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ABSTRACT

Globally, surgical site infections (SSIs) continue to be a major contributor to postoperative morbidity, extended
hospital stays, and higher healthcare expenses. The prevalence of SSIs remains a significant clinical concern
despite advancements in surgical methods and infection control protocols. By incorporating important risk
factors, advancements in sterilization techniques, and an evolving role played by Negative Pressure Wound
Therapy (NPWT), this review seeks deliver a thorough summary of developments in SSI prevention.

SSI development is significantly influenced by procedure-related and environmental factors, as well as patient-
related factors such diabetes, obesity, and immunosuppression. This review emphasizes the necessity of an
evidence-based, multifactorial strategy that integrates cutting-edge technologies with conventional preventive
measures. Future approaches, such as the incorporation of Al and customized risk assessment, could enhance
patient outcomes and SSI prevention even more.
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1. Introduction postoperative  morbidity, death, and higher

A significant amount of postoperative problems
globally are caused by surgical site infections
(SSIs), which are among the most prevalent
infections linked to healthcare [1]. They are
characterized as infections that develop at or close
to the surgical incision within 30 days following a
procedure, or within a year if implants are being
placed [2]. Higher readmission rates, longer
hospital stays, increased morbidity, and a
significant financial impact on healthcare systems
are all linked to SSIs [3].

The incidence of SSIs is still high worldwide,
especially in low- and middle-income nations,
despite improvements in surgical methods,
antibiotic prophylaxis, and infection control
procedures [4].Due to their enormous impact on

healthcare costs, surgical site infections (SSIs)
constitute a significant worldwide health burden.
SSIs continue to be one of the most prevalent
postoperative consequences globally, making for
almost one-third of all infections linked to
healthcare [1]. Between 2% and 11% of surgical
procedures worldwide result in surgical site
infections (SSIs), with much higher rates reported
in low- and middle-income countries (LMICs),
where infection rates may surpass 20% in specific
surgical categories like caesarean sections [4-5].

SSIs have a significant clinical impact, increasing
the risk of complications, delaying wound healing,
and lengthening hospital stays often by seven to ten
days [3]. Furthermore, SSIs are linked to higher
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mortality and play a major role in postoperative
deaths in settings with limited resources [6].

In addition to procedure-related factors like length
of operation, wound classification, and surgical
technique, patient-related factors like diabetes,
obesity, malnutrition, and immunosuppression
cancontribute to the development of SSIs [7].
Infection prevention also heavily depends on
environmental factors, such as adherence to aseptic
procedures and operating room sterility [8]. From
an economic standpoint, SSIs place a significant
financial strain on healthcare systems, resulting in
significant additional expenditures and treatment
costs that can rise by up to 300% [9].

With the advent of cutting-edge technologies like
hydrogen peroxide plasma sterilization,
antimicrobial coatings, and automated disinfection
systems, which have improved the efficacy of
infection control measures, sterilization procedures
have changed dramatically in recent years [10].
Simultaneously, advances in wound care, especially
Negative Pressure Wound Therapy (NPWT), have
drawn interest due to their ability to accelerate
wound healing and lower the risk of infection in
patients undergoing high-risk surgery [11].
However, despite the availability of these
preventative measures, their broad use is limited by
inconsistent clinical outcomes and a lack of
established protocols [12]. Furthermore, rather than
offering an integrated viewpoint that incorporates
risk assessment, advances in sterilization, and
contemporary wound care techniques, numerous
studies now concentrate on specific elements of
SSI prevention.

Therefore, the goal of this review is to present a
thorough and critical examination of current SSI
prevention efforts, with an emphasis on risk factors,
sterilizing advancements, and the changing role of
NPWT. This paper aims to identify current gaps
and provide future directions for enhancing surgical
results and patient safety by synthesizing recent
information.

2. Risk Factors for Surgical Site Infections

A complex interaction of patient-related,
procedure-related, and environmental factors
affects  surgical  site  infections  (SSIs).
Comprehending these factors is crucial for putting
into practice successful preventative measures.
Numerous investigations have shown that extrinsic
surgical circumstances and intrinsic patient features

both play a major role in the development of SSIs
[13-14].

2.1 Factors Associated with  Patients
Susceptibility to SSIs is mostly determined by
patient-specific factors. Due to immunological
dysfunction brought on by hyperglycemia,
comorbid diseases like diabetes mellitus have a
significant connection to poor wound healing and
an increased risk of infection [15]. Another
important risk factor is obesity, since too much fat
decreases oxygenation and vascularity at the
surgery site, which increases the risk of infection
[16].

