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Abstract

Background Parastomal hernia (PSH) is a very frequent

complication after creation of a permanent colostomy. The

aim of that study is to assess the safety and the long-term

efficacy of an intra-peritoneal onlay mesh (IPOM) posi-

tioned at the time of primary stoma formation to prevent

PSH occurrence.

Materials and methods That multicentre prospective

study concerned 29 consecutive patients operated for cancer

of the low rectum between 2008 and 2014. There were 14

men and 15 women with a median age of 73 years (range

39–88) and a BMI of 28 (range 21–43). All the patients had

potentially curative abdominoperineal excision associated

with IPOM reinforcement of the abdominal wall with a

round non-slit composite mesh centred on the stoma site

and covering the lateralized colon according to the modified

Sugarbaker technique. The major outcomes analysed were

operative time, complications related to mesh and PSH

incidence. Patients were evaluated at 6-month intervals for

the first 2 years and thereafter annually with physical

examination and CT scan control. For PSH evaluation, we

used the classification of Moreno-Matias.

Results Surgery was performed by laparoscopy in 24

patients and by laparotomy in 5; 17 had a trans-peritoneal

colostomy and 12 an extra-peritoneal colostomy. The med-

ian size of the mesh was 15 cm (range 12–20), the operative

time 225 min. (range 123–311) and the specific time for

mesh placement 15 min. (range 10–30). With a median

follow-up of 48 months (range 6–88), no mesh infection or

complication requiring mesh removal were recorded. No

patient developed a true PSH; two of them had a type Ia PSH

(only containing the bowel forming the colostomy with a

sac\ 5 cm) and were totally asymptomatic.

Conclusion In our series, the incidence of PSH was 7 %

and no specific mesh-related complication was noted.

Prophylactic mesh reinforcement according to the modified

Sugarbaker is an effective technique that addresses the

issues related to the occurrence of PSH.
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Parastomal hernia (PSH) is a major complication after

creation of a permanent stoma, no matter what modifica-

tion of the surgical technique is used [1]. The reported

incidence of PSH for permanent colostomy ranges from 4

to 48 % in retrospective studies [1] and from 44 to 93 % in

prospective studies [2–4]. Goligher even went so far as to

claim that some degree of parastomal herniation is

inevitable given enough follow-up time [5]. Surgical pro-

cedures for repairing PSH are difficult and associated with
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high rates of postoperative complications and recurrences

[1, 6, 7]. The high prevalence of PSH and the difficulties

encountered during repair mean that it is likely the best to

prevent its occurrence. Prophylactic mesh placement is the

only efficient way to achieve this goal and appears to be a

cost-effective strategy in patients with stage I–III rectal

cancer [8]. In a recent review article, Aquina concluded

that prevention of PSH with mesh might soon become

accepted as a standard of care if the results of ongoing trials

continue to favour that strategy [9].

In early studies about PSH prevention, the authors used

a polypropylene mesh with a central aperture placed by

laparotomy in an onlay or sublay position and they showed

promising results. However, despite the use of mesh, the

incidence of PSH was not negligible and ranged between 0

and 22 % [10]. It is well documented that any implanted

synthetic mesh shows a variable amount of shrinkage.

Based on animal studies, shrinkage of a mesh with a central

hole will give rise to enlargement of this hole [11, 12] that

can subsequently be a site prone to develop PSH. There-

fore, we considered that intra-peritoneal onlay mesh

(IPOM) reinforcement of the abdominal wall according to

the modified Sugarbaker technique [13] could be a more

reliable option. This technique does not require any

extensive dissection and is easy to perform by laparotomy

or laparoscopy. In order to assess the results of IPOM

placement for PSH prevention, a prospective study was

initiated in 2008 among the members of the Club Coelio: a

group of 50 Belgian and French surgeons with large

experience in laparoscopic surgery. The preliminary results

of that study were published in 2012 [14]; the present

article reports the long-term results.

