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Abstract 

A surgical site infection is an infection occurring within 30 days of the procedure. They are common postoperative complications that can cause 
significant patient morbidity and mortality. SSIs occur in 2% to 4% of all patients undergoing inpatient surgical procedures. They constitute 
the second most common type of healthcare-associated infection after urinary tract infections. The etiology of the infection is multifactorial, 
with both patient-related and surgical-related factors playing a role. Patient-related factors include advanced age, immunocompromised status, 
obesity, diabetes mellitus, smoking, and poor nutritional status. Surgical-related factors include prolonged operative time, contaminated surgical 
instruments or equipment, poor surgical technique, and inadequate wound care. Common symptoms of SSI involve surgical site erythema, 
delayed healing, fever, pain, tenderness, or swelling. The diagnosis is commonly based on evidenced purulent discharge from superficial and 
deep wounds, organisms isolated from cultures. Overall, the management of surgical site infections includes wound care, antimicrobial therapy, 
wound exploration, and debridement. In addition, effective infection prevention strategies, including appropriate antimicrobial prophylaxis 
and adherence to infection prevention practices, are crucial in reducing the incidence of SSIs in surgical patients. This article provides a broad 
overview of the clinical approach to this day-to-day condition.
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Introduction 

A surgical site infection (SSI) is an infection that occurs after 
surgery in the part of the body within 30 days of the procedure [1]. 
There are 3 types of surgical site infections: superficial incisional 
(occurs just in the area of the skin where the incision was made), 
deep incisional (occurs beneath the incision area in muscle and 

 
the tissues surrounding the muscles), and organ or space surgical 
site infection (can occurs in any area of the body other than skin, 
muscles, and surrounding tissue that was involved in the surgery) 
[2]. SSI can be classified based on how clean or contaminated 
they are: clean wound, clean/contaminated wound, contaminated 
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wound, and dirty/infected wound [3]. SSIs occur in 2% to 4% of 
all patients undergoing inpatient surgical procedures [4]. Risk 
factors for SSI include patient factors (age, tobacco use, diabetes, 
and malnutrition) and procedure-specific risk factors (including 
emergency surgery and the degree of bacterial contamination of 
the surgical wound at the time of the procedure).

Microbial contamination of the surgical wound is the first 
step in the development of an SSI, which may come from either 
endogenous (patient’s skin, mucous membranes, and hollow 
viscera) or exogenous sources (air, instruments, materials, and 
staff members) [5]. To prevent SSI, healthcare providers should 
practice good hand hygiene before and during surgery, wear 
sterile protective equipment, and thoroughly clean the skin at 
the surgery site. The most common symptoms of SSI are redness, 
delayed healing, fever, pain, tenderness, or swelling. The diagnosis 
can be made by clinical examination and microbiological swabs to 
identify causative organisms. If there is suspicion of deep-seated 
infection, ultrasound or CT/MRI imaging might be used [5]. SSI can 
be treated with antibiotics, depending on the causative organism. 
However, additional surgery may be needed to treat the infection. 
This narrative review aims to update patients’ prevention and 
clinical approach to SSIs in abdominal procedures.

Epidemiology

Surgical site infections (SSIs) are common postoperative 
complications that can cause significant patient morbidity and 
mortality. Epidemiological studies have shown that SSIs affect 
approximately 2-5% of all surgical procedures and are the 
second most common type of healthcare-associated infection 
(HAI) after urinary tract infections (UTIs) [6,7]. However, SSI 
prevalence can vary widely depending on the type of surgery, 
patient population, and healthcare setting. A study conducted 
by the Centers for Disease Control and Prevention (CDC) found 
that the overall SSI rate in the United States was 1.9% in 2015, 
with higher rates reported for certain types of surgeries such as 
colon surgery (3.8%) and hysterectomy (2.4%) [8]. Moreover, SSI 
incidence rates also vary depending on the type of surgery and 
patient population. A meta-analysis of 25 studies found that the 
overall incidence rate of SSIs was 5.6% in patients undergoing 
surgery [6,7]. SSIs were higher in patients undergoing abdominal 
surgeries (9.2%) and lower in orthopedic surgeries (2.4%).

