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INTRODUCTION & BACKGROUND
History of evidence accumulation for anti-reflux surgery
Surgery against refractory gastroesophageal reflux disease and hiatal hernia depends on hiatal closure and 
prevention of either recurrent herniation or symptoms of ongoing reflux[1]. In the past few decades in anti-
reflux surgery (ARS), attempts have been made to judge the quality of the evidence underlying the practices 
of surgeons in ARS. In the second half of the twentieth century, the evidence base for many practices in ARS 
was poor[1]. One suggestion to augment hiatal closure was the use of mesh, but its use was supported by 
mostly case series and reports until the turn of the century. Currently, the use of mesh is not universally 
accepted, and more studies have accumulated about the use of mesh in ARS[2,3].

Trends of mesh use in ARS
In a 2010 survey of members of the Society of American Gastrointestinal and Endoscopic Surgeons 
(SAGES), mesh was commonly used in hiatal hernia repair (HHR) and the most commonly cited indication 
(45% of respondents) for mesh placement was the size of the hernia defect with 24% citing a size of 5 cm as 
the decision point[4]. The technique of placement was highly heterogeneous although an onlay technique in 
some fashion and suture fixation were most common[4]. In a similar survey of SAGES members in 2012, 77% 
of respondents at least selectively used mesh in HHR with the trend in the data suggesting that younger 
surgeons were more likely to use mesh than were older surgeons[5]. In both surveys of the SAGES 
community, mesh types were heterogeneous although biologic meshes were most commonly used[4,5]. 
Similar results were found in a survey of the European Association for Endoscopic Surgery (EAES) in 2015, 
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with higher use of mesh at 92.1% of European surgeons at least selectively using mesh although mesh types 
differed with most surgeons preferring either polypropylene, polyester or PTFE meshes and only 27.9% 
using biologic meshes[6]. In registry analyses, these survey results are further expanded: mesh is used 
frequently but in less than half of ARS cases overall[7-10]. As for trends over time, in two National Surgery 
Quality Improvement Program (NSQIP) analyses between 2010-2015, the use of mesh remained stable over 
time at around 38%-43%[7,8]. In registry analyses including the second half of the last decade, however, 
results conflicted. In an NSQIP analysis between 2010-2017 of over 25,000 cases, mesh utilization decreased 
from 46.2% to 35.2%[9]. In a European analysis between 2010 - 2019, mesh utilization for axial HHR was 
stable at ~20%, for paraesophageal HHR mesh increased from 33% to 38.9%, and was stable for recurrent 
HHR at around 45%[10].

Professional society recommendations and directions
The heterogeneous practice patterns in ARS are reflected in recent reviews and in professional society 
guidelines. In the SAGES Guideline on general Surgical Treatment of GERD from 2021, mesh use is not 
discussed, but in its Guideline on Management of Hiatal Hernia Repair in 2013, mesh is recommended for 
large HH based on several randomized controlled trials (RCT), although long-term data is noted to be 
insufficient beyond the short follow-up interval of the available RCTs as of 2013[11,12]. In this chapter, we will 
review the most recent data underlying the subscription to mesh use in ARS as well as more specific 
considerations of mesh implementation in ARS.

Hiatal hernia repair
Highest level of data - the meta-analyses of suture vs. mesh in HHR
In general, mesh utilization in ARS is most relevant in HHR. Given the publication of several RCTs about 
mesh utilization in HHR since the most recent SAGES guidelines, multiple meta-analyses have subsequently 
been published [Table 1][13-25]. Although results from earlier meta-analyses might suggest benefits for mesh 
placement, it should be noted that most early studies include observational data. Two recent meta-analyses 
are consistent in evaluating the same 7 RCTs only (no observational data included), and both find no 
advantage to the use of mesh in HHR[13,14]. Caution in interpreting the meta-analytic data is advised as the 
RCTs included are heterogeneously conducted (see next section).

