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INTRODUCTION 

 

  Postoperative wound infections, also known as surgical site 

infections (SSIs), complicate the recovery course of many patients. As 

defined by the Centers for Disease Control and Prevention (CDC), these 

infections typically occur within 30 days of an operation at the site or part 

of the body where the surgery took place, or within a year if an implant is 

left in place and the infection is thought to be secondary to surgery.
1–3

 

Bacterial colonization on the patient’s skin and alimentary and genital 

tract are the principal contributing sources that lead to SSIs.
4
 The 

organism most often isolated is Staphylococcus aureus.
5 

Exogenous 

sources, such as breaches in sterile technique and operating room 

equipment may contribute, albeit much less frequently than endogenous 

flora
.6
 Bacteria within the tissue or organ space hinder the postoperative 

healing processes, and can lead to anastomotic leaks, wound dehiscence, 

and superficial incisional infections. 

 

SSIs may be classified as superficial/incisional if limited to the 

skin and subcutaneous tissue, deep incisional when involving the fascia 

and muscle, or organ space when involving a body cavity (eg, abdominal 

cavity following gastrointestinal surgery).
2,3

 Deep tissue and organ space 
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SSIs are less frequently encountered than superficial SSIs, but are 

associated with greater morbidity/mortality, readmission rates, longer 

hospital stay, and increased overall hospital-associated costs when 

compared with superficial SSIs.
7–9

 Although the majority of SSIs are 

uncomplicated, others may be severe and more challenging to manage, 

such as necrotizing deep soft tissue infections.
2,8 

The latter often require 

extensive surgical debridement, multiple reoperations, and may even be 

life-threatening.
10,11

 The location and extent of the infection, as well as 

the patient’s clinical condition, guide the management approach.
2,10

 For 

instance, in the setting of an implant, as in the case for a synthetic mesh 

in an infected wound, often times explanation of the implant is required, 

which may add to the postoperative morbidity. Furthermore, appropriate 

antibiotic therapy is often necessary to achieve source control in such 

patients. 

 

With the rising incidence and associated morbidity of SSIs, various 

studies have looked at ways to better optimize patients prior to surgery or 

improve surgical technique and management of patients during the 

recovery period in order to prevent SSIs.
12,13

 Data regarding a hospital’s 

rate of SSIs are becoming increasingly used as outcome measures for 

assessing the quality of their surgical services.
14,15

 Employing methods 
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that could reduce the incidence of SSI would significantly reduce patient 

morbidity and mortality while lessening the associated economic burden; 

this has become central to quality improvement initiatives.
16

 Herein, the 

authors provide an update on the epidemiology, risk factors, 

identification, and management of wound infections following abdominal 

surgery. 

 

The goal of an operative procedure is an early and complication-

free recovery. Post-operative pain, nausea, vomiting are common but 

some patients develop short and long term complications like fever, 

wound infection, wound dehiscence, anastomosis disruption, adhesive 

bowel obstruction, incisional hernia, etc. Such complications are more 

frequently seen after emergency surgeries, but they do occur in elective 

procedures also, which is a matter of concern.
18 

 

Wound infection, wound dehiscence and incisional hernia remain 

challenging problems. Preoperative antibiotic prophylaxis, effective and 

persistent skin antisepsis, avoidance of contamination and better surgical 

skills are most effective methods to reduce complications. Depending on 

operative conditions, wound infection rates vary from 2.8% to 40%.
19, 20 
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Factors like site of surgery, size and depth of incision, antibiotic 

prophylaxis, instruments and suture material being used, wound closure 

technique, patient related factors like comorbidities and life style habits 

like smoking, have significant effect on occurrence of such events. Other 

factors responsible for complications to occur are anemia, 

hypoproteinemia, diabetes, jaundice, uremia, COPD, steroids use, 

obesity, advanced malignancy and advanced age.
21
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AIMS AND OBJECTIVES 

 

 To analyze various factors that may predict the surgical wound 

complication following elective abdominal surgeries and to 

evaluate the occurrence of various surgical wound complications. 
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REVIEW OF LITERATURE 

 

  Postoperative wounds are those wounds acquired during surgical 

procedures. Postoperative wound healing occurs after surgery and 

normally follows distinct bodily reactions; the inflammatory response and 

it can be effectively managed well before. 

  

There is significant prolonged stay of patients due to wound 

dehiscence. The variables associated are hypoalbuminemia, anemia, 

malnutrition, chronic lung disease and emergency procedure.  Other 

additional factors are increased coughing, vomiting, prolonged intestinal 

paralysis, repeated urinary retention. Obesity, chronic heart disease, 

diabetes, alcoholism, preoperative intestinal obstruction, jaundice, 

systemic and local infections were found to be nonsignificant.
23

Surgical 

site infections (SSIs) are defined as infections occurring up to 30 days 

after surgery (or up to one year after surgery in patients receiving 

implants) and affecting either the incision or deep tissue at the operation 

site. Despite improvements in prevention, SSIs remain a significant 

clinical problem as they are associated with substantial mortality and 

morbidity and impose severe demands on healthcare resources.  



7 
 

The incidence of SSIs may be as high as 20%, depending on the 

surgical procedure, the surveillance criteria used, and the quality of data 

collection. In many SSIs, the responsible pathogens originate from the 

patient’s endogenous flora. The causative pathogens depend on the type 

of surgery; the most commonly isolated organisms are Staphylococcus 

aureus, coagulase negative staphylococci, Enterococcus spp. and 

Escherichia coli. Numerous patient-related and procedure-related factors 

influence the risk of SSI, and hence prevention requires a ‘bundle’ 

approach, with systematic attention to multiple risk factors, in order to 

reduce the risk of bacterial contamination and improve the patient’s 

defenses.  

 

The Centers for Disease Control and Prevention guidelines for the 

prevention of SSIs emphasize the importance of good patient preparation, 

aseptic practice, and attention to surgical technique; antimicrobial 

prophylaxis is also indicated in specific circumstances. Emerging 

technologies, such as microbial sealants, offer the ability to seal and 

immobilize skin flora for the duration of a surgical procedure; a strong 

case therefore exists for evaluating such technologies and implementing 

them into routine clinical practice as appropriate
24. 
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Surgical site infections complicate the postoperative course of a 

significant proportion of general abdominal surgical patients and are 

associated with excessive health care costs. SSIs increase postoperative 

morbidity and mortality and may require hospital admission, intravenous 

antibiotic and even surgical reintervention.
26 

 

 Despite modern surgical and sterilization techniques and 

prophylactic use of good antibiotics, postoperative wound infection 

remains a major contributory factor of patient’s morbidity. The overall 

postoperative wound infection rate was 11% in their study. It can reduced 

by taking proper measures to improve our operation theatres and wars 

environment, and methods of sterilization.
27 

 

Sahu et al study reveals a superficial incisional surgical site 

infection incidence rate of 4.3%. Length of stay, duration of surgery and 

diabetes mellitus were found to be major risk factors responsible for 

causing surgical site infection. Minimizing the incidence of postoperative 

wound infection relies on adequate on adequate asepsis and antisepsis 

and preservation of the local host defences.
28
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SURGICAL SITE INFECTION CRITERIA: 

Superficial incisional SSI  

Must meet the following criteria:  

Date of event occurs within 30 days after any NHSN operative procedure 

(where day 1 = the procedure date)  

AND  

involves only skin and subcutaneous tissue of the incision  

AND  

patient has at least one of the following:  

 - purulent drainage from the superficial incision.  

 - organism(s) identified from an aseptically-obtained specimen 

from the superficial incision or subcutaneous tissue by a culture or non-

culture based microbiologic testing method which is performed for 

purposes of clinical diagnosis or treatment (for example, not Active 

Surveillance Culture/Testing (ASC/AST)).  

  

 - superficial incision that is deliberately opened by a surgeon, 

attending physician or other designee and culture or non-culture based 

testing of the superficial incision or subcutaneous tissue is not performed 

AND patient has at least one of the following signs or symptoms: 

localized pain or tenderness; localized swelling; erythema; or heat.  
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 - diagnosis of a superficial incisional SSI by the surgeon, attending 

physician or other designee. 

Superficial Incisional SSI  

There are two specific types of superficial incisional SSIs:  

1. Superficial Incisional Primary (SIP) – a superficial incisional SSI that 

is identified in the primary incision in a patient that has had an 

operation with one or more incisions (for example, C-section incision 

or chest incision for CBGB)  

 

2. Superficial Incisional Secondary (SIS) – a superficial incisional SSI 

that is identified in the secondary incision in a patient that has had an 

operation with more than one incision (for example, donor site 

incision for CBGB)  

 

Organ/Space SSI 

Must meet the following criteria:  

Date of event occurs within 30 or 90 days after the NHSN operative 

procedure (where day 1 = the procedure date) AND involves any part of 

the body deeper than the fascial/muscle layers that is opened or 
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manipulated during the operative procedure AND patient has at least one 

of the following:  

 

 - purulent drainage from a drain that is placed into the 

organ/space(for example, closed suction drainage system, open drain, T-

tube drain, CT-guided drainage). 