Materials and methods

Study protocol

All the members of the Club Coelio were invited to par-

ticipate at a non-comparative cohort study based on a

prospective maintained database. The patients’ inclusion

criteria were (1) cancer of the low rectum requiring elec-

tive abdominoperineal excision resulting in a permanent

end colostomy, (2) potentially curative resection, (3) ASA

I-III patients, (4) no faecal contamination during surgery,

(5) elective surgery performed by laparoscopy or by

laparotomy and (6) creation of a trans-peritoneal or extra-

peritoneal colostomy at the surgeon’s discretion. Exclusion

criteria were (1) the absence of patient’s consent, (2) the

existence of a metastatic disease with limited expected

survival, (3) ASA IV patients, (4) significant bowel spillage

during surgery and (5) emergency operation. The patients

who met the study criteria had prevention of PSH forma-

tion by IPOM reinforcement of the abdominal wall with a

non-slit round Parietex� composite mesh centred on the

stoma and covering the lateralized colon according to the

modified Sugarbaker technique [13]. Parietex� composite

is a macroporous polyester mesh coated with an absorbable

hydrophilic film made of collagen from porcine origin,

polyethylene glycol and glycerol that is suitable for intra-

peritoneal placement. The non-absorbable polyester mesh

provides long-term reinforcement of soft tissues, and the

absorbable hydrophilic film minimizes adhesions to the

mesh when in direct contact with the viscera. The preop-

erative data collected included age, sex, body mass index

(BMI) and the existence of risk or co-morbidity factors.

The operative data included the type of surgical approach,

the type of stoma, the operating time, the specific time for

mesh positioning, the size and type of the implanted mesh

and the mesh fixation. The total surgical operating time

was extracted from the anaesthetist computerized protocol,

and the specific time for mesh placement was monitored

with a chronometer with the assistance of the theatre nurse.

The postoperative data included the hospital length of stay,

the postoperative complications and PSH occurrence. The

major outcomes of the study were operative time, com-

plications related to mesh and PSH occurrence. Patients

were evaluated at the outpatient clinic at 6-month intervals

for the first 2 years and thereafter annually with physical

examination and CT scan in supine position. The ethical

committee had no objection about the systematic use of

repeated abdominal CT scan because it was already part of

the routine oncological protocol surveillance of patients

with rectal carcinoma. For PSH assessment, we used the

classification proposed by Moreno-Matias and Serra-Aracil

[15] (Table 1). The evaluation of CT scan was done by

surgeons with possibility of complementary lecture by the

first author in case of doubt.

Table 1 Radiological

classification of PSH by CT

scan according to Moreno-

Matias and Serra-Aracil

Type Content of hernia sac

0 Peritoneum follows the wall of the bowel forming the stoma, with no formation of a sac

Ia Bowel forming the colostomy with a sac\5 cm

Ib Bowel forming the colostomy with a sac[5 cm

II Sac containing omentum

III Intestinal loop other than the bowel forming the stoma
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Surgical technique

The day before surgery, a stomatherapy nurse marked the

ideal site for the colostomy on the patient’s skin. Per-op-

eratively, patients received antibiotic prophylaxis admin-

istered intravenously. Once total mesorectal excision was

completed, the bowel was divided using endo-GIA� stapler

and the staple rows were swabbed with betadine. The

proximal end of the bowel was then brought to the outside

trans-peritoneally or extra-peritoneally at the site marked

by the stomatherapy nurse. No particular attention was paid

to create the stoma through or outside the rectus abdominis

muscles. The composite mesh was introduced in the peri-

toneal cavity. To facilitate its positioning, an additional

5-mm port was placed below the right costal margin and

the scope was moved from the umbilicus to a right-sided

10-mm port. The mesh was centred on the stoma site with

trans-fascial sutures that could be removed or tied at the

end of the procedure according to the surgeon’s preference.