A granular look at the RCTs conduct on mesh utilization in HHR
As can be seen in the table below, the heterogeneity of available RCTs studying mesh placement in HHR 
since 2000 is noteworthy [Table 2][26-32], especially when considering years of follow-up and the type of mesh 
used. Two studies used biologic meshes and the other five used non-absorbable meshes. Additionally, the 
studies frequently define inclusion size for HH differently. Of note, the two largest, most recent studies both 
show no definite advantage with mesh utilization[26,27]. This likely accounts for the differences seen in the 
most recent meta-analyses compared to those from prior years.

Observational data in mesh placement during HHR 
Although many observational studies have been published on mesh use in HHR, few add to the RCTs and 
meta-analyses discussed previously. Heterogeneity is the rule with little standardization across the board, 
but a few observational studies stand out. The largest observational study featured 795 patients; the mesh-
repair group featured mostly biologic mesh[33]. This study agreed with the findings of metanalyses of RCTs 
in that there was no long-term difference in recurrence between mesh-based and suture-based HHR[33]. In 
the only study of any style to our knowledge that discusses financial cost, several biologic meshes are 
compared and the lowest recurrence rate is shown for human tissue matrix at 6 months but not at longer 
intervals[34]. With respect to cost in this study, porcine tissue matrix is the most costly and biosynthetic mesh 
is the least costly, but no cost comparison was made with the non-absorbable meshes or suture-based 
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Table 1. Metanalyses on mesh use in HHR in reverse chronological order

Hernia recurrence in index 
procedure

Need for 
reoperation

Symptomatic 
improvement

Overall 
complication

Authors RCT Obs n Favored Favored Favored Favored

Angeramo et al. 
(2022)[13]

7 0 735 Neither Neither --- Suture

Petric et al. (2022)[14] 7 0 735 Neither --- Neither Neither

Rausa et al. (2021)[15] 8 9 1857 Mesh --- --- Neither

Campos et al.
(2020)[16]

6 2 520 Neither Neither --- Neither

Memon et al.
(2019)[17]

5 0 478 Neither Mesh --- Neither

Sathasivam et al. 
(2019)[18]

4 5 942 Mesh Neither --- Neither

Zhang et al. (2017)[19] 4 9 1474 Mesh --- Mesh Neither

Memon  et al.
(2016)[20]

4 0 406 Neither Mesh --- Neither

Tam et al. (2016)[21] 3 10 1194 Mesh Neither --- ---

Huddy et al.(2016)[22] 4 5 676 Mesh Mesh --- Neither

Antoniou et al.
(2015)[23]

2 3 295 Mesh --- --- ---

Muller-Stitch et al. 
(2015)[24]

3 9 915 Neither --- --- Mesh

Antoniou et al.
(2012)[25]

3 0 267 Mesh --- --- ---

Ellipsis indicates that meta-analysis was not carried out for this metric. RCT: Randomized controlled trials; HHR: hiatal hernia repair; Obs: 
observational study.

Table 2. RCTs evaluating mesh vs. suture in HHR, in reverse chronological order

Authors n Follow-
up Mesh Recurrence Overall 

satisfaction
Overall 
complication Reoperation

Watson  
et al. (2020)[26]

126 5 years SIS (absorbable) or polypropylene 
(non-absorbable)

Neither Neither --- ---

Analatos  
et al. (2020)[27]

159 3 years PTFE (non-absorbable) Neither Neither Neither Neither

Ilyashenko et al. 
(2018)[28]

98 4.5 years Polyester-polylactic composite 
(non-absorbable)

Mesh Mesh Neither Neither

Oor (2018)[29] 72 1 year polypropylene (non-absorbable) Neither Neither Neither Neither

Oelschlager et al. 
(2011)[30]

72 58 
months

SIS (absorbable) Neither Neither Neither Neither

Granderath et al. 
(2005)[31]

100 1 year polypropylene (non-absorbable) Mesh Neither Neither Neither

Frantzides et al. 
(2002)[32]

72 2.5 years PTFE (non-absorbable) Mesh --- Neither Mesh

Ellipsis indicates that study did not compare this metric quantitatively. RCT: Randomized controlled trials; HHR: hiatal hernia repair.

repair[34].

