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Abstract
Ventral hernia repair is one of the most commonly performed procedures worldwide. Hernia recurrence along with other 

complications of ventral hernia repair adversely affect patients and have substantial socio-economic impact. Identifying factors, 
which could affect postoperative outcome, is therefore very important. Factors like smoking, diabetes, history of MRSA infec-
tion, obesity and poor nutrition adversely affect wound healing process and lead to increased risk of infection and recurrence. 
Preoperative optimization of modifiable risk factors has shown to improve the outcome in terms of decreased wound complica-
tions and hernia recurrence

Keywords: Arginine; Diabetes; Infection; MRSA 
Decontamination; Nutrition; Obesity; Recurrence; Smoking; 
Ventral Hernia; Wound Healing 

Abbreviations 

SSI :  Surgical Site Infection

SSO :  Surgical Site Occurrence

MRSA :      Methicillin Resistant Staphylococcus aureus

iNOS :  Inducible Nitric Oxide Synthase

ASE1 :  Arginase

OR :  Odds Ratio

BMI :  Body Mass Index

Introduction
Ventral hernia repair is one of the most commonly performed 
surgical procedures worldwide. There are more than 350,000 ventral 
hernias repaired in the United States annually with 25% of them 
being complex hernia repair. Nearly one third of all individuals 
undergo some form of laparotomy in their life time and around 
28% of them end up having incisional hernia [1]. Recurrence rate 
after ventral hernia repair is around 24-43%. Hernia recurrence 
along with other complications of ventral hernia repair adversely 

affect patients and have substantial socio-economic impact [1]. 
Identifying factors, which could affect postoperative outcome, 
is therefore very important. Many factors have been identified 
including smoking, obesity, nutritional status, history of MRSA 
infection and diabetes, which are considered to be modifiable risk 
factors.

Understanding Wound Healing
Wound healing is a dynamic process consisting of four 

continuous, overlapping, and precisely programmed phases [2]. 
The four phases of wound healing are hemostasis, inflammatory 
phase, proliferation and remodeling [2]. Wound healing starts with 
hemostasis which includes vasoconstriction, activation of platelets 
and coagulation cascade leading to hemostatic clot formation, 
which is predominantly composed of polymerized fibrin cross-
linked fibronectin [2,3]. Inflammatory phase then follows with 
accumulation of neutrophils and fibroblasts in the wound cavity. 
Neutrophils control bacterial contamination by phagocytosis and 
initiate tissue debridement by releasing proteolytic enzymes. 
The wound is then sequestered by monocytes as number of 
neutrophils diminishes. Monocytes transform into macrophages, 
which then facilitate continued debridement and eradication of 
microbes [3]. Macrophages release a range of cytokines such 
as interleukin-1 (IL-1) and tissue necrosis factor-α (TNF-α) and 
growth factors such as vascular endothelial growth factor and 
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TGF-β1 to attract reparative cells and orchestrate subsequent 
healing Events [3]. A concurrent process to inflammatory process 
is wound contraction, which is facilitated by transformation of 
fibroblasts into myofibroblats [3]. Proliferation process then starts 
with upregulation of reparative cells 3-4 days after the wounding. 
Fibroblasts secrete extracellular matrix components and collagen; 
epithelial and epidermal cells regenerate the barrier to the exterior; 
and the endothelial cells form new vessels [3]. After 2 to 3 weeks, 
remodeling replaces proliferation as the collagen fibrils undergo 
gradual modification in an ongoing process of synthesis and 
degradation. Covalent bonds are formed between the collagen 
molecules and fibrils become aligned along the tension lines, 
a process that continues with a gradually reducing intensity, for 
months to years after the initial surgical trauma [3].