  

 - organism(s) identified from fluid or tissue in the organ/space by a 

culture or non-culture based microbiologic testing method which is 

performed for purposes of clinical diagnosis or treatment (for example, 

not Active Surveillance Culture/Testing (ASC/AST)). 

  

 - an abscess or other evidence of infection involving the 

organ/space that is detected on gross anatomical or histopathologic exam, 

or imaging test evidence suggestive of infection. 

AND  

meets at least one criterion for a specific organ/space infection
25 
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WOUND HEALING PROCESS: 

 Wound healing is a dynamic process consisting of four continuous, 

overlapping, and precisely programmed phases. The events of each phase 

must happen in a precise and regulated manner. Interruptions, 

aberrancies, or prolongation in the process can lead to delayed wound 

healing or a non-healing chronic wound. 
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In adult humans, optimal wound healing involves the following the 

events: (1) rapid hemostasis; (2) appropriate inflammation; (3) 

mesenchymal cell differentiation, proliferation, and migration to the 

wound site; (4) suitable angiogenesis; (5) prompt re-epithelialization (re-

growth of epithelial tissue over the wound surface); and (6) proper 

synthesis, cross-linking, and alignment of collagen to provide strength to 

the healing tissue.
29

 The first phase of hemostasis begins immediately 

after wounding, with vascular constriction and fibrin clot formation. 

 

 The clot and surrounding wound tissue release pro-inflammatory 

cytokines and growth factors such as transforming growth factor (TGF)-

β, platelet-derived growth factor (PDGF), fibroblast growth factor (FGF), 

and epidermal growth factor (EGF). Once bleeding is controlled, 

inflammatory cells migrate into the wound (chemotaxis) and promote the 

inflammatory phase, which is characterized by the sequential infiltration 

of neutrophils, macrophages, and lymphocytes.
29

 A critical function of 

neutrophils is the clearance of invading microbes and cellular debris in 

the wound area, although these cells also produce substances such as 

proteases and reactive oxygen species (ROS), which cause some 

additional bystander damage.  

 



14 
 

Macrophages play multiple roles in wound healing. In the early 

wound, macrophages release cytokines that promote the inflammatory 

response by recruiting and activating additional leukocytes. Macrophages 

are also responsible for inducing and clearing apoptotic cells (including 

neutrophils), thus paving the way for the resolution of inflammation. As 

macrophages clear these apoptotic cells, they undergo a phenotypic 

transition to a reparative state that stimulates keratinocytes, fibroblasts, 

and angiogenesis to promote tissue regeneration.
30

 In this way, 

macrophages promote the transition to the proliferative phase of healing. 

 

T-lymphocytes migrate into wounds following the inflammatory 

cells and macrophages, and peak during the late-proliferative/ early-

remodeling phase. The role of T-lymphocytes is not completely 

understood and is a current area of intensive investigation. Several studies 

suggest that delayed T-cell infiltration along with decreased T-cell 

concentration in the wound site is associated with impaired wound 

healing, while others have reported that CD 4+ cells (T-helper cells) have 

a positive role in wound healing and CD8+ cells (T-suppressor-cytotoxic 

cells) play an inhibitory role in wound healing.
31
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Interestingly, recent studies in mice deficient in both T- and B-cells 

have shown that scar formation is diminished in the absence of 

lymphocytes.
32

 In addition, skin gamma-delta T-cells regulate many 

aspects of wound healing, including maintaining tissue integrity, 

defending against pathogens, and regulating inflammation. These cells 

are also called dendritic epidermal T-cells (DETC), due to their unique 

dendritic morphology. DETC are activated by stressed, damaged, or 

transformed keratinocytes and produce fibroblast growth factor 7 (FGF-

7), keratinocyte growth factors, and insulin-like growth factor-1, to 

support keratinocyte proliferation and cell survival. DETC also generate 

chemokines and cytokines that contribute to the initiation and regulation 

of the inflammatory response during wound healing. While cross-talk 

between skin gamma-delta T-cells and keratinocytes contributes to the 

maintenance of normal skin and wound healing, mice lacking or defective 

in skin gamma-delta T-cells show a delay in wound closure and a 

decrease in the proliferation of keratinocytes at the wound site.
33

 

 

The proliferative phase generally follows and overlaps with the 

inflammatory phase, and is characterized by epithelial proliferation and 

migration over the provisional matrix within the wound (re-

epithelialization). In the reparative dermis, fibroblasts and endothelial 
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cells are the most prominent cell types present and support capillary 

growth, collagen formation, and the formation of granulation tissue at the 

site of injury. Within the wound bed, fibroblasts produce collagen as well 

as glycosaminoglycans and proteoglycans, which are major components 

of the extracellular matrix (ECM). Following robust proliferation and 

ECM synthesis, wound healing enters the final remodeling phase, which 

can last for years.  

 

In this phase, regression of many of the newly formed capillaries 

occurs, so that vascular density of the wound returns to normal. One 

critical feature of the remodeling phase is ECM remodeling to an 

architecture that approaches that of the normal tissue. The wound also 

undergoes physical contraction throughout the entire wound healing 

process, which is believed to be mediated by contractile fibroblasts 

(myofibroblasts) that appear in the wound.
29

 

 

The role of stem cells (SC) in cutaneous wound healing and tissue 

regeneration is a topic of increasing research attention, with a focus on 

the role of adult stem cells such as epidermal stem cells and bone-marrow 

(BM)-derived cells (BMDCs). Epidermal stem cells reside in the bulge 

area of hair follicles and in the basal layer of the epidermis and give rise 
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to the keratinocytes that migrate and re-epithelialize wounds. Normal 

skin is also a target organ for BMDCs. Two main stem cell populations 

are present in the bone marrow: hematopoietic SC (HSC) and 

mesenchymal SC (MSC). 

 

BM-MSCs are able to differentiate into a variety of cell types, 

including adipocytes, osteoblasts, chondrocytes, fibroblasts, and 

keratinocytes.
34

 Endothelial progenitor cells (EPCs) derived from the 

HSC lineage are key cells that contribute to neovascularization. Both 

BM-MSCs and EPCs are involved in the cutaneous wound-healing 

process. Wound-induced hypoxia triggers the mobilization of bone 

marrow EPCs to the circulation, playing a significant role in the process 

of neovascularization.
35

 

 

Several different cell types are involved in the wound healing 

process, and, as described above, the cellular activities of any particular 

cell type may also vary during different stages of repair. The complexity 

and coordination of the healing process are major hurdles to therapeutic 

approaches, since any therapeutic must effectively be sequenced to the 

appropriate stage.  
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FACTORS AFFECTING WOUND HEALING: 

 Multiple factors can lead to impaired wound healing. In general 

terms, the factors that influence repair can be categorized into local and 

systemic. Local factors are those that directly influence the characteristics 

of the wound itself, while systemic factors are the overall health or 

disease state of the individual that affect his or her ability to heal. Many 

of these factors are related, and the systemic factors act through the local 

effects affecting wound healing. 
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LOCAL FACTORS THAT INFLUENCE WOUND HEALING: 

 

1. OXYGENATION: 

Oxygen is important for cell metabolism, especially energy 

production by means of ATP, and is critical for nearly all wound 

healing processes. It prevents wounds from infection, induces 

angiogenesis, increases keratinocyte differentiation, migration, and 

re-epithelialization, enhances fibroblast proliferation and collagen 

synthesis, and promotes wound contraction.
36

 In addition, the level 

of superoxide production (a key factor for oxidative killing 
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pathogens) by polymorphonuclear leukocytes is critically 

dependent on oxygen levels. 

 

Due to vascular disruption and high oxygen consumption by 

metabolically active cells, the microenvironment of the early 

wound is depleted of oxygen and is quite hypoxic. Several 

systemic conditions, including advancing age and diabetes, can 

create impaired vascular flow, thus setting the stage for poor tissue 

oxygenation. In the context of healing, this overlay of poor 

perfusion creates a hypoxic wound. Chronic wounds are notably 

hypoxic; tissue oxygen tensions have been measured 

transcutaneously in chronic wounds from 5 to 20 mm Hg, in 

contrast to control tissue values of 30 to 50 mm Hg.
37 

 

In wounds where oxygenation is not restored, healing is 

impaired. Temporary hypoxia after injury triggers wound healing, 

but prolonged or chronic hypoxia delays wound healing.
36

 In acute 

wounds, hypoxia serves as a signal that stimulates many aspects of 

the wound-healing process. Hypoxia can induce cytokine and 

growth factor production from macrophages, keratinocytes, and 

fibroblasts. Cytokines that are produced in response to hypoxia 
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include PDGF, TGF-β, VEGF, tumor necrosis factor-α (TNF-α), 

and endothelin-1, and are crucial promoters of cell proliferation, 

migration and chemotaxis, and angiogenesis in wound healing.
38

 

In normally healing wounds, ROS such as hydrogen peroxide 

(H2O2) and superoxide (O2) are thought to act as cellular 

messengers to stimulate key processes associated with wound 

healing, including cell motility, cytokine action (including PDGF 

signal transduction), and angiogenesis. Both hypoxia and 

hyperoxia increase ROS production, but an increased level of ROS 

transcends the beneficial effect and causes additional tissue 

damage.
38
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In summary, the proper oxygen level is crucial for optimum wound 

healing. Hypoxia stimulates wound healing such as the release of growth 

factors and angiogenesis, while oxygen is needed to sustain the healing 

process.
36

 One therapeutic option that can sometimes overcome the 

influence of tissue hypoxia is hyperbaric oxygen therapy (HBOT).
38

 

While HBOT can be an effective treatment for hypoxic wounds, its 

availability is limited. 