Other considerations in anti-reflux surgery
Gastroesophageal reflux disease without HH
In general, although when considering mesh usage in ARS one is discussing HHR, mesh can be used in 
non-HH-related ARS. In the only (small, n = 50) RCT to our knowledge in non-HH-related ARS comparing 
mesh- to non-mesh repairs, Muller-Stich et al. compared laparoscopic mesh-augmented hiatoplasty with 
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cardiophrenicopexy (LMAH-C) with laparoscopic Nissen fundoplication (LNF) in patients with GERD but 
excluded those with Type II-IV HH[35]. Considering endoscopy findings and symptom scores as primary 
endpoints, they showed that treatment failure with higher reflux-related symptom scores and esophagitis 
findings was worse in the LMAH-C arm compared to LNF[35]. Although this is a demonstration of improved 
symptom control in non-HH-related ARS without the use of mesh, it is not clear that the lack of mesh is 
what was operative in this case as two different operations were compared independent of the mesh use or 
non-use: a gastropexy vs. a fundoplication. Generally, few data exist about mesh- vs. non-mesh repairs 
during non-HH-related ARS.

Reoperative anti-reflux surgery
Little data exists comparing mesh- and non-mesh-based repairs of reoperative ARS. Many surgeons 
consider reoperation an indication of mesh usage, and so perhaps the lack of data owes to the suspected lack 
of equipoise[4,9]. Nevertheless, in the only comparative study of mesh use in reoperative ARS - essentially a 
case series that discusses the use of mesh or not in reoperative ARS - Desai et al. found similar 
re-reoperation rates (16% vs. 20%) in mesh-based and non-mesh-based repairs of failed HHR (n = 82)[36]. 
Additionally, some of the RCTs for HHR include reoperative HHR, but none provide subgroup analysis of 
this population[27]. In general, the use of mesh in reoperative ARS has not been sufficiently studied.

Complicated HHs
Almost no data exist to guide the surgeon in choosing how to operate on the difficult population that 
presents with acute complicated HH, including gastric volvulus, perforation, or obstruction[3]. No 
comparative studies comparing mesh and non-mesh-based repairs in complicated HH are available.

Reasons not to use mesh
Finally, there are particular risks to the use of mesh not reflected in the apparently benign results in which 
no difference in complication rates is seen in mesh-based and non-mesh-based arms of RCTs in ARS. Mesh 
erosion is a feared complication in which the mesh burrows into the esophagus. Mesh erosion can present 
with dysphagia, abdominal pain, fistula, reduced oral intake, odynophagia, or weight loss. In a recent 
systematic review, the risk of this complication is about 0.035% of all ARS cases in which mesh is used, and 
non-biologic mesh is the more frequently associated culprit, with the complication generally occurring 
within 5 years of the procedure[37].

Though perhaps less often considered, there is a more common reason to avoid mesh if it does not benefit 
the patient: cost. Although the dollars-and-cents cost of mesh usage was not reported in any of the RCTs 
and few observational studies, mesh has an obvious cost on top of the simple sutures that would otherwise 
be used for crural approximation during ARS. In the study cited previously, several biologic meshes are 
compared and the costs vary but do not seem to affect the overall charge[34]. Aside from that report, 
however, very few data exist as to the financial cost-benefit analysis of mesh usage in ARS.

CONCLUSIONS
Although the data suffers from biases including heterogeneity in definition, materials applied in mesh-based 
repairs, follow-up duration, and drop-out, there is little evidence to recommend the routine use of mesh in 
anti-reflux surgery and a lack of strong evidence to promote selective mesh use, even for commonly cited 
indications like the large size of hernia or crural tension. Mesh usage for anti-reflux surgery in the United 
States and Europe remains prevalent, with more than 75% of surgeons selectively using mesh augmentation 
in 35%-40% of their cases.



