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Abstract

Introduction Parastomal hernia (PSH) is the most common and challenging complication after stoma creation, with an
estimated 50% incidence 2 years after the index surgery. Mesh repair is the treatment of choice. Laparoscopic and/or robotic
approaches allow acceptable outcomes.

Materials and methods A systematic literature review from January 2012 to November 2023 was conducted according to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. Embase, PubMed, and Scopus
search were performed to select articles dealing with minimally invasive surgical treatment for PSH after end colostomy.
Results 603 studies were found, and 24 were chosen. When compared to open surgery, laparoscopy showed decreased
postoperative complications and recurrence. The main laparoscopic approaches are the keyhole (KH), the Sugarbaker (SB),
and the sandwich technique. Continuous improvement in surgery, mesh technology, and surgeons’ expertise led to an ame-
lioration of surgical outcome and recurrence rate after repair. Recent studies showed comparable outcomes for SB and KH
techniques, while novel surgical approaches have been proposed in an attempt to further increase the operative and long-term
results. Reports on PSH robotic repairs are scarce and describe small series results, suggesting a role of the initial learning
curve as a risk factor for complications.

Conclusion End-colostomy PSH surgical repair still represents a challenge for surgeons. Recent evidence has not shown a
significant advantage in postoperative complications and recurrence with a specific repair among SB, KH, and sandwich
technique. The paucity of data on robotic surgery does not allow to draw definitive conclusion. Further primary, multicentric,
and larger cohort studies are needed.
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Background

Parastomal hernia (PSH) is the most common and chal-
lenging complication after stoma creation. This condition,
defined as an abnormal protrusion of the abdominal cav-
ity contents through abdominal wall defect created dur-
ing placement of an enterostomy [1, 2], occur up to nearly
50% of patients [3—5] usually within 2 years after stoma
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formation [6]. Due to the several issues either in diagnosis
than in surgical repair, such kinds of abdominal wall hernias
are currently recognized in the field of “complex abdomen”,
with complexity defined by patients’ medical history and
morbidity, features of the hernia along with previous abdom-
inal surgeries, and attempts at repair. These conditions indi-
cate the need of a highly specialized and tailored surgical
approach, but unfortunately even when a repair is performed
in a high volume surgical center by an experienced surgeon,
postoperative complications as well as hernia recurrence
might occur over the follow-up. A consensus on the choice
of a specific surgical technique for repair is lacking [7].
The incidence of PSH is particularly high after colos-
tomy formation, whose incidence has been reported as high
as in 39% of patients [3, 8, 9]. Yet, the real incidence of
this complication may be underestimated because of a wide
qualitative, methodological, and follow-up heterogeneity of
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the various studies considered and can reach higher values
[10]. As a matter of fact, the reported incidence of PSH is
strongly related to the method of diagnosis, usually by the
mean of a clinical examination, and more rarely on an imag-
ing-based study. When diagnosis was achieved by the addi-
tion of abdominal computed tomography (CT) scan to the
physical examination, the incidence raised up to 78% [11].
Therefore, it must be considered that an enterostomy is
in itself, by definition, (although intentional) an incisional
hernia, so that some surgeons have stated that PSH is even
unavoidable [4, 12], the reason being that accuracy at index
surgery is mandatory to avoid PSH onset. Up to 25% of PSH
are asymptomatic [9] and can be treated conservatively.
Commonly, in asymptomatic cases, to minimize discomfort
and further complications, the strategies of choice comprise
patients’ education, hernia belts, weight loss, avoidance of
heavy lifting [6]. Anyway, a surgical approach is the only
available treatment to warrant repair, but the ideal surgi-
cal repair for PSH remains undefined. Nevertheless, several
indications for surgery have been described over time. A
previous attempt to clarify this issue was conducted in 2012
by Hansson et al. [8]. The authors carried out a systematic
review analyzing all the available literature over the time
span between January 1950 and November 2010 and rec-
ommended the use of a mesh in PSH to reduce the risk of
recurrence. Although there have been improvement in sur-
gical techniques, the introduction of mesh, and continuous
amelioration of mesh technology, surgery for PSH repair is
still a challenge for surgeons, mainly because of the need
to balance the restoration of the parastomal abdominal wall
against stoma malfunction and the upcoming risk of PSH
recurrence. If a suture non-mesh repair is no more recom-
mended except in emergency setting because of the exces-
sive risk of recurrence, mesh augmentation accounting for
90% of PSH repairs is the technique of choice, allowing to
significantly reduce the risk of recurrence [5, 13]. Minimally
invasive repairs, through laparoscopy and more recently
by robotic approach [14-17], seem to be the treatment of
choice. The objective of this manuscript is to systematically
review the current up-to-date evidence concerning mini-
mally invasive techniques focusing on end-colostomy PSH
repair in the setting of a laparoscopic or robotic approach.