Smoking has an adverse effect on oxygen delivery
and tissue perfusion, which delays healing and
increases the incidence of SSI [17]. Furthermore,
people with impaired immune responses, such as
those undergoing chemotherapy or corticosteroids,
are more susceptible to postoperative infections
[18].

2.2 Procedure-Related Components
In the development of SSI, procedure-related
variables are equally significant. The length of the
procedure has been repeatedly found to be a
significant factor, with longer operating times
increasing exposure to possible pollutants [19].
Infection risk is also influenced by the style of
surgical wound; contaminated and filthy wounds
have far higher incidence of surgical site infections
(SSIs) than clean wounds [20].

Additionally, limiting the risk of infection depends
heavily on surgical technique, which includes
appropriate tissue handling, hemostasis
maintenance, and adherence to aseptic principles
[21].

23 Environmental Aspects
SSI incidence is greatly impacted by environmental
factors in the operating room (OT) and hospital
setting. Reducing microbial contamination in the
operating room requires maintaining tight sterility,
which includes regulated air flow and restricted
staff movement [22].

In order to avoid SSIs, hospital infection control
procedures like sterilizing equipment, practicing
good hand hygiene, and following established
procedures are essential [23]. Increased prevalence
of healthcare-related infections, particularly SSIs,
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have been connected with inadequate infection
control methods.

research, shows that procedural and patient-related
factors continuously increase the incidence of SSI.
3. Sterilization Innovations in SSI Prevention
Sterilization is essential for preventing surgical site

The key risk factors for surgical site infections,
along with supporting evidence from various

studies, are summarized in Table 1.
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Its efficacy against a wide range of infections,

S.No | Method Study (Author, Year) | Study Type Key Findings / Conclusion
1. Hydrogen Peroxide | Rutala& Weber, 2019 | Review Article Effective  low-temperature
Plasma [26] sterilization ~ with  high
antimicrobial efficacy

2. Hydrogen Peroxide | McDonnell & Burke, | Experimental Demonstrated rapid

Plasma 2011 [27] Study microbial inactivation with
minimal residue.

3. Ethylene Oxide Mendes et al., 2007 | Experimental Highly effective for complex

[28] Study instruments  but requires
strict safety measures.

4. Ethylene Oxide Phillips, 1996 [29] Review Article Highlighted toxicity
concerns and need for proper
aeration.

5. Ozone Sterilization Thanomsub et Experimental Ozone effectively inactivates

2002 [30] Study a wide range of
microorganisms.

6. Ozone Sterilization Bocci, 2005 [31] Review Article Identified ozone as a
promising but still evolving
sterilization method.

4. Modern Disinfection Technologies

Modern disinfection techniques have greatly
improved infection control procedures in surgical
settings, in addition to traditional sterilizing. These
methods concentrate on using automated and non-
contact  techniques to  lower  microbial
contamination in operating rooms and on medical
instruments [32].
4.1 Systems for UV-C Disinfection
In healthcare settings, ultraviolet-C (UV-C) light,
which usually has a wavelength between 200 and
280 nm, is frequently used to disinfect surfaces and
the air. By causing damage to DNA and RNA, UV-
C inactivates microorganisms and prevent them
from replicating [33]. Many studies have reported

including multidrug-resistant organisms frequently
linked to SSIs [34]. However, exposure duration,
distance, and shadowing effects all affect its
effectiveness, which may limit consistent
disinfection [35].

Infection control procedures are now more reliable
and consistent thanks to automated sterilizing
technology such robotic disinfection systems and
automated endoscope reprocessors [36]. By
ensuring consistent sterilization cycles and
minimizing human error, these technologies lower
the risk of contamination. High installation and
maintenance costs continue to be a major obstacle
to their wider adoption despite their benefits [37].
Key studies evaluating the role of disinfection
technologies in reducing microbial contamination
and SSI risk are presented in Table 3.
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6. Evolving Role of Negative Pressure Wound
Therapy (NPWT)

Surgical site infections (SSIs) can be prevented and
managed with the help of Negative Pressure Wound
Therapy (NPWT), especially in high-risk surgical
wounds. By increasing perfusion, decreasing
edema, and eliminating exudates, NPWT applies
sub-atmospheric pressure to the wound site via a
sealed dressing system [43]. Its application has
grown during the last ten years, moving from the
treatment of chronic wounds to the prevention of
closed surgical incisions.