Page 5 of Bitner et al. Mini-invasive Surg 2022;6:46 https://dx.doi.org/10.20517/2574-1225.2022.46 6

DECLARATIONS
Authors’ contributions
Made substantial contributions to conception and design of chapter, analyzing available data, and 
performing interpretation: Bitner DP
Reviewed presented data, as well as provided administrative, technical, and material support: Filicori F

Availability of data and materials 
Not applicable.

Financial support and sponsorship
IPAL is supported by private donations and institutional internal funding.

Conflicts of interest
Dr. Filicori has consulting affiliations with Active Surgical and Boston Scientific.
Dr. Bitner has consulting affiliation with Deep Surgery.

Ethical approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Copyright
© Authors 2022.

REFERENCES
Neufeld M, Graham A. Levels of evidence available for techniques in antireflux surgery. Dis Esophagus 2007;20:161-7.  DOI  
PubMed

1.     

Currie AC, Penney N, Kamocka A, Singh P, Abbassi-Ghadi N, Preston SR. Systematic review on reporting of components and 
outcomes in randomized clinical trials of paraoesophageal hernia mesh repair. Br J Surg 2021;108:256-64.  DOI  PubMed

2.     

Laxague F, Sadava EE, Herbella F, Schlottmann F. When should we use mesh in laparoscopic hiatal hernia repair? Dis Esophagus 
2021;34:doaa125.  DOI  PubMed

3.     

Frantzides CT, Carlson MA, Loizides S, et al. Hiatal hernia repair with mesh: a survey of SAGES members. Surg Endosc 
2010;24:1017-24.  DOI  PubMed

4.     

Pfluke JM, Parker M, Bowers SP, Asbun HJ, Daniel Smith C. Use of mesh for hiatal hernia repair: a survey of SAGES members. Surg 
Endosc 2012;26:1843-8.  DOI  PubMed

5.     

Furnée EJB, Smith CD. The use of mesh in laparoscopic large hiatal hernia repair: a survey of European surgeons. Surg Endosc 
2015;25:307-11.  DOI  PubMed

6.     

Skancke M, Brody F, Haskins IN, Amdur R, Schoolfield C. Impact of operative times and mesh utilization on paraesophageal hernia 
repair: analysis of 30-day outcomes from the American college of surgeons national surgical quality improvement project database. J 
Laparoendosc Adv Surg Tech A 2019;29:303-8.  DOI  PubMed

7.     

Schlottmann F, Strassle PD, Patti MG. Laparoscopic paraesophageal hernia repair: utilization rates of mesh in the USA and short-term 
outcome analysis. J Gastrointest Surg 2017;21:1571-6.  DOI  PubMed

8.     

Schlosser KA, Maloney SR, Prasad T, Augenstein VA, Heniford BT, Colavita PD. Mesh reinforcement of paraesophageal hernia 
repair: trends and outcomes from a national database. Surgery 2019;166:879-85.  DOI  PubMed

9.     

Köckerling F, Zarras K, Adolf D, et al. What is the reality of hiatal hernia management? Front Surg 2020;7:584196.  DOI  PubMed  
PMC

10.     

Slater BJ, Dirks RC, McKinley SK, et al. Guidelines for the surgical treatment of gastroesophageal reflux (GERD). Surg Endosc 
2021;35:4903-17.  DOI  PubMed

11.     

Kohn GP, Price RR, Demeester SR, et al. Guidelines for the management of hiatal hernia. Surg Endosc 2013;27:4409-28.  DOI  
PubMed

12.     

