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Key Learning Points
Julia Merchant
Incisional hernia is a common complication of abdominal surgery, affecting up to a quarter of patients 
undergoing laparotomy. This case report discusses a 72-year-old lady with a recurrent incisional hernia 
following an emergency Hartman’s procedure. The discussion covers the properties of synthetic vs biological 
meshes, the significance of the anatomical location of the mesh, fixation methods, laparoscopic surgery, short 
and long term complications.

Key points:
• The ideal mesh is biocompatible, strong, resistant to infection, has minimal bioreactivity and non-

immunogenic
• Pore size is important to the degree of mesh integration, infection risk and the development of chronic 

pain
• Synthetic mesh is useful in contaminated cases but adds a significant cost to the procedure
• Sublay mesh placement is associated with a reduced risk of recurrence
• Most recurrences occur at the edge of the mesh. Surgeons should ensure a 5cm overlap between the mesh 

and native tissues and consider dual fixation methods
• Laparoscopic hernia repair has been associated with a shorter post-op recovery, less pain and a short term 

reduced risk of recurrence, however there is a greater risk of bowel injury and development of adhesions
• Composite meshes can reduce the risk of adhesions with intraperitoneal mesh placement 
• Chronic pain is associated with the use of tacks, heavy weight synthetic meshes and chronic infection
• Resorbable meshes have not been shown to reduce chronic pain
• The choice of mesh, method of repair and surgical approach should be individualised to the patient.

Introduction
Incisional hernias are ventral hernias that 

form through an operation scar and are an important 
complication of abdominal surgery, occurring in 11-23% 
of laparotomies1. Hernias can be associated with pain 
at the site of the hernia and limitations of activity and 
have the potential to incarcerate or strangulate, causing 
serious morbidity. Surgical repair of hernias involves 
closing the defect in the abdominal wall through which the 
hernia forms and is one of the most commonly performed 
operations globally. Complications associated with repair 
include hernia recurrence, infection, pain and adhesions. 
With an estimated yearly rate of 10,000 incisional hernia 
repairs being carried out in the UK and 100,000 in the USA2, 
it is important that the technique used carries the lowest 
probability of recurrence and other complications.

Hernia repair has made use of meshes since the 
middle of the 20th century. Meshes form a scar-mesh 
complex that seals off the defect in the wall, producing a 

mechanical seal that is infiltrated by surrounding tissue. 
Mesh implantation has replaced suturing as the favoured 
mode of repair as it reduces the rate of hernia recurrence: 
10-year incisional hernia recurrence rates for suture repair 
are 63% without mesh and 32% for repairs using mesh3.

However, risk of recurrence varies with different 
mesh types, mesh position and methods of fixation. 
Materials used range from synthetic to biologic, absorbable 
to non-absorbable, and the placement and securement of 
these meshes vary. All methods intend to repair and reinforce 
the break in the abdominal wall, restoring wall strength 
without impairing elasticity. Greater understanding of the 
processes underlying mesh incorporation into tissue have 
led to the development of more complex meshes, designed 
to reduce complications. With the expansion of materials 
available, ranging from synthetic polymers to acellular 
matrices in biological meshes, there remains clarification 
to be made as to which meshes result in the best outcomes, 
with fewer complications and lower rates of recurrence, and 



how mesh use can be optimised to further reduce the risk 
of recurrence. Further understanding of the outcomes of 
different mesh types and the characteristics of successful 
mesh design and insertion will help to ensure the best use 
of mesh in hernia repair.

Case history
Mrs S is a 72-year-old lady who underwent 

emergency laparotomy in November 2014 and had a 
Hartmann’s procedure for perforated sigmoid diverticular 
disease. Following this operation, she was in hospital for 15 
weeks, including a long stay in intensive care. As a result of 
this surgery she was left with a large abdominal wall defect, 
with wide separation of the recti and thin skin overlying. 
In 2016 she underwent reversal of the colostomy with 
incisional hernia repair using sutures but subsequently 
developed a large midline hernia in the lower abdomen with 
an approximately 8 cm defect. In May 2019 she underwent 
hernia repair with abdominal wall reconstruction to close 
the defect with use of a 30x30cm Cellis biological mesh 
fixed with maxon absorbable sutures.