Lastly, mortality rates associated with SSIs can be significant, 
particularly in vulnerable populations such as the elderly or 
immunocompromised patients. A recent study found that patients 
who developed SSIs had a 2.5-fold higher risk of mortality than 
patients who did not [8]. Risk factors for SSIs include patient-
related factors such as age, comorbidities, and immune status, 
as well as surgical-related factors such as duration of surgery, 
surgical technique, and type of surgery. A systematic literature 
review identified several risk factors for SSIs, including advanced 
age, obesity, smoking, diabetes mellitus, and prolonged surgical 
time [9]. SSIs are a common postoperative complication resulting 

in significant patient morbidity and mortality. Prevalence and 
incidence rates of SSIs vary depending on the type of surgery 
and patient population, and risk factors for SSIs include patient-
related and surgical-related factors. Therefore, effective infection 
prevention strategies, including appropriate antimicrobial 
prophylaxis and adherence to infection prevention practices, are 
crucial in reducing the incidence of SSIs in surgical patients.

Etiology & Pathogenesis

Surgical site infections (SSIs) are caused by the invasion of 
microorganisms into a surgical site, resulting in inflammation 
and tissue damage. The etiology of SSIs is multifactorial, with 
both patient-related and surgical-related factors playing a role 
[10,11]. Patient-related factors contributing to developing SSIs 
include advanced age, immunocompromised status, obesity, 
diabetes mellitus, smoking, and poor nutritional status. These 
factors impair the body’s immune response and increase the 
risk of infection [12]. Surgical-related factors that increase the 
risk of SSIs include prolonged operative time, contaminated 
surgical instruments or equipment, poor surgical technique, 
and inadequate wound care. This type of surgery also influences 
the risk of SSIs, with procedures involving the implantation of 
prosthetic materials or foreign bodies having a higher risk of 
infection [13,14].

The pathogenesis of SSIs involves a complex interplay between 
the host immune response and the invading microorganisms. For 
example, microorganisms can enter the surgical site through direct 
contact with contaminated surgical instruments or equipment or 
through hematogenous spread from a distant infection site [14]. 
Once microorganisms enter the surgical site, they adhere to the 
surrounding tissue and form a biofilm, which provides a protective 
environment for bacterial growth and resistance to antimicrobial 
agents. The bacteria then secrete toxins and enzymes that cause 
tissue damage and trigger an inflammatory response [13]. The 
pathophysiology of SSIs involves a cascade of events that lead 
to tissue destruction, impaired wound healing, and systemic 
complications. The inflammatory response to infection can cause 
fever, leukocytosis, and other signs of systemic infection. Tissue 
destruction can lead to impaired wound healing, dehiscence, and 
the formation of abscesses or fistulas. In some cases, SSIs can lead 
to sepsis, septic shock, and other life-threatening complications. 
The severity of SSIs depends on the virulence of the infecting 
organism, the host immune response, and the timely initiation 
of appropriate antimicrobial therapy [12,13]. In summary, SSIs 
result from invading microorganisms into a surgical site. The 
etiology of SSIs is multifactorial, with both patient-related and 
surgical-related factors contributing to the risk of infection. 
SSIs’ pathogenesis involves forming a biofilm by invading 
microorganisms, which triggers an inflammatory response and 
tissue damage. The pathophysiology of SSIs involves a cascade of 
events that lead to tissue destruction, impaired wound healing, 
and systemic complications.
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Clinical Presentation

Surgical site infections (SSIs) are a common complication 
following abdominal procedures, with varying clinical 
presentations, symptoms, and signs depending on the type of 
infection. The three SSI types are superficial, deep incisional, and 
organ/space infections. First, superficial SSIs are limited to the 
skin and subcutaneous tissues, with symptoms appearing within 
30 days of surgery. Clinical presentation includes erythema, 
warmth, tenderness, and induration around the surgical incision 
site. Drainage may also be present, and wound cultures may reveal 
bacterial growth. Risk factors for superficial SSIs include obesity, 
smoking, and prolonged hospitalization [15,16]. The second type 
of SSI, deep incisional SSI, involves deeper tissues beneath the skin 
and can present within 30 to 90 days after surgery [17]. Clinical 
presentation includes fever, wound dehiscence, and purulent 
drainage. There may also be erythema and tenderness around 
the incision site, with possible abscess formation. Diagnosis is 
confirmed through imaging, wound cultures, and histopathology 
[16,18]. Lastly, organ/space SSIs occur in any body area other than 
the skin or subcutaneous tissues, such as the abdominal cavity 
[19,20]. Clinical presentation includes fever, leukocytosis, and 
abdominal pain. Patients may also experience nausea, vomiting, 
and diarrhea. In addition, imaging may reveal fluid collections, 
abscesses, or other signs of infection. Diagnosis is confirmed 
through imaging, culture, and histopathology [21].

