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Hernia infections overview 

 

• Risk factors hernia infections 

• Microbiology/biofilm 

• Management of infection 

• Prevention of infection 

• Future treatment/prevention options 
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Surgical site infections (SSI) 

• most common hospital acquired infections (HAI)  
– 67% incisional infection 

– 33% involve anatomy other than the incision, i.e.  
• peritoneal and retroperitoneal space and their contents  

– IHI IHISSI (2007) http://www.ihi.org/IHI/Topics/PatientSafety/ SurgicalSiteInfections/ 

• The incidence of SSI varies widely depending on the 
procedure being performed 

• In the field of abdominal wall reconstruction, infection 
rates for groin hernia are low (1–3%), while for 
incisional hernia can be as high as 33% 

Sauerland S, (2011) Cochrane database Syst Rev. https ://doi. 

org/10.1002/14651 858.CD007 781.pub2 

http://www.ihi.org/IHI/Topics/PatientSafety/
http://www.ihi.org/IHI/Topics/PatientSafety/
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Incisional hernia mesh infection 

• The incidence of mesh infection during incisional hernia 
repair is difficult to determine. 

• Most series report overall SSI rate without definition of 
prosthetic infection and lack sub-classification of anatomic 
location and type of mesh used 

• bimodal distribution of early (within 6 months) and late 
prosthesis infection (after 6 months)  
– Early-onset mesh infection associated with 

• high BMI, COPD, diabetes, smoking surgical drain placement, enterotomy, 
bowel resection, concomitant procedure, operative time  

– Late-onset 
• Identified when investigating for local pain 
• Lacks other features of early onset mesh infection 

Tubre, Hernia (2018) 22:1003–1013 
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Berger risk stratification scoring system 
 for SSI after open ventral  

(primary and incisional) hernia repair 
 

predictors of SSI  

• concomitant repair (2 points) 

• dissection of skin flaps (2 points) 

• ASA class ≥ 3 (2 points) 

• body mass index ≥ 40 (3 points), 

• wound class 4 (7 points).  

Group                       Infection rate  
I    (0 points)                      7.8% 
II   (2–3 points) 
III  (4 points)  
IV (5–10 points) 
V  (11–16 points)             83.3% 

Berger (2013) J Am Coll Surg 217:974–982 
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Karamanos risk factors for SSI  
in primary or incisional hernia repair 

• use of surgical drains (5 points) 
• BMI 

– BMI 10–19 (1 point) 
– BMI 20–29 (2 points) 
– BMI 30–40 (3 points) 
– BMI > 40    (4 points) 

• wound classification  
– contaminated (2 points) 
– infected (4 points) 

• severe adhesions (3 points) 
• coronary artery disease (4 points) 
• ICU stay (2 points) 
• intraoperative use of vasopressors (4 points) 
• alcohol abuse (1 point) 
• peripheral vascular disease (1 point) 

Groups                  Infection Rate 
•  I (1–6 points)         1.6 ± 0.1% 
• II (7–11 points)       3.5 ± 0.2%  
• III (12–15 points)    7.4 ± 0.4%  
• IV (16–19 points)   12.4 ± 0.6%  
•  V (≥ 20 points)      24.1 ± 0.7% 

Data from 4983 patients of the Michigan Surgical Quality 

Collaborative (MSQC) database was analysed retrospectively 

Karamanos (2017) World J Surg 41:914–918 
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Factors associated with wound infection 

• Contamination with > 105 CFU/g (disposes the patient to 
wound infection  

• In abdominal wall reconstruction, there are three main 
additive risks:  

– utilization of prosthetic mesh 

– extensive skin and subcutaneous dissection resulting in ischemia 
and seroma formation 

– biofilm formation by microorganisms 

Alexiou K,(2017)  Ann Med Surg 21:25–29.  

Tubre, Hernia (2018) 22:1003–1013 



For our patients and our population 

Mesh-related factors for infection  

• mesh is an avascular foreign body 
• infection more likely to occur if contamination occurs 

during or after insertion 
• Neutrophils function diminished with interaction with 

foreign body enhancing susceptibility to infection 
• foreign body presence reduces the minimal inoculum 

of S. aureus required to cause infection by >100,000 
fold to 100 colony-forming units.  

