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Coagulase-Paositive Staphyloecoccl Recovered
From Operating Room Personnel

Number of Coagulase-positive Staph. recovered

Source cultures Number Percent
Hospital 1 1,440 248 17.2
Hospital 2 2,888 388 13.4
Hospital 3 1,654 512 31.0
Hospital 4 1,514 287 19.0
Hospital 5 1,767 485 27.4
Totals 9,263 1,920 20.7

Ann Surg 1964; 160: 1-92
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It's all about the surgical wound and comorbid risk

“....all surgical wounds are contaminated to some degree at closure — the primary determinant of whether the
contamination is established as a clinical infection is host (wound) defense”
Belda et al., JAMA 2005;294:2035-2042; Wiley AM, et al. Clin Orthop Relat Res 1979;139:150-155
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IMPORTANCE Approximately 0.5%: to 2% of patients undengzoing surgery will experienca
infection at or adjacent to the surgical incision site. Compared with patients undergoing
surgery who do not have a surgical site infection, those with a surgical site infection are

hospitalized approxdimately 7 to 11 days longer.

DBESERVATIONS Most surgical site infections can be preventad if appropriate stratogics
are implamanted. Thesa imfactions are typically causaed winen bactoria from the patient's
andogenous flora are imoculated into the surgical site at the time of surgerny. Developrmeent
of an infaction depends on various factors such as the ealtth of the paticnt’s imrmurs
systam. presance of foreign matearial, degree of bactarial wound contamination, and usa
of antibiotic prophylaxis. Although numenous sirategies are recommended by imtemational
organizations o decrease surgical site infection. only & genaral strategies are supported
by randomized tralks. Interventions that are associated with kowar rates of infection
indude avoiding razors for hair rermeowal (4_4% with razors vs 2_5% with clippers);
decolonization with intranasal antistaphylococcal agents and antistaphylococcal skin
antiseptics for high-risk procedures (0.8%: with decolonization vs 2% withowt); use of
chiorhexidine gluconate and aloohol-based skin preparation {4.0%: with chlorhexidine
gluconate plus alcohol ws 6 5% with povidons iodine plus alcohol); maintaining
normoiharmia with active warming such as warmed intravencus fluids, skin warming.
and warm forced air to keep the body temperature warmer than 36 °C (4. 7% with active
wanming vs 129 without); perioperative glycemic control (949 with glucose <150 mgfdlL
ws 6% with glucose =150 mg/dL): and use of negative pressure wound therapy (9.7 %
with ws 15% without). Guidelines recommend appropriate dosing. timing., and choice

of precperative parentaral antimicrobial propihylaxis.

Auwthor Affillations: Duke Centar for
Armemicroibial Steswandship and

COMCLUSIONS AND RELEWVAMCE Surgical site imfections affect approximately 0.5%: to 3% of
patients undargoing surgaery and are associated with longer hospital stays than patients with
no surgical site imfections. Avoeding razors for hair remowal. mamntaining normmotharmia, use of
chiorhexidine gluconate plus alocohol-based skin preparation agents, decolonization witi

Infection Prewention, Duke Liniversiy
Schaood of Medicine. Duwrham, Morth
Cansling (Seldelman, Andasrson);

Lnhversity School of Medsane,

intranasal antistaphylococcal agents and antistaphylocoocal skin antiseptics for high-risk
procedures, comorolling for perioperative glucose conoentrations. and wusing negative pressure

wound therapy can reduce the rate of surgical site infections.

ZAMA. 2023;320(3):24.4-252_ dol:10. 0 Viama 2022 24075

surgical site infection is defined as infecticn folkowing an

operation at an incision site or adjacent to tha surgical

incision." Infactions ocour in approximataly 0.5% to 296 of
patients undergoing surgery®-* and are among tha most pravalent
haalth care—acquirad infactions_ 5 Surgical site infactions ara re-
spomsible for approximately 3.5 billion to $10 billion in LS health
care costs annually_ == Compared with patients without surgical site
imfections. those with them remain in the hospital approximatehy 7
o T days longar™™2; 1study involving 177 706 postsurngical patients
reported that 78% weare readmitted as a result of the infaction.” This
reviow summarzes current evidenoe-basad intervamtions for pre-
wantion of surgical site mfection that are applicable to the majority
of operations {(Box}.

JAMA  Jamuary 17, 2023 wiolume 329, Mumber 3

Durham, Morth Carolina (santyhl.

Corresponding surthor: Dewerick
Andersoan, MO, BPHL IDHUIRSC

Box 102359, Durb@m. NC 27710
(deverick . andersoniEduloe esdul.

Sacthon Edibor: Many Mocmae
MCDerTmott, WD, Deputy Edmor.

Methods

We searchaed PubMed, Google Scholar, and the Cochirane databass
for English-language studies of pathogenesis, clinical presanta-
ticn, and prevention of surgical site infections published from Janw-
ary 1, 2015, when guidelines were most recently published by the
World Health Organization, to Septembar 15, 2022, In addition, wea
mianually searchied the referances of selected artickes for addi-
tional relavant publications. We prioritized randomized trials. sys-
tamatic reviews, meta-analysas, dinical practice guidelines, and ar-
ticles pertinent to genaral medical readership. Of 94 studies
dentified. 62 were included, consisting of 142 mandomized trials. 19

JERTEE OO
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Table |. Modifiable and Nonmedifiable Patient-Related Factors Associated With Surgical Site Infections

Fa tior

Paxthophysiology

Patlent-related, moddiable
Dlabeses

| UM UNCS P press e
medications and conditions

Malnuerition

Obeshy

Precperative infections

Tobacco use

Hyperglycamia bmpairs the Innate Immune system and promotes glycosylation of
pratelrs, which compromitses wound healing*® Dlabetes can leadgtl:- higher

perioperative glucose levels and hyperglycemia that Is mare difficult to treat.™

Immunosuppressive clinical conditlons or medications diminish the Inflammatory
phiase of wound healing, 1559

Malnutritlon can decresse collagen synthesks, granulation formatlon In surglcal
wounds, and result in poar tissus healing. Hypoalbuminemia weakens Innate mmuniy

bﬂjﬂm'npﬂ ng macrophage spogtosts and dim n|5h|rﬁ| macrophage activation. Low
albumin also accelerates the segpage of Interstitial Hukd Into the surgical wownd and
pramates general tissue edama.

Adipose tlssue hes less blood Aow, which inhibts the delivery of ceoygen and
antlblotlcs. 31-33

Priar to elactive SLrgery, recognize and treat all Infectlions (ewen I they are distant
from the surgical site).**

Tobeooo use causes vasoconssriction, which can progress to alterations In collagen
mietabolism, decreased Inflammatory response, and relative lschemila.?®

Patlent-related, nonmodifizble
Age

History of prior skin and soft
tlssue Infeceians

Histary of radiztion therapy

The skin's basement membrane and dermis thin with Increasing age, and the skin loses
Its reserve of artanecus blood vessels and nerves that diminish wound healing #=-27

A history of skin and soft tissue infections may be Indicative of lssues with Inherent
Immunity and propensity for Infection. *®

Treatment with radiation Induces underlying tisswe injury and Inhibits wound healing.




Table 2. Modifiable Operation-Related Factors Assodated With Surgical Site Infections

Factor Pathophysiology
Airborne contamination Raising the amount of microorganisms In the operating room environment provides
addrtional opportunity for surgical site Infection. Most of the arborne 2re

Anticoagulation
Blood transfusions

Decreased tissue
axygenation

Foreign material
Operation length
Perioperative hypothermia

Postoperative
hyperglycemia

Surgical technigue
Wound care

Wound contamination from
patient's own flora

Wwound contamination from

Wound contamination from
surgical Instruments

generated by persons in the operating room and their movements. -
Anticoagulants may generate continual cozing of the Incision and slow wound healing . **

Blood transfusions impair macrophage activity and influence Infection risk *~

Diminished tissue on lends ktself to decreased oxidative Is
and impaired mem healing from depileted epithellalization, maﬂxm wb'"'"":'{?
MWMoummungsmwlthedﬂacydw
antiblotics. >

Foreign material stimulates iInflammacion at the surgical skte and raises the risk of
surgical ske infection. >

Longer operative time Is associated with higher damage to wound cells, wound
contamination, and exposure to the outside environment_*7

Perioperative hypothermia weakens Immune System prosection against surgical wound
contamination: vasoconstriction leads o impaired tissue and less access for
key immune cells, less moeility of key immune cells, and eased scar formation ™=

Cellular functions of bactericidal activity, leukocyre adherence chemotaxss, and
phagocytosis are enhanced by insulin and glycemic conerol, as”sungadlrect relation
between elevated blood ose and cellular function deficits. ™" This relationship s
observed In patients and without 2 diagnosis of diabetes.

wound healing is decreased by leaving behind devitalized tissues, Inadvertent entry into
hollow viscera, nadequate blcod supply maintenance, rough manipulation of tissue,
misplaced drains and sutures, and unsuitable postoperative wound care . *®

Wounds that remain uncovered following surgery can be contaminated, or uncontrolled
drainage can diminish the integrity of the surrounding skin “*. 42

Wwound classification delineates the degree of contamination of a surgical wound at the

time of the ocperation.**

Skin preparation and ve antibiotic administration reduce but do not eliminate
the introduction of microorganisms at the surgical site. “*“* Shaving leads t0 microscopic
cuts In the skin that can become niduses for bacteria to multiply “© without appropriate
drapes and barrier devices, bacteria from hair follicles and deeper skin layers can

recolonize the surgical ske.

Transkion of microorganisms from the surgical personnel’s shoes, mouths, or body can
contaminate surgical wounds ** M from the hands of health care workers
in the room can move onto the patient and operating fleld If personnel do not
perform appropriate handwashing or gloving. *“4<<7

Sterilization eliminates 3ll microorganisms on the surfaces of surgical inssrumenss.
Using insufficiently sterilized tools can lead to pathogen transmission *®
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- Ideally, an antibiotic for SAP should be able to
Surgical Antibiotic Prophylaxis: A Proposal for a Global achieve the following:

Evidence-Based Bundle Prevent SSlS,

Massimo Sartelli '**, Federico Coccolini %, Francesco M. Labricciosa *, AbdelKarim. H. Al Omari %,

Coon At Gormes ™ Adion M. Filonin. = Arda 1k 50, ey Litwn 3, Vet oty 50, Reduce SSI morbidity and mortality;
Diminish healthcare duration and cost;

Not produce any adverse effects;

S o P e e e » Have no aftermath for the patient’s intestinal
oSy Py etk Uty microbial flora or the healthcare facility.
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To achieve these goals, an antibiotic
administered for SAP should fulfill the following:
* Active against the most likely bacteria that can
bt e ., contaminate the surgical field;
s ot e o » Provided in an appropriate dosage and time

_ sl Uty et s i S M 20 B 1464 that ensures adequate serum and tissue
sttt s, S concentrations amid the whole operation;
o Dty » Safe;

» o T - Administered for the shortest effective
period, minimizing adverse effects, opportunistic
infections, antimicrobial resistance (AMR)

development, and costs.

tibiotics13010100 httpss // wwwem joumnal fantibiotics




A global evidence-based bundle for
surgical antibiotic prophylaxis

( : ! Administering the appropriate antibiotic |
Administering the antibiotic at the correct time
before the incision

Re-administering the antibiotic for prolonged
procedures and in patients with severe blood loss

Discontinuing surgical antibiotic prophylaxis after
surgery

Monitoring the implementation level of the
suggested measures




JAMA Surgery | Review

Preventing Surgical Site Infections in the Era of Escalating Antibiotic
Resistance and Antibiotic Stewardship

SCIENCE TRANSLATIONAL MEDICINE | RESEARCH ARTICLE

L)

Check for
ates
Copyright © 2024 (e

Authors, sorme rights
reserved; exclusive
licensee American
Assaciation for the
Advancement of

SKIN MICROBIOME

Contribution of the patient microbiome to surgical site
infection and antibiotic prophylaxis failure in
spine surgery
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IMPORTANCE According to the Centers for Disease Control and Prevention and governing
bodies within the American College of Surgeons. the administration of antibiotics as
prophylaxis against infection prior to a planned elective procedure is, with rare exception,
routinely recommended. The goal of "getting to zero™ infections remains a high priority for
policymakers, practitioners, and certainky for patients.
Despite modern antiseptic techniques, surgical site infection (551) remains a leading complication of surgery.
However, the origins of 551 and the high rates of antimicrobial resistance observed in these infections are poorly
understood. Using instrumented spine surgery as amodel of clean (class I} skin incision, we prospectively sampled
preoperative microbiomes and postoperative 551 isolates in a cohort of 204 patients. Combining multiple forms
of genomic analysis, we correlated the identity, anatomic distribution, and antimicrobial resistance profiles of 551
pathogens with those of preoperative strains obtained from the patient skin microbiome. We found that 86% of
SSls, comprising a broad range of bacterial species, originated g ly from preoperative strains, with no
evidence of common source infection among a superset of 1610 patients. Most 55! isolates (59%) were resistant
to the prophylactic antibiotic administered during surgery, and their resistance phenotypes correlated with
the patient's preoperative resistome (P = 0.0002). These findings indicate the need for 551 prevention strategies
tailored to the preoperative microbiome and resistome present in individual patients.

