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Surgical site infections (SSIs) are a preventable cause of
increased morbidity and mortality. They comprise approximately
20% of all hospital-associated infections (HAIs) and are the secondmost common type of HAIs in the United States [1]. A previous study
showed that SSIs were the most common nosocomial infection in
surgical patients and were responsible for 38% of all infections
within that category [2]. Surgical site infections lead to prolonged
hospital stays, adjunctive procedures, and additive costs [3]. SSI
rates are an indicator of the quality of surgical and postoperative
care, which calls for the need of increased surveillance systems for
these infections.

Patient Dependent Versus Surgeon Dependent

The literature demonstrates that many, if not all, surgical
specialties have made focused efforts aimed at better understanding
the preventative measures associated with reducing SSI risk
factors. Abdominal (Liver and Kidney transplant, GI, Colon, Liver,
or Pancreatic surgery), Thoracic (Heart transplants, CABGs, and
Thoracic surgery), Neurosurgical (Ventricular shunts, spinal fusion,
Craniotomy), and Cervical (Neck, thyroid, or parathyroid surgeries)
procedures all suffer from higher risks of SSIs [4]. While all risk
factors analyzed were presented by their temporal association
within the surgical process (pre-, intra-, post-, or perioperative),
we believe categorization by Patient/Provider-perspective in
addition to time course provides greater precision. Classification
by Patient-centered risk factors as compared to Provider/Surgeoncentered [CA1] risk factors highlight the important strategies and
risk factors associated with the complete surgical time course while
also delineating actionable strategies. Multiple national guidelines
including the Center for Disease Control’s (CDC-US), National
Institute for Health and Care Excellence’s (NICE-UK), National
Health and Medical Research Council’s (NHMRC-AUS), and Society
for Healthcare Epidemiology of America/Infectious Diseases
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Society of America (SHEA/IDSA-US) provide clinical guidelines
aligning with patient and provider-centered strategies.

Patient-Centered

Risk factors for SSI in this classification can be described as
modifiable or unmodifiable (Garner 2016) [5]. Age is the most easily
distinguished unmodifiable factor, having a direct relationship with
an increased risk of SSIs, [6] that is, however, potentially due to
comorbidities associated with patient [5]. Patient-centered selfdirected modifiable factors that can impact progression through
SSI time course include glucose and Diabetes Mellitus (DM)
management, obesity, smoking status, nutritional plan. Glycemic
control in patients with DM is associated with improved or adverse
outcomes dependent upon the management. Regarding SSIs, glucose
levels above 200 mg/dl have been associated with increased SSIs
rates [7,8]. As the prevalence of diabetes and prediabetes continues
to rise in the U.S., it is necessary to consider Obesity as a significant
risk factor since there is significant association between DM and
SSI that is consistent across multiple types of surgeries [9] Smoking
cessation of at least 30 days prior to operation was included under
Category 1B recommendation class by the CDC in their 1999
Guideline for Prevention of Surgical Site Infection [10]. The 1B
class is the second highest recommendation category supported by
some experimental, clinical, or epidemiological studies and strong
theoretical rationale. Smoking cessation/tobacco use/nicotine
is not included in the most updated guidelines, [11] but studies
continue to show the association between smoking and SSI risk
[12, 13]. Preoperative Nutrition status of patients is important as
malnutrition will negatively impact a patient’s ability to heal, [14]
and lead to increased incidence of SSIs in patients [15].
Patient-centered modifiable factors demanding provider
guidance in place of patient’s health literacy include preoperative
hospitalization stay, antibiotics prophylaxis, patient skin-
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prepping, and inspired O2 content. Increased time in the hospital
is associated with increased risk of encountering pathogens and
subsequent Hospital-acquired infections, an association that
holds for SSIs. Keeping pre-operative hospitalization stay limited
as possible is associated with lessened likelihood of SSI incidence
[16]. There is consensus amongst multiple guidelines and cohort
studies regarding antimicrobial (and more specifically antibiotics)
prophylaxis administration when indicated is essential to reducing
SSIs [5-20]. There is similar need for further studies to provide
consensus on high inspired oxygen therapy towards the reduction
of SSI. Recent meta-analyses suggest that the administration of
high inspired oxygen fraction (FIO2) reduces the risk of SSIs [21].
Data shows statistical significance of reduced SSI rates in hyperoxia
group as compared to control groups, however clinical significance
still is to be determined, further highlighted by guidelines regarding
FIO2 utilization as unresolved. [5,11].