 

Three of 4 clinical surveys of patients with abdominal wound 

disruption have failed to implicate anemia as a major factor. Marsh,
74

 

Mann,
75

 Alexander
76

 and their co- workers found that anemia, 

uncomplicated by other deficiencies, did not contribute significantly to 

wound dehiscence. Guiney and his colleagues,
77

 by contrast, found that 

50% of their patients who disrupted their abdominal wounds were anemic 

as opposed to 20% of the control group who healed normally. However, 

their criterion of anemia, hemoglobin of less than 12 gm/100 ml, was 

somewhat strict.  

 

The results of experimental studies, without close analysis, appear 

conflicting. Besser and Ehrenhaftb
78

 found no decrease in the bursting 
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strength of stomach wounds in dogs made anemic by bleeding and 

retransfusing pooled plasma. Trueblood and his co-workers
79

 found no 

decrease in the bursting strength of colonic anastomoses in rats made 

anemic by iron deficiency or bleeding and retransfusion of plasma. 

Adamson' showed no difference in skin bursting strength with bleeding 

and retransfusion with plasma expander.  

 

Results obtained by other investigators prove that nutritional 

deficiency incidental to the production of anemia accounts for some of 

the apparently conflicting results. Waterman, et al.
80

 confirmed that 

anemia had no effect on either the contraction of open wounds or on the 

bursting strength of laparotomy incisions in young rats. They also showed 

that control as well as anemia rats fed powdered milk (a diet often used to 

produce iron-deficiency anemia) with and without added iron, showed 

slower contraction and reduced breaking strength when compared to 

animals fed normal chow.  

 

 

The chowfed animals gained twice as much weight in the course of 

the experiment. Macon and Poriesl
81

 also found that iron deficiency 

anemia had no effect on wound breaking  strength and young rats fed on 
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regular chow gained both body weight and wound tensile strength more 

rapidly than animals which were fed powdered milk with or without iron. 

Nutritional depletion, therefore, can explain the findings of Jacobson and 

Van Prohaskal
82

 whose chow-fed control mice showed a significantly 

higher breaking strength than the anemic group which was fed on an iron-

free powdered milk diet. Bains, Crawford and Ketcham
83

 reported 

decreased breaking strength in young rats (145-165 gram) made anemic 

by a combination of iron deficient diet and bleeding. However, iron 

deficiency in the young has a potent effect on growth rate and hence on 

repair.  

 

Hugo and his colleagues
84

 found a decrease in breaking strength in 

rabbits made anemic by hemolysis with intraperitoneal phenylhydrazine 

after 6 days, but there was no difference in strength at 9 or 12 days. The 

toxic potential of phenylhydrazine on wound metabolism is not known. 

Abnormalties of blood volume or viscosity, both of which severely 

impair healing, may also co-exist with anemia.  

 

Sandblom
85

 found decreased breaking strength in wounds of 

rabbits made anemic by bleeding. These animals were often dehydrated 

and hypovolemic. He later showed that dehydration can decrease wound 
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strength. Sandberg and Zederfeldt
86

 repeated these experiments but 

replaced blood volume with dextran and restored healing towards normal. 

When they denervated the wounded area, healing became entirely 

normal. Hunt, et al. demonstrated that hypovolemia severely decreases 

oxygen supply to the wound,
87

 and wound hypoxia delays repair.
88,89

 

 

Most of these studies relied upon measurement of breaking 

strength as the index of repair. Collagen accounts for the strength of 

wounds, and therefore any factor which affects the strength of early 

wounds must do so by interfering with collagen biosynthesis, or by 

accelerating collagen lysis. Collagen synthesis requires oxygen for 

several of its steps. Assembly of the amino acid chains on the ribosome is 

energy dependent. Fibroblasts contain the enzymes for glycolysis, but 

most of their energy is ultimately derived from oxidative metabolism. 

Hydroxylation of some of the proline and lysine molecules, which is 

essential for structure and function of the collagen molecule, requires 

vitamin C, ferrous iron, a-ketoglutarate and molecular oxygen as essential 

cofactors for the hydroxylating enzyme.
88 

 

Under normal conditions the rate-limiting factor in collagen 

biosynthesis is the local availability of molecular oxygen. Niinikoski
90
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and Hunt and Pai
91

 have shown that the rate of gain in strength and 

collagen content in experimental wounds was greater when the animals 

breathed 45% to 60% oxygen and was less in an atmosphere of 12% 

oxygen as compared to control animals breathing air. 

 

Obviously, oxygen is vital to healing, but the accumulated 

evidence heavily favors the conclusion that uncomplicated or moderated 

anemia does not affect wound healing. Nevertheless, surgeons continue to 

believe and teach that it does. Presumably the reason for this is the 

fundamental belief that red cell deficiencies must inevitably decrease 

oxygen delivery to the wound. Apparently this belief will persist until it is 

shown conclusively that anemia does not decrease wound oxygen supply. 

 

Hemoglobin cutoff is taken as 11g/dl and patients who have 

hemoglobin less than 11g/dl are considered to be anemic. Several studies 

have shown a significant association between anemia and development of 

complications. Hence our study aims to find an association between them 

so that in future intervention can be done. 

INFECTION: 

 Once skin is injured, micro-organisms that are normally 

sequestered at the skin surface obtain access to the underlying tissues. 
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The state of infection and replication status of the microorganisms 

determines whether the wound is classified as having contamination, 

colonization, local infection/critical colonization, and/or spreading 

invasive infection. 

 

 Contamination is the presence of non-replicating organisms on a 

wound, while colonization is defined as the presence of replicating 

microorganisms on the wound without tissue damage. Local infection/ 

critical colonization is an intermediate stage, with microorganism 

replication and the beginning of local tissue responses. Invasive infection 

is defined as the presence of replicating organisms within a wound with 

subsequent host injury.
39 

 

Inflammation is a normal part of the wound-healing process, and is 

important to the removal of contaminating micro-organisms. In the 

absence of effective decontamination, however, inflammation may be 

prolonged, since microbial clearance is incomplete. Both bacteria and 

endotoxins can lead to the prolonged elevation of pro-inflammatory 

cytokines such as interleukin-1 (IL-1) and TNF-α and elongate the 

inflammatory phase. If this continues, the wound may enter a chronic 

state and fail to heal.  
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This prolonged inflammation also leads to an increased level of 

matrix metalloproteases (MMPs), a family of proteases that can degrade 

the ECM. In tandem with the increased protease content, a decreased 

level of the naturally occurring protease inhibitors occurs. This shift in 

protease balance can cause growth factors that appears in chronic wounds 

to be rapidly degraded.
39

 Similar to other infective processes, the bacteria 

in infected wounds occur in the form of biofilms, which are complex 

communities of aggregated bacteria embedded in a self-secreted 

extracellular polysaccharide matrix.
39

 Mature biofilms develop protected 

microenvironments and are more resistant to conventional antibiotic 

treatment. Staphylococcus aureus (S. aureus), Pseudomonas aeruginosa 

(P. aeruginosa), and β-hemolytic streptococci are common bacteria in 

infected and clinically non-infected wounds.
39 

 

 P. aeruginosa and Staphylococcus appear to play an important role 

in bacterial infection in wounds. Many chronic ulcers probably do not 

heal because of the presence of biofilms containing P. aeruginosa, thus 

shielding the bacteria from the phagocytic activity of invading 

polymorphonuclear neutrophils (PMNs). This mechanism may explain 

the failure of antibiotics as a remedy for chronic wounds.
40
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SYSTEMIC FACTORS THAT INFLUENCE WOUND HEALING: 

AGE: 

The elderly population (people over 60 years of age) is growing 

faster than any other age group (World Health Organization [WHO, 

www.who.int/topics/ageing]), and increased age is a major risk factor for 

impaired wound healing. Many clinical and animal studies at the cellular 

and molecular level have examined age-related changes and delays in 

wound healing. It is commonly recognized that, in healthy older adults, 

the effect of aging causes a temporal delay in wound healing, but not an 

actual impairment in terms of the quality of healing.
29

  