OBSERVATIONS Despite the many advances in surgical technique, skin decontamination,

sterile procedure, and enhanced recovery programs, surgical site infections continue to
adversaly affect procedures as diverse as dental implant surgery, joint arthroplasty,

and major abdominal surgery. Although surgical site infection rates are at historically low levels,
progress has stalled in recent reporting periods and such infections remain disabling, costly, and
occasionally lethal. Stakeholders in the field, induding surgeons, infectious diseases specialists,
and industry, advocate for strategies emphasizing greater levels of intraoperative sterility or
broader-spectrum antibiotic coverage as the most appropriate path forward.

Author Affiliations: Division of
Critical Care Medicine, Department of
Anesthesiology & Pain Medicine,
University of Washington, Seattle
(Long); Department of Internal
Medicine, University of Chicago,
Chicagn, Ilinois (Cifu); Department of
Laboratory Medicine & Pathology,
University of Washington, Seattle
(Zalipante); Department of Surgery,
Western Michigan University Homer

CONCLUSIONS AND RELEVANCE The current emphasis on ever-increasing levels of

INTRODUCTION

Surgical site infection (S51) is the most common and costly compli-
cation of modern surgery, affecting about 1 in 30 procedures (1).
Compared with other hospital-acquired conditions, SSI rates have
seen little improvement over recent reporting periods (2-4) despite
wide adherence to standard infection prevention measures (4, 5).
Moreover, focused efforts to identify and correct deficiencies in
established best practices for 851 prevention have not translated to
reduced rates of infection (6), suggesting both the limited potential
of current strategies to drive substantial further reductions in SSI
and the need for new data to guide development of preventative
approaches.

Future quality improvement in this arena remains limited by a
poor fundamental understanding of both the origins of SSI and the
high rates of resistance to prophylactic antimicrobial agents ob-
served in these infections (7). Whereas the potential for surgical
wounds to become inoculated with endogenous bacteria may be
intujtive for contaminated or “clean-contaminated” orocedures

Long et al., Sci. Transl. Med. 16, eadkB222 (2024) 10 April 2024

Long DR, et al. Sci Transl Med 2024 Apr 10;16(742):eadk8222

cleaning, sterile processing, and operating room attire, which target
“exogenous” sources of infection from nosocomial reservoirs. In
contrast, prior microbiological studies (13-15) indicate that many
wound infections may arise from “endogenous” reservoirs of colo-
nizing microbiota carried by the patient. Yet, seminal studies on
endogenous wound infection predate the era of next-generation
sequencing and have largely been limited to Staphyloceccus aureus,
leaving unaddressed the broader range of pathogens, including
Gram-negative and anaerobic organisms, that are commonly impli-
cated in 581 (16). A more generalized model of SSI as an infectious
process of predominantly endogenous origin (including in clean
procedures and non-staphylococcal infections) has therefore not
been widely adopted. Surgical culture, health care system initiatives,
research studies, product development, legal proceedings, and many
guidelines consequently continue to place emphasis on hospital-
centered rather than patient-centered factors, such as operating
room traffic, surgical attire, air flow, equipment decontamination,
and interpersonal transmission (17-23). Only recently has there

obiome

r study-
d “class
tory, or
ral rea-
SUFgery
llowing
iplexity,
1an any
fections
owanonz 196 (26,
ultured
tended
scribed
instru-
1e back

1of14

1005t 10 fagjery [Eapagy 18 Faooms s v sdii wan poprojumeg]

intraoperative sterility and extended-spectrum antibiotic use are not sustainable long-term
solutions. Continuing to escalate these approaches may contribute to unintended
consequences including antimicrobial resistance. Principles of antimicrobial stewardship

and microbiome sciences can be applied to inform a more effective and sustainable approach

Stryker School of Medicine,
Kalamazoo (Sawyer): Liniversity of
Mevada Reno School of Medicine,
Rena (Machutta); Department of
Surgery, University of Chicago,

to infection prevention in the field of surgery.

JAMA Sarrg. doi: 101000 jamasurg. 20240429
Published online June 26, 2024.

urgeons' practices toward prophylactic antibiotic adminis-

tration for elective surgery reflect a perspective that pro-

phylactic antibiotics are both safe and effective and should
therefore be maximally leveraged for the prevention of surgical
site infections (S5ls)." Overall, routine preoperative antibiotic pro-
phylaxis significantly reduces the inddence of 55|s compared with
no,>* or delayed.* systemic antibiotic prophylaxis in many proce-
dures. However, in the decades since the first trials of routine sur-
gical antibiotic prophylaxis were conducted, a new appreciation
for the limitations and harms of antibiotic use has emerged and
antibiotic administration for surgical prophylaxis has grown to
comprise 1in 5 of all inpatient antibiotic exposures.® Over the
same period, the prevalence of bacteria resistant to common anti-
biotic agents has increased in our communities and health sys-
tems, such that now up to half of all 551s in the US are estimated to
be resistant to the recommended prophylactic agent, while
national 55| rates have stopped decreasing.®” In turn, several
recent studies focused on high-risk procedures (ie, pancreas and
colon surgery) have shown that use of additional and/or broader-
spectrum prophylactic antibiotics can incrementally reduce 551
rates in this new context,® an effect specifically associated with
the expanded coverage of bacteria resistant to more narrow-
spectrum agents."' However, a high degree of inappropriate
perioperative antibiotic use persists. both in the US and

jamasurgery.com

Chicago, Ilinois (Aherdy).

Corresponding Author: John C.
Alverdy, MD, FSIS, Department of
Surgery, University of Chicago, 58415
Maryland, MC 6090, Chicago, IL
60637 (jalverdyifbsd uchicago.edu).

internationally.***" Such expansions in the spectrum of, duration
of, and indications for perioperative antibiotics by health systems
and individual surgeons represent a natural response to the persis-
tent problem of SSis, but are in conflict with the growing reality of
antimicrobial resistance and antibiotic stewardship programs
intended to constrain harm associated with their overuse.'® In this
article, we review challenges, misconceptions, and opportunities
in preventing SSls in the era of escalating antibiotic resistance, and
discuss the risks, benefits, and alternatives of current prophylactic
antibiotic prescribing practices in the context of antimicrobial
stewardship.

Discussion and Observations

Proposed Framework for Stewardship of Surgical

Antibiotic Prophylaxis

Although the best approaches to optimizing antimicrobial use in
surgery may vary appropriately between practice settings and
procedure types, we propose a general 5-part framework {Box),
based on a survey of current literature and priority areas in this
field, by which the prindples of antimicrobial stewardship and the
sustained effectiveness of surgical antibiotic prophylaxis can be
integrated.

JAMA Surgery Published onfine June 26, 2024

Long DR, et al. JAMA Surg. 2024;159:949-9560




What Do The Long Studies Tell Us?

« The Spinal Study results identify the patient microbiome as the
primary reservoir for SSI.

 Most SSI isolates (59%) were resistant to the prophylactic
antibiotic administered during surgery, and their resistance

phenotypes correlated with the patient’s preoperative resistome
(p=0.0002).

* The anticipated global increase in colonization of healthy
iIndividuals with antimicrobial resistant organisms will be reflected
In a rapidly changing microbial landscape within our hospitals
and communities.

* These findings suggest that future efforts in infection prevention
should enable, (1) more individualize and (2) patient-centered
Interventional strategies (BM) = bundle modification
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Food For Thought

Remember, the human microbiome plays a role in both
health and disease. As heathcare professionals, our
ability to do harm to the microbiota is substantial, with
uncertain short- and long-term impacts.

Antimicrobial stewardship programs have the potential to
minimize this impact, align antibiotic usage practices with
rational evidence-based strategies underpinned by data,
and ultimately improve patient outcomes.
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Assessment of the Risk and Economic Burden of
Surgical Site Infection Following Colorectal Surgery
Using a US Longitudinal Database: Is There a

Role for Innovative Antimicrobial Wound Closure
Technology to Reduce the Risk of Infection?
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BACKGROUND: Colorectal surgical procedures place
substantial burden on health care systems because of

the high complication risk, of surgical site infections in
particular. The risk of surgical site infection after colorectal
surgery is one of the highest of any surgical specialty.

OBJECTIVE: The purpose of this study was to determine
the incidence, cost of infections after colorectal surgery,
and potential economic benefit of using antimicrobial
wound closure to improve patient outcomes.

Earn Continuing Education (CME) credit online at cme.lww.com. This
activity has been approved for AMA PRA Category | credit™
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DESIGN: Retrospective observational cohort analysis and
probabilistic cost analysis were performed.

SETTINGS: The analysis utilized a database for colorectal
patients in the United States between 2014 and 2018.

PATIENTS: A total of 107,665 patients who underwent
colorectal surgery were included in the analysis.

MAIN QUTCOME MEASURES: Rate of infection was
together with identified between 3 and 180 days
postoperatively, infection risk factors, infection costs over
24 months postoperatively by payer type (commercial
payers and Medicare), and potential costs avoided per
patient by using an evidence-based innovative wound
closure technology.

RESULTS: Surgical site infections were diagnosed
postoperatively in 23.9% of patients (4.0% superficial
incisional and 19.9% deep incisional/organ space). Risk
factors significantly increased risk of deep incisional/
organ-space infection and included several patient
comorbidities, age, payer type, and admission type.
After 12 months, adjusted increased costs associated
with infections ranged from £36,429 to §144,809

for commercial payers and §17,551 to $102,280 for
Medicare, depending on surgical site infection type.
Adjusted incremental costs continued to increase

over a 24-month study period for both payers. Use of
antimicrobial wound closure for colorectal surgery is
projected to significantly reduce median payer costs by
$809 to $1170 per patient compared with traditional
wound closure.

Dhszases oF THE Cowon & Recruss Vooome 63: 12 (2020)

Patients undergoing colorectal surgery
in the U.5. between 2014 and 2018
N=187,027

Adult patients (=18 years)
N=175814

Patients with continuous enroliment
212 months before and 6 months after
colorectal surgical procedure
N =107 665




B Infection B Deep incisional infection [l Organ-space infection

i i Deep incisional and
[ No infection [] P

organ-space infection M Superficial infection

FIGURE 4. Surgical site infection rate at 6 months after the index colorectal surgery by infection type.