The exiting bowel was lateralized on the abdominal wall

with careful positioning of the mesh not to create any

stenosis or angulation of the colon. Finally, the mesh was

secured to the abdominal wall by a double crown of heli-

coidal tacks. In the case of trans-peritoneal colostomy that

is easier to perform especially by laparoscopy, the use of a

specific Parietex� composite ‘‘parastomal’’ mesh was rec-

ommended. That specific mesh exhibits a central band

made out of a two-dimensional monofilament polyester

fabric coated on both sides with an anti-adhesive film made

of collagen. The lateralized colon going to the stoma was

only in contact with that central band and protected from

mesh erosion (Fig. 1). The mesh must also cover com-

pletely the lateralized colon to prevent the possibility of

internal hernia. Whenever it is possible, the greater

omentum was positioned between the mesh and the

surrounding small bowel. The possible contamination of

the mesh from the intestinal contents was kept to a mini-

mum by fashioning the colostomy at the last stage of the

operation using 3/0 vicryl� after closure of the port sites or

closure of the midline incision. At the end of the procedure,

the outlet was tested digitally to rule out any compressive

effect. All patients were operated by senior surgeons with

high expertise in laparoscopic colorectal surgery and ven-

tral hernia repair. Moreover, homogenization of the pro-

cedure among the different centres was made by a

demonstration video of the surgical technique carried out

by the first author.

Results

Twenty-four members of the Club Coelio declined the

invitation to participate at the study because they were not

performing routinely colorectal surgery. Eightteen mem-

bers were reluctant to include their patients because of the

risk of medico-legal consequence in case of mesh-related

complication. Finally, 8 members participated at the study.

Three of them only included patients at the end of the study

period after publication of the preliminary results. Twenty-

nine patients operated between 2008 and 2014 were

included in the study. The median number of patients

included per surgeon was 2.5 (range 1–12). There were 14

men and 15 women with a median age of 73 years (range

39–88) and a BMI of 28 (range 21–43). Indications for

surgery were rectal adenocarcinoma (n = 26), squamous

cell anal carcinoma (n = 2) and rectal GIST (n = 1). Five

patients had chronic obstructive lung disease or smoking

habits, 2 had diabetes mellitus, and 6 patients had obesity

(BMI C 30). Surgery was performed by laparoscopy in 24

patients and by laparotomy in 5; 17 had a trans-peritoneal

colostomy and 12 an extra-peritoneal colostomy. In case of

trans-peritoneal colostomy, the specific Parietex� com-

posite ‘‘parastomal’’ mesh was used in 15 patients

(Table 2). The median size of the mesh was 15 cm. (range

12–20). The mesh was secured to the abdominal wall with

helicoidal tacks only in 20 patients and with an association

of tacks and trans-fascial sutures in 9 patients. The median

operative time was 225 min. (range 123–311), and the

specific time for mesh placement 15 min. (range 10–30).

Postoperative morbidity consisted of 1 urinary infection, 1

paralytic ileus, 5 perineal wound abscesses and 1 acute

intestinal obstruction related to incarceration of a small

bowel loop in the peritoneal closure of the pelvis floor. No

stoma site infection was observed. The median postoper-

ative stay was 14 days (range 7–25). One month after

surgery, one patient presented with a mild stoma stenosis

that was successfully treated by a single session of dilata-

tion. The median follow-up was 48 months (range 6–88).

Fig. 1 Final Parietex composite� parastomal mesh position and

fixation. The exiting colon is only in contact with the central band of

the mesh
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No patient was lost for follow-up, but 10 died during the

follow-up period: 3 for non-oncologic reason and unrelated

to the use of the prophylactic mesh and 7 because of

metastatic rectal cancer. The median delay between initial

operation and death was 40 months (range 8–69). Nineteen

patients were still alive in 2015; 16 were in complete

remission and 3 had metastasis of their rectal cancer. Five

patients required a new operation: 2 for cholelithiasis, 2 for

incisional hernia on the midline laparotomy and 1 for

intestinal obstruction due to adhesions in the left flank.

Each time, the correct positioning and efficacy of the

prophylactic mesh was confirmed. No mesh-related com-

plications were encountered and none of the implants had

to be removed. No patient had significant complaints

related to stoma or problems to seal the appliance. On

clinical examination, only one patient had a small stoma

bulge already present at the six-month office visit. Sys-

tematic CT scan evaluations revealed that 27 patients had

no evidence of PSH (Fig. 2) and 2 had a type Ia PSH

(Fig. 3). The patient with the clinical stoma bulge was one

of the two patients with a type Ia PSH. In both patients,

type Ia PSH was evidenced at the 6-month CT Scan

evaluation but the following controls showed no radio-

logical evolution with a follow-up of more than 4 years.