Materials and methods

A systematic literature review was conducted following the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement [18]. We searched Embase,
PubMed, and Scopus to select articles published from Janu-
ary 2012 to November 2023 related to the minimally inva-
sive treatment of PSH after end-colostomy formation. The
search algorithm used is shown in Appendix. The articles
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were independently screened for title and abstract by two
reviewers (B.I. and A.T.); subsequently, the full text of the
included articles was further analyzed. Any disagreements
were resolved through consensus. The exclusion criteria
were case reports, reviews, editorials, opinion articles and
vignettes, no English written studies, studies with a follow-
up shorter than 12 months.

Results

603 studies were found in the literature. Duplicate studies
or those that did not meet eligibility criteria were excluded
(n=570). The full texts of 33 studies were evaluated and 9
of them were excluded because they did not align with the
inclusion criteria. We selected 24 studies, and data regarding
PSH repair after end-colostomy formation were extracted
from all included studies (Fig. 1). The details of the included
studies are presented in Table 1.

Laparoscopic parastomal hernia repair

Laparoscopy has become over the last decade one of the
approaches of choice in the surgical repair of PSH. The most
employed laparoscopic techniques for PSH repair are the
keyhole (KH) repair [19], the Sugarbaker (SB) technique
[20, 21], and the sandwich technique [22-25]. Briefly, in
the keyhole technique a mesh with a central hole or a slit
allowing bowel to pass through the stoma site is positioned
in an intraperitoneal fashion. Sugarbaker repairs consist in
the intraperitoneal placement of a mesh to cover the stoma
site after lateralizing the bowel, eventually after placement
of sutures for primary closure of fascial defect to reduce
the risk of recurrence [6, 26]. The sandwich technique is a
combination of the KH and SB repair, using two intraperi-
toneal meshes. According to the original description [22],
the first mesh is allocated in a KH fashion to stabilize the
lateral abdominal wall in a perspective to reduce the risk of
hernia recurrence in patients with a fascial defect lateral to
the stoma. The second mesh is then positioned according to
the SB principles accomplishing lateralization of the stoma
loop. Considering these approaches as a cornerstone in PSH
repair, modified techniques as well as interventions describ-
ing a combined open and laparoscopic approach have been
proposed [10, 27-29], but limited to single center or even
single surgeon experience.

Several studies have compared the laparoscopic
approach with the open approach, showing how laparos-
copy provides decreased rates of recurrence and postop-
erative complications compared to the open approach [6,
30]. Recently, Keller et al. [30] evaluated 62 consecutive
patients who underwent either laparoscopic or open elec-
tive repair and compared the outcome of surgery. Each
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group consisted of 31 patients and had similar demo-
graphic details with a similar proportion of patients with
colostomy. In the laparoscopic group, the same surgical
repair was adopted in all patients. Open repair was per-
formed more often on patients with prior PSH recurrence
(58% vs 29%, p=0.004). Compared to laparoscopic repair,
patients who underwent open repair showed an increased
incidence of wound dehiscence (29% vs 3%, p=0.012),
while non-wound complications were similar between the
two groups. The operative duration (p <0.001) and median
length of in-hospital postoperative stay were shorter in the
laparoscopic group (3 days vs 7 days, p <0.001). After
adjustment for prior repair, evaluation at 3 years reported
a significantly longer recurrence-free time for laparoscopic
repair than the open repair (p =0.022).