Cost of Superficial and Deep/Organ Space
Colorectal SSIs

TABLE 3. Summary of SSI costs from the database analysis by infection type, payer, and time point

Mean SSI cost (95% ()

Payers Deep incisional and organ-space Deep incisional Organ-space Superficial

Commercial payers
6 months $122,117K5117,490-5127,007)  $43,490 ($42,120-544,888)  $71,324 ($67,859-$74,904)  |528,866]526,690-531,115)
12 months $144 809§5137,819-5152,062)  $52,628 (550,633-554,670) 85,079 (579,641-590,747)  |536,429]533,085-539,910)
24 months $164,471§5152,816-5176,759)  $64,563 ($61,143-568,097)  $96,910 ($87,550-5$106,844) |544,281]538,538- $50,350)

Medicare
6 months $84,067 (77,457-591,069) $25,387 ($22,884-528,010)  $47,955 ($44,325-851,764)  [516,026]512,884-519,375)
12 months $102,280§592,575-6112,670)  $32,456 (528,832-536,280)  $54,547 (549,293-$60,111)  |517,5511513,040-522,408)
24 months $§121,274K5104,102-5140,169)  $45,771(538,679-553,407)  $66,784 ($56,992-577,402)  |520,758]512,538-529,834)

SSI = surgical site infection.

Leaper DJ, Holy CE, Spencer M, Chitnis A, Hogan A, Wright GWJ, et al. Assessment of the Risk and Economic Burden of Surgical Site Infection Following Colorectal Surgery Using a US Longitudinal
Database: Is There a Role for Innovative Antimicrobial Wound Closure Technology to Reduce the Risk of Infection? Diseases of the colon and rectum. 2020;63(12):1628-38.



Are We Missing Anything Here!

- |nfection Rate (107,665 Colorectal Patients):
23.9%

- 50% of Infections diagnosed at 3-25 days while
/5% of Infections diagnosed by/after 2 months

- CDC-NHSN & ACS-NSQIP closes the books on
colorectal surveillance at 30-days

- We are missing 25%-30% of colorectal infections
due to our current NHSN Survelllance Strategy
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Background

urgical site infections (SS1s) have a significant health eco-

nomic burden, accounting for more than US $3.3 billion in
costs annually, and lead to prolonged hospital stays, elevated
30-day mortality rates, greater incidences of reoperation, and
decreased quality of life.' In 2016, the World Health Org-
anization (WHO) identified prevention of $51s as an interna-
tional high priority and published recommendations fora wide
range of risk-reducing perioperative intervent ions.* Both the
2016 and 2018 editions of the WHO global guidelines con-
ditionally recommended prophylactic use of closed incision

negative pressure wound therapy (ciNPW T) for SSI prevention,
despite noting overall low-quality evidence and lack of consen-
sus with other national/specialty guidelines.*# At least tentative
remnunend.n ions have ':meﬂw beer v the Waorld
r or Surgical
a |ulm rec-

and the Infectious Dmm‘m Society of S.mtam.a 38
Recently, ciNPW T has been the subyect of multiple random-
ized controlled trials, systematic reviews, and meta-analyses
with accumulating moderate-to-high certainty evidence for its

1I:.I:]:|.|I'I:|'|'Jc1it of Surgery, University of Kansas Medical Center, Kansas
“Saint Luke’s Hospital Cardiovascular and Cardiothoracic Rescarch, Kansas 54
Data from this article were presented as an oral presentation at the Surgical Infection h(ucq- Anmuzl Meeting on June 6, 2024, in Miami, FL.
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So, What Do We Know?

1. Negative pressure wound therapy (NPWT)

accelerates healing by applying controlled
suction to a wound, removing excess fluid,
reducing bacteria, and stimulating tissue
growth.

The therapy removes excess fluid (exudate)
and reduces edema, which improves blood
flow and oxygen delivery to the wound bed,
creating a cleaner and healthier
environment. The suction also pulls wound
edges together, decreasing the wound size
and promoting faster closure.

The negative pressure generates
microstrain on the wound tissue, which
stimulates cell proliferation and granulation
tissue formation. This mechanical stress
encourages new blood vessel growth
(angiogenesis) and enhances perfusion,
reducing the risk of tissue necrosis



Components of NPWT

A typical NPWT system includes:

1.

2.

Foam or gauze dressing: Placed directly on or in the wound to
distribute negative pressure evenly and absorb fluid.

Adhesive film drape: Creates an airtight seal over the dressing to
maintain suction and protect the wound from contamination.

Suction tubing and pump: Connects the dressing to a vacuum pump,
which can be battery-powered or mains-operated, and collects wound
exudate in a canister.

Some systems allow instillation of saline or antibiotics to irrigate the
wound while maintaining negative pressure.

Waterproof transparent
adhesive dressing

—— Perforated pad

Foam bandage

Exudate
Suction canister Suction device




Typical applications

Traumatic

wounds
Subacute

and
dehisced
wounds

Closed
surgical
: incisions
Chronic .
and acute
wounds

Pressure
ulcers

Diabetic
foot
ulcers

Stéephanie F. Bernatchez Advances in Wound Care 2024;14:

Applications
highlighted in this issue

Complex
wounds

https://doi.org/10.1089/wound.2024


https://doi.org/10.1089/wound.2024

Clinical Application

NPWT Is used for acute, chronic, and complex wounds,
Including surgical wounds, pressure ulcers, diabetic foot
ulcers, burns, and skin grafts

Its benefits include:

1. Faster wound closure and reduced healing time
Decreased bacterial load and infection risk
Reduced swelling and improved circulation
Enhanced formation of healthy granulation tissue
Abllity to manage wounds that are difficult to close
surgically

Ol SN



Questions — Comments?




1) Check for updates
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Abstract

Background: Surgical site infections (SSIs) have a significant health economic burden, accounting for more than
US $3.3 billion in costs, and lead to increased microbial resistance, prolonged hospital stays, elevated 30-day
mortality rates, greater incidences of reoperation, and decreased quality of life. Recently, evidence has emerged
suggesting that prophylactic closed incision negative pressure wound therapy (ciNPWT) may substantially
reduce the risk of post-operative wound complications, specifically SSIs. This study aimed to evaluate whether
ciNPWT is cost-effective compared with routine incision care for the prevention of superficial SSIs.

Hypothesis: We hypothesized that ciNPWT is cost-effective compared with routine incision care for the preven-
tion of superficial SSIs.

Methods: A cost-effectiveness decision analytic model was created comparing the use and non-use of ciNPWT.
Superficial SSI probabilities, cost of care for patients with and without post-operative infection, and quality of
life Short Form (SF)-36 survey data were obtained from a literature review. Cost of ciNPWT was obtained from
health administrative data. A decision tree was constructed using TreeAge Software Pro Version 2020 (TreeAge
Software, Inc., Williamstown, MA). Deterministic and probabilistic sensitivity analyses were performed to eval-
uate the robustness and reliability of the model.

Results: One-way sensitivity analysis with a willingness-to-pay threshold of $5,000 demonstrated that above a
baseline infection rate of approximately 6.4%, ciNPWT is cost-effective at reducing superficial SSI.
Probabilistic sensitivity analysis indicated that even with uncertainty present in the parameters analyzed, the
majority of simulations (95.4%) favored ciNPWT as the more effective tactic.

Conclusions: Despite the added device cost, ciNPWT is cost-effective for superficial SSI prevention across a
variety of surgical infection risk profiles.

Keywords: cost-effectiveness; decision analysis; negative-pressure wound therapy; prevention; surgical site
infections

Background

S urgical site infections (SSIs) have a significant health eco-
nomic burden, accounting for more than US $3.3 billion in
costs annually, and lead to prolonged hospital stays, elevated
30-day mortality rates, greater incidences of reoperation, and
decreased quality of life.! In 2016, the World Health Org-
anization (WHO) identified prevention of SSIs as an interna-
tional high priority and published recommendations for a wide
range of risk-reducing perioperative interventions.? Both the
2016 and 2018 editions of the WHO global guidelines con-
ditionally recommended prophylactic use of closed incision

negative pressure wound therapy (ciNPWT) for SSI prevention,
despite noting overall low-quality evidence and lack of consen-
sus with other national/specialty guidelines.>* At least tentative
recommendations have similarly been made by the World
Society of Emergency Surgery, the Japan Society for Surgical
Infection, the American College of Surgeons, and a joint rec-
ommendation from the Society for Healthcare Epidemiology
and the Infectious Diseases Society of America.>®

Recently, ciNPWT has been the subject of multiple random-
ized controlled trials, systematic reviews, and meta-analyses
with accumulating moderate-to-high certainty evidence for its

'"Department of Surgery, University of Kansas Medical Center, Kansas City, KS, USA.
2Saint Luke’s Hospital Cardiovascular and Cardiothoracic Research, Kansas City, MO, USA.
Data from this article were presented as an oral presentation at the Surgical Infection Society Annual Meeting on June 6, 2024, in Miami, FL.
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efficacy in SSI prevention.”!* The latest Cochrane Review
shows a relative risk reduction in superficial SSI of 0.70 (95%
confidence interval [CI]: 0.53-0.92) with prophylactic ciINPWT
application compared with standard dressings.'* Similar results
were also reported by James et al. (2024), who found a statisti-
cally significant improvement in superficial SSI outcomes for
patients receiving ciNPWT (odds ratio [OR]: 0.30; 95% CI:
0.17-0.53) in a recent large meta-analysis.!> Despite this evi-
dence for clinical benefit, routine use of ciNPWT is not standard
practice for many surgeons. We believe that a lack of robust cost-
efficacy data may contribute to inconsistent implementation.

Inherent cost differences between ciNPWT and standard
surgical dressings, as well as risk-stratified variation in clinical
effectiveness data, highlight a critical need to identify groups
of patients in whom this intervention is cost-effective. Thus,
the purpose of this study was to assess the cost-effectiveness
of ciNPWT compared with standard dressings for SSI preven-
tion across a range of baseline infection rates, using the most
up-to-date meta-analytic data. We hypothesized that use of
ciNPWT would reduce healthcare costs in patients with a high
baseline risk of superficial SSI.

Methods

A cost-effectiveness model was created from the perspec-
tive of a healthcare administrator. The model evaluates the
development of superficial SST at 30 days for two clinical path-
ways as follows: (1) with ciNPWT and (2) without ciNPWT.
The model also assumes that all incisions are closed primarily
regardless of contamination even if ciNPWT is not used. Mod-
eling ciNPWT compared with open wounds designed to close
by secondary intent (regardless of augmentation by other
forms of NPWT) is beyond the scope of this study.

All data included in the model are listed in Table 1. The
model assumes a baseline superficial SSI rate of 15% with a
range from 1% to 30%, reflecting a surgical cohort with wide
range of superficial SSI risk. Modulating this baseline superfi-
cial SSI rate is the primary way that the model evaluates differ-
ing levels of infection “risk” with low-risk patients/wounds
corresponding to low baseline infection rates (clean cases, etc.)
and high-risk patients corresponding to greater baseline rates
(dirty/infected wounds, etc.). We chose to model the risk of
infection directly rather than using subjective wound classifi-
cations. The ORs reflecting the use of ciNPWT on 30-day
superficial SSI were taken from the James et al. meta-analy-
sis.!5 The probability of superficial SSI in patients with
ciNPWT was modeled by converting baseline infection rates
into odds, multiplying the resulting new odds by the ciNPWT
OR, and then converting back to a probability.!® Cost of

KERIVAN ET AL.

ciNPWT was the acquisition cost for the ciNPWT system
used at our institution (3M™ Prevena™ Incision Manage-
ment System). The model assumes that the cost of a
“standard” dressing is negligible. Costs of managing
superficial SSI were taken from published literature and
inflated to 2024 dollars.!”-!® Considering that data on qual-
ity adjusted life years for superficial SSIs are limited, pub-
lished data using the physical component of the SF-36 for
patients with and without superficial SSI were used to
model effectiveness.'® For the purposes of the analysis, the
authors calculated ranges of +5% for the SF-36 values. Differ-
ences in the SF-36 of 4-7 points are considered a reasonable
threshold for minimal clinically important difference.?