Prevention Strategies

While the preventative measures for surgical site infections 
differ depending on the wound class, various approaches are taken 
to prevent SSI. One of these includes the avoidance of elective 
surgeries in patients with active infections. In addition, the use 
of prophylactic antibiotics is also implemented to prevent SSI. 
For example, intravenous antibiotics, such as second-generation 
cephalosporins, are recommended against aerobic and anaerobic 
bacteria at least 30 minutes before a skin incision for elective 
colorectal surgeries [22]. More recently, adding a single dose of 
an oral antibiotic, such as 1 g of ornidazole, to the intravenous 
antibiotic has been demonstrated to effectively reduce SSI in 
deep and organ space [22]. While proper skin preparation is 
routinely implemented for preventing SSI, some pre-operative 
measures significantly impact managing the risk of infection. For 
example, the implementation of showers with chlorhexidine is 
statistically significant for preventing SSI [23]. Abdominal wall 
antisepsis with alcoholic chlorhexidine solution is also essential 
for skin preparation before surgery [23]. Surgical techniques, like 
pre-operative preparation, is also essential for preventing SSI 
due to the importance of skin closure for colonizing bacteria on 
the surgical wound. Suturing techniques, continuous sutures, or 
interrupted stitches do not have a significant impact on preventing 
SSI. However, different techniques to close the surgical incision 
impact the wound dehiscence rate. Wound dehiscence occurs at a 
higher rate in interrupted stitches when compared to continuous 

sutures [24]. Moreover, the materials used to close the incision 
are necessary to prevent infections. Although there are limited 
clinical studies, using sutures with antimicrobial properties, such 
as triclosan-coated sutures, is recommended in efforts to reduce 
bacterial colonization and biofilm formation [24,25]. 

Diagnosis

The diagnosis of SSI is commonly based on at least one of 
the following criteria: purulent discharge from superficial and 
deep wounds, organisms isolated from an aseptically obtained 
fluid culture, and tissue at the incision site. Furthermore, SSI is 
characterized by at least one of the following signs or symptoms: 
Pain or tenderness at the surgical site, localized swelling or 
redness, and fever. In addition, SSI is diagnosed when the 
postoperative infection is confirmed in magnetic resonance 
imaging (MRI) with contrast. Moreover, diagnosis of SSI is followed 
by prompt treatment with empirical antibiotics. Subsequently, the 
isolated organisms are identified. Antibiotic therapy is changed 
according to the sensitivity of the bacteria. If necessary, irrigation 
or reoperation is performed to remove an epidural abscess. When 
patients without pain at the surgical site show fever and elevated 
laboratory parameters, evaluate secondary infection causes 
such as urinary tract infection, pneumonia, and atelectasis [26]. 
The standard approach to identifying the pathogens involved in 
a surgical site infection concerns collecting a wound swab and 
culturing for different aerobic and anaerobic microorganisms. 
Apart from bacteria, wound swab samples can also identify fungal 
disease-causing agents. Ultrasonography is the single most useful 
radiological tool in diagnosing and treating surgical site infections. 
An ultrasound scan can determine the presence of a collection or 
abscess within a surgical site and guide its drainage [27].

Treatment & Prognosis

The general management of surgical site infections includes 
non-surgical measures such as wound care, antimicrobial 
therapy, and even invasive intervention in wound exploration 
and debridement. The basics of wound management apply to 
all surgical wounds as well- ensure good vascularity of the site, 
maintain cleanliness around the wound, control comorbidities to 
acceptable levels, and use topical agents where necessary. In the 
event of SSIs, it is important to ensure good wound care- frequent 
wound packing, good dressing, good drainage of secretions, and 
timely and meticulous clearance of slough, pus, and debris from 
the site [28,29].

Antibiotics and antimicrobial drugs may be warranted if 
infections set in around the surgical site or disseminate to distal 
sites. Occurrence of localized cellulitis, presence of patient 
risk factors such as comorbidities (Diabetes Mellitus, etc.) or 
chronic steroid use, or overt signs of infection (fever, significantly 
elevated white cell count) is some signs that warrant prompt 
antimicrobial drug administration [28,29]. The approach to 
selecting antimicrobial drugs can be tailored based on knowledge 
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of causative pathogens. Therefore, initiating Empiric Antibiotic 
Therapy while awaiting culture and sensitivity testing is frequently 
pertinent. It has been observed in recent times that while the 
most common causative organism for surgical site infections 
remains to be MSSA / Staphylococcus aureus, Coagulase-negative 
Staphylococci, Streptococcus sp., and Enterococci, there has also 
been a sharp/steep ascent in the cases of Methicillin-Resistant 
Staphylococci (MRSA) [30]. Hence, culture and sensitivity-
guided antimicrobial treatment act as a precise tool, with a 
higher clearance rate of such infections. The duration of the 