She has a history of arthritis, unilateral deafness, 
Type 2 Diabetes mellitus, hypertension and back pain for 
which she has undergone spinal surgery.

She takes bisoprolol 5 mg, Laxido 1 sachet, 
metoclopramide 30 mg, omeprazole 20 mg, paracetamol 
4000 mg, lisinopril 10 mg, amlodipine 5 mg, atorvastatin 20 
mg, tramadol 200 mg, Desunin 800 IU, ferrous sulfate 600 
mg, meloxicam 25 mg. She is allergic to ibuprofen and has 
hay-fever. 

She lives alone in a private owned bungalow with 
a single step and a rail in place. Her daughter lives nearby 
and is her main carer following operations. She is a retired 
post office counter clerk. She stopped smoking 40 years 
ago, before which she smoked 10 a day for 20 years.

Mesh types
Meshes form structural scaffolds which reinforce 

the weakened area and provide tension-free repair that 
facilitates tissue infiltration and fibro-collagenous tissue 
formation. In this way, they promote the development of 
healthy tissue to restore structural integrity. Meshes used 
in hernia repair were revolutionised by the development of 
plastics in the mid 20th century (figure 1), with synthetic 
meshes appearing in 1958 with good outcomes. 

Synthetic meshes are composed of four main 
groups of materials: polypropylene (PP), polyester, ePTFE 
and PTFE. Their design has been influenced by tissue 
engineering, which aims to design materials that meet 
the structural and mechanical requirements of the normal 
tissue being replaced so as to carry out its normal function. 
The ideal synthetic mesh must be biocompatible, strong, 
resistant to infection, have minimal bioreactivity and be 
non-immunogenic. 

Insertion of a mesh induces a foreign body 
response which consists of an initial inflammatory response, 
followed by intense deposition of fibrotic tissue resulting in 
permanent encapsulation of the mesh into host tissues. As 
such, the mesh acts as a scaffold into which fibrotic tissue is 
incorporated. It was initially thought that the best meshes 
would be those that induce the largest fibrotic responses. 
Too large responses however result in pain and movement 
restriction4, major complications that affect quality of life 
following repair. Meshes must therefore induce a large 
enough fibrotic response for tissue integration without 
over activity restricting benefit.

Meshes are formed by weaving or knitting 
filaments (multifilaments or monofilaments) into sheets 
which contain pores. Porosity determines the extent of 
tissue integration by controlling infiltration by different cell 
types and influences hugely the complications associated 
with mesh repair. Pore size must be greater than 75µm to 
allow for fibroblast, blood vessel and collagen infiltration, 
as well as macrophage infiltration to enable immune cell 
surveillance. 

The weight of the mesh is determined by the 
weight of the polymer and the amount of material used. 
Heavyweight meshes use thin polymers, have small pore 
sizes and higher tensile strength, whereas lightweight 
meshes have thinner filaments and larger pores, use 
less material and are more elastic (figure 2). In a study 
comparing the use of lightweight and heavyweight PP 
meshes in ventral hernia repair, Schmidbauer et al.5 
found that 38% of patients given heavyweight PP meshes 
experienced foreign body sensations in the abdominal wall, 
as opposed to 4% of those given lightweight PP meshes. 
Furthermore, lightweight meshes produced decreased 
foreign body reaction, had better tissue incorporation and 
decreased patient discomfort and pain. Lightweight meshes 
thus appear superior, with the differences in outcome 
attributable to the difference in pore size.

 

Figure 1. Timeline of mesh development Figure 1: Timeline of mesh development



Biologic grafts pose an alternative to synthetic 
meshes, which have good outcomes although carry 
substantial financial cost. They are composed of acellular 
collagen matrices obtained from human or non-human 
sources that is processed for medical use, and like synthetic 
meshes, provide a scaffold onto which native tissue is 
incorporated. Biologic meshes differ in their source (human, 
porcine, bovine), processing (stripping, cross linking) and 
composition (dermal, pericardial, submucosal). 