• difficult for the host to eradicate mesh-related 
infections due to the formation of biofilm 

UTD 
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• polypropylene 
• 2.0 to 4.2% 

• expanded polytetrafluoroethylene 
(ePTFE) –pore size <10 
micrometers 
• 0–9.2% open approach  
• 0–1.0% laparoscopic approach 

• multifilament polyester 7.0–16.0%  
• monofilament polyester 2.0 to 4.2% 

Tubre, Hernia (2018) 22:1003–1013 

Infection risk related to material type 
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Differential S. aureus clearance with 
various mesh materials 

 

Fig. 1 Rates of Staphylococcus aureus bacterial clearance achieved among various hernia repair 
materials after a 30-day survival in an infected hernia repair rat model (P = 0.003) 

• Surgisis (porcine small intestinal 

submucosa) 

• Permacol (crosslinked porcine dermis),  

• Xenmatrix (noncrosslinked porcine 

dermis) 

• Strattice (noncrosslinked porcine 

dermis) 

Harth, Surg Endosc (2011) 25:2224–2229 
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Location of mesh placement in 
relation to infection risk 

• inguinal and femoral hernia repair: 
• no difference in rates of surgical site infection 

for mesh placed above or below the fascia   
• ventral hernias: 

• The sublay mesh position had the lowest risk 
of infection, and the underlay position had the 
second lowest risk 

Dalenback Hernia. 2009 Apr;13(2):121-9 
Holihan World J Surg. 2016;40(1):89 

Lowest infection risk 

Second lowest infection risk 

Sublay 

Onlay 

Underlay 

Inlay 
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Summary of infection risks in hernia 
repair 

• Patient factors-obesity, smoking, COPD, wound 
classification, primary or redo 

• Surgical approach-open >> laparoscopic 

• Concomitant procedures  

– risk of microbiological contamination or ischaemia) 

•  Use of mesh  

–Type, position 
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Microbiology 
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Wound culture 

• wound cultures essential to help guide antibiotic therapy 

– should not be used as a substitute for clinical judgment to 
determine the need for debridement 

•  percutaneous drainage can be attempted in patients with 
wound infection who do not have systemic signs.  

– The results of percutaneous sampling need to be interpreted 
with caution.  

– It is possible to interpret the results of a culture as significant 
when it is actually due to contamination. 

UTD 
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Role of microbiology lab 

• Microbiology laboratory plays a critical role in guiding 
therapy and detecting resistance-which is increasing 
globally, making many infections difficult to treat 

• Microbiology techniques becoming more sophisticated 

– laboratory automation, integration of genomics and proteomics 
in microbiology 

• interpretation of results depends on the quality of 
the specimens received for analysis 

Baron et al 
 CID 2013:57 (15 August) 
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Bacteriology 
–Bacteriology 

 

• Traditional Gram stain, culture 
identification and susceptibility 
testing 

• Direct identification of organisms 
by MALDI-TOF (Matrix-assisted 
laser desorption/ionisation-time of 
flight) mass spectrometry) 

• Liquid media/growth detection 

• Biochemical tests/enzyme tests 

• Molecular methods (PCR) 
targeting key genes e.g. 16s RNA, 
resistance genes 

• Protein electrophoresis 

• Whole genome sequencing 
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Microbiology of mesh infections 

• S. aureus 
• coagulase-negative staphylococci 
• enteric gram-negative bacilli & P. 

aeruginosa 
• anaerobes  
• occasionally Candida, Mycobacteria  
• Likely other non-culturable bacteria 
• Bacteria altered by antibiotic exposure 
• small colony slow growing 

Staphylococcus variants difficult to grow 

Hidron Infect Control Hosp Epidemiol 29:996–1011. 