Effect of Smoking on Wound Healing
Cigarette smoking has been found to induce vasoconstriction 

due to higher sympathetic tone caused by catecholamine release 
resulting in reduced subcutaneous blood flow by up to 40% [4,5]. 
The tissue oxygen tension is decreased by up to 27% [4,6] causing 
prolonged tissue acidosis that increases the risk of infection and 
tissue necrosis [3]. Tobacco smoke contains various compounds 
including nicotine, carbon monoxide, hydrogen cyanide, nitrogen 
oxides, N-nitrosamines, aldehydes, and polyaromatic hydrocarbons 
[3]. A study by Sorensen et al showed that the cutaneous and 
subcutaneous blood flows were affected differently by nicotine and 
smoking. Intravenous nicotine infusion increased tissue oxygen 
tension, whereas smoking caused significant reduction in tissue 
oxygen tension, blood flow and aerobic metabolism [4]. These 
findings suggest that the smoke constituents other than nicotine 
contribute to the vasoactive effect of smoking. 

The formation of hemostatic clot is enhanced by smoking 
as a result of platelet activation and blood fibrinogen release 
[3]. The wound infiltration of inflammatory cells including 
both neutrophils and monocyte-macrophage is attenuated in 
smokers. Smoking alters the function of inflammatory cells as 
well leading to connective tissue degradation due to excessive 
protease release and reduced protease inhibition [3]. Studies have 
shown that phagocytic activity of neutrophils and macrophages 
is significantly impaired by cigarette smoke extract leading to 
reduced ability to control bacterial wound infection [7-9]. Wound 
contraction is also enhanced in smokers, which causes premature 
wound closure leading to increased susceptibility to infection [3]. 
Smoking releases a variety of reactive oxygen radicals, which 
have various detrimental effects on inflammatory cell function 
including impairment of neutrophil and monocyte migration [10], 
attenuation of oxidative bactericidal activity, which is their primary 
bactericidal mechanism [7,9], excessive release of proteolytic 
enzymes [11] and inactivation of protease inhibitors [12]. The 
surgical trauma reduces tissue oxygen as the blood supply is cut 

off and the diffusion distance is increased by hemostatic wound 
clot [13]. Hypoxia promotes bacterial colonization, which multiply 
by consuming glucose and oxygen. The already reduced oxygen 
tension in smokers increases the susceptibility to postsurgical 
infection by impairing oxidative killing of bacteria by neutrophils 
and macrophages [3]. 

Smoking affects the proliferative and remodeling phase 
of healing by inhibition of fibroblast chemotaxis, migration and 
proliferation in addition to reduced collagen III and I production 
[3]. The reduced collagen deposition causes impairment of wound 
angiogenesis as growing vessels are dependent on collagen for 
physical support [3]. Formation of new epithelium and epidermis 
is affected by smoking as cellular epidermis and stratum corneum 
have been found to be thinner in smokers [3]. Smokers are found 
to have low level of Vitamin C as it acts as a potent antioxidant 
to reduce oxidative stress from smoking through scavenging and 
binding of metal ions. Vitamin C is an essential co-factor for 
collagen synthesis through the hydroxylation of proline and lysine 
and its deficiency leads to impaired collagen synthesis and poor 
wound healing [3]. Smoking induced impairment of proliferation 
and remodeling provides a good explanation of delayed healing, 
wound dehiscence and incisional hernia formation, which is seen 
significantly more frequently in smokers than in nonsmokers [3].

Borad, et al. studied effect of smoking on postoperative 
outcome in ventral hernia repair. The study included 32,973 
smokers and 136,485 non-or ex-smoker patients who underwent 
ventral hernia repair. They found statistically significant increased 
incidence of 30-day mortality (0.27% vs 0.21%, p=0.04), 30 day 
all morbidity (7.17% vs 5%, p<0.0001), wound morbidity (4.57% 
vs 3%, p<0.0001), respiratory (0.7% vs 0.36%, p<0.0001) and 
cardiac morbidity (0.26% vs 0.21%, p-=0.05) in smokers [1]. 