course of antimicrobial therapy can also be determined based 
on the extent of the infection- superficial infections requiring 
shorter regimens, as compared to more prolonged and intensive 
regimens for widespread and extensive infections that may even 
involve other organs (systems) [31-35]. Therefore, it is essential 
to pay attention to the evolution of the infection and adjust drug 
therapy accordingly- to detect and manage resistant pathogens/
infections early on and avoid dire consequences that may lead to 
amputations or even mortality.

Table 1: Characteristics of SSI subtypes.

SSI Extension Presentation Diagnosis Prevention/ Treatment

Super-
ficial Inci-

sional

Only affects the immediate vicinity of 
the skin of the incision area.

- Redness, pain, tenderness, 
swelling of the area.

-Clinical Presen-
tation -Prophylactic antibiotics

-Delayed healing
-Fluid/Tissue 
cultures of the 
affected area

-Negative wound pressure therapy 
(NPWT)

Deep In-
cisional

Extends beyond the surgical wound, 
affecting the muscle and neighboring 

tissues.

-Delayed Healing Noninvasive

-Sepsis -MRI (if deep or 
organ/ space type)

-Antibiotic (depends on the cultures 
& organism sensitivity)

-Septic shock if delayed/ incor-
rect treatment

-Wound Care (wound packaging, 
wound dressing, secretion drainage)

Organ/
Space

Can affect any area or organ of the 
body, not involved in or close to the 

surgical incision.

-Fever Invasive

-Malaise -Wound exploration

-Sepsis -Debridement

-Septic Shock if delayed/ incor-
rect treatment -Surgery (if complicated)

Invasive management in wound exploration and debridement 
may be warranted when SSIs become complicated with the 
undrained fluid collection, large amounts of necrotic debris, or the 
spread of infection into deeper skin layers (significantly beyond 
the fascia). Superficial wound exploration can be done bedside or 
in outpatient settings by practicing sterile precautions, carefully 
excising devitalized tissue, and draining accumulated pus/fluid 
with clear and healthy margins. Deeper exploration may require 
reopening wounds and invasive exploration that may have to 
be done in Operating Rooms. While this may seem invasive, it is 
explicable, given the potential risks of untreated SSIs. Regarding 
post-surgical care, Negative pressure wound therapy (NPWT) has 
been associated with lower infection rates and earlier healing 
of wounds compared to comparable wounds without similar 
care [36,37]. A summary of the definition, diagnosis, clinical 
manifestations, prevention strategies, and management of each 
type of SSI is illustrated in Table 1.

Conclusion

As discussed, SSIs are a common complication following 
abdominal surgical procedures that occur within 30 days of surgery 

and involve the surgical incision, deep tissue, or organ/space. 
They can result in significant morbidity and mortality. Various 
pathogens can be involved, including bacteria, viruses, and fungi. 
The etiology of SSIs is multifactorial, with both patient and surgical 
factors playing a role. The prevalence of SSIs varies depending on 
the type of surgery performed, but it is estimated to be between 
2-5% of all surgical procedures, with a much higher incidence 
for certain types of surgery, such as colorectal surgery. SSIs’ 
pathogenesis involves colonizing the surgical site by pathogenic 
microorganisms, followed by their invasion and proliferation. 
The immune response to these pathogens can also contribute to 
tissue damage and inflammation. Clinical presentation of SSIs can 
vary depending on the type and severity of infection. Symptoms 
include fever, wound drainage, redness and swelling at the surgical 
site, and increased pain or tenderness. The diagnosis is typically 
made based on clinical signs and symptoms and laboratory tests 
such as wound cultures and blood tests to identify the causative 
organism. Prevention of SSIs involves a combination of measures, 
including appropriate use of antibiotics, sterile technique during 
surgery, and patient optimization before and after surgery. 
Treatment strategies typically involve a combination of antibiotics 
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and surgical intervention, such as debridement or drainage of 
the infected site. In severe cases, hospitalization and intensive 
care may be required. Future research studies are needed to 
improve the outcomes for patients with SSIs. Areas of research 
include the development of more effective prevention strategies, 
the identification of novel therapeutic targets, and a better 
understanding of the pathogenesis of these infections.
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