 

Delayed wound healing in the aged is associated with an altered 

inflammatory response, such as delayed T-cell infiltration into the wound 

area with alterations in chemokine production and reduced macrophage 

phagocytic capacity.
31

 Delayed re-epithelialization, collagen synthesis, 

and angiogenesis have also been observed in aged mice as compared with 

young mice.
31

 Overall, there are global differences in wound healing 

between young and aged individuals.  
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A review of the age-related changes in healing capacity 

demonstrates that every phase of healing undergoes characteristic age-

related changes, including enhanced platelet aggregation, increased 

secretion of inflammatory mediators, delayed infiltration of macrophages 

and lymphocytes, impaired macrophage function, decreased secretion of 

growth factors, delayed re-epithelialization, delayed angiogenesis and 

collagen deposition, reduced collagen turnover and remodeling, and 

decreased wound strength.
29

 

 

Several treatments to reduce the age-related impairment of healing 

have been studied. Interestingly, exercise has been reported to improve 

cutaneous wound healing in older adults as well as aged mice, and the 

improvement is associated with decreased levels of pro-inflammatory 

cytokines in the wound tissue. The improved healing response may be 

due to an exercise-induced anti-inflammatory response in the wound.
41

 

 

NUTRITION: 

For more than 100 years, nutrition has been recognized as a very 

important factor that affects wound healing. Most obvious is that 

malnutrition or specific nutrient deficiencies can have a profound impact 

on wound healing after trauma and surgery. 
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Patients with chronic or non-healing wounds and experiencing 

nutrition deficiency often require special nutrients. Energy, carbohydrate, 

protein, fat, vitamin, and mineral metabolism all can affect the healing 

process.
43

 

 

Carbohydrates, Protein, and Amino Acids 

Together with fats, carbohydrates are the primary source of energy 

in the wound-healing process. Glucose is the major source of fuel used to 

create the cellular ATP that provides energy for angiogenesis and 

deposition of the new tissues.
43

 The use of glucose as a source for ATP 

synthesis is essential in preventing the depletion of other amino acid and 

protein substrates.
43
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Protein is one of the most important nutrient factors affecting 

wound healing. A deficiency of protein can impair capillary formation, 

fibroblast proliferation, proteoglycan synthesis, collagen synthesis, and 

wound remodeling. A deficiency of protein also affects the immune 

system, with resultant decreased leukocyte phagocytosis and increased 

susceptibility to infection.
44 

 

 Collagen is the major protein component of connective tissue and 

is composed primarily of glycine, proline, and hydroxyproline. Collagen 

synthesis requires hydroxylation of lysine and proline, and co-factors 

such as ferrous iron and vitamin C. Impaired wound healing results from 

deficiencies in any of these co-factors.
45  

 

The adverse effects of malnutrition on the morbidity and mortality 

of patients was first recognised by Hippocrates many centuries ago. 

Nutrition plays a vital role in the care of patients on a surgical service. 

Between 30% and 50% of hospitalized patients are malnourished and 

malnutrition is clearly associated with increased morbidity and mortality. 

In the presence of malnutrition, surgical wounds and anastomoses are less 

likely to heal, resulting in an increased risk of wound complication and 

anastomotic dehiscence 
[52]

.  
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Nutritional assessment is essential for identifying patients who are 

at risk of developing complications. Although a variety of nutritional 

indices have been found to be valuable in predicting patient outcome 

when used alone, there is no consensus on the best method for assessing 

the nutritional status. The serum albumin level is the most readily 

available and clinically useful parameter. A serum albumin level greater 

than 3.5 g/dl suggests adequate protein stores and it confers a protective 

effect through several biological mechanisms.  

 

Serum albumin is a better prognostic indicator than anthropometric 

markers of nutritional status because its ability to detect protein-energy 

malnutrition, which is not necessarily accompanied by lower body weight 

and may not be clinically recognizable, but is associated with 

significantly increased morbidity and mortality 
[53]

. Protein energy 

malnutrition results from increased protein or energy requirements 

associated with the stress of illness, injury or infections. If the increased 

needs are not met from dietary or therapeutic sources, visceral protein 

stores are depleted, leading to abnormal function in organ systems, 

including gastrointestinal malabsorption, impaired immunologic 

response, impaired production of albumin and other proteins in the liver 

[54]
.  
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Despite compelling evidence that malnutrition increases 

postoperative morbidity and mortality after major elective surgery, 

preoperative nutrition is often completely ignored, and postoperative 

nutrition is not instituted until after the onset of complications. In 

comparison with trauma patients whose risks of complications can be 

quantified by the Abdominal Trauma Index (ATI) or Injury Severity 

Score (ISS),
55

 simple scoring system for general surgery populations have 

not been adopted.  

 

This problem of inadequate attention to nutritional status is 

compounded by the apparently contradictory clinical data concerning the 

value of nutrition support in general surgical patients. For example, 2 

studies
56,57

 noted more risk than benefit when parenteral feeding was 

provided perioperatively to borderline or mildly malnourished patients. 

Similarly, whereas 2 studies
58,59

 of patients undergoing gastrectomy 

pancreatectomy, or esophagectomy showed benefits with a specialty 

enteral diet compared with a standard diet, another study
60

 showed no 

difference between patients given that same specialty diet and unfed 

patients. Clinicians are often left unconvinced of the benefits of both 

preoperative or postoperative nutrition and institute therapy only after 

complications have developed. 
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Both clinical and laboratory data have been used to determine 

nutritional status and correlated with outcome. Depressed total 

lymphocyte count, protein depletion, low serum albumin or transferrin, 

and a history of significant preoperative weight loss are associated with 

increased postoperative complications.
61–72

 Body mass index, 

anthropometrics, and percent body weight loss can be used to evaluate 

muscle protein and fat stores.
73 

 

For our study, serum albumin level cutoff is placed at 3.5g/dl and 

serum albumin level below 3.5g/dl is considered as hypoalbuminemia. 

Based on the above criteria, patients are evaluated to know whether 

complications are more in hypoalbuminemic patients. Several studies 

have shown significant association between serum albumin and the 

development of complications. 

 

Arginine is a semi-essential amino acid that is required during 

periods of maximal growth, severe stress, and injury. Arginine has many 

effects in the body, including modulation of immune function, wound 

healing, hormone secretion, vascular tone, and endothelial function. 

Arginine is also a precursor to proline, and, as such, sufficient arginine 

levels are needed to support collagen deposition, angiogenesis, and 
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wound contraction.
42

 Arginine improves immune function, and stimulates 

wound healing in healthy and ill individuals.
46

 Under psychological stress 

situations, the metabolic demand of arginine increases, and its 

supplementation has been shown to be an effective adjuvant therapy in 

wound healing.
45

 

 

Glutamine is the most abundant amino acid in plasma and is a 

major source of metabolic energy for rapidly proliferating cells such as 

fibroblasts, lymphocytes, epithelial cells, and macrophages.
43

 The serum 

concentration of glutamine is reduced after major surgery, trauma, and 

sepsis, and supplementation of this amino acid improves nitrogen balance 

and diminishes immunosuppression.
45 

 

Glutamine has a crucial role in stimulating the inflammatory 

immune response occurring early in wound healing.
43

 Oral glutamine 

supplementation has been shown to improve wound breaking strength 

and to increase levels of mature collagen.
47
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Fatty Acids 

Lipids are used as nutritional support for surgical or critically ill 

patients to help meet energy demands and provide essential building 

blocks for wound healing and tissue repair. Polyunsaturated fatty acids 

(PUFAs), which cannot be synthesized de novo by mammals, consist 

mainly of two families, n-6 (omega-6, found in soybean oil) and n-3 

(omega-3, found in fish oil). Fish oil has been widely touted for the health 

benefits of omega-3 fatty acids such as eicosapentaenoic acid (EPA) and 

docosahexaenoic acid (DHA). 

 

The effects of omega-3 fatty acids on wound healing are not 

conclusive. They have been reported to affect pro-inflammatory cytokine 

production, cell metabolism, gene expression, and angiogenesis in wound 

sites.
48

 The true benefit of omega-3 fatty acids may be in their ability to 

improve the systemic immune function of the host, thus reducing 

infectious complications and improving survival.
43

 

 

Vitamins, Micronutrients, and Trace Elements 

Vitamins C (L-ascorbic acid), A (retinol), and E (tocopherol) show 

potent anti-oxidant and anti-inflammatory effects. Vitamin C has many 

roles in wound healing, and a deficiency in this vitamin has multiple 
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effects on tissue repair. Vitamin C deficiencies result in impaired healing, 

and have been linked to decreased collagen synthesis and fibroblast 

proliferation, decreased angiogenesis, and increased capillary fragility. 

Also, vitamin C deficiency leads to an impaired immune response and 

increased susceptibility to wound infection.
43

  

 

Similarly, vitamin A deficiency leads to impaired wound healing. 