Angeramo CA, Schlottmann F. Laparoscopic paraesophageal hernia repair: to mesh or not to mesh. Systematic review and meta-
analysis. Ann Surg 2022;275:67-72.  DOI  PubMed

13.     

https://dx.doi.org/10.1111/j.1442-2050.2007.00663.x
http://www.ncbi.nlm.nih.gov/pubmed/17439601
https://dx.doi.org/10.1093/bjs/znaa107
http://www.ncbi.nlm.nih.gov/pubmed/33793727
https://dx.doi.org/10.1093/dote/doaa125
http://www.ncbi.nlm.nih.gov/pubmed/33333552
https://dx.doi.org/10.1007/s00464-009-0718-6
http://www.ncbi.nlm.nih.gov/pubmed/19997755
https://dx.doi.org/10.1007/s00464-012-2150-6
http://www.ncbi.nlm.nih.gov/pubmed/22274928
https://dx.doi.org/10.1097/SLE.0000000000000162
http://www.ncbi.nlm.nih.gov/pubmed/26018050
https://dx.doi.org/10.1089/lap.2018.0369
http://www.ncbi.nlm.nih.gov/pubmed/30036118
https://dx.doi.org/10.1007/s11605-017-3452-8
http://www.ncbi.nlm.nih.gov/pubmed/28550394
https://dx.doi.org/10.1016/j.surg.2019.05.014
http://www.ncbi.nlm.nih.gov/pubmed/31288936
https://dx.doi.org/10.3389/fsurg.2020.584196
http://www.ncbi.nlm.nih.gov/pubmed/33195390
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7642514
https://dx.doi.org/10.1007/s00464-021-08625-5
http://www.ncbi.nlm.nih.gov/pubmed/34279710
https://dx.doi.org/10.1007/s00464-013-3173-3
http://www.ncbi.nlm.nih.gov/pubmed/24018762
https://dx.doi.org/10.1097/SLA.0000000000004913
http://www.ncbi.nlm.nih.gov/pubmed/33843796


Page 6 of Bitner et al. Mini-invasive Surg 2022;6:46 https://dx.doi.org/10.20517/2574-1225.2022.466

Petric J, Bright T, Liu DS, Wee Yun M, Watson DI. Sutured versus mesh-augmented hiatus hernia repair: a systematic review and 
meta-analysis of randomized controlled trials. Annals of Surgery 2022;275:e45-51.  DOI  PubMed

14.     

Rausa E, Manfredi R, Kelly ME, et al. Prosthetic reinforcement in hiatal hernia repair, does mesh material matter? J Laparoendosc 
Adv Surg Tech A 2021;31:1118-23.  DOI  PubMed

15.     

Campos V, Palacio DS, Glina F, Tustumi F, Bernardo WM, Sousa AV. Laparoscopic treatment of giant hiatal hernia with or without 
mesh reinforcement: a systematic review and meta-analysis. Int J Surg 2020;77:97-104.  DOI  PubMed

16.     

Memon MA, Siddaiah-Subramanya M, Yunus RM, Memon B, Khan S. Suture cruroplasty versus mesh hiatal herniorrhaphy for large 
hiatal hernias (HHS): an updated meta-analysis and systematic review of randomized controlled trials. Surg Laparosc Endosc Percutan 
Tech 2019;29:221-32.  DOI  PubMed

17.     

Sathasivam R, Bussa G, Viswanath Y, et al. “Mesh hiatal hernioplasty” versus “suture cruroplasty” in laparoscopic para-oesophageal 
hernia surgery; a systematic review and meta-analysis. Asian J Surg 2019;42:53-60.  DOI  PubMed

18.     

Zhang C, Liu D, Li F, et al. Systematic review and meta-analysis of laparoscopic mesh versus suture repair of hiatus hernia: objective 
and subjective outcomes. Surg Endosc 2017;31:4913-22.  DOI  PubMed  PMC

19.     

Memon MA, Memon B, Yunus RM, Khan S. Suture cruroplasty versus prosthetic hiatal herniorrhaphy for large hiatal hernia: a meta-
analysis and systematic review of randomized controlled trials. Ann Surg 2016;263:258-66.  DOI  PubMed

20.     