The model is illustrated in Figure 1. The model was con-
structed using TreeAge Software Pro Version 2020 (TreeAge
Software, Inc., Williamstown, MA). Cost-effectiveness analy-
sis was conducted, with one- and two-way sensitivity analyses
performed on superficial SSI rate and the OR for ciNPWT.
Probabilistic sensitivity analysis was conducted, and cost-
effectiveness was assessed at $5,000 and $50,000 willingness-
to-pay (WTP) thresholds.'® Because of uncertainty related to
scarcity of evidence for model inputs, all parameters in proba-
bilistic sensitivity analyses were assumed to have a uniform
underlying distribution, therefore making any value within the
range as likely as any other. In addition, the model was created
assuming that ciNPWT would not increase wound infection
rates; therefore, the OR for ciNPWT was allowed to range
from O to 1, but not above 1. This range is far outside of the
bounds of ORs reported by the reference meta-analysis.!
This choice allows us to determine the OR threshold below,
which ciNPWT might be cost-effective, even if this threshold
is outside of that reported in the literature.

Results

Base case decision analysis identified ciNPWT as the optimal
tactic. With an average cost of $1,532.29 and average SF-36
score of 46.81, ciNPWT was both less expensive and more
effective than (“dominant” over) standard dressings ($2,930.49
and 46.40). Probabilistic sensitivity analysis of 100,000 itera-
tions demonstrated that ciNPWT was the optimal tactic in
95.4% of cases at a WTP threshold of $5,000 and 99.7% at a
WTP threshold of $50,000. A scatterplot of the incremental
cost-effectiveness as calculated by probabilistic sensitivity
analysis is included as Figure 2.

One-way sensitivity analysis of SSI rate demonstrated that
ciNPWT was the most cost-effective option above an infec-
tion rate of 6.4% at a WTP threshold of $5,000 and 5.3% at a
WTP threshold of $50,000 (Fig. 3 for WTP $5,000). One-way

TABLE 1. MODEL PARAMETERS

Variable Source Model value (range)

Rate of superficial SSI Estimate 15% (1%—30%)

Cost of ciNPWT Institutional source $549

Cost of superficial SSI Schweizer (2014) $19,536.62 ($16,237.34-$22,334.48)
Odds ratio for ciNPWT James (2024) 0.3 (0.17-0.53)

Physical component SF-36 Hart (2021)

Infection Hart (2021) + estimated range® 42.94 (40.79-45.09)

No infection

Hart (2021) + estimated range®

47.01 (44.66-49.36)

“Range estimates are 5%.

SSI = surgical site infection; ciNPWT = closed incision negative pressure wound therapy.



CINPWT COST-EFFECTIVENESS

No SSI

415

CiNPWT

#
Superficial SSI

<] Cost_ciNPWT \ PS_SF36_Nolnfection

Surgery
No SSI

4 [Cost_ciNPWT+Cost_Superficial_SSI] \ PS_SF36_Infection

p_ciNPWT_SSI

‘Standard' Dressing #
Superficial SSI

<] 0\ PS_SF36_Nolnfection

SSI_Rate

FIG. 1.

sensitivity analysis of the OR for SSI with ciNPWT demon-
strated that ciNPWT was the more cost-effective option below
ORs of 0.89 and 0.98 at WTP thresholds of $5,000 and
$50,000, respectively (Fig. 4 for WTP $5,000). One-way sen-
sitivity analyses conducted at the $50,000 threshold are shown
in Supplementary Figures S1 and Figure S2.

The interaction between SSI rate and the OR for ciNPWT
is illustrated in the two-way sensitivity analyses at the WTP
thresholds of $5,000 and $50,000 (Fig. 5 for WTP $5,000).
In both WTP scenarios, the likelihood of ciNPWT being the
optimal tactic increases as baseline infection rate increases,
even as the effectiveness of ciNPWT decreases, as described
by an increasing OR. The two-way sensitivity analysis con-
ducted at the $50,000 threshold is included in Supplementary
Figure S3.
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Cost-effectiveness model.

Discussion

The results of this study suggest that ciNPWT is a cost-
effective tactic for reducing superficial SSIs across a wide
range of baseline infection rates and, therefore, a wide range of
surgical populations. Surprisingly, our model was not sensitive
to changes in WTP, providing similar outcomes at both the
$5,000 and $50,000 thresholds. According to our model, at a
WTP threshold of $5,000, ciNPWT was the preferred option
when the baseline rate of superficial SSI was above 6.4% and
the OR of SSI for ciNPWT was below 0.89.

The purpose of cost-effectiveness analysis is to “determine
if the value of an intervention justifies its cost.”>! When an
intervention both improves outcomes and results in lower
overall costs than a comparator, the intervention is considered

I T T T T T T T
-1.80 -160 -140 -1.20 -100 -080 -0.60 -0.40

T
-0.20

T T 1
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80

Incremental Effectiveness

FIG. 2.

Incremental cost effectiveness scatterplot for ciNPWT versus “standard” dressing at WTP = $5,000. Points on

scatterplot represent results from probabilistic sensitivity analysis for ciNPWT using “standard” dressing as the base-
line. The ellipse represents the 95% confidence interval for the analysis. Dark gray = ciNPWT is the optimal tactic.
Light gray = ciNPWT is not the optimal tactic. ciNPWT = closed incision negative pressure wound therapy; WTP =

willingness to pay.
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FIG. 3. One-way sensitivity analysis for superficial SSI rate at WTP = $5,000. SSI = surgical site infection; WTP =

willingness to pay.

economically “dominant.”?? In our model, ciNPWT improves
outcomes by lowering superficial SSI rates. Although this
improvement comes at an increased initial cost for the device
itself, the resulting cost savings from reduced infection rates
more than make up for the device cost, resulting in ciNPWT
being the “dominant” tactic.

Sensitivity analysis in these models is a valuable tool for
evaluating the intervention. Model parameters can be allowed
to take on a wide range of values, allowing the intervention to
be evaluated under a variety of potential cases and limiting the
impact of uncertainty in the parameters being evaluated. Sensi-
tivity analysis can also help to answer practical questions about
how to apply the intervention. In our study, we use sensitivity
analysis to answer two simple questions as follows: (1) above
what baseline infection rate is it potentially beneficial to use
ciNPWT? and (2) how poorly can ciNPWT function and still
be of value? We, therefore, seek to define practical constraints/
limitations on the baseline infection rate and OR for superficial
SSIreduction.

Our model suggests that this intervention is cost-effective
above a minimum baseline risk of superficial SSI (6.4% in our
study). Hyldig et al. found ciNPWT to reduce SSI rates from
9.2% to 4.2% in a population of obese patients undergoing
cesarean delivery.!! Similarly, a recent meta-analysis of vascu-
lar groin wounds (baseline SSI rate 18%—42%) found ciNPWT
to be effective at reducing SSI.23 In operative groups with
low baseline SSI risk, studies have not found ciNPWT to be
cost-effective. Hawkins et al. found that ciNPWT was not
cost-effective at reducing the rate of superficial SSI in cardiac
operation for a population with a baseline infection rate of
0.9%.%* Png et al. similarly found ciNPWT not cost-effective

in an orthopedic surgical procedure setting. In their study,
approximately 5.7% of the overall population was provided
antibiotic agents for presumed SSI.% In contrast, Nherera et al.
found ciNPWT cost-effective at a baseline complication rate of
4.8%72 in their model, including all surgical site complications.
However, costs and effectiveness in their model included
downstream readmissions and mortality, which may account
for the favorable profile. Because of the general consistency of
results in the literature, we believe that the cost-effectiveness of
this intervention is unlikely to vary widely across different
types of operation for reasons unrelated to baseline variability
in SST rates.?’

Literature review of ciNPWT returns a fairly wide range of
ORs for superficial SSI reduction with ciNPWT.!3 To account
for this uncertainty in sensitivity analysis, we allowed our OR
for superficial SSI reduction to range from O to 1 under an
assumption that this therapy would not increase infection rates.
We found that the upward constraint on the OR in our model is
0.89 at a WTP threshold of $5,000 and 0.98 at a $50,000 WTP
threshold. This means that at the current acquisition cost,
ciNPWT needs only slightly reduced SSI rates to still be cost-
effective. These upward constraints are significantly greater
than pooled estimates from the clinical literature.'> Although
exact thresholds will be expected to vary from model to model,
our findings suggest that even if ciNPWT is somewhat less
effective than pooled data would suggest, it is still likely to be
of high economic value under typical thresholds for WTP.

The recent SUNRISE trial is a large multicenter random-
ized trial of ciNPWT in patients undergoing emergent laparot-
omies. The authors randomized 840 patients to either
ciNPWT versus surgeon preference for wound dressing and
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FIG. 4. One-way sensitivity analysis for ciNPWT odds ratio at WTP = $5,000. ciNPWT = closed incision negative
pressure wound therapy; WTP = willingness to pay.

found no difference in superficial SSI rate.?® Although not overall rates were high ranging from 21.3% overall in clean
directly reported in the article, infection rates for each wound  cases to 41.6% overall in dirty/infected cases.?® Although
classification are calculable based on the data provided. These  these rates are not that dissimilar from the 28.3% (clean) and
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35.8% (dirty) SSI rates observed in the ROSSINI trial, they
are significantly greater than observed infection rates in
trauma and emergency general surgical procedure.?*=3! These
rates are also greater than the SSI rates observed in the STOP-
IT trial, even after excluding patients who only underwent per-
cutaneous intervention.? It remains to be seen if these results
persist on repeat study. Including the SUNRISE trial in future
meta-analyses will serve to increase the pooled OR. A benefit
of our study is that the sensitivity analysis ranged up to 1 in
anticipation of the true effect of ciNPWT being potentially
worse than previously reported. Our study suggests that
depending on the WTP, the true OR can range between 0.89
and 0.98 and still be cost-effective.

Leaving the skin open to heal by secondary intention has
been a long-practiced method of minimizing infection risk for
patients who are deemed to be either at high risk for infection
(because of contamination, immunosuppression, or other fac-
tors) or inability to tolerate a future infection. Although the
infection risk for a contaminated wound may be high, an infec-
tion does not develop in most patients.>**! Wound healing by
secondary intention may avoid the superficial SSI, but this
practice comes at the cost of increased hospital length of stay,
increased number of outpatient office visits, and a substantial
negative patient experience.>%3* Recent interest in ciNPWT is
one method of potentially increasing the number of patients
whose skin can remain intact after operation. A recent survey
of Surgical Infection Society members suggested that 30% of
providers would still close the skin of a dirty/infected case
with most of these surgeons choosing ciNPWT.3* We do not
suggest that all wounds should be closed. Physician judgment
should continue to dictate whether it is safe to close a particular
patient’s wound or not. However, if the surgeon believes that it
is safe to close the wound, our study suggests that ciNPWT
may be a reasonably cost-effective adjunct in many cases.

This study has several limitations. Probability parameters
were based on meta-analyses, which suffer from the inherent
limitation of pooling data gathered from sources with varied
methodology. In addition, cost estimates were taken from
acquisition costs from our institution, which may not be gener-
alizable to other settings. Because our model assumes the per-
spective of a healthcare administrator, it incorporates and
reflects hospital costs rather than patient charges. Finally, this
model did not consider the effect of ciNPWT on complica-
tions other than superficial SSI. Although some studies have
shown decreased rates of dehiscence, seroma, and hematoma
with ciNPWT use compared with standard dressings, incorpo-
rating these outcomes was beyond the scope of this model.”
However, ignoring these additional possible benefits only
underestimates the cost-effectiveness of ciINPWT.

Conclusions

Despite the added cost of the device, ciNPWT is likely to be
cost-effective and even cost saving for superficial SSI prevention
across a variety of surgical infection risk rates. Our data suggest
that ciNPWT should be considered for any closed wound with a
baseline infection risk of greater than approximately 6%.
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BACKGROUND: Colorectal surgical procedures place
substantial burden on health care systems because of

the high complication risk, of surgical site infections in
particular. The risk of surgical site infection after colorectal
surgery is one of the highest of any surgical specialty.

OBJECTIVE: The purpose of this study was to determine
the incidence, cost of infections after colorectal surgery,
and potential economic benefit of using antimicrobial
wound closure to improve patient outcomes.
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DESIGN: Retrospective observational cohort analysis and
probabilistic cost analysis were performed.