Abstinence of Smoking and Its Effect on Wound 
Healing

Two weeks after smoking cessation, platelet aggregability 
and dysfunction are reduced [7]. After four weeks, circulating 
endothelial progenitor cells are restored suggesting reduction in 
endothelial injury and dysfunction [14,15]. Generation of reactive 
oxygen radicals decreases and Level of Vitamin C increases 
4 weeks after smoking cessation [3]. 4 weeks of abstinence 
significantly enhance inflammatory cell and macrophage migration 
in the wound cavity [16]. Oxidative bacterial killing mechanism of 
neutrophils and macrophages is restored after 4 weeks however 
reversal of neutrophil and monocytes’ chemotaxis occur slowly 
[7]. Furthermore, 4 weeks of abstinence causes restoration of 
proteolytic enzymes secretion from neutrophils [17]. Abstinence 
from smoking gradually reverses the wound contraction seen 
in smokers [3]. The improvement of inflammatory cell function 
and host defense after smoking cessation provides a potential 
mechanism for reduced infectious complications after at least 4 
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weeks of abstinence [18]. Contrary to inflammatory cell function, 
wound proliferation and remodeling do not seem to reverse as 
fibroblast function, epidermal regeneration, collagen synthesis, 
and collagen degradation are unaffected by smoking cessation [18]. 
The lack of improvement in wound proliferation and remodeling 
may explain why abstinence does not reduce noninfectious healing 
complications such as necrosis, wound dehiscence and hernia [18].

Nicotine Replacement Therapy and Wound Healing
The adverse effects of nicotine replacement therapy for 

abstinent smokers on postoperative outcome are minimal and 
harmless [19]. Effects of pure nicotine on tissue oxygenation and 
microenvironment are transient and there is no evidence to suggest 
that repeated use of nicotine replacement drugs has a detrimental 
cumulative effect [3].

Laboratory Test for Tobacco and Smoke Metabolites
The most widely used biochemical marker of tobacco use 

is cotinine, the proximate metabolite of nicotine, which can be 
measured in blood, saliva, or urine [20]. Cotinine is quite specific 
for use of tobacco or nicotine-containing products. Cotinine has 
long half-life and its concentration does fluctuate greatly during 
the day. Blood level of cotinine is much higher than nicotine, thus 
facilitating its measurement. Cotinine would also be positive in 
patients on nicotine replacement therapy and therefore not a valid 
test for patients on replacement therapy [20]. Carbon monoxide 
(expired CO or carboxyhemoglobin) and thiocyanate may be used 
to detect heavy smoking but, being products of combustion, are 
not applicable for detecting smokeless tobacco use [20]. Anabasine 
and anatabine are present in tobacco but are not present in 
nicotine-containing medications and are not metabolically derived 
from nicotine [20,21]. Anabasine is present in trace amounts in 
tobacco smoke. Both anabasine and anatabine could be used for 
estimating tobacco consumption during nicotine replacement 
therapy [20,21]. 

Electronic Cigarettes
Clear evidence about the safety of e-cigarettes is lacking, and 

laboratory experiments and case reports suggest that these products 
may be associated with potential adverse health consequences. For 
now, E-cigarettes are not considered safe as nicotine replacement 
therapy [22]. 

Recommendations
Smoking cessation for at least 4 weeks before complex hernia •	
repair is recommended. 

Urine or serum cotinine level should be tested to confirm the •	
abstinence from smoking. 

Nicotine replacement therapy is acceptable however cotinine •	

test would be positive in these patients and therefore they 
should be tested for urine anabasine and anatabine level. 

Diabetes
Association between hyperglycemia and susceptibility to 

infection is well established in diabetic patients [23]. Uncontrolled 
diabetes causes impairment of neutrophil adherence, chemotaxis, 
phagocytosis and intracellular bactericidal activity [24,25]. The 
degree of neutrophil impairment correlates with the degree of 
hyperglycemia [23]. Some of the defects can be partially reversed 
in vivo with intensive insulin treatment [26]. Hyperglycemia causes 
alterations in vascular permeability and normal redox reactions, 
which create a state of pseudohypoxia that further impairs the 
tissue defenses [27]. Glucose is a proinflammatory mediator 
that has been shown to have a wide variety of effects, including 
stimulating cytokine production and inhibiting endothelial nitric 
oxide levels. Even in healthy individuals, generation of reactive 
oxygen radicals by neutrophil and mononuclear cells is increased 
in the presence of high glucose, which adversely affects wound 
healing [28]. Dronge et al studied 490 diabetic patients and found 
that odds ratio of postsurgical infection in patients with poorly 
controlled diabetes (HbA1c >7) was 2.13 (p=0.07) [23]. Petro 
et al studied 306 patients with ventral hernia who underwent 
retromuscular repair and found poorly controlled diabetes to be 
an independent risk factor for postoperative wound morbidity. The 
study found that the odds ratio of wound complication was 2.41 
(p=0.01) in poorly controlled diabetic patients [29]. 