Tam V, Winger DG, Nason KS. A systematic review and meta-analysis of mesh vs suture cruroplasty in laparoscopic large hiatal 
hernia repair. The American Journal of Surgery 2016;211:226-38.  DOI  PubMed  PMC

21.     

Huddy JR, Markar SR, Ni MZ, et al. Laparoscopic repair of hiatus hernia: does mesh type influence outcome? Surg Endosc 
2016;30:5209-21.  DOI  PubMed

22.     

Antoniou SA, Müller-Stich BP, Antoniou GA, et al. Laparoscopic augmentation of the diaphragmatic hiatus with biologic mesh versus 
suture repair: a systematic review and meta-analysis. Langenbecks Arch Surg 2015;400:577-83.  DOI  PubMed

23.     

Müller-stich BP, Kenngott HG, Gondan M, et al. Use of mesh in laparoscopic paraesophageal hernia repair: a meta-analysis and risk-
benefit analysis. PLoS ONE 2015;10:e0139547.  DOI  PubMed  PMC

24.     

Antoniou SA, Antoniou GA, Koch OO, Pointner R, Granderath FA. Lower recurrence rates after mesh-reinforced versus simple hiatal 
hernia repair: a meta-analysis of randomized trials. Surg Laparosc Endosc Percutan Tech 2012;22:498-502.  DOI  PubMed

25.     

Watson DI, Thompson SK, Devitt PG, et al. Five year follow-up of a randomized controlled trial of laparoscopic repair of very large 
hiatus hernia with sutures versus absorbable versus nonabsorbable mesh. Ann Surg 2020;272:241-7.  DOI  PubMed

26.     

Analatos A, Håkanson BS, Lundell L, Lindblad M, Thorell A. Tension-free mesh versus suture-alone cruroplasty in antireflux surgery: 
a randomized, double-blind clinical trial. Br J Surg 2020;107:1731-40.  DOI  PubMed

27.     

Ilyashenko VV, Grubnyk VV, Grubnik VV. Laparoscopic management of large hiatal hernia: mesh method with the use of ProGrip 
mesh versus standard crural repair. Surg Endosc 2018;32:3592-8.  DOI  PubMed

28.     

Oor JE, Roks DJ, Koetje JH, et al. Randomized clinical trial comparing laparoscopic hiatal hernia repair using sutures versus sutures 
reinforced with non-absorbable mesh. Surg Endosc 2018;32:4579-89.  DOI  PubMed

29.     

Oelschlager BK, Pellegrini CA, Hunter JG, et al. Biologic prosthesis to prevent recurrence after laparoscopic paraesophageal hernia 
repair: long-term follow-up from a multicenter, prospective, randomized trial. Journal of the American College of Surgeons 
2011;213:461-8.  DOI  PubMed

30.     

Granderath FA, Schweiger UM, Kamolz T, Asche KU, Pointner R. Laparoscopic Nissen fundoplication with prosthetic hiatal closure 
reduces postoperative intrathoracic wrap herniation preliminary results of a prospective randomized functional and clinical study. Arch 
Surg 2005;140:40-8.  DOI  PubMed

31.     

Frantzides CT, Madan AK, Carlson MA, Stavropoulos GP. A prospective, randomized trial of laparoscopic polytetrafluoroethylene 
(PTFE) patch repair vs simple cruroplasty for large hiatal hernia. Arch Surg 2002;137:649-52.  DOI  PubMed

32.     

Tam V, Luketich JD, Levy RM, et al. Mesh cruroplasty in laparoscopic repair of paraesophageal hernias is not associated with better 
long-term outcomes compared to primary repair. Am J Surg 2017;214:651-6.  DOI

33.     

Armijo PR, Krause C, Xu T, Shostrom V, Oleynikov D. Surgical and clinical outcomes comparison of mesh usage in laparoscopic 
hiatal hernia repair. Surg Endosc 2021;35:2724-30.  DOI  PubMed

34.     