The biological properties of vitamin A include anti-oxidant activity, 

increased fibroblast proliferation, modulation of cellular differentiation 

and proliferation, increased collagen and hyaluronate synthesis, and 

decreased MMP mediated extracellular matrix degradation.
49

 

 

 Vitamin E, an anti-oxidant, maintains and stabilizes cellular 

membrane integrity by providing protection against destruction by 

oxidation. Vitamin E also has anti-inflammatory properties and has been 

suggested to have a role in decreasing excess scar formation in chronic 

wounds. Animal experiments have indicated that vitamin E 

supplementation is beneficial to wound healing
43

, and topical vitamin E 

has been widely promoted as an anti-scarring agent. However, clinical 

studies have not yet proved a role for topical vitamin E treatment in 

improving healing outcomes.
50
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Several micronutrients have been shown to be important for 

optimal repair. Magnesium functions as a co-factor for many enzymes 

involved in protein and collagen synthesis, while copper is a required co-

factor for cytochrome oxidase, for cytosolic anti-oxidant superoxide 

dismutase, and for the optimal cross-linking of collagen. Zinc is a co-

factor for both RNA and DNA polymerase, and a zinc deficiency causes a 

significant impairment in wound healing. Iron is required for the 

hydroxylation of proline and lysine, and, as a result, severe iron 

deficiency can result in impaired collagen production.
42

  

 

As indicated above, the nutritional needs of the wound are 

complex, suggesting that composite nutrition support would benefit both 

acute and chronic wound healing. A recent clinical research study 

examined the effects of a high-energy, protein-enriched supplement 

containing arginine, vitamin C, vitamin E, and zinc on chronic pressure 

ulcers and indicated that this high-energy and nutrition-enriched 

supplement improved overall healing of the pressure ulcer.
51
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In summary, proteins, carbohydrates, arginine, glutamine, 

polyunsaturated fatty acids, vitamin A, vitamin C, vitamin E, magnesium, 

copper, zinc, and iron play a significant role in wound healing, and their 

deficiencies affect wound healing. Additional studies will be needed to 

fully understand how nutrition affects the healing response. 
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METHODOLOGY 

 

Title 
Predictors and evaluation of surgical wound complications 

in elective abdominal surgeries 

Aims and 

Objectives 

 To Analyze various factors that may predict the surgical 

wound complication following elective abdominal 

surgeries and to evaluate the occurrence of various surgical 

wound complications. 

Study Centre 
Institute of General Surgery, Madras Medical College and 

Rajiv Gandhi Government General Hospital, Chennai 

Duration of Study January 2018 to May 2019 

Study Design Observational study (Prospective) 

Sample Size 120  

Inclusion Criteria 
1. Patients undergoing elective abdominal surgeries in 

the age group of 15 to 60 years of age. 

Exclusion Criteria 

 Age: <15 years. - >60years. Patients undergoing 

emergency abdominal surgery. Patients affected with HIV, 

Hepatitis–B, Hepatitis–C, Diabetes mellitus.  

Patient presenting with pre-existing skin infections were 

excluded. 

 



43 
 

Antibiotic selection 

Third generation Cephalosporins and Metronidazole were 

used for all the patients and were changed to CDC 

guidelines. 

Pre-operative 

preparation 

Shaving was one on previous day. All patients were 

advised to take shower on the day of surgery with soap. All 

patients received Inj. Ceftriaxone 1 gram and Inj. 

Metronidazole 500mg IV one hour before the incision. 

CDC guidelines were followed if changes were required. 

Aseptic precautions in the operation theatre 

All routine aseptic precautions were taken like using 

autoclaved gowns, drapes, sterile gloves and instruments. 

Standard surgical scrub followed by the protocol adopted 

by our Hospital was followed before performing the 

operation. 

Operative protocol 

The operative area was cleaned with spirit and painted with 

5% povidone iodine. The principles of surgery were 

followed in all cases such as minimum tissue handling and 

maintenance of adequate hemostasis. Drains were used 

whenever necessary. Skin closure with suture material or 

skin staples was done. 

Post operative care 

Injectable Cephalosporins (3rd generation) and 

Metronidazole were continued in the post-operative period 

for 48 hours. Then the patient received oral antibiotics till 

stitch removal. For the patients with surgical site infection, 

the plan of antibiotic coverage changed according to 

culture and sensitivity report. The wound was inspected for 

any evidence of infection starting from 48 hours after 

surgery day till 8th post-operative day. Patients were 

followed up till discharge. 
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Ethics Clearance Applied 

Methodology 

 For the study, demographic details of patients, 

results of investigations and details of surgical 

procedures were documented.  

 Patients were followed up during postoperative 

period and at monthly interval for 6 months. 

Occurrence of complications like wound discharge, 

sinus, fistula, wound dehiscence and incisional 

hernia was noted.  

 If pus was present, it is subjected to culture and 

sensitivity.  

 

 All the above collected data will be analyzed and 

conclusions will be derived through statistical 

analysis using Mann-Whitney U test for continuous 

variables and Chi-square test for categoric variables. 

Patients will be called up one month after discharge 

and follow up will be done. 

Sponsorship(Yes/ 

No) If Yes details 
No 

Conflict of Interest No 
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SAMPLE SIZE CALCULATION: 

                    Based on the study titled “Evaluation of wound 

complications in elective abdominal surgery
17

 by Sharma A.C., Singla 

Mamta, Shuaib Mohammad, Kumar Spandan, the sample size was 

calculated. 

 

 

(where N is required sample size, Z is reliability coefficient at 95% 

confidence interval, p is proportion of population with characteristics of 

interest is 23% 
[22] 

, d is the absolute error and ε is margin of error at 

minimum sample size) 

 

When Z = 1.96 for α 0.05; P= 23; q = 77, d is fixed as 8% 

                     
  = 104 

 

Assuming a non-response rate of 10%, sample size is fixed at 

104+11=115. Hence sample size is fixed at 120. 

2

2

d

pqZ
n 

8 8 

 77.59 
  

22.4 96 . 1 96 . 1 

 

   

 n 
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The collected data were analysed with IBM.SPSS statistics 

software 23.0 Version. To describe about the data descriptive statistics 

frequency analysis, percentage analysis were used for categorical 

variables and the mean & S.D were used for continuous variables.  
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RESULTS 

 

         The study included 120 patients who were selected with inclusion 

and exclusion criteria. All patients were followed up and the following 

results were obtained. 

 

AGE AND SEX DISTRIBUTION: 

 

          Among the 120 patients, 79(34%) were males and 41(66%) were 

females. 4(3.33%) were between10 and 20 years, 10(8.33%) were 

between 20 and 30 years, 34(28.33%) were between 30 and 40 years, 

about 27(22.5%) were between 40 and 50 years and only 45(37.5%) were 

between 50 and 60 years. Thus most of the patients in my study were 

between 50 to 60 years. 
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GRAPH 1: SEX DISTRIBUTION 
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TABLE NO. 1 

AGE DISTRIBUTION  

AGE Frequency Percent 

 10 - 20 yrs. 4 3.33 

21 - 30 yrs. 10 8.33 

31 - 40 yrs. 34 28.33 

41 - 50 yrs. 27 22.50 

51 - 60 yrs. 45 37.50 

Total 120 100.0 
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GRAPH 2: AGE DISTRIBUTION 

 

Mean age of the patients in my study is 44.49 years of age. 
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PROCEDURE: 

S.NO. PROCEDURE FREQUENCY PERCENTAGE 

1 HERNIOPLASTY 47 39.2% 

2 MESH REPAIR 27 22.5% 

3 LAPAROTOMY 16 13.3% 

4 APPENDICECTOMY 17 14.1% 

5 CHOLECYSTECTOMY 12 10% 

6 CBD EXPLORATION 1 0.8% 

  

 

TABLE 2: TYPE OF SURGICAL PROCEDURES 

 

Thus majority of the procedure is hernioplasty which constitute 39.2%.  
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HEMOGLOBIN: 

Out of 120 patients in the study, 59 had hemoglobin less than 11g/dl 

which contributes to 49.16%. Hemoglobin cutoff of 11g/dl was taken 

according to WHO classification and hence 49.16% were anemic. 

 

Among the patients who had wound complications following 

surgery, 63% were anemic. Thus anemic patient are 1.36 times more likely 

to develop complication following surgery than the patient with normal 

hemoglobin levels. 