Although relatively simple and easy to master, in the
KH technique the presence of the central hole or of the
slitting causes a weakness in the mesh which in turn
increases the risk of PSH recurrence [6, 26]. The real risk

of recurrence as well as the recurrence rate by adopting
this technique has not been clearly assessed and remains
controversial. As a matter of fact, an incidence of recur-
rence as high as 20.8% has been reported [29]. In the pre-
vious review on this topic it was stated that in laparoscopic
repair, the SB technique was superior over the KH in terms
of lesser rate of recurrence [8]. A recent nonrandomized
case-controlled prospective study, comparing the outcome
of patients operated on by a KH or an SB repair using a
polypropylene mesh with an antiadhesive layer, showed an
incidence of postoperative complications for the KH group
of 14.9%, recurrence rate of 7% and late mesh-related mor-
bidity of 8%. These results, with regard to end-colostomy
PSH, did not differ significantly from those reported after
an SB repair, in which postoperative complications were
11.5%, recurrence rate 10% and late mesh-related mor-
bidity 10%. Therefore, KH repair produces outcomes
somewhat similar, especially over the follow-up to the
SB technique [24]. Similar results were obtained by Oma
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3% 5 Ei 5 s et al. [12]: in a cohort of 79 patients, the overall recurrence

ﬁ 3 5o % g g g 2 2 T i = rate was 9%, without a significant difference in the risk of

) = E § g 23 £8% §§ S ;é g recurrence after KH compared to SB repair (1/10=10%

= & Rajapandian et al. [26] looking for lesser and acceptable

" recurrence rates described the outcome of 23 patients, 18

§ of them with colostomy PSH, operated on with a modified

% KH repair. The technique consisted of an almost complete

& - removal of the hernial sac to reduce the incidence of post-

2 operative seroma, while to reduce the risk of recurrence the

S2% wall defect was approximated with a non-adsorbable suture

SZE |2 PP :

and the bowel fixed to the parietal wall with seromuscular

2 % sutures. The mesh was incised from one side to create a half

. § E g g slit to surround the bowel, with the cut margins overlap-

£ g fg ; g ping each other and fixed with transfascial and intracorpor-

2 L; £z 3 eal sutures. No major intraoperative complications, such as

§ § 225 bleeding or bowel injuries, or postoperative complications

B . occurred. A further attempt in reducing recurrences through

§ é PE a modified KH repair was described by Olmi et al. [29] in

£g |z G a cohort of 90 patients, with 83 (92.2%) of them suffering

= an end-colostomy PSH and with a mean BMI of 30 kg/m?

- % ; g (range 28-34). Repair was carried out through a reduction

Z s § *; % g of the defect with multiple sutures with extracorporeal knot-

“i z-. ;g; :§ L‘E :§ ting, late.tr covered and reinforc§d with a polyprqpy]ene mesh

:& E—," 288 fixed with tacks. The stoma is fixed by suturing the edge

of the defect and extracorporeal knotting, then the mesh

§ with a slit of 3 cm in width for the stoma and an overlap of

E: E R 5 cm is placed with the mesh border overlapped to create

. . the KH. Finally, the mesh was fixed with a double crown of

= %‘ § £ tacks. Postoperative complications consisted of seroma in

§ % Sé D é = four patients (4.4%), managed conservatively. Recurrence

& © occurred in four patients (4.4%), in one case on postop-

£ . erative day 7 due to technical error. Yan e al [10], in their

?, é R series of 65 consecutive patients, 60 of them with colos-

gbé,’. 3 3 tomy, evaluated the effectiveness of combining an in situ

R I ) re-ostomy with the laparoscopic KH technique. The main

;‘:é & § :; advantages of such an approach consisted in the opportunity

= § ;0’% b g g to have an adequate operative space to dissect the bowel,

E :;j :5; g f gé closing the defect, stitching the mesh to the stomal bowel,

§ g g g é é g and resecting the redundant bowel if necessary. Postopera-

R tive morbidity included two cases of seroma and three of

52 ileus managed conservatively, while in one case of intestinal

g % E S perforation a rescue surgery with intestinal resection and

- entero-enterostomy warranted care. Over a median follow-

z %; up of 29 months (range 3—60 months), no complications of

:: %g mesh-related infection or patch erosion were noted, recur-

5 2 & rence was recorded in one case (1.5%), 17 months after the
é 5 g index surgery.

‘é - & Asif et al. [6] evaluated a cohort of 49 patients with PSH

< without any differences in terms of demographic features.