E. coli 
S. aureus 

S. epi 

P.A. 
Other 
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Diagnosis of hernia infection 

• predominantly clinical 

• imaging studies such as ultrasound or computed 
tomography (CT) can be useful to identify fluid 
collections  

– (seroma, hematoma, abscess) or oedema with 
stranding of the subcutaneous fat around the mesh 
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Chronic hernia infections are associated 
with biofilm formation 

 

Kathju Surgical infections 16 (1) 
2015 
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Stages of Biofilm Formation 

• Bacteria adhere to an inert, protein 
coated surface 

• Polysaccharides produced by bacteria 
forms a complex matrix 
 

• bacterial colonies embedded in 
glycocalyx form complex communities 
with bacterial communication and 
adaptation via quorum sensing 

 
• Bacteria within biofilms are protected 

from host defenses such as phagocytes 
and, often, to antimicrobial penetration 
 

• Depending on their location in the 
biofilm, bacteria have different 
metabolic activity 
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Treatment of hernia mesh infections 

• antibiotic therapy 
• wound drainage 
• aggressive wound debridement when appropriate.  

– specific wound management thereafter depends on the location 
and nature of the hernia repair. 

• If there are no systemic signs of infection, culture data 
should be obtained before starting broad-spectrum 
parenteral antibiotics  

• When available, culture findings guide changes in antibiotic 
therapy. 

• Consider use of biofilm-acting antimicrobials after induction 
therapy 
 



For our patients and our population 

Superficial incisional surgical site 
infection 

• Usually can be successfully managed without 
removing mesh  

• skin incision may need opening to drain; 
localized fluid collections may be amenable to 
percutaneous aspiration. 

• Symptoms of infection should improve after a 
few days of antibiotic treatment 
– continue for 10 to 14 days or until the clinical 

signs of active infection have resolved.  

• monitor closely for signs of recurrent infection.  
• Oral antibiotics may be used to complete 

therapy in patients who improve quickly and 
can tolerate oral therapy. 
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Deep incisional surgical 
site/mesh infection 

• Start empiric antibiotic therapy where patients present 
with systemic symptoms and signs of wound infection 
and take for immediate surgical debridement to remove 
infected and/or necrotic tissue, and to remove the mesh, 
if present. 

  

• Debrided material should be sent for aerobic and 
anaerobic culture and susceptibility results used to tailor 
choice of antibiotic therapy. 

Cingi J Am Coll Surg. 2005;201(6):834 
Terzi J Hosp Infect. 2005;60(4):340 
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Mesh infections-no systemic signs 

• For patients without systemic signs, percutaneous 
drainage of any fluid collections can be attempted.  

– A retrospective study evaluated outcomes in 21 patients who 
underwent percutaneous drainage for mesh-related fluid 
collections, 12 patients (57 percent) were successfully treated 
with percutaneous drainage and antibiotics 

• In this study, fluid cultures were positive in 68 percent of patients (n = 
13);  
S. aureus was the most common organism.  

• pathogen did not predict the need for mesh excision 

• Prolonged antibiotic course may be required, relapse not 
uncommon 
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Deep infections 

• at the time of operation for mesh excision, 17% of 
patients were found to have a quiescent mesh-enteric 
fistula.  

• In a previously reported series of 78 patients with mesh 
fistula, no patient had resolution of their mesh 
fistula without surgical intervention. 

• Similar features associated with the failure of 
nonoperative management of mesh infection have been 
demonstrated by other groups. 

Arnold 2018 Int J Abdom Wall Hernia Surg   
SzcerbaAnn Surg 2003;237:437-41 
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Special considerations-antibiotic 
therapy 

Biofilm-active agents 

• As an adjunct to physical measures of biofilm removal 

• Low barrier to development of resistance 
– Use combination or after induction treatment with other agents to reduce 

bacterial burden 
• Quinolones (ciprofloxacin, moxifloxacin), Rifampicin 

Agents with good oral bioavailability and tissue penetration 
– Clindamycin 

– Quinolones –resistance develops rapidly 

– Linezolid $$$,toxicity 

• Increasing interest in antimicrobial-impregnated grafts-concern re 
development of resistance to antimicrobials that could be used 
systemically 
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Clindamycin +ciprofloxacin 