 

TABLE 3: DESCRIPTIVE ANALYSIS OF HEMOGLOBIN 

 HEMOGLOBIN 

MEAN 10.919 

STANDARD DEVIATION 0.5662 

MINIMUM 9.0 

MAXIMUM 13.0 
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GRAPH 3: HEMOGLOBIN 

 

HEMOGLOBIN 

Hemoglobin >11g/dl

Hemoglobin < 11g/dl



54 
 

 

 

GRAPH 4: ANEMIA IN PATIENTS WITH AND WITHOUT 

COMPLICATIONS 
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MEAN CORPUSCULAR VOLUME: 

 

TABLE 4: DESCRIPTIVE ANALYSIS OF MCV 

 

 MCV 

MEAN 88.16 

STANDARD DEVIATION 3.119 

MINIMUM 78 

MAXIMUM 95 

 

 

 MCV was found to be a poor predictor of wound complication as 

there was no significant variation between the patients with complications 

and without complication. 
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WHITE BLOOD CELL COUNT: 

 

Cutoff of 10,000/mm
3
 was used and count more than 10,000/mm

3
 

was taken as elevated WBC count Out of 120 patients, 6(5%) patients 

have elevated white blood cell count where remaining 114(95%) have 

normal white blood cell count. 

 

GRAPH 5: WHITE BLOOD CELL COUNT
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 In patients who had complications following surgery the 

preoperative WBC count was elevated in 15.8%. Thus patients who have 

elevated WBC count are 5.26 times more likely to end up in complication 

than the patients with normal count.  

 

ALBUMIN: 

 

Serum albumin level of 3.5g/dl was taken as the cutoff. In this 

study of 120 patients, 28(23.33%) have hypoalbuminemia and the rest 

have normal preoperative serum albumin levels. 

 

Hypoalbuminemia in patients with complication is 52.8% and in 

patients without complication is 13.8%. 

 

Thus patients with hypoalbuminemia are 3.81 times more likely to 

end up with complication than patients who had normal serum albumin 

levels preoperatively. 
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 TABLE 5: DESCRIPTIVE ANALYSIS OF SERUM ALBUMIN 

 

 ALBUMIN 

MEAN 3.66 

STANDARD DEVIATION 0.372 

MINIMUM 2.4 

MAXIMUM 4.7 

 

 

GRAPH 6: SERUM ALBUMIN 
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GRAPH 7: HYPOALBUMINEMIA IN PATIENTS WITH AND 

WITHOUT COMPLICATIONS 
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UREA: 

       Serum urea level of 40mg/dl is taken as the cutoff.  In this study, 

17(14.16%) patients had elevated preoperative serum urea level. In 

patients with complication, urea was elevated in 15.8% cases and in 

patients without any complication, the urea was elevated in 13.86%. 

There was no significant impact of preoperative serum urea level 

predicting the wound complication following surgery. 

  

TABLE 6: DESCRIPTIVE ANALYSIS OF SERUM UREA  

 UREA 

MEAN 35.74 

STANDARD DEVIATION 8.54 

MINIMUM 18 

MAXIMUM 63 
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GRAPH 8: SERUM UREA LEVEL 
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GRAPH 9: ELEVATED SERUM UREA IN PATIENTS WITH AND 

WITHOUT COMPLICATION 
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SERUM CREATININE: 

In this study, out of 120 patients, 17(14.16%) had elevated serum 

creatinine levels and the cutoff was 1.3mg/dl. 3(15.8%) of patients with 

complication had elevated serum creatinine preoperatively and 

14(17.82%) of patients without complication had elevated serum 

creatinine preoperatively. There was no significant impact of serum 

creatinine in predicting the wound complication following surgery.  

 

TABLE 7: DESCRIPTIVE ANALYSIS OF SERUM CREATININE 

 CREATININE 

MEAN 1.065 

STANDARD DEVIATION 0.294 

MINIMUM 0.4 

MAXIMUM 1.6 
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GRAPH 10: SERUM CREATININE 
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COMPLICATIONS: 

 

 Overall the complications occurred in 19 patients out of 120 

patients who were followed for 6 months. This constituted a rate of 

15.83% and all complications were infection of wound site and were 

superficial SSIs.  

 

 

GRAPH 11: COMPLICATIONS 

  

 

 

COMPLICATIONS 
PATIENT WITHOUT
COMPLICATION

PATIENT WITH COMPLICATION
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TYPE OF COMPLICATIONS 

SEROMA

SEROMA AND BURST ABDOMEN

SEROMA AND INCISIONAL HERNIA

The most common complication was seroma formation 

postoperatively which was sent for pus culture and sensitivity and results 

were evaluated. All 19 patients developed seroma from day 2 and it was 

more on day 3. One patient developed incisional hernia on POD 30 and 

one more developed burst abdomen on POD 10. 

 

 

 

GRAPH 12: TYPE OF COMPLICATIONS 



67 
 

 No mortality was noted in the study. 

 Out of 47 patients who underwent hernioplasty, 8 patients 

developed complications which constituted 17% more than the average 

infection rate. 

 

 Out of 16 patients who underwent laparotomy, 3 patients 

developed infection which constituted 18.75%. All laparotomy cases 

were clean and clean contaminated wounds. No dirty wounds were taken 

for the study. 

 

 Appendectomy had infection rate of 11.76% and ventral hernia 

mesh repair had infection rate of 14.81%. The infection rate in CBD 

exploration cannot be assessed as there is only one case in the study. 
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TABLE 8: SURGICAL PROCEDURES AND COMPLICATIONS 

 

S.NO. SURGICAL 

PROCEDURE 

TOTAL 

NO. OF 

CASES 

CASES 

COMPLICATED 

- FREQUENCY 

CASES 

COMPLICATED 

– PERCENTAGE 

1 Hernioplasty 47 8 17.02% 

2 Ventral hernia mesh 

repair 

27 4 14.81% 

3 Appendectomy 17 2 11.76% 

4 Laparotomy 16 3 18.75% 

5 Cholecystectomy 12 2 16.66% 

6 CBD exploration 1 0 0% 

 

 Burst abdomen was noted in a patient who underwent laparotomy 

and it was a clean contaminated wound. Patient underwent right 

hemicolectomy for carcinoma caecum.  

 

 16(84.21%) of 19 patients who developed seroma tested positive 

for organism in pus culture and sensitivity. E.coli was positive in 7 

patients followed by MRSA in 6 patients. These patients were adequately 

treated with specific antibiotics. 
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GRAPH 13: PUS CULTURE 

 

 About 10 patients developed seroma on day 3 post operatively. 

Rest of the patients developing seroma on day 2, 4, 6. These patients had 

increased length of hospital stay by 3 days when comparing to patients 

who didn’t have any complication. 

 

PUS CULTURE  

E.coli

MRSA

P.aeroginosa

No growth
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GRAPH 14: DAY OF SEROMA FORMATION 
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DISCUSSION 

 

 Postoperative wound complications alter the outcome of surgery, 

hence they are of great importance to a surgeon. They complicate the 

postoperative course of a significant proportion of abdominal surgical 

patients, are associated with excessive health-care costs, increased 

morbidity and mortality, and may require further hospital admissions, IV 

antibiotics and even surgical re-intervention.  

 

Despite great progress made in the perioperative care, wound 

complications occur in the range of 2-40% depending on several factors. 

These rates vary widely from one country to another and it also depends 

on health infrastructure availability. 

 

 Unlike emergency surgeries, elective surgeries have much more 

scope for flexibility allowing us to assess various factors that can be 

controlled and predicted. It is difficult to control each and every variable 

and hence there is possibility of wound complications in spite of best care 

taken. 

 

 



72 
 

 

 In our observational study, we wanted to study the association of 

investigations that can predict the development of complication on early 

basis. 

   

In this study, patients are more of male constituting about 66% and 

about 45 patients out of 120 are in the age group between 50 and 60 years 

of age constituting 37.50%.  mean age of the population is 44.49 years.  

  

About 39% procedures are hernioplasty followed by mesh repair 

for ventral hernia (22.5%). 16 out of 120 cases underwent laparotomy and 

included only class I and class II wounds and contaminated and dirty 

wounds are not taken into the study. 

  

Hemoglobin of 11g/dl is taken as cutoff and anemic patients were 

identified. Mean hemoglobin is 10.92 with standard deviation of 0.57. 

Overall 49.16% patients are anemic with hemoglobin less than 11g/dl. 

63% of patients who developed complication are anemic with mean of 

10.37g/dl and this is higher when comparing to the patients who didn’t 

develop complications which is around 46.53% who had a mean of 

11.04g/dl. Thus anemic patients are 1.36 times more likely to develop 
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complication than patients who have normal hemoglobin values. There 

was significant finding noted in MCV values and majority of the patients 

had normal MCV. Hence it is not possible to find any value of predicting 

wound complications. 

  

White cell count is taken as an indicator to predict the patients who 

wound develop complications. The cutoff was taken as 10,000/mm
3
. 

About 15.8% patients who developed complications have elevated white 

cell count when comparing to patients who didn’t have any complication 

postoperatively which was 5%. Thus if the white cell count is more than 

10,000/mm
3
, these patients are 5.26 times more likely to end up with 

complications postoperatively than whose counts are normal. 