A E SB repair was conducted in 14 and compared with 19 lapa-

2k 35} roscopic KH, 11 re-siting, and 5 open repairs. There were no

E |2 = differences in terms of postoperative complications among

@ Springer
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all techniques, but the SB group showed a significantly lower
rate of PSH recurrence. Hansson et al. [31] described the
outcome of 61 consecutive patients, 55 with symptomatic
colostomy-related PSH who underwent laparoscopic SB
technique with positioning of an ePTFE mesh (Gore-Tex
Dual-Mesh Biomaterial®, WL Gore Associates Newark,
DE, USA). The morbidity rate was 19%, and one patient
died due to metastasis of lung carcinoma causing a bowel
obstruction. The recurrence rate was 6.6% after a mean
follow-up of 26 months. DeAsis et al. [23] compared the
outcome of 25 SB compared to 37 other PSH repairs includ-
ing 18 KH, 13 re-siting, and 6 open repairs in a homogene-
ous group of 62 patients suffering from PSH. The authors
proposed a modified SB technique consisting of a primary
closure of the wall defect by a combined transfascial and
intracorporal suture before placing the mesh. Patients who
had SB repair experienced lesser postoperative complica-
tion rate (40% vs 76%, p=0.02) as well as reduced recur-
rence rate (16% vs 60% p <0.001), so showing a protective
role against recurrence. Although rarely reported [32, 33],
to avoid the risk of mesh infection, obstruction, fistuliza-
tion or mesh erosion, Rege et al. [34] proposed a modified
mesh placement technique. A composite mesh was placed
with upward folding of the visceral non-adhesive surface in
contact with the stomal loop with the aim of avoiding the
risk of mesh erosion into the bowel or causing adhesions and
subsequent stoma obstruction. In the reported series of 14
patients, over a follow-up ranging between 15 months and
7 years, no complications of mesh such as seroma forma-
tion, stomal necrosis, mesh infections and erosion, or hernia
recurrence were noted. To overcome the risk of adhesions
and fistula formation in the report of Bellido-Luque [35], a
modified SB approach based on an extended totally extra-
peritoneal mesh repair was proposed. The authors described
a series of 12 patients who underwent an end-colostomy
PSH repair with an average follow-up of 29 months. The
proposed technique where the mesh does not need helical
sutures allowed a significant improvement in pain and activ-
ity restriction compared to preoperatively, no postoperative
wound infections or hematomas were noted, and in two
cases (16%) a seroma was detected and managed conserva-
tively. One patient (8%) required postoperative readmission
(within 1 month after the index surgery) due to partial bowel
obstruction without the need of reintervention. No follow-up
dropout or recurrence was recorded in the whole series [35].

By adopting the sandwich technique, in the report by Bar-
ranquero et al. [36], repair was performed in 38 patients,
with a median BMI of 29.2 kg/m? whose hernia was associ-
ated with an end colostomy in 94.7% of cases. The recur-
rence rate was 7.9%, with a median time for recurrence of
12 months, and a median follow-up of 39 months. Also,
diagnosis was made in more than 92% of patients by CT
scan examination. Postoperative complications were found