Those two patients had been operated by laparoscopy: one

had a trans-peritoneal and the other an extra-peritoneal

colostomy.

Discussion

Due to the high frequency of PSH and limited success of

repair, attention has been focused on preventing PSH at the

outset when a stoma is fashioned. Although there was a

report of the use of synthetic mesh at the time of primary

stoma formation to prevent PSH formation as early as 1986

[16], there has been a great reluctance in the surgical

community to place mesh in a potentially contaminated

field because of the apparent risk of infection. It is cur-

rently well admitted that a synthetic mesh can be used in a

clean contaminated field [17] and prevention of PSH with

mesh is becoming a validated procedure [9]. A metaanal-

ysis in 2012 that included the first three published ran-

domized controlled trials (RCT) [2, 3, 18] demonstrated a

substantial difference in the incidence of PSH between

controls and patients with prophylactic mesh [19]. The

incidence was 12 % for those with mesh and 55 % for

controls without increased risk of stoma infection, necrosis

or stenosis. In addition to an observed decreased incidence

of PSH, mesh reinforcement was also associated with a

Fig. 2 Type 0 PSH according to the classification of Moreno-Matias

and Serra-Aracil

Fig. 3 Type Ia PSH according to the classification of Moreno-Matias

and Serra-Aracil; hernia sac containing only the loop forming the

stoma with a sac\5 cm

Table 2 Details of the surgical

technique for PSH prevention
Stoma type N Surgical approach Type of mesh

Laparoscopy Laparotomy Standard PCO PCO parastomal

Trans-peritoneal 17 15 2 2 15

Extra-peritoneal 12 9 3 12 0

Total 29 24 5 14 15
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reduced incidence of PSH requiring surgical repair (0 vs.

22 %) [19]. The results of the four RCT published later on

were more controversial [4, 20–22]. Two studies concluded

that prosthetic reinforcement of stoma was safe but did not

significantly reduce the rate of PSH formation [20, 22] and

two reported a very high incidence of PSH up to 50 % in

the mesh group [4, 22]. In a very recent population-based

study comparing two time periods, where the main dif-

ference between the compared groups was the use of a

prophylactic mesh, the author also concluded that the use

of a mesh did not reduce the rate of PSH [23]. All the

studies designed to compare the results of using a pro-

phylactic synthetic mesh vs. no mesh at the time of for-

mation of a permanent colostomy [2–4, 20–24] are reported

in Table 3. Overall, the average incidence of PSH at the

site of an end-colostomy was reduced by the implantation

of a prophylactic mesh, but the rates of PSH remained very

high in the mesh group (50 vs. 35 %). Despite placement of

a prophylactic mesh, several prospective cohort studies

also demonstrated that the incidence of PSH was not

negligible and ranged from 8 to 25 % [25–27]. The last

proposed surgical option was the Stapled Mesh stomA

Reinforcement Technique (SMART) that uses a purpose

designed circular stapling gun of various diameters to

create a precise trephine and simultaneously fixes a mesh

sub-peritoneally and circumferentially to the trephine.

Once again, the procedure was clinically safe but the

incidence of PSH was 19 % with a median follow-up of

21 months [28].

The common denominator of all those RCT or cohort

studies was the use of the same surgical technique, i.e. the

bowel was brought out through a flat mesh with a central

aperture placed in onlay [25], sublay [2, 3, 18, 20, 21, 23,

24, 26, 27], inlay [28] or intra-peritoneal position [4, 22].

Unfortunately, enlargement of the orifice created in the

centre of the mesh for the passage of the intestine [29] and

augmentation of the size of the abdominal fascia aperture

[21, 24] favouring development of PSH was reported in

several clinical studies. This phenomenon, due to shrinkage

of the mesh, has been well described in experimental

studies [11, 12] and obviously explains the high incidence

of PSH when a mesh with a central aperture is used for

prevention. A few years ago, the same issue was already

observed in case of laparoscopic repair of PSH. In the early

experience of laparoscopic treatment of PSH, a central

keyhole was fashioned in the mesh to allow the bowel to

pass through the abdominal wall [30–32]. This technique

was referred as the ‘‘keyhole technique’’ as opposed to the

‘‘modified Sugarbaker technique’’ [13] in which a non-slit

covering mesh is used to correct the hernia. Early

promising results were noted with the keyhole technique

[30]. With longer follow-up, an unacceptable high recur-

rence rate ranging from 38 to 73 % [31–33] was recorded

and the cause of recurrence was always the widening of the

central hole and herniation through the enlarged aperture

[32, 33]. Nowadays, surgeons are well aware of the risks

inherent to the ‘‘keyhole technique’’ for PSH repair [7] and

many of them shifted to the ‘‘modified Sugarbaker tech-

nique’’ and achieved better results [32, 34, 35].