Biologic meshes are superior to synthetic meshes 
in their resistance to infection and are more often used in 
contaminated fields in which synthetic meshes would be 
inappropriate. The infection resistance together with the 
level of tissue incorporation achieved with biologic meshes 
also renders them superior in non-contaminated settings, 
carrying success rates of better than 90% in clean fields6. 
Tissue incorporation was shown to be extensive in a study 
investigating onlay repair of porcine dermal biologic mesh. 
In 22 patients undergoing hernia repair, only one patient had 
hernia recurrence, and investigation of mesh incorporation 
at 4 months post-op showed extensive vascularisation and 
fibroblast infiltration7. Reduced short-term recurrence 
rates and rare occurrence of major complications have also 
been documented with biologic meshes, with no difference 
existing between porcine and human biologic meshes8.

Mesh placement and fixation
The site of mesh insertion within the layers 

of the abdominal wall is important, producing different 
environments and subjecting the mesh to different 
pressures generated within the abdomen. As such, the 
position of the mesh within the abdomen determines the 
properties required of the mesh. The various positions of 
mesh placement within the wall and the relative pros and 
cons are illustrated in table 1. Sublay mesh placement has 
been found to be associated with lower risk of recurrence 
and surgical site infection than onlay, inlay and underlay9. 
In the case of Mrs S, the sublay technique between the 
posterior sheath and the rectus abdominus was the 
surgeon’s preferred method of placement , however the 
poor integrity of the posterior fascial sheath most likely 
due to previous surgery resulted in the mesh being placed 
beneath the posterior sheath in a preperitoneal position.

Once inserted into the hernial site, mesh 
contraction occurs in all synthetic meshes to a degree, 
requiring that sufficient overlay of the mesh edges is carried 
out to account for such changes, with the mesh overlapping 
the hernia gap by at least 4-5 cm10. Recurrence following 
mesh implantation occurs at the free edges of the mesh 
in 99% cases11 highlighting the importance of sufficient 
overlap. Inflammation also causes a degree of shrinkage of 
mesh within the foreign body reaction. This differs between 
different mesh materials and placement, with woven mesh 
shrinking less and the sublay technique resulting in the 
least degree of shrinkage in an animal model of hernia 
repair using a PP mesh12. 

 Mesh fixation is carried out with tacks 
(absorbable or non-absorbable), staples or transfascial 
sutures, or a combination of the three. The method of 
fixation varies with the position of the mesh placement 
and contributes to the stability and strength of the repair. 
Post-operative pain has also been linked to the method of 
mesh fixation13. In the case of Mrs S the mesh was fixed 
using sutures only, anchoring the corners of the mesh to 
the abdominal wall then reinforcing the attachment with 
sutures placed 5 cm apart along the edges. Arguments 

 

Figure 2. Structure of heavyweight small porous 
mesh (A) and lightweight, large porous mesh in (B) 
(Klinge et al. 2005) (11). 

Figure 2: Structure of heavyweight small porous mesh (A) and 
lightweight, large porous mesh in (B). Kinge et al, 200511.

 

Position Pros Cons 
Onlay - Technically easy 

- Space often already 
dissected for complex 
hernias 

- Requires skin flaps 
- Increased risk of wound 

complications and mesh 
infection 

Inlay - Technically easy - Mesh susceptible to superficial 
wound complications 

- Lack of overlap increases risk of 
recurrence 

- Mesh bridges the gap rather 
than closing the defect 

Sublay - Space protects mesh 
from superficial wound 
complications 

- Mesh protected from 
intra-peritoneal contents 

- Load-bearing tissue 
ingrowth can occur from 
two directions 

- More complex technically 
- Risk damaging the rectus 

abdominus, its blood supply and 
nerves   

Underlay/ 
intraperitoneal 
onlay  

- Protected from superficial 
wound complications 

- Technically complex 
- Mesh must be secured with 

sutures close together to 
prevent abdominal contents 
from sliding between mesh and 
abdominal wall 