6.1 Mechanism of Action

Numerous pathways are responsible for the
therapeutic advantages of NPWT. It makes it easier
to continuously remove infectious debris and
wound exudate, which lowers the bacterial load
(44). Furthermore, NPWT increases local blood
circulation and angiogenesis, which improves the
delivery of nutrients and oxygen to the wound site
[45]. In addition to promoting cellular proliferation
and granulation tissue development, mechanical
deformation of tissues under negative pressure
speeds up the healing process [46].

NPWT lowers the incidence of postoperative
complications and fosters healing by creating a
favourable wound environment [47]. As a result of
its increasing therapeutic significance, its use has
broadened beyond treating chronic wounds to
preventing closed surgical incisions.

Numerous interconnected systems mediate NPWT's
efficacy. One of its main roles is to continuously
remove infectious material, debris, and wound
exudate, which lowers the local bacterial burden
and keeps the wound environment clean [48].

Additionally, by encouraging angiogenesis and
boosting blood flow to the wound site, NPWT
improves local tissue perfusion. Better oxygenation
and nutrient delivery are made possible by this
increased perfusion, which is crucial for efficient
wound healing [49].

Additionally, the mechanical forces produced by
negative pressure cause cellular microbeformation,
which promotes granulation tissue formation and
cellular proliferation. Together, these mechanisms
hasten the healing of wounds and enhance surgical
results [50].

6.2 Clinical Applications

In many different surgical contexts, NPWT has
been used more frequently, especially for patients
who are more susceptible to SSIs. These include
people who frequently have decreased wound
healing due to concomitant diseases such obesity,
diabetes, and immunosuppression [51].

Clinically, NPWT has proven useful in an array of
surgical specialties, including as cardiothoracic,
orthopaedic, and abdominal surgeries. Its function
includes both preventative application over closed
surgical incisions and therapeutic care of open
wounds, particularly in complicated or high-risk
situations [52]. Its extensive use in contemporary
surgical practice has been facilitated by its
adaptability.

6.3 Effectiveness in SSI Prevention

The importance of NPWT in lowering the
incidence of SSIs is supported by an increasing
amount of data. When compared to traditional
wound dressings, a number of randomized
controlled trials and meta-analyses have shown
improved healing outcomes, decreased wound
dehiscence, and lower infection rates [54].

Notably, NPWT may reduce the risk of SSIs and
other wound complications, according to a
Cochrane systematic review; however, the degree
of certainty in the data differs depending on the
surgical population and clinical situation [55].
These results imply that although NPWT is helpful,
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variables including surgical difficulty, wound type,
and patient selection affect how effective it is.

NPWT has various drawbacks despite its clinical
benefits. Particularly in hospital settings with
limited resources, the high cost of NPWT devices
and consumables continues to be a significant
problem [56].

Its application in standard clinical practice may
also be hampered by accessibility concerns, such as
the lack of equipment and qualified staff [56].

Furthermore, a lack of defined protocols is shown
by the diversity in clinical results between trials,
underscoring the need for additional high-quality
research to define ideal indications and utilization
methods [57].

7. Comparative Analysis of Prevention
Strategies

A multimodal strategy that incorporates patient
optimization, efficient sterilizing techniques,
cutting-edge wound care devices, and antimicrobial
interventions is needed to avoid surgery site
infections (SSIs). Although specific tactics like
antimicrobial materials, sterilizing advances, and
negative pressure wound therapy (NPWT) have
proven successful, their relative performance varies
based on patient risk profile, clinical context, and
healthcare infrastructure [58].

7.1 Comparison of Sterilization, Disinfection,
and NPWT

In order to lower the early risk of infection,
sterilization and disinfection treatments mainly
emphasis on removing microbial contaminants
from surgical equipment and the working
environment [59]. Modern techniques like UV-C
systems and hydrogen peroxide plasma have
improved the effectiveness and dependability of
infection  control  procedures.  Nevertheless,
postoperative wound healing is not immediately
impacted by these methods, which are primarily
preventive.

On the other hand, NPWT functions at the site of
the wound and is involved in both the management
and prevention of SSIs. NPWT offers a therapeutic
benefit over conventional sterilization techniques in
high-risk patients by encouraging wound healing
through improved perfusion, exudate clearance,
and decreased bacterial load [60].

By directly preventing microbial colonization at the
surgical site, antimicrobial techniques like coated
sutures and antimicrobial surfaces provide a middle
ground. These techniques may not address systemic
or procedural variables that contribute to SSIs, but
they are very successful in lowering the risk of
localized infections [61].