SETTINGS: The analysis utilized a database for colorectal
patients in the United States between 2014 and 2018.

PATIENTS: A total of 107,665 patients who underwent
colorectal surgery were included in the analysis.

MAIN OUTCOME MEASURES: Rate of infection was
together with identified between 3 and 180 days
postoperatively, infection risk factors, infection costs over
24 months postoperatively by payer type (commercial
payers and Medicare), and potential costs avoided per
patient by using an evidence-based innovative wound
closure technology.

RESULTS: Surgical site infections were diagnosed
postoperatively in 23.9% of patients (4.0% superficial
incisional and 19.9% deep incisional/organ space). Risk
factors significantly increased risk of deep incisional/
organ-space infection and included several patient
comorbidities, age, payer type, and admission type.
After 12 months, adjusted increased costs associated
with infections ranged from $36,429 to $144,809

for commercial payers and $17,551 to $102,280 for
Medicare, depending on surgical site infection type.
Adjusted incremental costs continued to increase

over a 24-month study period for both payers. Use of
antimicrobial wound closure for colorectal surgery is
projected to significantly reduce median payer costs by
$809 to $1170 per patient compared with traditional
wound closure.

DisEASES OF THE COLON & RECTUM VOLUME 63: 12 (2020)
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LIMITATIONS: The inherent biases associated with
retrospective databases limited this study.

CONCLUSIONS: Surgical site infection cost burden was
found to be higher than previously reported, with payer
costs escalating over a 24-month postoperative period.
Cost analysis results for adopting antimicrobial wound
closure aligns with previous evidence-based studies,
suggesting a fiscal benefit for its use as a component of
a comprehensive evidence-based surgical care bundle
for reducing the risk of infection. See Video Abstract at
http://links.lww.com/DCR/B358.

EVALUACION DEL RIESGO Y LA CARGA ECONOMICA

DE LA INFECCION DEL SITIO QUIRURGICO DESPUES DE
UNA CIRUGIA COLORRECTAL UTILIZANDO UNA BASE
DE DATOS LONGITUDINAL DE EE.UU.: ;EXISTE UN PAPEL
PARA LA TECNOLOGIA INNOVADORA DE CIERRE DE
HERIDAS ANTIMICROBIANAS PARA REDUCIR EL RIESGO
DE INFECCION?

ANTECEDENTES: Los procedimientos quirdrgicos
colorrectales suponen una carga considerable para los
sistemas de salud debido al alto riesgo de complicaciones,
particularmente las infecciones del sitio quirtrgico. El
riesgo de infeccién posoperatoria del sitio quirargico
colorrectal es uno de los mds altos de cualquier
especialidad quirdrgica.

OBJETIVO: El propésito de este estudio fue determinar
la incidencia, el costo de las infecciones después de la
cirugia colorrectal y el beneficio econémico potencial
del uso del cierre de la herida con antimicrobianos para
mejorar los resultados de los pacientes.

DISENO: Andlisis retrospectivo de cohorte observacional
y andlisis de costo probabilistico.

AJUSTES: El andlisis utilizo la base de datos para
pacientes colorrectales en los Estados Unidos entre 2014
y 2018.

PACIENTES: Un total de 107,665 pacientes sometidos a
cirugia colorrectal.

PRINCIPALES MEDIDAS DE RESULTADO: Se identificd
una tasa de infeccién entre 3 y 180 dias después de la
operacion, los factores de riesgo de infeccidn, los costos
de infeccién durante 24 meses posteriores a la operacién
por tipo de pagador (pagadores comerciales y Medicare),
y los costos potenciales evitados por paciente utilizando
una tecnologia innovadora de cierre de heridas basada en
evidencias.

RESULTADOS: Infecciones del sitio quirdrgico,
diagnosticadas postoperatoriamente en el 23,9% de los
pacientes (4,0% incisional superficial y 19,9% incisional
profunda / espacio orgdnico). Los factores de riesgo
aumentaron significativamente el riesgo de infeccién
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profunda por incisién / espacio orgdnico e incluyeron
comorbilidades selectivas del paciente, edad, tipo de
pagador y tipo de admision. Después de 12 meses, el
aumento de los costos asociados con las infecciones varié
de $ 36,429 a $ 144,809 para los pagadores comerciales y
de $ 17,551 a $ 102,280 para Medicare, segun el tipo de
infeccion del sitio quirdrgico. Los costos incrementales
ajustados continuaron aumentando durante un periodo
de estudio de 24 meses para ambos pagadores. Se prevé
que el uso del cierre antimicrobiano de la herida para la
cirugia colorrectal reducira significativamente los costos
medios del pagador en $ 809- $ 1,170 por paciente en
comparacion con el cierre tradicional de la herida.

LIMITACIONES: Los sesgos inherentes asociados a las
bases de datos retrospectivas limitaron este estudio.

CONCLUSIONES: Se encontré que la carga del costo de la
infeccion del sitio quirtrgico es mayor que la reportada
previamente, y los costos del pagador aumentaron durante
un periodo postoperatorio de 24 meses. Los resultados del
andlisis de costos para la adopcidn del cierre de heridas
antimicrobianas se alinean con estudios previos basados
en evidencia, lo que sugiere un beneficio fiscal para su uso
como componente de un paquete integral de atencién
quirurgica basada en evidencia para reducir el riesgo de
infeccion. Consulte Video Resumen en http://links.Iww.
com/DCR/B358. (Traduccién—Dr. Gonzalo Hagerman)

KEY WORDS: Antimicrobial sutures; Colorectal surgery;
Deep incisional infection; IBM MarketScan; Organ-space
infection; Superficial incisional infection; Surgical care
bundles; Surgical site infection.

in the top 10 of operating room procedures, with over

300,000 procedures reported in 2012.! This presents a
high cost to health care systems, in part relating to increased
length of hospital stay and the high risk of managing post-
operative complications, including surgical site infection
(SSI).? The rate of SSI after colorectal surgery is one of the
highest of any surgical specialty, with a reported incidence
ranging from 9% to 41%.>* Patient comorbidities related
to this group of patients further increase the risk of SSI.>®
In addition, SSIs are associated with prolonged hospital and
intensive care unit stays, increased readmission to the hospi-
tal, and additional community care.>”~ In the United States,
SSIs have been reported to account for $3.2 billion in attrib-
utable cost per year to acute care hospital budgets.'®!! More
accurate understanding of the epidemiology of infection
and the associated patient comorbid risk factors are impor-
tant considerations in the effort to mitigate their occurrence
and provide patients with appropriate interventional care.

Evidence-based surgical care bundles have been de-
vised to reduce the incidence of SSI after selective surgical

In the United States, elective colorectal surgery ranks

Copyright © The American Society of Colon & Rectal Surgeons, Inc. Unauthorized reproduction of this article is prohibited.
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procedures and improve patient outcomes. Components
of these care bundles have included interventions such as
weight-based, antibiotic prophylaxis; antiseptic skin prep-
aration; appropriate hair removal; maintenance of nor-
mothermia; and glycemic control.*'*> A meta-analysis of
13 studies involving 8515 patients has documented that
the use of evidence-based care bundles can significantly
lower SSI rates after open, elective, colorectal surgery com-
pared with standard management: 7.0% compared with
15.1% (relative risk, 0.55; 95% CI, 0.39—0.77).> A subse-
quent analysis of 35 randomized controlled trials (RCTs)
published in 2017 involving 17,557 patients documented
a 40% reduction (p < 0.001) of SSIs following colorectal
surgery when a care-bundle strategy was implemented.'?
In this meta-analysis, only 1 study included the analysis of
antimicrobial suture (triclosan) wound closure used in its
care bundle. Although antimicrobial wound closure is not
documented in many of the systematic reviews and meta-
analyses of surgical care bundles, the use of antimicrobial
wound closure, using triclosan-coated or -impregnated
sutures, is supported by level 1A clinical evidence to re-
duce the risk of SSIs following selective (clean, clean-con-
taminated, and contaminated) surgical procedures.*"

The objective of the current study using a nationwide
longitudinal database was to accurately assess the true in-
cidence and actual costs associated with SSIs following
colorectal procedures in the United States. The findings
of this analysis suggest a potential economic and clinical
outcome benefit for the inclusion of antimicrobial wound
closure technology as a sentinel component of an evi-
dence-based colorectal surgical care bundle.

MATERIALS AND METHODS

Database Analysis

A retrospective observational cohort analysis using the
IBM MarketScan Commercial, Multi-State Medicaid and
Medicare Supplemental databases was conducted to e-
valuate adult patients (=18 years) undergoing colorectal
surgery in the United States between 2014 and 2018. Co-
lorectal surgery was defined as the index procedure using
the International Classification of Diseases, 9th and 10th
Revision, Clinical Modification (ICD-9-CM and ICD-10-
CM) procedure codes and Current Procedural Terminology
codes (Supplemental Table 1 http://links.lww.com/DCR/
B355). All patients were required to have continuous en-
rollment for 212 months before and 6 months after each
colorectal surgical procedure. Patients were categorized by
demographic and clinical comorbidities using the 31 do-
mains of the Elixhauser Comorbidity Index.

The following outcomes were evaluated: the rate of SSI
(using diagnostic codes for superficial or deep incisional
infections) identified from the 3rd to the 180th postop-
erative day, risk factors associated with deep incisional/

LEAPER ET AL: INCIDENCE, COST OF COLORECTAL INFECTIONS

organ-space SSI, and costs of infection over a 24-month
follow-up period by payer type (commercial payers and
Medicare). Infections identified within the first 2 days af-
ter surgery were not included because they may have been
present on admission. The time from index operative
procedure to any identified SSI was recorded. The full list
of diagnostic codes used to inform superficial and deep
incisional/organ-space infections are available in Sup-
plemental Table 2 http://links.lww.com/DCR/B356 and
Supplemental Table 3 http://links.lww.com/DCR/B357.

Statistical analyses were performed fitting the data
with logistic regression models to evaluate which variables
were associated with a deep incisional/organ-space SSI.
Generalized linear regression models with log-link and
gamma distribution were used to evaluate the adjusted
total payments for patients with and without SSI. The ad-
justed incremental cost of each infection was calculated
using least-squares means over 24 months after the index
procedure. To obtain the accurate costs associated with
each infection type, the IBM MarketScan database was re-
viewed to break down deep incisional/organ-space infec-
tions. In cases where patients had multiple readmissions
throughout the study period, resulting in codes for both
infection types being used, the category of both combined
was retained. All payments were adjusted to a 2018 con-
sumer price index. All regression analyses were conducted
using SAS 9.0.

Cost Analysis

An exploratory cost analysis utilizing data extracted from
the retrospective observational cohort, in combination
with publicly available literature, was created to evaluate
the potential economic impact of introducing antimicro-
bial wound closure after colorectal surgery to commercial
payers and Medicare. A decision tree was designed and
run as a Monte Carlo simulation to compare colorectal
procedures in a current treatment practice with where
antimicrobial suture wound closure was utilized in future
practice (Fig. 1).

Key variables for each of the model branches included
the differential cost of antimicrobial wound closure com-
pared with traditional suture technology, the probability
of developing an SSI with antimicrobial sutures compared
to traditional sutures, and the inpatient cost of SSI. The
probability of SSI with traditional sutures was assumed
to be equal to the rate calculated from the retrospective
observational database cohort. Because antimicrobial su-
tures are not likely to impact organ-space infection rates,
the cost analysis was performed on superficial and deep
incisional SSIs only. The SSI risk reduction with antimi-
crobial wound closure was taken from available publica-
tions on contaminated and dirty (class 3 or class 4) wound
types.?® Costs of SSI were taken from the 12-month ad-
justed cost for superficial incisional and deep SSIs from
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SsSI 4

Antimicrobial sutures P
No SSI 4
SsI 4

o—

Traditional sutures

—

No SSI

FIGURE 1. Basic structure of decision-tree cost model. The model was run for each type of payer and infection evaluated. SSI = surgical site

infection.

the retrospective observational database cohort. The unit
costs of traditional sutures and antimicrobial sutures were
obtained from the vendor. With the probabilistic analysis,
the increased incremental cost associated with antimicro-
bial sutures was assumed to be approximately $0.48 (USD)
per suture strand, with a log-logistic distribution.