@ Springer

in the analysis as the main risk factor for hernia recurrence.
Bertoglio et al. [37] compared the outcomes after repair
between 13 patients who underwent sandwich technique
and 19 patients operated on with a KH repair. Patients’
demographics, characteristic of the defect, and postopera-
tive outcomes were similar between the two groups, while
in the sandwich repair group a statistically significant shorter
length of hospital stay (p=0.04) compared to KH repair
was noted. He recurrence rate was 21% in the KH group
at the 1-year follow-up, while no overall recurrences were
recorded in the sandwich group over a median follow-up
of 26 months (range 13-78). Some other techniques have
been reported in the literature. Fischer et al. [27] described
a technique of PSH repair with a 3D funnel-shaped intraperi-
toneal mesh device and same-sided stoma relocation. The
authors reported the results in 56 patients; end-colostomy
PSH accounted for 84% and the repair was attempted by
laparoscopy in 41 (73%) patients. The median follow-up
time was 38 months (range 12-58 months) and over this
time, if the overall recurrence rate was 12.5% (7/56), the
recurrence rate in the laparoscopic group accounted for
7.3% (3/41), while in the open group it was 26.7% (4/15).
The overall incidence of surgical complications was 16.7%
(9/56), with major surgical complication rate of 8.9% (5/56).
Szczepkowski et al. [28] described an alternative approach
called hyper/SPHR technique (hybrid parastomal endoscopic
re-do/Szczepkowski parastomal hernia repair). This tech-
nique consists of four steps as a combination of laparoscopic
and open approach (laparoscopic stage, open stage, recon-
version to laparoscopy, and final open stage with neo-stoma
formation) with the use of a 3D pre-shaped mesh placed
intraperitoneally with a hole in which the ostomy bowel is
delivered and the funnel oriented to the visceral side of the
abdomen. In this series, 12 patients with end-colostomy PSH
were operated on, and a single (8.3%) postoperative com-
plication (a small wound hematoma treated conservatively)
was detected. Also, no stoma site infections, stoma-related
problems, or recurrence were recorded over a 13.5-month
(range 6—17 months) follow-up. A combined laparo-
scopic and ostomy-opening approach was also proposed
by Kohler et al. [38]. The repair was based on the place-
ment of a cylindrical-shaped mesh of 4 cm funnel length
after laparoscopic adhesiolysis and an open approach with
excision of the ostomy opening and closure of the bowel
later delivered through the funnel of the mesh. The mesh is
inserted in the peritoneal cavity through the hernia defect.
Laparoscopy is then restored after suture to close the defect
to fix the mesh to the peritoneum. No mesh complications
were reported or recurrence noted over a 4-month follow-up
(range 3-8 months). Although these are promising results, to
the best of our knowledge, up-to-date results derived from a
wide validation of these repairs are lacking.
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Robotic parastomal hernia repair

Robotic surgery has been integrated into the surgical land-
scape for over 20 years and has particularly experienced
rapid growth in the field of general surgery, in an effort to
overcome the limitations that laparoscopy, and even more
open surgical techniques, may impose on surgeons.

Preliminary series report encouraging results, although
not yet validated by randomized controlled trials (RCTs),
especially in the short term, when a robotic approach is
employed in ventral hernia repair, [39—43], and similarly
happens when a robotic repair of PSH is evaluated. The
present literature review has shown the paucity of these pri-
mary studies, and our aim is therefore to provide an over-
view of the current state of the art and to guide potential
primary studies in this direction. Of the articles included in
the review, five studies were analyzed for robotic repair of
PSH [15-17, 44, 45]. Four are retrospective studies, one is
a prospective study, and included in total 61 patients with a
median follow-up of 1 year.

Kyle et al. [44] conducted a retrospective study on the
postoperative outcomes for a total of 24 patients, of whom
16 underwent colostomies treated with a modified robotic
Sugarbaker technique. In any case was necessary conversion
to a laparoscopic or open procedure. Two patients under-
went reoperation, one during hospitalization for intestinal
obstruction and the other later for the development of a her-
nia between the mesh used for incisional hernia repair and
the mesh placed for parastomal hernia. 33% of patients had
a minor complication, and there was a 16% incidence of
seroma. The authors clarified that the two major complica-
tions occurred in the early period when the learning curve
for using the new robotic platform was not yet optimal. With
more frequent use of the platform, both the operative time
and docking time were reduced. Dewulf et al. [15] presented
preliminary results in a retrospective study on 62 patients:
38 of whom were operated on for end-colostomy PSH par-
astomal hernia. Technical considerations of robot-assisted
modified Sugarbaker repair, robot-assisted Pauli technique,
and minimally invasive use of a funnel-shaped mesh in the
treatment of parastomal hernias were evaluated. Patients
who underwent robotic modified Sugarbaker procedure
had an average hospital stay of 2 days, an operative time
of about 180 min, and there was no need for hospital read-
mission within 30 days postoperatively. One patient devel-
oped a recurrence, with an average follow-up of 14 months.
Using the Pauli technique, transversus abdominis release
(TAR) combined with the advantages of visceral parietali-
zation, serosa injuries occurred in seven patients, and in one
mucocutaneous detachment led to stoma revision, with an
average operation time of 156 min, a medium hospital stay of
3 days, and mean follow-up of 14 months. There were minor
postoperative complications in eight patients, one patient