7.2 Clinical Effectiveness Across Different
Settings

Surgical environments and patient populations
differ in the efficacy of SSI prevention measures.
Standard  sterilizing and infection control
techniques may be adequate to maintain low
infection rates in low-risk procedures [62].
However, adjuvant techniques like NPWT and
antimicrobial sutures have shown better results in
high-risk procedures, such as those involving
prolonged operative time, contaminated wounds, or
patients with comorbidities [63].

The choice of action is also heavily influenced by
the availability of resources. Even though cutting-
edge technologies like NPWT and automated
sterilization systems have many advantages, their
high cost and infrastructural requirements may
prevent them from being used in low- and middle-
income nations [64].

7.3 Integrated Approach to SSI Prevention

New research indicates that the best results in SSI
reduction come from a combination strategy that
includes several preventive tactics. Surgical
outcomes can be improved and infection rates can
be considerably decreased by combining
antimicrobial — materials, better  sterilization
processes, and targeted use of NPWT in high-risk
patients [65].

Global recommendations, which stress the value of
combining preoperative, intraoperative, and
postoperative therapies rather than depending
solely on one approach, are in keeping with such a
multimodal approach [66]. Future studies should
concentrate on creating standardized procedures
that combine these methods in an economical and
patient-specific way.

To provide a comparative, evidence-based
evaluation of available SSI prevention strategies,
findings from selected studies are summarized in
Table 5.

Table 5: Evidence-Based Comparison of
Strategies
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8. Challenges and Limitations in Current SSI
Prevention

The prevention of surgical site infections (SSIs)
still faces a number of challenges despite notable
improvements in infection control procedures.
These restrictions make it more difficult to apply
preventative measures effectively and add to the
ongoing worldwide burden of SSIs, especially in
environments with limited resources [67].

8.1 Insufficient Standardization

The lack of uniform procedures among healthcare
facilities is one of the main limitations to SSI
prevention. International guidelines offer evidence-
based recommendations, but due to variations in
surgical techniques, institutional regulations, and
resource availability, their application frequently
differs [68].

Clinical practice variability, such as variable use of
sterilizing methods, wound treatment approaches,
and antimicrobial prophylaxis, results in varied
outcomes and restricts the repeatability of effective
therapies [69]. Additionally, this lack of
consistency makes it more difficult to compare
clinical research and create preventative methods
that are applicable to all situations.

8.2 Economic Burden and Cost Restrictions

A significant barrier to SSI preventive efforts is
their cost implications, especially in low- and
middle-income nations like India. The expensive
expense of advanced technologies, such as NPWT,
automated sterilization systems, and antimicrobial-
coated materials, restricts their use in public health
contexts [70].

Furthermore, the financial impact of SSIs
themselves puts further strain on healthcare
systems by lengthening hospital stays, raising
treatment costs, and using more resources [71]. The
viability of putting advanced preventative
interventions into practice is still heavily influenced
by cost-effectiveness, particularly in environments
with constrained healthcare resources.

8.3 Restricted Use of New Technologies

Even while cutting-edge technology has shown
encouraging outcomes in the prevention of SSI,
their uptake in standard clinical practice is still
restricted. Slow adoption is caused by a number of
factors, including healthcare  professionals'
unwillingness to change, lack of knowledge, and
inadequate training [72].

Furthermore, the integration of sophisticated
disinfection systems and wound care technologies
is limited in many healthcare facilities due to
infrastructure constraints and insufficient technical
assistance [73]. The necessity for focused tactics to
encourage the adoption of evidence-based
technologies is highlighted by this disconnect
between innovation and clinical practice.
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9. Future Directions and Emerging Trends

With the incorporation of cutting-edge technologies,
precision medicine, and economical breakthroughs,
surgical site infection (SSI) prevention is quickly
changing. Emerging solutions seek to maximize
customized patient outcomes while simultaneously
lowering infection rates as healthcare organizations
increasingly adopt data-driven and patient-centered
approaches [74]. These advancements have a great
deal of potential to close current gaps in SSI
prevention, especially in diverse and resource-
constrained hospital settings.

9.1 Artificial Intelligence for Predicting
Infections

By facilitating early prediction and risk
stratification, artificial intelligence (AI) and
machine learning are revolutionizing the field of
SSI prevention. Large datasets, such as patient
demographics, comorbidities, surgical factors, and
intraoperative parameters, can be analyzed by Al-
based algorithms to determine who is most at risk
for surgical site infections [75].

By facilitating prompt clinical decision-making,
these predictive methods enable targeted
interventions like the use of adjuvant medications
like NPWT, improved monitoring, or preventive
antibiotics. There are still issues with data quality,
algorithm validation, and integration into clinical
workflows despite encouraging outcomes [76].