Müller-Stich BP, Linke GR, Senft J, et al. Laparoscopic mesh-augmented hiatoplasty with cardiophrenicopexy versus laparoscopic 
Nissen fundoplication for the treatment of gastroesophageal reflux disease: a double-center randomized controlled trial. Ann Surg 
2015;262:721-5; discussion 725.  DOI  PubMed

35.     

Desai AA, Alemayehu H, Dalton BG, et al. Review of the experience with re-operation after laparoscopic Nissen fundoplication. 
Journal of Laparoendoscopic & Advanced Surgical Techniques 2016;26:140-3.  DOI  PubMed

36.     

Spiro C, Quarmby N, Gananadha S. Mesh-related complications in paraoesophageal repair: a systematic review. Surg Endosc 
2020;34:4257-80.  DOI  PubMed

37.     

https://dx.doi.org/10.1097/SLA.0000000000004902
http://www.ncbi.nlm.nih.gov/pubmed/33856379
https://dx.doi.org/10.1089/lap.2020.0752
http://www.ncbi.nlm.nih.gov/pubmed/33332239
https://dx.doi.org/10.1016/j.ijsu.2020.02.036
http://www.ncbi.nlm.nih.gov/pubmed/32142902
https://dx.doi.org/10.1097/SLE.0000000000000655
http://www.ncbi.nlm.nih.gov/pubmed/30855402
https://dx.doi.org/10.1016/j.asjsur.2018.05.001
http://www.ncbi.nlm.nih.gov/pubmed/29887394
https://dx.doi.org/10.1007/s00464-017-5586-x
http://www.ncbi.nlm.nih.gov/pubmed/28523363
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5715047
https://dx.doi.org/10.1097/SLA.0000000000001267
http://www.ncbi.nlm.nih.gov/pubmed/26445468
https://dx.doi.org/10.1016/j.amjsurg.2015.07.007
http://www.ncbi.nlm.nih.gov/pubmed/26520872
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5153660
https://dx.doi.org/10.1007/s00464-016-4900-3
http://www.ncbi.nlm.nih.gov/pubmed/27129568
https://dx.doi.org/10.1007/s00423-015-1312-0
http://www.ncbi.nlm.nih.gov/pubmed/26049745
https://dx.doi.org/10.1371/journal.pone.0139547
http://www.ncbi.nlm.nih.gov/pubmed/26469286
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4607492
https://dx.doi.org/10.1097/SLE.0b013e3182747ac2
http://www.ncbi.nlm.nih.gov/pubmed/23238375
https://dx.doi.org/10.1097/SLA.0000000000003734
http://www.ncbi.nlm.nih.gov/pubmed/32675536
https://dx.doi.org/10.1002/bjs.11917
http://www.ncbi.nlm.nih.gov/pubmed/32936951
https://dx.doi.org/10.1007/s00464-018-6087-2
http://www.ncbi.nlm.nih.gov/pubmed/29423552
https://dx.doi.org/10.1007/s00464-018-6211-3
http://www.ncbi.nlm.nih.gov/pubmed/29766301
https://dx.doi.org/10.1016/j.jamcollsurg.2011.05.017
http://www.ncbi.nlm.nih.gov/pubmed/21715189
https://dx.doi.org/10.1001/archsurg.140.1.40
http://www.ncbi.nlm.nih.gov/pubmed/15655204
https://dx.doi.org/10.1001/archsurg.137.6.649
http://www.ncbi.nlm.nih.gov/pubmed/12049534
https://dx.doi.org/10.1016/s0016-5085(14)63876-2
https://dx.doi.org/10.1007/s00464-020-07703-4
http://www.ncbi.nlm.nih.gov/pubmed/32556757
https://dx.doi.org/10.1097/SLA.0000000000001444
http://www.ncbi.nlm.nih.gov/pubmed/26583658
https://dx.doi.org/10.1089/lap.2015.0273
http://www.ncbi.nlm.nih.gov/pubmed/26650332
https://dx.doi.org/10.1007/s00464-020-07723-0
http://www.ncbi.nlm.nih.gov/pubmed/32556700