  

Based on several studies, cutoff for albumin was taken as 3.5g/dl 

and patients who have values less than 3.5g/dl are considered 

hypoalbuminemic. Mean albumin level of patients in this study is 3.66 

with a standard deviation of 0.37. Overall, 23.33% patients (28 out of 120 

patients) had hypoalbuminemia. Hypoalbuminemia in patients who have 

complication is 52.6% which is much higher than hypoalbuminemia in 

patients who had no complications which was 13.8%. Thus it can be well 

established that if patient have hypoalbuminemia preoperatively, those 



74 
 

patients are 3.81 times more likely to end up with complications 

postoperatively. Thus malnutrition significantly contributes to impaired 

wound healing. 

  

There was no significant finding relating the elevated urea and 

creatinine to the development of complications postoperatively. 

  

Overall 19 patients out of 120 developed some complication 

postoperatively. This constituted about 15.83%. Sharma et al
17

 study had 

wound complication rate of 10.9%. This result was little higher when 

comparing to other Indian studies who has a rate of 13.7%. However, 

they are much higher than the bench mark set by Cruse and Ford
92

 who 

reported 1-2% infection rate in elective surgeries in Canada which is way 

less than the infection rate in our study which is 13.33%. Various studies 

has reported infection rate of 5 to 19%. Ahmed et al
93

 reported overall 

infection rate of 11%. Sahu et al
28

 reported overall infection rate of 5%, 

while Satyanarayana et al (2011)
93

 reported infection rate of 7.6% in 

elective surgeries. Saxena et al (2013)
94

 observed a infection rate of 

14.33%. Our study has infection rate of 13.33%. 
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Seroma is the most common complication in all patients. Out of 19 

patients, 16 patients is culture proven (84.21%) and only 3 patients have 

no growth. E.coli is isolated in 7 patients (43.75%) followed by MRSA in 

6 patients (37.50%). Sahu et al
28

 reported E.coli in 50% of infected 

wounds. Studies by Classen et al (1992)
95

 and Giacometti et al (2000)
96

 

reported monomicrobial and polymicrobial wound infections 

respectively. We found monomicrobial infections in this study. Seroma 

develop more on day 3. 5 patients reported wound dehiscence out of 19 

patients who developed complications. On POD 10, one patient 

developed burst abdomen and one more patient developed incisional 

hernia on POD 30. 

 

Wound dehiscence occurred in 4% patients and all had wound 

infection. 20% patients of wound dehiscence developed incisional hernia 

and the occurrence rate of incisional hernia is 0.83%. These observations 

are in concordance with observations of Wilson and Clark (2003)
97

, 

Ashraf et al (2009)
98

 and Murtaza et al (2010)
18

 who concluded that the 

wound infection is the most important single factor in the development of 

incisional hernia. Studies on wound dehiscence reported similar rates at 

Indian centers and include those by Srivastava et al (2004)
99

 reporting 9% 

rate, Parmar et al (2009)
100

 – 5.6% and Rana et al (2013)
101

 – 9% rate.  
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CONCLUSION 

 

 Results of the present study showed a wound complication rate of 

15.83% in the form of wound discharge. Purulent discharge was the most 

common complication (13.33%) with most cases testing positive for 

E.coli and MRSA as causative pathogen. Wound dehiscence occurred in 

4% patients and all had wound infection. 20% patients of wound 

dehiscence developed incisional hernia and the occurrence rate of 

incisional hernia is 0.83%.  

 

Mean age of the patient who developed complication is 53.52 years 

and mean hemoglobin is 10.37. High age and low hemoglobin was 

observed in patients who developed wound complications. More patients 

developed complications following hernioplasty possibly due to the mesh 

and laparotomy as there are clean contaminated cases in which up to 19% 

wound complication is observed worldwide. 

 

 These findings suggest that wound complications do occur in 

elective abdominal surgeries. These can be reduced to a certain extent by  

- careful case selection,  

- improving hemoglobin,  
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- improving nutritional status, 

- adopting better aseptic measures, 

- better surgical practices,  

- using adequate prophylaxis 

 

CDC guidelines are recommended for adoption following this 

study and this can bring down the wound complications on a larger scale. 

The infection rate is 15.83% in our study which is acceptable when 

comparing to other Indian studies further decrease in rates can be 

achieved by improving the hemoglobin and nutritional status of these 

patients and by adopting strict aseptic precautions. 
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LIMITATIONS 

 

 Our study was done involved those patients who were admitted in 

our surgical department. Hence it does not reflect that of a 

community as a whole. 

 

 Our study does not include the patients who have comorbidity 

which can greatly influence wound healing and development of 

complications. 

 

 

 This study was done in a tertiary hospital in Chennai and the data 

cannot be applied to whole of Tamilnadu. 

 

 As the study population is small, it needs large scale study in future 

to understand better.   
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1 LAKSHMI 60 F 134235 CHOLE COLE 11 82 12000 3.6 40 1 SEROMA 3 ECOLI