- Mesh exposed to 
intraperitoneal contents 

Table 1. Comparison of mesh placement position. Blue: mesh, red: muscle, black: fascia, 
grey: hernia sac. Adapted from (Holihan et al. 2016) (9) 
 

Table 1: Comparison of 
mesh placement position. 
Blue: mesh, red: muscle, 
black: fascia, grey: 
hernia sac. Adapted from 
Holihan et al, 20169.



against the use of suture fixation include the length of 
fixation time and the difficulty of placement in certain 
anatomical areas. However suture fixation has been found 
to have lower recurrence rates than tack fixation (0.8 % 
vs 1.5 %) in laparoscopic repair14, with conclusions in this 
review stating that sutures also reduce the minimum degree 
of overlap of the mesh with the hernial orifice.

Open vs laparoscopic
Laparoscopic mesh repair involves the insertion 

of mesh through an incision in the abdominal wall and 
fixed against the abdominal wall in an intraperitoneal 
position using tacks or transfascial sutures as with open 
repair. Laparoscopic repair does not include closure of the 
hernial orifice but instead relies on the mesh to provide 
the strength to prevent hernia recurrence. The benefits 
of laparoscopic repair include shorter hospital stay, fewer 
wound complications and lesser cost. A Cochrane review 
found that laparoscopic repair reduced wound infection rate 
and allowed quicker recovery than open repair, however the 
technique includes a higher risk of bowel injury15. Poor long 
term follow-up of the trials included failed to determine 
the long-term benefits however Liem et al. found in an 
earlier randomized control trial that there was a lower rate 
of recurrence of hernia in patients who had undergone 
laparoscopic compared to open repair (3% vs. 6% at 2 
years follow-up) and shorter recovery time16. Such results 
were reproduced in a later retrospective observational 
study including 68,560 patients which found decreased 
recurrence and post-operative pain following laparoscopic 
versus open repair of incisional hernias17.

Complications following mesh repair
Mesh design, placement and fixation technique all 

affect the likelihood of complications occurring following 
hernia repair. The main complication that has been the 
focus of this report is recurrence.

Visceral adhesions are a common complication 
of mesh repair and can result in obstruction and future 
surgical complications. Composite meshes are composed 
of more than one material, with a visceral side being 
coated in an absorbable (or non-absorbable) barrier which 
minimises the biological response and prevents adhesion 
formation when placed intraperitoneally. Such meshes 
have been found to reduce adhesions in animal models, 
however the clinical efficacy is poorly documented as of 
yet. The intraperitoneal placement of the mesh in the case 
of Mrs S would have made composite meshes a possible 
management option.

Another way of reducing the likelihood of 
adhesion formation is to use meshes that are absorbed 
completely over time. Such meshes are designed to degrade 
once the new tissue that develops is capable of maintaining 
mechanical integrity, reducing the risk of chronic 
complications. In a study conducted by Ruiz-Jasbon et al.18, 
a long-term resorbable implant mesh was found to be an 
effective management option in inguinal hernia repair. 
However, a recent systematic review and meta-analysis 
found no difference in chronic pain or recurrence rate 
between absorbable and permanent meshes in inguinal 
hernia repair19. In contaminated cases where primary 
abdominal closure is not possible, absorbable meshes may 
be a possible method of closing a defect until later repair 
is possible in a non-contaminated setting. Absorbable 
meshes may thus have potential use in cases that are 
different to that of Mrs S. Whether a degradable implant 
would be effective in repairing a defect as large as Mrs S 

may require further experimental exploration however the 
intraperitoneal placement of the mesh in Mrs S’ case would 
have favoured such a mesh.