Stryker et al studied the effect of preoperative HbA1c and 
postoperative blood glucose on wound complications following 
total joint arthroplasty and identified that the odds ratio of wound 
complication was 3.75 (p=0.02) in patients with mean postoperative 
blood glucose of >200mg/dl. The odds ratio of wound complication 
in patients with a maximum postoperative blood glucose of 
>260mg/dl was 3 (p=0.08). The odds ratio of wound complication 
in patients with preoperative HbA1c of >6.7% was 9 (p=0.03). This 
study identified the role of not only optimizing preoperative HbA1c 
but also a need to have a strict perioperative blood glucose control 
in order to decrease the postoperative wound complications [30]. 
Halkos et al studied the effect of preoperative HbA1c on sternal 
wound infection after coronary artery bypass surgery. It was found 
that patients with HbA1c >7% had 2.88-fold increase risk of deep 
sternal wound infection compared with patients with HbA1c<7%. 
It was also found that with each unit increase in HbA1c, there was 
31% increased risk of deep sternal wound infection [31].

Ramos et al studied the association of perioperative 
hyperglycemia and risk of postoperative infection in 995 patients 
who underwent various general and vascular procedures. It was 
found that with every 40-point increase in postoperative blood 
glucose above 110mg/dl, the postoperative infection rate increased 
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by 30% [32]. 

Recommended Interventions
Preoperative HbA1c level should be checked to assess the •	
diabetes control.

Patients with HbA1c level >7.5 should be referred to •	
endocrinologist for better control of diabetes.

Strict control of blood glucose should be practiced in the •	
perioperative period. 

Preoperative Nutritional Supplementation
Arginine is considered a non-essential amino acid and in the 

resting conditions arginine does not have any significant immune-
enhancing role as very little arginine is utilized by myeloid or 
lymphoid cell lineages. Myeloid cell activation by surgery or trauma 
induces increased arginine uptake [33]. Inside the cells there is 
higher expression of Inducible Nitric Oxide Synthase (iNOS) and 
Arginase (ASE1). Arginine is then metabolized to nitric oxide by 
iNOS, which is necessary for normal immune function and killing 
of bacteria and parasites. ASE1 generates ornithine from arginine, 
which is important for generation of polyamines and proline, 
which are essential metabolites for a normal wound healing [33]. 
Arginine also plays important role in increased production of 
Interleukin-2, Interferon and tumor necrosis factor from helper 
T cells, which are required for wound healing [33]. Arginine is 
the precursor of growth factors like putrescine, spermine and 
spermidine. Via formation of glutamate, arginine yields increased 
amounts of proline and hydroxyproline, which are required for 
the synthesis of collagen. Clinical studies evaluating the effects 
of supplemental enteral arginine supply have demonstrated net 
nitrogen retention, increased protein synthesis and improved 
wound healing. Studies have also shown a clear benefit of arginine 
and omega 3 fatty acid supplementation not only in malnourished 
but also in well-nourished patients [34]. There is around 50% 
reduction in infection rates in patients undergoing elective surgical 
procedures compared to controls [33,35]. The supplementation of 
arginine before surgery increases the arginine reserves and helps in 
preventing the deficiency of arginine due to activation of immune 
cells in the perioperative period. The supplementation of omega 
3 fatty acids also helps in decreasing the depletion of arginine 
[34]. Commercially available immune enhancing products contain 
arginine and w-3 fatty acids and usually prescribed for 5 days just 
before the surgery. 

Decolonization Protocols
Preoperative Showering with Chlorhexidine
Preoperative showering with antiseptic agents has not shown to be 
beneficial in terms of decreasing wound complications in ventral 
hernia repair. Prabhu et al studied 3924 patients and identified two 

groups; 2,209 patients who received prehospital chlorhexidine 
bathing and 1,715 patients who did not receive prehospital 
bathing. The incidence of Surgical Site Infection (SSI) (OR 1.49, 
p<0.05), Surgical Site Occurrence (SSO) (OR 1.34, p<0.05) 
and SSO requiring procedural intervention (OR 1.07, p<0.05) 
was significantly higher in patients who received prehospital 
chlorhexidine bathing [36]. 