Our series is the first one to report the use of the mod-

ified Sugarbaker technique for PSH prevention. It appeared

to us as an easy technique with numerous advantages. The

procedure can be done by laparoscopy or by laparotomy

and does not require extensive dissection. It is also a totally

aseptic procedure because the mesh is inserted into the

abdomen only when the colon used to create the stoma has

Table 3 Incidence of PSH in comparative studies using a prophylactic synthetic flat mesh with a central aperture vs. no mesh in case of

permanent end colostomy

Year References Type of mesh Mesh position Control group Mesh group

N PSH Incidence

PSH (%)

N PSH Incidence

PSH (%)

2009 Jänes [2] (RCT) Vypro� Sublay 27 17 62.9 27 2 7.4

2009 Serra-Aracil [3] (RCT) Ultrapro� Sublay 27 12 44.4 27 6 22.2

2012 Ventham [24]

(non-randomized)

Prolene� Sublay 24 14 58.3 17 9 52.9

2012 Lopez-Carno [4] (RCT) Proceed� Intra-

peritoneal

16 15 93.8 18 9 50

2015 Nikberg [23] (non-

randomized)

Vypro� or

ParietexPG�
Sublay 115 49 42.6 66 34 51.5

2015 Lambrecht [21] (RCT) Atrium� Sublay 26 12 46.1 32 2 6.2

2015 Vierimaa [22] (RCT) Dynamesh� Intra-

peritoneal

35 18 53.1 35 17 51.4

Total 270 137 50.7 222 79 35.5
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already been passed through the abdominal wall. In this

way, there is no contact at all between the mesh and the

staple row of the transected colon thus minimizing the risk

of mesh infection. Finally, the modified Sugarbaker tech-

nique does not require creating an orifice in the mesh and

avoids the described disadvantages related to the contrac-

tion of the material. In our study, we used the Parietex�

composite mesh that is suitable for intra-peritoneal place-

ment. In the case of trans-peritoneal colostomy, which is

easier to perform especially by laparoscopy, the use of the

‘‘parastomal’’ Parietex� composite mesh was recom-

mended. That specific mesh exhibits a central band made

out of a two-dimensional monofilament polyester fabric

coated on both sides with an anti-adhesive film made of

collagen. In this way, not only the viscera but also the

lateralized colon going to the stoma are protected and the

potential risk of mesh erosion is highly minimized.

The prolonged follow-up period, and the use of clinical

and radiological criterion to determine the presence of PSH

increase the strength of the results obtained in our study.

Several studies demonstrated that CT Scan evaluation is

much more accurate than simple clinical examination to

determine the true incidence of PSH [3, 23, 36, 37].

Besides, the classification of Moreno-Matias [15] looked

particularly interesting because a very good correlation was

reported between the radiologic hernia grade and the

patient’s symptoms. Grade III hernias are almost always

symptomatic, grade II hernias are symptomatic 60 % of the

time, grade Ib hernia symptoms are reported in 40 % of

cases and grade Ia hernias are almost always asymptomatic

[15, 38]. Our study confirmed that placement of a pro-

phylactic mesh is clinically safe with no infection or

complication requiring removal of the material. With a

median follow-up of 4 years, 27 patients had no PSH and 2

had a type Ia PSH. It must be pointed out that those two

patients remained fully asymptomatic with a follow-up of

58 and 51 months, respectively, which is in accordance

with the literature data [15, 38]. In the prospective ran-

domized trial conducted by Serra-Aracil about PSH pre-

vention, stage Ia hernias were subclinical and were not

recorded as real PSH [3]. However, to prevent the

apparition of a large sliding colonic hernia between the

mesh and the abdominal wall, great attention should be

paid not to leave a too long colonic loop in place when

creating the stoma. Another potential pitfall of the tech-

nique is that lateralizing the bowel after direct placement of

mesh can theoretically lead to severe bowel angulation [39]

and possible stoma obstruction at the mesh flap site

requiring revision surgery, but we did not encounter this

situation. Last but not least, the time demand for the mesh

placement represents only 7 % of the total operative time

and should not be an argument to limit the use of a pro-

phylactic mesh.