 Chronic pain is an important 
complication of mesh repair of hernias, occurring in 9% 
patients20. Small pore meshes are associated with higher 
rates of chronic pain and as previously stated the mesh 
fixation technique affects chronic pain. The use of glue in 
hernia repair instead of sutures has been found to reduce 
postoperative chronic pain without affecting recurrence 
rates21, posing a potentially superior method of fixation 
to reduce pain following open repair. Such a method could 
have been used in the case of Mrs S but was not due to the 
substantial cost of the glue available for use.

 Another important complication of mesh 
repair is infection. Mesh infections are possible as well 
as superficial wound infections. The incidence of mesh 
infection following open repair is greater than following 
laparoscopic repair (6-10 % vs. 0-3.6 %)22, with bacterial 
adherence being required for infection. Lightweight 
meshes have lower risk of infection than heavyweight 
meshes, and biologic meshes have much lower risk than 
synthetic meshes. Pore size is important, with pores <10µm 
preventing macrophage and neutrophil invasion and thus 
reducing the host immune response to mesh infection. 
Antibiotic prophylaxis has been found to give good 
outcomes in reducing wound infection following hernia 
repair using mesh23 however a recent systematic review 
found the evidence base supporting antibiotic prophylaxis 
too weak to provide universal recommendations24.

In contaminated cases in which there is exposure 
to the gastrointestinal tract there is a greater risk of post-
operative complications following repairs using mesh. 
Contaminated cases are 3.56 times more likely to result in 
post-operative complications than clean cases25. In such 
cases, biologic meshes have been recommended, with one 
study showing no significant complications following use 
of biosynthetic mesh to repair hernias with contaminated 
wounds in two cases26.

Risk factors for recurrence
There are a number of patient related risk factors 

for recurrence that have been identified by the International 
Endohernia Society27 in their guidelines for laparoscopic 
treatment of ventral and incisional abdominal wall hernias. 
The main risk factors they identified are listed in table 
2. Operating on patients with BMI <30 is preferable and 
encouraging weight loss can be included as part of preparing 
the patient for surgery. Smoking cessation should also be 
encouraged. Mrs S fulfils two of these risk factors, having 
both diabetes and a history or previous hernia repair. To 
reduce the likelihood surgical site infection, the guidelines 
suggest laparoscopic as opposed to open repair. To optimise 
the effectiveness of the repair they also recommend mesh 
repair if the defect is larger than 2 cm, overlap of at least 5 
cm and dual methods of fixation. The only improvement 
that could be made according to these guidelines in the 
 

 

Risk Factors 
Size of the hernia >10 cm 
Body mass index 30 kg/m2  
History of previous repair 
Chronic Obstructive Pulmonary Disease 
Diabetes 
Smokers with failed prior hernia repair 
Surgical site infection 

Table 2. Risk factors for hernia recurrence 
(Bittner et al. 2014) (27) 
 

Table 2: Risk factors for hernia recurrence. Adapted from Bittner 
et al, 201427.



case of Mrs S is dual method of closure. The location and 
nature of the defect removed the possibility of operating 
laparoscopically, however mesh was used and the overlap 
was over 5 cm from the edge of the abdominal wall defect, 
fulfilling the other recommendations listed.

Conclusions
Mesh repair has revolutionised hernia repair, 

reducing recurrence rates remarkably and improving 
outcomes. The type of mesh used is important, with its 
design impacting on the major complications such as pore 
size and infection, however the mode of insertion is equally 
important and affects the choice of mesh. Knowledge 
of the features of different meshes and the way in which 
these affect the incorporation of the mesh into native 
tissue as well as ways in which to reduce the likelihood of 
complications should be had by all surgeons carrying out 
such repairs so as optimise its use and prevent recurrence. 
To do this, mesh made of a material suitable for the site in 
which it is being placed, be that intraperitoneal or onlay, 
must be chosen carefully, with sufficient overlap of the 
mesh with the edge of the fascial deficit and if possible 
dual methods of fixation. In the case of Mrs S, the only 
possible improvement that could have been made to reduce 
the likelihood of recurrence would have been fixation with 
two methods, such as tacks as well as sutures. Such choices 
should be thought about on a case-dependent basis in order 
to further reduce rates of recurrence.
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