Results of the model consisted of a primary analysis
that examined the incremental costs per patient over the
first postoperative 12 months for superficial and deep in-
cisional SSI. A secondary analysis, removing superficial
infection rates and costs, was performed to examine the
impact of deep incisional SSI only. To address uncertainty
in input parameters, the results of the primary and sec-
ondary analyses were conducted probabilistically.

RESULTS

Database Analysis

A total of 107,665 patients undergoing colorectal sur-
gery between 2014 and 2018 were included in the anal-
ysis (Fig. 2). The demographics and clinical presentation
of patients at the time of their index surgery are shown
in Table 1. Within 6 months of the postindex procedure,
23.9% of patients had a diagnosis of SSI after colorectal
surgery. The majority of infections were classified as deep
incisional/organ-space infections, accounting for 19.9%
of infections; whereas the remaining 4.0% were superficial
incisional infections. Differences in the risk of infection
were noted for a few key populations. For example, emer-
gency procedures had a higher risk of deep incisional/
organ-space infections (29.1% vs 17.4%) and superficial
incisional infections (5.2% vs 3.7%) compared with non-
emergency procedures. For open versus laparoscopic pro-
cedures, deep incisional/organ-space infection rates were
25.2% and 12.7%, and superficial incisional SSI rates were
4.8% and 2.7%. For unspecified approach procedures

(n = 21,015, 19.5% of total patients), the deep incisional/
organ-space SSI rate was 21.1% and the superficial SSI
rate was 4.4%, similar to the rates for open procedures
(Table 1). Most infections, diagnosed postprocedure, oc-
curred within 3 to 25 days (50%) and, by 2 months, 75%
had been identified. A summary of patient baseline co-
morbidities relative to infection status at 6 months is
summarized in Table 2. When analyzing the risk factors
associated with deep incisional/organ-space SSIs, regres-
sion analysis found certain patient comorbidities, age,
payer type, and admission type to be associated with ad-
verse outcome (Fig. 3).

For more accurate costs associated with SSIs, deep
incisional/organ-space infections were broken down into
separate categories. Rates of deep incisional, organ-space,
and combined deep incisional/organ-space infections
were 10.6%, 4.8%, and 4.5% (Fig. 4). For the commer-
cial payer population, after adjusting for patient demo-

Patients undergoing colorectal surgery
in the U.S. between 2014 and 2018
N =187,027

|

Adult patients (=18 years)
N=175,814

|

Patients with continuous enrollment
212 months before and 6 months after
colorectal surgical procedure
N =107,665

FIGURE 2. Flow diagram for included patients undergoing
colorectal surgery.
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TABLE 1. Demographics and clinical presentation of study patients at time of index surgery

Overall Deep incisional/organ-space SSI Superficial SSI No infection
(n=107,665) (n=21,441) (n=4292) (n=81,932)
Data categories n % n % n % n %
Male sex 50,246 46.7 9919 46.3 1997 46.5 38,330 46.8
Years
2014 27,970 26.0 5754 26.8 1268 29.5 20,948 25.6
2015 23,110 215 4832 225 921 215 17,357 21.2
2016 21,725 20.2 4499 21.0 801 18.7 16,425 20.1
2017 18,714 17.4 3584 16.7 691 16.1 14,439 17.6
2018 16,146 15.0 2772 129 611 14.2 12,763 15.6
Age category
18-24 3290 3.1 845 3.9 102 24 2343 29
25-34 6196 5.8 1541 7.2 268 6.2 4387 54
35-44 12,763 1.9 2733 12.8 500 1.7 9530 11.6
45-54 26,966 25.1 5064 23.6 1054 24.6 20,848 25.5
55-64 36,257 337 6840 31.9 1415 33.0 28,002 34.2
65-74 10,507 9.8 2048 9.6 420 9.8 8039 9.8
75+ 11,686 10.9 2370 11.1 533 124 8783 10.7
Site of care
Outpatient 5076 4.7 658 3.1 153 3.6 4265 5.2
Inpatient 102,589 95.3 20,783 96.9 4139 96.4 77,667 94.8
Admission type
Nonemergency 84,805 78.8 14,784 69.0 3109 724 66,912 81.7
Emergency 22,860 21.2 6657 311 1183 27.6 15,020 18.3
Surgical approach
Open 48,144 44.7 12,127 56.6 2322 54.1 33,695 411
Laparoscopic 38,506 35.8 4889 22.8 1042 24.3 32,575 39.8
Unspecified 21,015 19.5 4425 20.6 928 21.6 15,662 19.1
Database indicator
Commercial 70,243 65.2 12,605 58.8 2530 59.0 55,108 67.3
Medicaid 15,690 14.6 4542 21.2 827 19.3 10,321 12.6
Medicare 21,732 20.2 4294 20.0 935 21.8 16,503 20.1
Charlson Comorbidity Index
0 39,743 36.9 7255 338 1348 31.4 31,140 38.0
1-2 36,333 33.8 6909 322 1463 34.1 27,961 34.1
3-4 16,971 15.8 3530 16.5 753 17.5 12,688 15.5
+5 14,618 13.6 3747 17.5 728 17.0 10,143 124
Functional Comorbidity Index
0 20,225 18.8 3627 16.9 649 15.1 15,949 19.5
1-2 40,003 37.2 6864 32.0 1336 31.1 31,803 388
3-4 28,270 26.3 5693 26.6 1181 27.5 21,396 26.1
+5 19,167 17.8 5257 24.5 1126 26.2 12,784 15.6
Elixhauser Comorbidity Index
0 17,730 16.5 3180 14.8 556 13.0 13,994 17.1
1-2 38,363 35.6 6365 29.7 1293 30.1 30,705 375
3-4 27,666 25.7 5294 24.7 1139 26.5 21,233 259
+5 23,906 22.2 6602 30.8 1304 304 16,000 19.5

SSI = surgical site infection.

graphic and clinical characteristics, the incremental costs
of superficial incisional SSIs were $28,866 at 6 months,
$36,429 at 12 months, and $44,281 at 24 months after the
index surgery. The adjusted incremental costs for deep
incisional, organ-space, and combined deep incisional/
organ-space SSIs ranged from $43,490 to $122,177 at 6
months, $52,628 to $144,809 at 12 months, and $64,563
to $164,471 at 24 months after the index surgery. For the
Medicare population, the incremental costs for superficial
SSIs were $16,026 at 6 months, $17,551 at 12 months, and
$20,758 at 24 months after the index surgery. The adjusted

incremental costs for deep incisional, organ-space, and
combined deep incisional/organ-space SSIs ranged from
$25,387 to 84,067 at 6 months, $32,456 to $102,280 at 12
months, and $45,771 to $121,274 at 24 months after the
index surgery. Across the study time horizon, superficial
incisional SSIs were associated with the lowest cost to pay-
ers and combined deep incisional/organ-space infections
were associated with the highest cost (Table 3). The lon-
gitudinal analysis found that the cost associated with all
SSI types can be substantial and increase out to 24 months
after surgery.
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TABLE 2. Key comorbidities of patients included in the study, at study start and based on infection status at 6 months after the index

surgery

Overall (n=107,665)

Infection (n =25,733) No infection (n = 81,932)

Elixhauser comorbidity n % n % n %

Hypertension, uncomplicated 50,553 47.0 12,981 50.4 37,572 459
Solid tumor without metastasis 32,289 30.0 6934 26.9 25,355 30.9
Chronic pulmonary disease 19,544 18.2 5813 226 13,731 16.8
Fluid and electrolyte disorders 18,722 174 6456 25.1 12,266 15.0
Cardiac arrhythmias 18,710 17.4 5559 216 13,151 16.1
Diabetes mellitus, uncomplicated 18,253 17.0 5234 20.3 13,019 15.9
Depression 17,380 16.1 5334 20.7 12,046 14.7
Obesity 16,865 15.7 4773 18.5 12,092 14.8
Liver disease 15,363 14.3 3867 15.0 11,496 14.0
Hypothyroidism 13,678 12.7 3482 135 10,196 124
Deficiency anemia 13,520 12.6 3743 14.5 9777 11.9
Weight loss 9990 9.3 3437 134 6553 8.0
Peripheral vascular disorders 9446 8.8 2846 11.1 6600 8.1
Diabetes mellitus, complicated 8360 7.8 2692 10.5 5668 6.9
Valvular disease 8186 7.6 2328 9.0 5858 7.1
Metastatic cancer 7327 6.8 2024 7.9 5303 6.5
Renal failure 6811 6.3 2213 8.6 4598 5.6
Congestive heart failure 6608 6.1 2268 8.8 4340 53
Hypertension, complicated 6335 5.9 1977 7.7 4358 53
Rheumatoid arthritis/collagen 5343 5.0 1660 6.5 3683 4.5

vascular diseases
Other neurological disorders 5052 47 1865 7.2 3187 3.9
Blood loss anemia 4820 4.5 1311 5.1 3509 43
Coagulopathy 3979 3.7 1308 5.1 2671 33
Drug abuse 3559 33 1362 53 2197 2.7
Alcohol abuse 3248 3.0 1042 4.0 2206 2.7
Pulmonary circulation disorders 2895 2.7 1041 4.0 1854 23
Peptic ulcer disease 2447 23 715 2.8 1732 2.1
Psychoses 1665 1.5 640 25 1025 1.3
Paralysis 1625 1.5 847 33 778 0.9
Lymphoma 1103 1.0 311 1.2 792 1.0
AIDS/HIV 524 0.5 127 0.5 397 0.5
Cost Analysis perience an SSI within 6 months after colorectal surgery,

Results of the primary cost analysis suggest that the use of
antimicrobial wound (fascial and incisional) closure would
result in a statistically significant cost avoidance for super-
ficial and deep incisional SSIs at 12 months compared to
the current practice for both Medicare and commercial
payers. Median costs avoided per patient for commercial
payers and Medicare were $1170 (95% CI, $146—$4884)
and $1036 (95% CI, $111-$4823) (Fig. 5). In the second-
ary analysis of deep incisional SSIs only, incremental costs
avoided per patient were similarly reduced, with commer-
cial payers and Medicare predicting avoidance of $809
(95% CI, $26-$4481) and $870 (95% CI, $33-$4624) per
patient for antimicrobial suture wound closure (Fig. 6).

DISCUSSION

The IBM MarketScan Commercial, Multi-State Medicaid
and Medicare Supplemental database is a unique, obser-
vational, cohort database study that highlights the true
cost and accurate economic burden of SSIs following co-
lorectal surgery. With over 1 in 5 patients at risk to ex-

and the cost burden of each episode ranging from $16,026
to $144,809 over 6 to 12 months, the cost of SSIs to the
US health care system is substantial. These results demon-
strate the importance of minimizing SSI-related costs by
using evidence-based care bundles.

All surgical wounds are contaminated to some degree
at closure; the primary determinant of whether the con-
tamination is implicated in establishing a surgical infec-
tion is dependent on patient comorbid risk factors, degree
of wound contamination, and immune-host tissue com-
petency at the time of closure.?! At first incision, sebaceous
glands and hair follicles are transected, allowing skin-col-
onizing bacteria to contaminate the surgical wound. The
intrinsic virulence of the skin flora combined with the
level of contaminating bioburden can be the nidus for in-
fection in a susceptible host. Furthermore, the rate of SSI
for colorectal procedures is significantly influenced by the
“layering-effect” of multiple, comorbid risk factors such
as obesity, diabetes mellitus, low serum albumin, alco-
hol consumption, cigarette smoking, extended operative
times, and anesthetic time.?
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Age L
Medicare vs commercial payer ——
Emergency vs nonemergency R
Paralysis —_—
Other neurological disorders —o—
Metastatic cancer —a
Solid tumor without metastasis —-—
Rheumatoid arthritis/collagen vascular disease —
Obesity I
Weight loss R
Fluid and electrolyte disorders ——
Drug abuse .
Depression .
015 1 215
Odds ratio

FIGURE 3. Risk factors significantly associated with deep incisional/organ-space SSI (p < 0.001). SSI = surgical site infection.