Augmentin 

Cefazolin + metronidazole 

Tazocin  

Meropenem/Ertapenem 

Clindamycin plus cipro 

Polymicrobial infection/ 

empiric therapy 

Amoxycillin 

Linezolid($$$) 

Amoxycillin  

Vancomycin 

Enterococcus 

Amoxycillin Benzylpenicillin 

Amoxycillin 

Ceftriaxone 

Group A Streptococcus 

Ciprofloxacin (Ciprofloxacin) 

Ceftriaxone 

Enterobacteriaceae 

(e.g. E. coli) 

Ciprofloxacin 

 

(Ciprofloxacin) 

Piperacillin + tazobactam 

 

 

P. aeruginosa 

rifampicin + fusidic acid, 

clindamycin, linezolid, Bactrim 
Vancomycin 

 

S. aureus/ coag neg staph  

(methicillin resistant) 

Di/flucloxacillin  

clindamycin, 

Flucloxacillin or Cefazolin  S. aureus/coag neg staph  

(methicillin sensitive) 

Consolidation phase (oral, 

2-12 months) 

Induction phase (parenteral, 

2-6 weeks) 

 

Pathogen 

Treatment regimens for prosthetic joint infections 
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Hernia infection prevention 

• General measures to prevent a surgical site infection (SSI) 
following hernia repair are the same as for the prevention of 
infection at other surgical sites 

• Alternative methods for providing prophylaxis against surgical site 
infection (in addition to standard intravenous administration of 
antibiotics) include  

– antibiotic impregnated sponges 

–  antimicrobial mesh materials.  

• The effectiveness of these methods for reducing mesh infection 
with primary hernia repairs is unproven 

• Concern for driving antimicrobial resistance 
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Surgical prophylaxis-hernia 

 
Procedure 

 
Recommended 
prophylaxis 

High risk penicillin/cephalosporin 
allergy   

Uncomplicated hernia repair with or 
without mesh 

 
cefazolin 2g* IV   
 

 
vancomycin 15 mg/kg IV 
 

Hernia repair (complicated) where 
bowel entry is anticipated 

cefazolin 2g IV PLUS  
metronidazole 500mg IV 
infusion  

gentamicin 2mg/kg IV PLUS 
metronidazole 500mg IV infusion  
 

Patients colonised or infected with 
MRSA,  or at increased risk for MRSA 

Add vancomycin 15 
mg/kg IV to above 
regimens 

Add vancomycin 15 mg/kg IV to complicated 
hernia regimen above 

Therapeutic guidelines: antibiotic 16th 
edition 2019 3g cefazolin for weight >120 kg 
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Timing of antibiotic prophylaxis 

• The goal of antimicrobial prophylaxis is to achieve 
serum and tissue drug levels that exceed, for the 
duration of the operation, the MICs for the 
organisms likely to be encountered during the 
operation 

–For cefazolin, optimal choice is within 30 minutes skin 
incision 
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Strategies for prevention of biofilm in 
implantable materials 

 

Shah Materials Today, 16, 5  2013 



Treatment of diabetic foot infection with phage 
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Bacteriophages can effectively treat S. aureus 
wound infections as effectively as vancomycin 

 

Wound diameter in S. 

aureus-infected, AP-SA01-

treated diabetic mice. AP-

SA01 treatment healed S. 

aureus infection in diabetic 

mice with efficacy similar 

to vancomycin.  

Kifelew, Speck (submitted 
2019) 

Day 10 
control 

Day 10 phage 
treated Day 0 
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Summary 

• Complex hernia mesh infection treatment is difficult 

• Best outcomes with detailed preoperative/operative 
planning and preparation  

– patient optimisation 

– surgical approach, mesh selection, selection of appropriate 
preoperative antibiotic prophylaxis 

– Initial antibiotic treatment plan which can be modified based on 
intraoperative culture results 

– Infectious diseases input to advise on antimicrobial 
management, especially with increasing antimicrobial resistance 