had a recurrence, and one patient had stoma necrosis. For
patients who received a funnel-shaped mesh, longer mean
operative times was noted, 201 min, but the authors state that
the funnel configuration facilitates stoma irrigation, which
could otherwise be compromised by the lateralization of the
intestine after the modified Sugarbaker and Pauli procedures.
Lambrecht [45] included in his prospective observational
study 15 patients with parastomal hernia who underwent a
repair procedure, termed ePauli with transversus abdominis
release (TAR), 9 of whom were approached robotically. The
experience, although limited and with an average follow-up
of only 10 months, has shown encouraging results in terms
of complications, feasibility, and recurrence. The surgical
technique used was technically challenging, but feasible,
safer, and less strenuous when performed robotically, and
more suitable for patients with recurrent parastomal hernia
who had previous hernia repairs with intraperitoneal or ret-
romuscular mesh.

Ayuso et al. [17] retrospectively analyzed the demo-
graphic data and monitored intraoperative and postoperative
outcomes for 15 patients operated on by robotic Sugarbaker
technique for parastomal hernia repair, of which 4 had an
end colostomy. The average operative time was 182 min,
and there was only one recurrence observed over an average
follow-up period of 14.2 months. In conclusion, the robotic
Sugarbaker technique has proven to be safe and technically
feasible, with low rates of short-term recurrence and minor
complications. Another robotic technique reported in the lit-
erature is analyzed by Maciel et al. [16], who presented data
obtained from a retrospective analysis of two patients who
underwent robotic retromuscular parastomal hernia repair,
in both cases involving colostomy and midline incisional
repair. The follow-up period was 1 year for both patients,
and no recurrences were observed. According to the authors,
in agreement with other studies included in the review, the
technique is certainly challenging and requires a high level
of surgical expertise with abdominal wall dissection tech-
niques, and a longer operative time compared to laparo-
scopic techniques.

Discussion

This systematic review, after the former manuscript by
Hansson et al. [8], critically analyzed the evolution of sur-
gical treatment with specific regard to the up-to-date efficacy
of mininvasive techniques in PSH repair. Parastomal hernia
prevention and treatment are a priority in colorectal pathol-
ogy, whose incidence as well as recurrence rate, based on the
current evidence, is far to be perfectly known with repair as
a challenge for surgeons. If the accuracy of the detection rate
is affected by the diagnostic method employed, the recur-
rence rate is strongly dependent on the follow-up time. The
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risk of recurrence potentially might increase over time, and
a minimum follow-up of at least 5 years has been advocated
to evaluate the effectiveness of surgical repair [46].

Over the past decade, laparoscopy has emerged as one
of the preferred approaches due to its various advantages,
including decreased postoperative pain, shorter hospital
stays, and lower complication rates, [8, 26, 31]. A signifi-
cant shift from open to laparoscopic repair methods has been
observed, reflecting advancements in surgical techniques and
patient outcomes. Keller et al. [30] provided pivotal com-
parative data, indicating that laparoscopic repair not only
reduces the length of in-hospital stay, but also significantly
lowers recurrence rates compared to open surgery. This
aligns with the findings of Asif [6] and Keller [30], under-
scoring the procedural benefits of laparoscopy.

Although widely used, the keyhole, the Sugarbaker, and
the other repair techniques described have not definitively
shown which surgical technique should be chosen; hope-
fully, ongoing randomized controlled trial will clarify this
issue [5]. The KH technique, despite its simplicity, presents
a concern for increased recurrence risk due to the inher-
ent mesh weakness [6, 26]. Contrarily, the SB technique, as
elucidated by Sugarbaker [20, 21], and the sandwich tech-
nique have shown promising results in reducing recurrence
rates. However, the optimal choice among these techniques
remains a subject of ongoing research and debate.

Rajapandian et al. [26] and Olmi et al. [29] have con-
tributed to refining the KH technique, focusing on reducing
recurrence risks through modified surgical procedures. Their
efforts in minimizing postoperative complications, such as
seroma formation, have been noteworthy. Similarly, Sugar-
baker's technique has been modified by various research-
ers [23, 34] to reduce mesh-related complications, further
enhancing the safety profile of laparoscopic PSH repairs.