Several recent studies, meta-analyses, and system-
atic reviews have documented the beneficial role of an
evidence-based surgical care bundle.'*'*>-% Although
in most published care bundles the inclusion of an-
timicrobial sutures is absent from consideration, the
intrinsic mechanistic benefit of antimicrobial wound
closure for fascia and subcuticular closure relates
to documented antimicrobial activity against both
Gram-positive and Gram-negative surgical wound
pathogens.**?’

When considering the benefits of an antimicrobial
wound closure, 2 questions need answering. First, are the

sutures placed in the surgical wound a potential nidus for
infection? A study published in 2013 documented that
traditional (nonantimicrobial) braided or monofilament
sutures, excised from the infected wounds of surgical pa-
tients, demonstrated an established microbial biofilm in
100% of cases, clearly suggesting that an implanted su-
ture, like other biomedical devices, is at high risk for early,
microbial biofilm formation, and subsequent risk of SSI,
when implanted within a contaminated field.® Second,
does the level of evidence for antimicrobial sutures jus-
tify their inclusion in current, evidence-based colorectal
surgical care bundles? Numerous RCTs, including multi-

M Infection

[l Deep incisional infection [l Organ-space infection
Deep incisional and
organ-space infection

M No infection I Superficial infection

FIGURE 4. Surgical site infection rate at 6 months after the index colorectal surgery by infection type.
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TABLE 3. Summary of SSI costs from the database analysis by infection type, payer, and time point

Mean SSI cost (95% Cl)

Payers Deep incisional and organ-space

Deep incisional

Organ-space Superficial

Commercial payers

6 months $122,117 ($117,490-$127,007)

12 months $144,809 ($137,819-5$152,062)

24 months $164,471 (5152,816-5$176,759)
Medicare

6 months $84,067 ($77,457-591,069)

12 months $102,280 ($92,575-5112,670)

24 months $121,274($104,102-5140,169)

$43,490 ($42,120-$44,888)
$52,628 ($50,633-5$54,670)
$64,563 ($61,143-568,097)

$25,387 ($22,884-528,010)
$32,456 ($28,832-536,280)
$45,771 ($38,679-$53,407)

$71,324 ($67,859-$74,904)
$85,079 ($79,641-$90,747)
$96,910 ($87,550-$106,844)

$28,866 ($26,690-%31,115)
$36,429 ($33,085-$39,910)
$44,281 ($38,538- $50,350)

$47,955 ($44,325-$51,764)
$54,547 ($49,293-560,111)
$66,784 (556,992-$77,402)

$16,026 ($12,884-$19,375)
$17,551 ($13,040-522,408)
$20,758 ($12,538-529,834)

SSI = surgical site infection.

ple systematic reviews and meta-analyses, have been con-
ducted to compare antimicrobial sutures with traditional,
nonantimicrobial sutures (braided or monofilament ab-
sorbable sutures) for closure of fascia and muscle, subcu-
taneous tissues, and skin. The use of antimicrobial sutures
was found to be effective at significantly reducing the risk
of SSI across different surgical procedures including colo-
rectal.'”?=* A recent robust analysis evaluated 25 RCTs,
representing 11,957 surgical patients, demonstrated that
the use of antimicrobial sutures significantly reduced the
risk of SSI at 30 days (relative risk, 0.73; 95% CI, 0.65—
0.82). Sensitivity analysis also documented a significant
SSI reduction benefit for clean, clean-contaminated, and
contaminated surgical procedures.”

The findings of this current study are important be-
cause they not only confirm the financial burden of SSIs
after colorectal procedures, which have been reported in
published indirect estimates of cost, but also emphasize
that the true economic burden is underrecognized. With
the longitudinal nature of the database, a large cohort
(n=107,665) of “real-world” patient information was used
to determine that the incidence of SSIs within 6 months of
colorectal surgery was 23.9%, a finding similar to previ-
ously reported SSI rates. It is also clear that the incidence

A

2.5%Cl
$146

Median 97.5% Cl

Densit;
ensity $1,170 $4,884

0.0005
0.0004
0.0003
0.0002 ‘

0.0001

Total savings per patient - US$

3,000 6,000 9,000 12,000

of SSI has not been underreported in the databases used
in the present study, a reflection of accurate postdischarge
surveillance, the accuracy of which is often marred in pre-
vious reports — a key finding that highlights the limitations
of currently available literature in establishing the actual
cost of SSIs after colorectal procedures over time, with the
adjusted incremental cost to payers at 6 months ranging
up to $122,177. In addition, the cost of SSIs to payers is
not limited to the first 6 months postprocedure. Between
6 and 12 months and 12 and 24 months, costs continued
to escalate for all SSI types and payers. These findings in-
dicate that there is often a need for prolonged care for pa-
tients who experience an SSI following colorectal surgery,
especially in the case of deep incisional infections or anas-
tomotic leak (organ-space).

In this study, the costs of an SSI were found to be
higher than those previously reported that have ranged
from $11,778 to $42,177.'%% Recent National Institute of
Health and Care Excellence guidelines on SSI prevention
and treatment reported an average cost of managing a sin-
gle patient with an SSI of £3122.86.'° Estimated mean at-
tributable cost of SSI treatment cited in the Centers for
Disease Control and Prevention guidelines ranges from
$10,443 (2005 US dollar (USD)) to $25,546 (2002 USD)

B

2.5%Cl
S

i Median 97.5%Cl
Density $1,036 $4,823

0.0004 1

0.0002

3,000 6,000 9,000
Total savings per patient - US$

FIGURE 5. Primary cost analysis median, 95% Cl, and distribution of savings per patient with antimicrobial sutures in the future practice over
12 months for deep incisional and superficial SSI: commercial payers (A) and Medicare (B). SSI = surgical site infection.
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B
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FIGURE 6. Secondary cost analysis median, 95% Cl, and distribution of savings per patient with antimicrobial sutures in the future practice
over 12 months for deep incisional SSI only: commercial payers (A) and Medicare (B). SSI = surgical site infection.

per SSL.™ One reason for the disparity between these re-
ported costs and those from this analysis, other than the
extended level of postdischarge surveillance, is the increase
in infection treatment costs to payers over time. Earlier re-
ported costs were presented as 2002 to 2012 USD, whereas
the costs in this study are reported in 2018 USD, although
this is not likely to be the primary cause for the differences
observed. In earlier publications, the most common defi-
nition for the cost of an SSI was the incremental costs to
the hospital for the added inpatient stay attributable to the
infection or following readmission.* In this analysis, costs
of SSI after colorectal surgery reflect the overall cost to
payers over time. These overall costs for patients provide
a more accurate representation of the true cost of an SSI
that has previously been underestimated by surrogate data
rather than the “real world” data presented here.

Two studies involving the economic benefits associ-
ated with using an antimicrobial suture for wound clo-
sure have been recently published.'””” In the first study,
published by Singh and colleagues,” the increased cost of
antimicrobial sutures was minimal compared with the po-
tential avoided costs of SSIs to third-party payers. Despite
conclusions similar to the current study, there are several
key differences between our analysis and those of Singh
et al.”’” These differences included the population of inter-
est (abdominal procedures), published sources for the risk
and cost of infection, and the cost perspectives that were
evaluated (hospital, third-party, and societal). The current
analysis focuses solely on colorectal procedures using data
from a large national database to inform baseline infec-
tion risk; the reduced risk of infection following the use
of antimicrobial sutures, which was taken from a recent
meta-analysis by Leaper and colleagues; and all the rele-
vant costs of SSIs to different payers were captured during
a 12-month period.” Singh et al used an overall SSI rate of
15% derived from the study of Alexander et al*® in 2009,
which evaluated morbidly obese patients. The superficial
and deep incisional/organ-space SSI rates were calculated

based on previously published estimates multiplied by
15%.” The current study utilized real-world data from
over 100,000 patients to document the rates of 4.0% and
10.6% for superficial and deep incisional SSIs. Here costs
avoided are presented per patient, whereas the costs from
Singh et al were presented per SSI averted.”” Compared
to the recent meta-analysis and probabilistic cost analysis
by Leaper et al,?* the results presented here demonstrate
that similar costs can be avoided when using antimicro-
bial sutures, although the magnitude of the results differ.
In the United Kingdom, the costs of SSI derived from UK
National Health Service sources are much lower, ranging
from £3000 to £5000,%° whereas the 12-month mean costs
of an SSI used in the current study ranged from $36,429
to $52,628 for commercial payers and from $17,551 to
$32,456 for Medicare for superficial and deep incisional
SSIs.

The results of this study have some important limi-
tations. As with all retrospective database observational
studies, results are limited to the captured information.
All information within the IBM MarketScan Commercial,
Multi-State Medicaid and Medicare Supplemental data-
bases is provided by individual health care settings and is
subject to errors in incomplete hospital reporting, coding
errors, or misclassification of patients; causality cannot be
inferred. We were unable to control for potentially impor-
tant factors including physical function, socioeconomic
status, wound care, and nutritional status. The exclusion
of these and other potential predictive factors could im-
pair the accuracy of our model estimates. The occurrence
of SSIs was identified based on ICD-9-CM and ICD-10-
CM diagnosis codes, without the availability of laboratory
confirmation, although the diagnosis of an SSI is prima-
rily a clinical decision. Future prospective studies might
be useful to supplement the results of the current analysis.
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CONCLUSION

The results of this study highlight the substantial burden
associated with SSI following colorectal surgery, and the
potential economic benefit of including an antimicrobial
suture for wound closure in an evidence-based surgical
care bundle for colorectal surgery.
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Abstract: In the multimodal strategy context, to implement healthcare-associated infection preven-
tion, bundles are one of the most commonly used methods to adapt guidelines in the local context
and transfer best practices into routine clinical care. One of the most important measures to prevent
surgical site infections is surgical antibiotic prophylaxis (SAP). This narrative review aims to present a
bundle for the correct SAP administration and evaluate the evidence supporting it. Surgical site infec-
tion (SSI) prevention guidelines published by the WHO, CDC, NICE, and SHEA /IDSA/APIC/AHA,
and the clinical practice guidelines for SAP by ASHP/IDSA /SIS/SHEA, were reviewed. Subse-
quently, comprehensive searches were also conducted using the PubMed® /MEDLINE and Google
Scholar databases, in order to identify further supporting evidence-based documentation. The bundle
includes five different measures that may affect proper SAP administration. The measures included
may be easily implemented in all hospitals worldwide and are based on minimal drug pharma-
cokinetics and pharmacodynamics knowledge, which all surgeons should know. Antibiotics for
SAP should be prescribed for surgical procedures at high risk for SSIs, such as clean—contaminated
and contaminated surgical procedures or for clean surgical procedures where SSIs, even if unlikely,
may have devastating consequences, such as in procedures with prosthetic implants. SAP should
generally be administered within 60 min before the surgical incision for most antibiotics (including
cefazolin). SAP redosing is indicated for surgical procedures exceeding two antibiotic half-lives or
for procedures significantly associated with blood loss. In principle, SAP should be discontinued
after the surgical procedure. Hospital-based antimicrobial stewardship programmes can optimise
the treatment of infections and reduce adverse events associated with antibiotics. In the context of
a collaborative and interdisciplinary approach, it is essential to encourage an institutional safety
culture in which surgeons are persuaded, rather than compelled, to respect antibiotic prescribing
practices. In that context, the proposed bundle contains a set of evidence-based interventions for
SAP administration. It is easy to apply, promotes collaboration, and includes measures that can be
adequately followed and evaluated in all hospitals worldwide.