Provider Centered

Provider-centered risk factors for SSI can be described as
procedural or surgeon-related. Such factors are attributed to
surgeon experience and ability to control aspects of the operation
related to environment, participants, and patient management
during the operation. Measurement and feedback of rates of SSI
reveals the optimal to suboptimal care provided. Common factors
in literature included antiseptic prophylaxis of surgical staff,
operating room traffic, patient homeostasis or Normothermia,
Clean air, site shaving/hair removal, and surgical attire. Antiseptic
prophylaxis including full body bathing or showering and
betadine/chlorhexidine utilization towards overall skin-prepping
has been included in guidelines as safe and efficacious strategy
to preventing SSIs [11, 22]. It should be stated that within skinprepping, recent systematic reviews state the effectiveness of
preoperative bathing with 4% chlorhexidine towards the reduction
of SSI rate in clean surgeries cannot be confirmed. [23] Specific
recommendations exist regarding OR parameters include OR entry
and ventilation to reduce the risk of pathogens entering the sterile
space once surgery begins. A gap in consensus currently exists, as
described by Merollini, et al. due to the guidelines recommending
ultraclean and laminar flow ORs being outdated and published
prior to the more recent contradictory studies suggesting such OR
additions were not cost efficient or significant for clinical outcomes
[24]. Further studies exploring individual aspects towards
OR environment that limit confounding variables are needed.
Normothermia, while recommended by CDC and NICE only as
much to maintain perioperative normal body temperature, there is
a gap in information speaking to strategies to achieve and maintain
normothermia, boundaries of normothermia, or the optimal timing
and duration of normothermia to prevent SSI [11, 25]. Sterile gown
and surgical glove utilization is recommended for limiting SSIs [24].
Preoperative site shaving for hair removal is recommended against
due to the micro abrasions in patients skin that would allow for
pathogen entry [11-27]. Exception occurs if the hair will prevent
or interfere with the surgical procedure. [5, 27] Surgical attire
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(scrubs, gowns, headgear, gloves) have demonstrated significant
improvement in SSI rates when worn correctly. In the absence of
surgical antimicrobial prophylaxis, glove perforation is a risk factor
for SSI, thus double gloving to decrease perforation, routine glove
changing, are therefore encouraged and defined to be efficacious
and safe [28, 29].

Preoperative Risk Factors
Nutritional Deficiency

There are no currently accepted guidelines regarding ideal
patient nutritional status before surgery, however, it has been
documented that proper nutrition plays a role in mitigating
surgical site infections, and other surgical wound complications. In
a study by Greene et al analyzing the records of patients who had
undergone a total hip arthroplasty (THA) or total knee arthroplasty
(TKA), patients with a preoperative lymphocyte count of fewer
than 1,500 cells/mm3, were five times more likely to later develop
a major wound complication [30]. In that same study it was found
that patients with a serum albumin below 5 g/dL were seven times
more likely to suffer from wound complications. A study by Jaberi
et al found that in 83 patients that needed surgical debridement
after a total joint arthroplasty, patients were at increased risk for
developing infection if they had an albumin level under 3.5 mg/
dL, or an absolute neutrophil count of less than 1,500 cells/mm3
or transferrin levels below 200 mg/Dl [31]. This information
supports that protocols aimed at reducing surgical site infections
should include preoperative nutritional assessment and patient
education. Long before undergoing any surgical procedure,
patients should undergo a preoperative complete blood count and
blood chemistry analysis, that includes a specialized report on
indicators of nutritional status, such as albumin, transferrin and
total lymphocyte levels.
Diabetes Mellitus

Uncontrolled Diabetes Mellitus (defined as blood glucose over
200 mg/dL or Hemoglobin A1C (HbA1C) greater than 7%) has long
been known to serve as a significant risk factor in the development
of postoperative surgical site infection. A retrospective database
study conducted by Marchant et al, found that patients with
uncontrolled diabetes had significantly higher odds of surgical
site infection when compared to patients with controlled diabetes,
and non-diabetic patients, reporting an odds ratio of 2.28 (P =
0.002, with 95% CI = 1.36 to 3.81). Jain et al. also found diabetes
to increase SSI rate and delay wound healing [32-35]. The study
proposed that the mechanism for the increased infection rate, is the
compromised function of the leukocytes in diabetic patients. With
impaired leukocytes unable to destroy invading pathogens, and
unable to check the deleterious proliferation of otherwise benign
flora, diabetic patients were found to have approximately a 2.5 times
higher risk for SSI than nondiabetics. There is a substantial amount
of evidence to support the guideline that very stringent glycemic
control should be established well before surgery, especially in
diabetic patients.
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Obesity

