review also includes novel minimally invasive surgi-
cal techniques such as laparoscopic intracorporeal rectus 
aponeuroplasty (LIRA) which involves incising the poste-
rior rectus aponeurosis lengthwise around the hernia defect, 
creating two flaps laparoscopically, followed by plication 
[30]. Gomez-Menchero et al. showed that this minimally 
invasive technique was effective at significantly decreasing 
RD from 5.5 to 2.2 cm at 1 year follow-up [30]. However, 
this technique was complicated by 50% seroma formation. 
Other endoscopic approaches such the endoscopic mini or 
less open sublay repair (EMILOS) have also been recently 
studied and show great potential in repair RD associated 
with ventral hernias [25, 45].

This study has several limitations. The first of which is 
that the included studies contained different levels of evi-
dence. The primary goal of this study was to demonstrate all 
the surgical approaches to RD repair associated with ventral 
hernias, and therefore, we included different levels of evi-
dence to be as comprehensive as possible. Moreover, due 
to the variation in the original studies’ patient population, 
we were not able to control for their baseline characteristics 
such as RD size and patient comorbidities. Second, due to 
the wide heterogeneity in patient outcomes, a meta-analysis 
was not feasible. Moreover, some of the included studies 
included patients without abdominal hernias but did not 
separately report their outcomes which presents a limita-
tion in our pooled analysis. Finally, there was a paucity in 
outcomes reported in open techniques, which limits our sta-
tistical analysis when comparing outcomes between open 
and laparoscopic techniques. Future prospective studies 
should compare the clinical outcomes and complications 

Table 5  Pooled analysis of complication rates of open and laparoscopic rectus diastasis (RD) repair techniques

n = The total number of patients included in pooled analysis; DVT/PE: deep vein thrombosis/pulmonary embolism
* Other complications included: scar revision, pneumonia, granuloma, internal hernia, subcutaneous tissue retraction, subcutaneous emphysema 
and P-PRS suture line disruption

Main Surgical 
Approach

Rate of 
Seroma

Rate of 
Dehiscence/ 
Necrosis

Rate of 
Bleeding/ 
Hematoma

Rate of Infec-
tion

Rate of 
Chronic Pain/ 
Neuralgia

Rate of 
Thromboem-
bolic Events 
(DVT/PE)

Rate of Other 
Complica-
tions*

Total Rate of 
complications

Open 
(n = 324)

2.47% 6.79% 4.73% 0% 0% 0% 0.62% 14.6%

Laparoscopic
(n = 735)

8.29% 2.86% 1.09% 1.36% 0.95% 0% 1.36% 15.9%

I value  < 0.001 0.003  < 0.001 N/A N/A N/A 0.29 0.56
Chi-square 12.5 8.92 13.3 N/A N/A N/A 1.11 0.34
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associated with these different RD repairs to better ascer-
tain comparative efficacy. Moreover, due to the important 
aesthetic component of RD repairs, future studies should 
develop a standardize patient reported outcome tool to meas-
ure patients’ satisfaction with their RD repair and be able to 
better compare studies in the future.

Conclusion

Rectus diastasis repair in patients with RD with concomitant 
abdominal hernias is a quickly evolving domain associated 
with a wide array of surgical techniques. Both open and 
laparoscopic approaches for rectus diastasis are effective 
as evidenced by very low recurrence rates. Moreover, both 
approaches are safe as evident by the low complication rates 
and almost negligible major complications post repair.
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