Limitations of our study include the relative small

number of patients, the lack of control group and the

possibility of biases in patient’s selection. At some

exceptions [20, 23, 26, 27], less than 35 patients were also

included in most of the previous studies reporting the use

of a prophylactic mesh for PSH prevention [2–4, 16, 18,

20, 22, 24, 25]. Besides, indications for APR are decreasing

and our inclusion criteria were strictly followed. Our study

was designed as a non-comparative study and the major

outcome was to assess the safety and effectiveness of the

modified Sugarbaker technique for PSH prevention. The

incidence of PSH in patients without mesh reinforcement is

well known. In addition, according to our exclusion crite-

ria, the characteristics of the two groups would have been

very different and would not have allowed a pertinent

comparison. It must be emphasized that we reported a

series of consecutive patients. All the patients with place-

ment of a prophylactic mesh during the study period were

included in the study and no patient enrolled was lost for

follow-up. The proven predictive factors of developing a

PSH are: age [60, BMI[ 25, female gender, APR per-

formed by laparoscopy and fascia aperture [25 mm [9].

The patients included in our study were not at low risk of

developing PSH: 21 (73 %) were older than 60, 20 (69 %)

had a BMI[ 25, 15 (52 %) were female and 24 (83 %)

were operated by laparoscopy.

Other authors considered that improvement of the

techniques currently employed for PSH prevention is

needed and proposed the use of a 3D inversely funnel-

shaped mesh made of polyvinylidene fluoride (PVDF) in

intra-peritoneal position [40, 41]. This preformed device by

design protects the notoriously endangered fascia gap at the

ostomy site not only through local reinforcement but also

by means of actual overlap along the diverted bowel and

into the abdominal cavity. The first published study on the

topic with regard to a 3D funnel mesh revealed immaculate

results but only included 22 patients with a follow-up

period of 11 months [40]. In a more recent study on 80

patients with a median follow-up of 21 months, PSH

developed in 3 patients (3.75 %) and ostomy-related

complication in 7 (8.75 %) but no mesh-related compli-

cations were encountered and none of the implants had to

be removed [41]. Although PVDF is a non-coated mesh, no

mesh-related complication was documented in a study with

344 cases of intra-peritoneally positioned implants [42].

However, it has to be stated that another publication

described severely adverse events with regard to this

material [43]. On animal model, it was also proven that

PVDF mesh shrinks and that the percentage of shrinkage is

equivalent to the percentage observed with a polypropylene

mesh [44]. Therefore, the narrow funnel encircling the

exiting colon might be an issue with longer follow-up

because of a potential risk of fibrosis, stenosis or erosion.
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Specific recommendations regarding the rationale of the

material or the surgical technique for prosthetic rein-

forcement of stomas are lacking. Future trials will have to

focus on the different techniques that include mesh

implants, probe their advantages and evaluate the differ-

ences in outcome between these strategies.

Conclusion

Our study, with a median follow-up of 4 years, demon-

strates that prevention of PSH by IPOM reinforcement of

the abdominal wall at the time of stoma formation is a safe

procedure and reduces the risk of developing PSH without

added sceptic complications. The modified Sugarbaker

technique is as easy to perform by laparoscopy than by

laparotomy, does not require extensive dissection and is a

totally aseptic procedure. It could be a more reliable sur-

gical option than the ‘‘keyhole’’ technique usually used for

PSH prevention. That last technique is marred by a high

incidence of PSH and is not ideal either for treatment or

prevention of PSH because retraction of the material cur-

rently induces a progressive widening of the central aper-

ture that predispose to herniation. Further studies are

mandatory to compare the different available techniques

and meshes for PSH prevention.
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