Preoperative Bowel Preparation 
Krpata, et al. studied role of preoperative bowel preparation 

in ventral hernia repair. In class 1 cases, 313 patients were identified 
who received preoperative bowel preparation while 914 patients 
did not receive bowel preparation. It was found that patients who 
received preoperative bowel preparation had significantly higher 
SSI (4% vs 2%, p= 0.04) and SSO (22 vs 14%, p =0.001). Surgical 
site occurrence requiring procedural intervention was also found 
to be higher in patients who received bowel preparation however it 
was not statistically significant (7% vs 5%, p=0.10) [37]. 

Staphylococcus aureus Eradication
Staphylococcus aureus, including both methicillin-resistant 

and methicillin-susceptible strains, is the most common cause of 
surgical-site infection and ventilator-associated pneumonia and 
the second most common cause of central-catheter-associated 
bacteremia [38]. In community hospitals, Methicillin-Resistant 
Staphylococcus aureus (MRSA) has become the single most 
common cause of SSI [39]. The risk of health care associated 
infection is three to six times higher in nasal carriers of high-level 
Staphylococcus aureus compared to non-carriers or low-level 
carriers [40]. Ousley et al identified that history of MRSA infection 
regardless of body site, increases the surgical site infection rate 
in patients undergoing ventral hernia repair by 2.3-fold (p=0.035) 
[41]. Bebko, et al. demonstrated that preoperative MRSA 
decontamination in patients undergoing orthopedic hardware 
implantation decreased SSI rate by more than 50% (3.8% vs 
1.1%, p=0.02) [39]. Another randomized controlled trial showed 
that preoperative MRSA decolonization of positive nasal carriers 
with intranasal mupirocin and chlorhexidine bath had significantly 
lower Staph aureus infection than control group (3.4% vs 7.7%, p 
<0.05) [40].

Recommendations
All patients should be screened for MRSA by nasal swab •	
preoperatively

Positive carriers should be treated with 2% mupirocin ointment •	
to be applied nasally twice daily along with 4% chlorhexidine 
bath for 5 days in the preoperative period. 

All patients with positive MRSA on screening should be •	
given vancomycin in addition to cephalosporin as antibiotic 
prophylaxis. 
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Routine preoperative chlorhexidine bathing and bowel •	
preparation are not recommended in patients undergoing 
elective ventral hernia repair.

Obesity 
Obese  patients have higher incidence of surgical 

complications, including atelectasis, pneumonia, thrombophlebitis, 
wound dehiscence and infection, venous thromboembolism and 
mortality [42]. Adipose tissue has poor vascularity as capillary 
density does not increase proportionally to the increase in adipose 
tissue, which could potentially restrict capillary proliferation, 
leading to impaired angiogenesis [42]. The hypoperfusion of 
subcutaneous adipose tissue leads to decreased oxygen tension, 
which increases the risk of infection and necrosis. Excessive 
adiposity increases the expression of immature type III collagen and 
disorganized type I collagen causing impairment of proliferation 
and remodeling process of wound healing, which leads to higher 
risk of delayed healing, wound dehiscence and hernia formation 
in obese patients [3,42]. Sauerland et al identified that hernia 
recurrence increases with Body Mass Index (BMI) (risk ratio of 
1.10 per unit BMI, p=0.01) [43]. 

Study by Owei, et al. showed that patients with BMI >40 kg/
m2 had greater than twice the risk for operative and respiratory 
complications and the odds of these complications increased 
with increasing BMI [44]. The study concluded that strategies 
to encourage weight loss should be seriously considered prior 
to open ventral hernia repair, especially for patients with body 
mass index >40 kg/m2 [44]. Nelson et al studied 1,695 patients 
who underwent abdominal wall reconstruction between 2005 and 
2010. 1,078 (63.2%) patients were found to be obese (mean body 
mass index = 37.6 kg/m2). Obese patients had significantly higher 
incidence of major surgical complications (15.3% vs 10.1%, 
p = .003), wound complications (12.5% vs 8.1%, p = .006) and 
return to operating room (9.1% vs 5.4%, p = .006) than non-obese 
patients. Obesity only directly led to a significantly increased odd 
of having a renal complication (OR 4.4, p=0.04) [45]. 