If the advantages of a mininvasive approach compared to
an open approach in terms of postoperative morbidity are
well recognized, what defines the technique to be adopted
to warrant better long-term results is yet unclear. Surgical
repair of PSH might be considered an evolving paradigm
and an unsolved issue. If SB technique was previously
considered to be the repair of choice because of the evi-
dence of fewer rates of recurrence [8], this has been rebut-
ted in recent studies where comparable results in terms of
both perioperative complications and recurrence rate were
reported [24]. This evidence might reflect a deep influence
of surgeons’ expertise and attitude over PSH diagnosis and
repair. As a matter of fact, despite the continuous research of
modification in the technique aimed to ameliorate short- and
long-term outcomes, the heterogeneity of patients without
definitive and standardized criteria in defining patient selec-
tion, PSH characteristics, surgical techniques and even mesh
selection could all together raise major confounding factors
when analyzing data. The current literature in fact focuses
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on the ability of surgeons to modify the available technique
as well as in suggesting new ones and introducing more and
more meshes with specific features. In this spirit, the sand-
wich technique was introduced. Such an approach is a blend
of the KH and SB methods. The studies reported by Bar-
ranquero et al. [36] and Bertoglio et al. [37] showed a lower
recurrence rate and shorter in-hospital stay when patients
were operated on with such an approach, so suggesting a
potential advantage over singular techniques.

Moreover, innovative approaches such as the hyper/SPHR
technique [28] and the combined laparoscopic and ostomy-
opening approach [38] have expanded the scope of laparo-
scopic PSH repair, showing promise in reducing postopera-
tive complications and recurrence rates.

In conclusion, the shift toward laparoscopic techniques
for PSH repair has shown significant benefits in terms of
reduced postoperative complications, shorter in-hospital
stays, and lower recurrence rates. While the KH, SB, and
sandwich techniques remain the most commonly employed,
ongoing refinements and innovations continue to enhance
their efficacy and safety. Surgeons’ expertise, preferences,
and attitudes when approaching PSH more than the tech-
nique used in itself for the PSH repair might influence deeply
the outcome. This might partly explain the similarities in the
outcome reported in more recent studies. Standardization
in future research is mandatory and should focus on long-
term outcomes and direct comparisons between the available
techniques to establish clear guidelines for optimal surgical
intervention in PSH repair.

The surgical treatment of PSH has evolved significantly
over the years, especially with the advent of robotic-assisted
techniques. Initially, PSH was managed with relocation tech-
niques or local suture repairs, but these approaches often
resulted in high recurrence rates and complications [15, 44].
The introduction of mesh-based techniques marked a sig-
nificant advancement, and these have been further refined
with the development of robotic-assisted surgery. The com-
plexity and challenges associated with PSH repair are well
documented. The robotic approach to PSH repair has spe-
cific technical requirements. Patient positioning and trocar
placement are crucial for optimizing the use of robotic arms
and ensuring adequate exposure and working space. Various
types of mesh are used depending on the hernia and patient
condition, with careful consideration of potential compli-
cations from the mesh material. The robotic system offers
enhanced visualization and precision, which can be particu-
larly beneficial in complex dissections and mesh placements.
In the hands of an experienced surgeon, the initial stages of
the learning curve have shown an increase in operative times
and complications [15, 16, 44]. According to the study by
Kyle et al. [44], it is evident, even with preliminary data, that
since the surgical treatment of parastomal hernia is com-
plex, prone to complications and recurrences, and given the
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variety of minimally invasive techniques available without
a defined preference for one over the other, particularly for
robotic approach techniques, it is essential for surgeons to
have a learning curve that can improve the surgical tech-
nique. Complications, in fact, occurred in the early phases,
and further research is needed to provide more evidence on
what the optimal surgical technique might be. The limitation
of the study is the absence of long-term follow-up, which
would provide more precise indications on the recurrence
rate, not evaluated in this case. Among the analyzed out-
comes, an acceptable recurrence rate was noted: out of 82
patients, 53 with colostomies, 3 experienced a recurrence
during follow-up, accounting for 3.65%. Although this figure
still needs to be confirmed, it is certainly acceptable, dem-
onstrating that the robotic technique is effective. However,
to definitively label it as such, this finding will need to be
confirmed by further primary studies. Observational studies
comparing laparoscopic and robotic end-colostomy PSH are
needed in the literature. The findings from our systematic
review regarding the minimally invasive robotic approach
are based on a limited number of studies; therefore, our goal
is to promote and guide scientific research in this direction.
The EHS guidelines (year 2018) [47] recommend the use
of a mesh without hole for laparoscopic repair, as with the
Sugarbaker method in preference to a keyhole approach, but
this assumption might need a revision because of the current
uncertainty on the real superiority of such a technique over
the KH, so that further research in this area is mandatory.
The absence of strong recommendations reflects the general
paucity of high-quality evidence to guide the choice of tech-
nique and materials for the repair of PSHs, both laparoscopic
and even more so for robotic repair techniques, emphasizing,
as we do, the need for additional comparative studies to bet-
ter inform clinical practice.