9.2 Smart Wound dressing
An important development in postoperative wound
care is the use of smart wound dressings. These
dressings have sensors that can track vital signs of
infection, like temperature, pH, and moisture levels
[77].

Proactive management is made possible by certain
advanced technologies that can respond to early
indications of illness with real-time feedback or
even the discharge of antimicrobial drugs. Even
though these technologies have a lot of potential,
the costs and the requirement for additional clinical
validation now prevent them from being widely
used in clinical settings [78].

9.3 Methods of Personalized Medicine

A major paradigm in the prevention of SSI is
personalized medicine, which focuses on

customizing therapies according to each patient's
unique risk profile. Preventive methods are
progressively taking into account factors such

comorbid  diseases,  immunological  state,
microbiome composition, and genetic
predisposition [79].

This method minimizes needless treatments while
maximizing results by enabling more accurate and
successful interventions. However, its adoption
necessitates  substantial  clinical data  and
sophisticated diagnostic techniques, which may not
yet be widely available [80].

9.4 Scalability and Low-Cost Innovations

The establishment of scalable and affordable
solutions is essential for enhancing SSI prevention
in low- and middle-income nations like India.
Innovations including low-cost NPWT substitutes,
inexpensive antibacterial materials, and simplified
sterilizing methods are becoming more popular
[81].

These strategies seek to strike a compromise
between cost and effectiveness, guaranteeing
greater accessibility in environments with limited
resources. To optimize the impact of these efforts, it
will be crucial to support training initiatives,
strengthen healthcare infrastructure, and foster
local innovation [82].

10. Clinical Implications:

The findings of the study have important
consequences for surgical practice, especially in
terms of enhancing patient outcomes and lowering
the incidence of surgical site infections (SSIs).
Achieving consistent and successful infection
control requires incorporating evidence-based
practices into regular clinical workflows [83].
10.1 Use in Surgical Procedures
By wusing a risk-stratified approach to SSI
prevention, surgeons can put the knowledge from
recent research to use. Targeted interventions, such
as optimal glycemic control, proper antimicrobial
prophylaxis, and the judicious use of adjuvant
medications like NPWT, are made possible by the
identification of high-risk patients, such as those
with diabetes, obesity, or immunosuppression [84].
Crucial elements of infection control during
surgery include adhering to aseptic procedures,

1JDDT, Volume 16 Issue 42s, 2026

Page 1142



Advances in Surgical Site Infection Prevention: Integrating Sterilization Innovations,
and the Evolving Role of Negative Pressure Wound Therapy

cutting down on operating time, and ensuring ideal
tissue handling. Microbial contamination can also
be further decreased by using sutures coated with
antimicrobials and  sophisticated  sterilizing
techniques [85].

For prompt management and better results,
postoperative wound status monitoring and early
infection sign detection are still crucial.

10.2 Practical Strategies to Reduce SSI

A wide range of easy-to-implement strategies that
are included into all phases of surgical care are
necessary for effective SSI prevention. It has been
demonstrated that preoperative optimization, which
includes patient education, quitting smoking, and
nutritional support, greatly reduces the risk of
infection [86].

Reducing hospital-acquired illnesses requires
careful attention to hand hygiene and infection
control procedures, as well as standardization of
sterilization and disinfection procedures [87].

Additionally, when used properly, selective
application of cutting-edge technologiessuch as
UV-C disinfection systems in operating rooms and
NPWT in high-risk woundscan improve overall
infection control [88].

Crucially, maintaining continuous  protocol
adherence and attaining the best results need
interdisciplinary cooperation between surgeons,
nurses, and infection control teams.

11. Conclusion

Surgical site infections remain to be a major issue
in contemporary medicine, greatly increasing
patient morbidity, lengthening hospital stays, and
raising medical expenses. This review emphasizes
how patient-related, procedural, and environmental
factors all play a role in the multifactorial etiology
of SSIs.

Infection prevention outcomes have been greatly
enhanced by developments in sterilization
technology, antibiotic tactics, and wound care
interventions like NPWT. But each plan has its own
drawbacks, and no single tactic is enough on its
own.

The best method for lowering the incidence of SSI
is an integrated, multimodal approach that
combines patient optimization, stringent infection
control procedures, and the judicious application of
cutting-edge technologies. To guarantee improved
surgical results in a variety of healthcare settings,
future initiatives should concentrate on enhancing

accessibility, standardization, and implementation
of these advances.
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