Operating Room Configuration and Traffic

The negative health implications associated with obesity
are extensive and well documented. Included among the many
complications of obesity is the increased risk for surgical site
infection, or improper wound healing. A study by Meng et al.
showed that spinal surgery patients with a body mass index (BMI)
above 30 kg/m2 report increased SSI reporting an odds ratio of 2.13
(with 95% CI = 1.55 to 2.93). [33] Obesity is also a complex risk
factor in relation to SSI due to its propensity to present with other
SSI risk factors as comorbidities, for example diabetes. In a study
reviewing over 2800 total knee and total hip replacements, Namba
et al. reported obese patients had an odds ratio between 4.2 to 6.7
times the infection risk seen in non-obese patients. [34] Obesity
also alters the mechanics of healing, due to elevated adiposity, and
increased skin turgor, wound dehiscence is a common complication
seen in obese patients postoperatively. Measures to get patients in
a healthy BMI range prior to surgery must be an integral part of any
protocol or curriculum aimed at mitigating surgical site infections.

There are still debates regarding the necessity of ultra-clean air
vs. laminar air flow in the OR in helping to decrease deep surgical
site infections. Ritter demonstrated a 93% reduction in airborne
bacteria surrounding the wound and bacteria on the instrument
table, when laminar air was used. It was also reported from this
study that 30% of unused instruments were contaminated,
whereas only 1% of instruments were contaminated when laminar
air was utilized. Another factor involved in prevention of surgical
site infections was limiting the number of personnel entering and
exiting the OR.

Intraoperative Risk Factors
Skin Preparation

Skin preparation is an important step in reducing bacterial skin
count prior to surgery. A study conducted by Gilliam and Nelson
compared bacterial skin counts before and after skin preparation,
specifically in primary joint arthroplasty, using iodophor pain and
scrub in 30 patients and iodophor and alcohol preparation in 30
patients. It was found that both methods led to similar reduction of
bacterial colony counts. One significant difference was the ability
of the one-step, water-insoluble iodophor and alcohol solution in
improving drape adhesion.

Another component to consider in potential bacterial entry into
wounds, is drape lift-off, which can lead to infection. A randomized
trial conducted at a single-center compared the use of DuraPrep or
an iodine scrub for preoperative skin preparation in 176 patients.
The rate of contamination of the wound sites were similar, but there
was increased drape life-off in the iodine scrub and paint group.

Surgical Gowns and Gloves

Surgical gowns are used in performing total joint arthroplasties
as well as other surgical procedures. However, their role in
significantly decreasing infection is still a debatable topic. Ritter
conducted a study that assessed the effectiveness of surgical exhaust
gowns in comparison to standard surgical gowns. The results
demonstrated that the exhaust gowns provided a 38% decrease
in colony forming units. The results however showed no different
during the surgical procedures. Surgical gloves are potentially
another source of wound contamination. In particular with THAs.
In a study conducted by McCue et al, 275 outer and inner glover
were cultured following 10 THAs. It was found that the gloves
most frequently contaminated were the ones used exclusively for
draping. The recommendation was made that outer gloves should
be removed after draping, and throughout the course of the surgical
procedure.

Wound Closure

Surgical wound closure techniques also may have an effect
on the rates of infection. A prospective study by Kahn et al.,
compared wound closure in 187 primary TKAs and THAs using
three different methods, skin staples, subcuticular 3.0 suture or
2-octylcyanoacrylate (OCA). It was found that closure with OCA, led
to less wound discharge within the first 24 hours, both in knees
and hips. However, it was demonstrated to have prolonged wound
discharge in TKAs that were closed using OCA. Skin staples had
faster closure times than OCA or sutures. Additionally, there was
no difference observed in infection rates between the three groups.
Alternative techniques of closing the fascia and skin such as barbed
sutures assist with decreasing time for closure. Further study is still
needed to evaluate these techniques and their impact on prevention
of surgical site infections.
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