Nevertheless, this review has several limitations, since
it is prevalently limited to observational, retrospective and
nonrandomized studies often describing a small series of
patients and often without a clear distinction between end
colostomy and other kinds of PSH, which makes it difficult
to evaluate the reported data and so obtain a clear indication.
As a matter of fact, the evaluation of the studies included
highlighted several biases regarding the diagnostic criteria
for hernia recurrence, description of patient features, and
hernia-related risk factors, as well as the evidence of a direct
correlation between surgeon expertise and results reported.
The heterogeneity depicted in each of these parameters does
not allow to define the superiority of a specific approach
over others, because further primary, multicentric, and larger
cohort studies with homogeneous patients’ criteria selection,
standardized surgical technique, and accurate data collection
with an up to 5 years follow-up are needed.

Conclusion

PSH repair is an unresolved and challenging issue for gen-
eral, colorectal, and hernia surgeons, reason because rightly
falls within the definition of a complex abdomen. Nowa-
days, minimally invasive surgical techniques have shown
their effectiveness in the management of this pathology, yet
among the various techniques described for laparoscopic or
robotic approaches, which treatment to choose has not been
clarified. This manuscript, despite the limitations, provides
a state-of-art overview on both robotic and laparoscopic
strategies in the surgical treatment of PSH and could be of
inspiration for further evaluation. Hopefully, well-designed
and large cohort series randomized controlled trials will
provide definitive and widely accepted indications on the
laparoscopic or robotic technique to choose when approach-
ing a PSH repair, which in turn might be eventually useful in
a revision of the EHS guidelines as well. Accurate patients’
selection, PSH definition, and the choice of the mesh will
be of paramount importance. Of course, an adequate long-
term follow-up would be necessary to define the real rate of
recurrence.

Appendix

("robot"[All Fields] OR "robot s"[All Fields] OR
"robotically"[All Fields] OR "robotics"[MeSH Terms]
OR "robotics"[All Fields] OR "robotic"[All Fields] OR
"robotization"[All Fields] OR "robotized"[All Fields] OR
"robots"[All Fields] OR ("laparoscopes"[MeSH Terms] OR
"laparoscopes"[All Fields] OR "laparoscope"[All Fields]
OR "laparoscopical "[All Fields] OR "laparoscopically"[All
Fields] OR "laparoscopics"[All Fields] OR
"laparoscopy"[MeSH Terms] OR "laparoscopy"[All Fields]
OR "laparoscopic"[All Fields])) AND ("repairability"[All
Fields] OR "repairable"[All Fields] OR "repaire"[All Fields]
OR "repaired"[All Fields] OR "repairment"[All Fields] OR
"wound healing"[MeSH Terms] OR ("wound"[All Fields]
AND "healing"[All Fields]) OR "wound healing"[All Fields]
OR '"repair"[All Fields] OR "repairing"[All Fields] OR
"repairs"[All Fields]) AND (("colostomy"[MeSH Terms]
OR "colostomy"[All Fields] OR "colostomies"[All Fields]
OR ("hartmann"[All Fields] OR "hartmann s"[All Fields]
OR "hartmanns"[All Fields]) OR ("ostomy"[MeSH Terms]
OR "ostomy"[All Fields] OR "ostomies"[All Fields])) AND
("parastomal"[All Fields] AND ("hernia"[MeSH Terms] OR
"hernia"[All Fields] OR "hernias"[All Fields] OR "hernia
s"[All Fields] OR "herniae"[All Fields]))).
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