Another study by Giordano et al included 511 patients 
who underwent abdominal wall reconstruction with underlay 
mesh. Patients were divided into three groups on the basis 
of preoperative BMI: <30 kg/m2 (non-obese), 30 to 34.9 kg/m2 
(class I obesity), and 35 kg/m2 or greater (class II/III obesity) [46]. 
They found that class I and class II/III patients had higher surgical-
site occurrence rates than non-obese patients (26.4% vs 14.9%, 
p = 0.006; and 36.8% vs 14.9%, p < 0.001, respectively) and 
higher overall complication rates (37.9% vs 24.7%, p = 0.007; and 
43.4% vs 24.7%, p < 0.001, respectively). Obese patients also had 
significantly higher skin dehiscence (19.3% vs 7.2%, p < 0.001; 
and 26.5% vs 7.2%, p < 0.001, respectively) and fat necrosis (10% 
vs 2.1%, p = 0.001; and 11.8% vs 2.1%, p < 0.001, respectively) 
than non-obese patients. Patients with class II/III obesity had 

higher infection (9.6% vs 4.3%, p = 0.041) and seroma rates (8.1% 
vs 2.1%, p = 0.006) than non-obese patients. Class I and class II/
III patients had higher hernia recurrence rates (11.4% vs 7.7%, p = 
0.204; and 10.3% vs 7.7%, p = 0.381, respectively) [46]. A study 
on medical weight loss by Rosen et al concluded that utilization 
of a protein sparing modified diet in collaboration with a medical 
weight loss specialist is a valuable resource for guiding weight loss 
in patients with morbid obesity prior to elective complex surgical 
procedures [47]. Staged gastric bypass followed by ventral hernia 
repair was studied by Newcomb et al. 27 patients underwent 
ventral hernia repair after weight loss with gastric bypass at mean 
interval of 1.3 years. No recurrence was identified at an average 
follow up of 20 months [48]. 

Recommendations
Elective ventral hernia surgery should be deferred until BMI •	
40 or less.

Surgeons should have collaboration with medical weight loss •	
specialist for modified protein sparing dieting program.

Patients should be encouraged to participate in exercise plan •	
along with modified protein sparing diet.

Patients should be strongly considered for bariatric surgery •	
for staged repair of ventral hernia if non-surgical weight loss 
programs are not effective.

Conclusion
Various factors have been identified, which could affect 

postoperative outcome after major surgical procedures. Smoking 
affects all phases of wound healing and increases risk of infection 
and hernia recurrence. Four weeks of abstinence reverses the 
impaired hemostatic and inflammatory phases and reduces the 
risk of infectious complications. Nicotine replacement therapy is 
acceptable as nicotine does not have similar adverse healing effects 
as smoking. Hyperglycemia also has adverse effects on wound 
healing and increases the risk of wound complications. Preoperative 
optimizations of diabetes along with strict perioperative glucose 
management have been found to decrease wound complications. 
Arginine is essential for normal wound healing and its level is 
decreased by surgical stress. Perioperative supplementation of 
arginine increases the arginine reserves and prevents its deficiency 
after surgery, which reduces the wound complications. Routine 
preoperative chlorhexidine bathing and bowel preparation have 
been associated with increased infectious complications and 
therefore not recommended. Nasal carriers of MRSA have been 
found to have higher risk of wound complications. Preoperative 
decontamination protocol with nasal mupirocin ointment and 
chlorhexidine bath has reduced incidence of infection. Obesity 
impairs the wound healing as well and has been associated with 
higher incidence of pneumonia, wound dehiscence and infection, 
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venous thromboembolism and hernia recurrence. Weight loss is 
strongly recommended prior to elective hernia repair. Staged 
bariatric procedure followed by ventral hernia repair should be 
considered if exercise and medical weight loss programs are not 
effective. 
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