2 HEMAMALINI 25 F 2423 APPEN APPEN 11 88 6200 3.5 36 1

3 VIVEK 47 M 138903 VENTRAL MESH 10.7 88 7300 3.6 38 1

4 ARUNACHALAM 59 M 4872 HERNIA PLASTY 10.4 84 6400 3.2 38 1 SEROMA 3 MRSA

5 SHANMUGAM 57 M 136457 HERNIA PLASTY 11.2 91 6600 3.8 30 1

6 ALAMELU 46 F 6162 LAP LAP 10.7 87 5400 3.8 53 1

7 MOHANRAJ 52 M 5833 LAP LAP 10.6 91 6500 3.9 26 1

8 VASANTHA 38 F 10821 LAP LAP 11.7 87 5475 4.1 18 1

9 RAM 51 M 10688 VENTRAL MESH 10.8 90 5400 3.4 54 1

10 SELVI 40 F 11285 LAP LAP 10.7 88 11500 3.7 34 1

11 KUPPUSAMY 55 M 16237 HERNIA PLASTY 11 87 7500 3.5 39 1

12 EZHUMALAI 39 M 16409 HERNIA PLASTY 11.4 90 5400 3.7 33 1

13 LOGANATHAN 59 M 14312 LAP LAP 12 86 8600 3.8 33 1

14 GUNASEKAR 39 M 19406 CHOLE CHOLE 11 87 5300 3.6 36 1

15 GOVIND 52 F 17137 VENTRAL MESH 10.5 86 7500 3.7 34 1

16 BHAVANI 27 F 22516 APPEN APPEN 11.7 91 5400 3.5 33 1

17 MOORTHY 59 M 19432 VENTRAL MESH 11 90 8900 3.8 34 1

18 ANSARI 50 M 19417 HERNIA PLASTY 11.4 82 5900 3.5 35 1 SEROMA 3 NO

19 JAGADEESA 57 M 10760 LAP LAP 10.9 90 7500 3.7 31 1

20 LAKSHA 40 M 25252 HERNIA PLASTY 11 87 8200 3.8 29 1

21 JAGADEESH 22 M 25666 HERNIA PLASTY 10.3 94 5200 3.4 36 1

22 LOGANATHAN 40 M 25156 APPEN APPEN 11.5 86 6500 3.8 26 1

23 MUNISAMY 56 M 16214 CHOLE CHOLE 10.7 92 4400 3.6 36 1

24 GANAPATHY 24 M 128371 HERNIA PLASTY 11.6 89 7200 3.2 54 1
25 SANDHYA 19 F 28205 APPNE APPEN 10.8 92 5300 3.6 35 1

26 RANI 35 F 22271 LAP LAP 11.2 89 5400 3.8 23 1

27 VASANTHA 40 F 31117 VENTRAL MESH 11.2 88 4500 3.3 24 1

28 MUNISAMY 53 M 28416 VENTRAL MESH 11.4 95 5500 4 52 1

29 RAMASAMY 58 M 29368 HERNIA PLASTY 10.8 86 8600 4.2 32 1

30 MOHAMMAD 35 M 35147 APPEN APPEN 11 88 5400 3.9 40 1

31 NEDU 46 M 34015 HERNIA PLASTY 11.2 90 5700 3.9 54 1

32 PRABAKAR 23 M 33777 VENTRAL MESH 11 90 6300 3.3 33 1

33 MANGAVAN 50 M 37177 HERNIA PLASTY 10.6 88 10500 3.5 53 1

34 REVATHY 50 F 136226 VENTRAL MESH 10.9 91 7500 3.2 33 1

35 VARADAN 49 M 34072 VENTRAL MESH 10.9 88 6600 3.6 22 1

36 SUBU 35 F 39135 APPEN APPEN 11 87 8300 4 54 1

37 SHYLAJA 34 F 4547 CHOLE CHOLE 11 89 6300 4.3 39 1

38 ARJUN 25 M 40714 HERNIA PLASTY 10.2 89 6200 3.6 37 0

39 DAS 55 M 42150 HERNIA PLASTY 12 93 7800 3.9 35 1

40 HARI 36 M 42190 HERNIA PLASTY 10.7 89 7600 4 40 1

41 NAGAMMAL 45 F 42414 VENTRAL MESH 10.5 87 7500 3.4 28 1

42 RAJA 35 M 44889 HERNIA PLASTY 10.9 89 6300 4.3 32 1

43 RANI 43 F 45062 CHOLE CHOLE 11 88 6500 3.8 35 1

44 PRIYANKA 24 F 50335 APPEN APPEN 11 87 7200 3.8 38 1

45 RAVI 52 M 47962 VENTRAL MESH 10.1 81 8200 3.1 44 1 SEROMA 6 MRSA

46 SANJAYA 55 M 42351 VENTRAL MESH 9.2 86 4800 2.9 40 1 SEROMA 3 NO

47 CHINNAPAYAN 55 M 42370 LAP LAP 11.6 88 6500 3.7 32 1

48 JOTHI 48 F 47896 VENTRAL MESH 11.9 86 4700 3.2 35 1

49 ANNADURAI 49 M 47866 VENTRAL MESH 11 90 7600 3.7 32 1

50 REVATHY 32 F 50300 CHOLE CHOLE 10.4 87 8200 3.9 63 1

51 BHAVANI 36 F 50542 VENTRAL MESH 11.6 94 7200 3.8 36 1

52 JALENDRAN 54 M 51049 HERNIA PLASTY 11 86 6400 3.4 32 1

53 SAROJA 45 F 53666 APPEN APPEN 9.3 82 14000 3.1 38 1 SEROMA 2 ECOLI

54 ANAND 42 M 56228 HERNIA PLASTY 10.7 91 6500 3.3 35 1

55 RAMANIYA 59 M 50666 VENTRAL MESH 11 86 5000 3.8 36 1 SEROMA 6 ECOLI

56 RUK 38 F 53428 APPEN APPEN 10.8 88 7400 3.8 34 1

57 SANKAR 45 M 62370 LAP LAP 11 90 5700 3.5 23 1



58 ABDUL 55 M 59526 VENTRAL MESH 10.9 90 6500 4 33 1

59 UMA 50 F 63419 VENTRAL MESH 10.7 93 7500 3.5 23 1

60 SANKAR 59 M 64954 HERNIA PLASTY 10.6 87 4500 3.9 53 1

61 RAJA 40 M 64971 HERNIA PLASTY 11 90 7200 3.9 33 1

62 GOVIND 58 M 70107 HERNIA PLASTY 11 87 8500 4.2 33 1

63 SENTHIL 30 M 72629 VENTRAL MESH 11.2 90 7300 3.5 45 1

64 INDIRA 53 F 72726 VENTRAL MESH 10.9 91 7600 3.9 27 1

65 MALAR 56 F 77134 LAP LAP 10.4 86 9000 2.9 34 1 INCISIONAL HERNIA30 ECOLI

66 PALANY 37 M 77861 HERNIA PLASTY 10.9 90 7400 4.2 33 1

67 GOVIND 55 F 78066 CHOLE CHOLE 9.8 78 10000 3.7 30 1 SEROMA 3 ECOLI

68 GOWRI 36 F 79841 APPEN APPEN 11 91 6300 3.7 34 1

69 GNANA 50 M 80559 HERNIA PLASTY 11 87 4400 3.6 29 1

70 ELLAMAL 55 F 83714 HERNIA PLASTY 11 88 5800 4.3 34 1

71 JANANI 16 F 83591 APPEN APPEN 11 90 8200 3.9 33 1

72 DURAI 35 M 75264 HERNIA PLASTY 10.8 90 4000 4.6 22 1

73 GOWNDAR 59 M 78007 CHOLE CHOLE 10.9 87 6600 3.4 33 1

74 NEELA 38 F 85798 APPEN APPEN 10.1 84 8000 3.6 35 1 SEROMA 3 ECOLI

75 KRISHANN 54 M 85661 VENTRAL MESH 10.2 80 6800 2.7 28 1 SEROMA 6 PSEUDO

76 KANNIYAPPAN 40 M 88543 HERNIA PLASTY 10.9 91 7400 3.4 34 1

77 MANI 56 M 91246 HERNIA PLASTY 12 90 4700 3.5 26 1 SEROMA 2 MRSA

78 SANJANA 60 F 91027 APPEN APPEN 11 85 8800 3.8 32 1

79 RAJA 48 M 88437 HERNIA PLASTY 9.9 84 8000 3.2 28 1 SEROMA 3 MRSA

80 RAJAN 48 M 88431 HERNIA PLASTY 11.3 90 7200 3.4 36 1

81 MANONMANI 45 F 93026 CHOLE CHOLE 11.4 88 7600 4.4 54 1

82 NARASAMMA 55 F 93380 VENTRAL MESH 10.9 87 7600 3.8 37 1

83 SANTHOSH 20 M 9930 APPEN APPEN 10.6 93 4200 3.5 33 1

84 JENIFER 15 F 99120 LAP LAP 10.8 91 6300 3.7 33 1

85 SAMY 36 M 96569 VENTRAL MESH 10.8 93 4500 3.9 37 1

86 DANDAPANI 40 M 97943 HERNIA PLASTY 10.8 88 7300 3.5 35 1

87 RANGANATHAN 53 M 98044 HERNIA PLASTY 11.2 88 4500 3.6 33 1

88 SHANMUGAM 54 M 10162 HERNIA PLASTY 13 90 6600 3.8 33 1

89 DEVI 49 M 100675 VENTRAL MESH 11.2 87 6500 3.9 30 1

90 SIVAPALAN 31 M 100815 HERNIA PLASTY 10.9 86 7200 3.8 25 2

91 RANGANATHAN 39 M 100689 HERNIA PLASTY 11.3 91 6200 3.8 32 1

92 RAJ 35 M 103050 APPEN APPEN 11 86 7500 4.2 32 0

93 SYAMALA 24 F 106131 APPEN APPEN 11.3 86 8200 3.9 37 1

94 RAMADAS 46 M 103125 HERNIA PLASTY 11.2 90 3700 2.6 38 1 SEROMA 4 MRSA

95 MANIKAM 59 M 106064 LAP LAP 11 85 7700 4 36 1

96 DANIEL 57 M 105814 HERNIA PLASTY 11.3 91 6500 3.9 34 1

97 KISORE 47 M 108958 CHOLE CHOLE 10.5 85 6200 3.5 37 1

98 KUMAR 44 M 108668 VENTRAL MESH 11 91 5600 3.6 39 1

99 SUBU 38 F 108992 VENTRAL MESH 11.4 89 5400 3 54 1

100 RANGANATHAN 58 M 109124 HERNIA PLASTY 9.6 85 5600 3.7 32 1 SEROMA 3 MRSA

101 RAJESWAI 59 F 110254 HERNIA PLASTY 10.8 86 5500 3.8 30 1

102 VIJAYA 40 F 116654 APPEN APPEN 10.8 92 5400 3.4 36 1

103 YASODA 49 F 108949 LAP LAP 11 86 6500 3.6 32 1

104 SANKAR 35 M 103213 LAP LAP 10.5 91 6000 4.7 37 1

105 PALANIAMMA 55 F 11453 LAP LAP 9.9 84 10000 3.9 54 1 SEROMA 4 NO

106 HARIHARAN 51 M 120066 HERNIA PLASTY 12.4 86 4200 3.6 20 1 SEROMA 3 PSEUDO

107 JEEVA 27 M 114030 HERNIA PLASTY 10.7 92 12000 3.4 35 1

108 RAMU 52 M 114224 HERNIA PLASTY 10.7 90 4500 3.8 55 1

109 THANGAIYA 44 M 116621 HERNIA PLASTY 10.6 92 5400 3.7 34 1

110 VANAJA 43 F 108830 VENTRAL MESH 10.8 87 6600 3.9 32 1

111 GODANDAM 31 M 116681 HERNIA PLASTY 11 85 5400 3.7 38 1

112 THANGAVEL 60 M 120011 HERNIA PLASTY 11 84 8000 3.1 32 1 SEROMA 3 PSEUDO

113 ETHIAN 60 M 125560 LAP LAP 9 80 11000 2.4 60 1 BURST 10 ECOLI

114 MANNU 53 M 123703 HERNIA PLASTY 11.5 87 8900 3.5 34 1

115 AMREEN 34 F 123705 CHOLE CHOLE 10.6 84 6200 4.2 26 1



116 SULTHAN 43 M 125227 HERNIA PLASTY 10.8 90 6700 3.2 33 2

117 ARUNACHALAM 34 M 130970 CHOLE CHOLE 10.7 88 7200 4.1 53 1

118 ALI 56 M 130751 HERNIA PLASTY 12 92 7500 3.2 35 1

119 MANIKANDAN 31 M 133852 CHOLEDO CBD 10.7 89 7200 3.6 36 1

120 SIVARAMAN 55 M 128364 HERNIA PLASTY 11.4 94 4500 3.8 33 2