Keywords: healthcare-associated infections; surgical site infections; surgical antibiotic prophylaxis;
bundle; prevention

1. Introduction

Healthcare-associated infections (HAIs) have a meaningful impact on health systems,
posing a public health threat worldwide [1]. Surgical site infections (SSIs), central-line-
associated bloodstream infections, catheter-associated urinary tract infections, ventilator-
associated pneumonia, hospital-acquired pneumonia, and Clostridioides difficile infections
(CDIs) account for most HAIs [2]. Some HAIs are preventable; therefore, these infections
can be considered a critical quality patient-care indicator. In 2018, Schreiber et al. [3]
published a meta-analysis evaluating the impact of multimodal interventions on reducing
HAISs in acute or chronic care settings. They demonstrated a potential HAI rate reduction,
ranging from 35% to 55%, when implementing multimodal interventions, notwithstanding
the country income level. Regarding SSIs, thirty-six before-and-after studies and one
randomised control trial were included in the meta-analysis. The data demonstrated a
significant reduction in SSI rates in all countries independently from their economic income
group, but differences between subgroups could not be explored due to high heterogeneity.
The four studies reporting aggregated SSI rates demonstrated a reduction in SSI rates
ranging from 31% to 84% [3]. Although additional higher-quality evidence is required
to drive infection prevention efforts from a governance perspective, the results of that
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meta-analysis should motivate hospitals to implement infection prevention by developing
their own multifaceted strategies.

SSls represent the most common HAIs occurring in surgical patients [4]. However,
while SSI rates seem to be declining in high-income countries, this reduction is not reflected
in low- and middle-income countries (LMICs) [5]. SSI rates in LMICs range from 8%
to 30% [6]. In 2018, a prospective, international, multicentre cohort study about SSIs
after gastrointestinal surgery in high-, middle-, and low-income countries was published.
The incidence of SSIs varied significantly between countries with high, middle, and low
rankings on the UN’s Human Development Index [5]. Following risk factor adjustment,
patients in low-income countries were those at higher risk of SSIs [5]. SSIs may have
substantial morbidity, mortality, and economic impacts in these settings.

SSI prevention measures should be integrated before, during, and after surgery.

Both the World Health Organization (WHO) [7-9] and the Centers for Disease Control
and Prevention (CDC) [10] have published guidelines for SSI prevention. In 2016, the
American College of Surgeons and the Surgical Infection Society updated their SSI guide-
lines [11]. In 2019, the National Institute for Health and Care Excellence (NICE) published
its new guidelines for SSI management online [12]. In 2023, a new set of joint guidelines
for SSI prevention in acute-care environments was jointly published [13] by the Society for
Healthcare Epidemiology of America (SHEA), the Infectious Diseases Society of America
(IDSA), the Association for Professionals in Infection Control and Epidemiology (APIC),
and the American Hospital Association (AHA). The evidence-based recommendations
stated in these guidelines should be adopted by all healthcare providers caring for patients
across the surgical pathway throughout all stages of patient surgical care.

Surgical antibiotic prophylaxis (SAP) is one of the most important measures to prevent
SSIs. SAP consists of administering an antibiotic in patients without active infections before
the intervention. Antibiotics for SAP have no therapeutic purposes but are only preventive,
aiming to reduce the surgical field microbial burden so that the host defences are not
overcome. Ideally, an antibiotic for SAP should be able to [14] achieve the following:

Prevent SSIs;

Reduce SSI morbidity and mortality;

Diminish healthcare duration and cost;

Not produce any adverse effects;

Have no aftermath for the patient’s intestinal microbial flora or the healthcare facility.

To achieve these goals, an antibiotic administered for SAP should fulfil the following;:

Active against the most likely bacteria that can contaminate the surgical field;
Provided in an appropriate dosage and time that ensures adequate serum and tissue
concentrations amid the whole operation;

Safe;

Administered for the shortest effective period, minimising adverse effects, opportunis-
tic infections, antimicrobial resistance (AMR) development, and costs.

In their clinical practice, surgeons are responsible for many processes of healthcare
impacting the risk of SSIs and play a key role in their prevention. However, many surgeons
believe that SAP is peripheral to their clinical practice. In fact, using antibiotics properly
is essential because their inappropriate use can cause serious side effects and predispose
patients to opportunistic infections such as CDI and AMR development and spread.

The microbiome’s indigenous bacteria have a vital host defence role because they can
inhibit colonisation by potentially pathogenic bacteria. Nevertheless, opportunists can
compromise the microbiota in certain circumstances, meaning it no longer protects against
colonisation. Antibiotics can produce a heavy selection pressure on the human microbiome,
predisposing patients to AMR, and have considerable consequences for the gut microbiota.
While susceptible bacteria can be destroyed, antibiotic pressure can promote pathogenic
bacterial overgrowth that may be multidrug-resistant. Moreover, antibiotics can facilitate
resistance gene transmission, conferring resistance to other bacteria [14].
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SAP is not necessary for all surgical procedures and must be tendered according to
well-defined principles. The over-administration of SAP frequently occurs worldwide and
contributes to overall antibiotic consumption in surgical units [14]. Given that approxi-
mately 15% of all antibiotics prescribed in hospital settings are allocated to SAP, it can be a
crucial driver of AMR in these environments [15]. A comprehensive clinical practice guide-
line for SAP was published in 2015 by the American Society of Health-System Pharmacists
(ASHP), the Infectious Diseases Society of America (IDSA), the Surgical Infection Society
(SIS), and the Society for Healthcare Epidemiology of America (SHEA) [16]. However,
elevated SAP prescribing practice rates that are not compliant with guidelines are common
in surgical units globally [17-22].

A quality improvement study published in 2019, analysing 9351 surgical episodes and
15,395 prescriptions, found high rates of inappropriate procedural and post-procedural
antibiotic use across various Australian hospitals, patients, and surgical factors. The most
common reasons for inappropriate SAP were incorrect timing (44.9%), incorrect dosing
(26.1%), or an antibiotic spectrum that was too broad (15.9%). Only 65.6% of surgical
episodes included a documented incision time [23].

Notably, an ethical mandate to comply with proper and adequate SAP should be
considered, representing good clinical practice and correct behaviour. This ethical mandate
should be grounded in ethical principles, as collated by Beauchamp and Childress [24].
Here, beneficence stands for “doing the good”, non-maleficence is represented by the
“Primum non nocere” (“Do no harm”) dictum, and justice means the search for a greater
good and the adequate distribution of resources.

In the multimodal strategy, to implement HAI prevention, bundles are among the
most commonly used methods [25] to adapt guidelines in the local context and transfer
best practices into routine clinical care. The bundle concept was developed in 2001 by
the Institute for Healthcare Improvement (IHI) to support healthcare professionals in
improving patient care during specific high-risk treatments. As a general principle, a
care bundle should include a set of evidence-based measures that, when implemented
together, can produce better outcomes and have a more meaningful impact than the
implementation of isolated individual actions [25]. It should be easy to apply, simple,
clear, concise, and promote multidisciplinary collaboration. It should be implemented
collectively according to an “all or none” approach to accomplish the most favourable
outcome and include measures appropriate to the local setting that can be adequately
followed and evaluated, with compliance to the bundle assessed by healthcare workers
involved in the team. Bundles used as standalone interventions or as part of multimodal
strategies are associated with decreased SSI rates [26-28].

2. Methods

This narrative review proposes a bundle with evidence-based measures for SAP that
is easily applicable and helpful to improve antibiotic prescribing practices among surgeons
from around the world.

The best strategies for antimicrobial stewardship are not definitively established, and
can vary based on local culture, routine clinical practice, and hospital resources. Therefore,
it is essential to involve experts worldwide in compiling a document including measures
applicable for surgeons in all regions of the world.

An international working group of 30 physicians was established by the Global Al-
liance for Infections in Surgery in order to define a global evidence-based bundle for
appropriate SAP administration. This bundle includes five different actions that may affect
adequate SAP administration. The reported measures are based on minimal knowledge
of pharmacokinetics and pharmacodynamics, which should be held by all physicians
regardless of discipline.

SSI prevention guidelines published by the WHO [7-9], CDC [10], NICE [12], and
SHEA /IDSA /APIC/AHA [13], and the clinical practice guidelines for SAP by ASHP /IDSA /
SIS/SHEA [16], were reviewed. Subsequently, comprehensive searches were also conducted
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using the PubMed®/MEDLINE (National Library of Medicine, Bethesda, MD, USA) and
Google Scholar (Alphabet, Inc., Mountain View, CA, USA) databases, in order to identify
further supporting evidence-based documentation. The search term used was “surgical
antibiotic prophylaxis”. Overall, 5670 articles published in the English language between
January 2012 and November 2023 were identified. Two authors selected 462 abstracts. In
addition to the above-mentioned SSI prevention guidelines, 71 articles were reviewed to
prepare the first draft. The resulting document was shared with all the members of the
working group, thoroughly reviewed, and finally approved.

3. A Proposal for a Global Evidence-Based Bundle

The measures included in the bundle (Figure 1) may be easily implemented in all
hospitals worldwide.

A global evidence-based bundle for
surgical antibiotic prophylaxis

Administering the appropriate antibiotic

Administering the antibiotic at the correcttime
before the incision

Re-administering the antibiotic for prolonged
procedures and in patients with severe blood loss

Discontinuing surgical antibiotic prophylaxis after
surgery

Monitoring the implementation level of the
suggested measures

(D @@

Figure 1. A global evidence-based bundle for surgical antibiotic prophylaxis.

3.1. Administering the Appropriate Antibiotic

The risk of SSIs [29] may differ depending on the site and degree of colonisation
or contamination of the surgical procedure. Surgical procedures can be divided into
four classes, categorised as clean (Class I), clean/contaminated (Class II), contaminated
(Class III), and dirty (Class IV) [29].

SAP should be prescribed for surgical procedures at high risk OF SSIs, such as clean—
contaminated and contaminated surgical procedures or for clean surgical procedures where
SSIs, even if unlikely, may have devastating consequences, such as in procedures with
prosthetic implants. SAP should also be prescribed in patients with medical conditions
associated with a higher risk of SSI, such as immunocompromised patients [29].

The route of SAP administration may vary with the type of procedure. However,
intravenous administration is ideal for most procedures because it produces rapid and pre-
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dictable antibiotic tissue concentrations [16]. SAP in patients undergoing open-groin hernia
surgery has been debated with conflicting results of low evidence quality [30-35]. The 2018
HerniaSurge Group International guidelines for groin hernia management recommended
SAP in open-groin mesh repair in any patient in a high-risk infection environment [36]. A
Cochrane systematic review of SAP for preventing SSIs in adults undergoing open elective
inguinal or femoral hernia repair was published in 2020 [33]. The systematic review investi-
gated three outcomes: superficial SSIs, deep SSIs, and all SSIs (superficial SSIs + deep SSIs).
Very low-quality evidence demonstrated that it is uncertain whether SAP reduces the risk
of all SSIs after hernia surgery. Moderate-quality evidence demonstrated that SAP makes
little difference in reducing the risk of all SSIs after hernia surgery in a low-risk infection en-
vironment. Low-quality evidence showed that SAP in a high-risk environment may reduce
the risk of all SSIs and superficial SSIs. Very low-quality evidence demonstrated that it is
uncertain whether SAP can reduce deep SSIs after hernia surgery [29]. In sum, SAP should
be performed in patients undergoing hernia surgery in a high-risk infection environment,
but not in patients undergoing hernia surgery in a low-risk infection environment.

Another topic debated with conflicting results has been whether to prescribe SAP in
patients undergoing laparoscopic cholecystectomy. Current evidence does not recommend
the routine prescription of SAP for elective laparoscopic cholecystectomy for uncomplicated
gallstone disease [37—-40], but compliance with this evidence is generally low [41].

Antibiotics prescribed for SAP should be nontoxic, inexpensive, and have in vivo
activity against the common bacteria causing SSIs. They should be effective against the
most likely bacteria contaminating the surgical field. SSIs following clean interventions
are usually due to Gram-positive bacteria commensal skin flora, including Staphylococcus
aureus or Streptococcus species [29]. Clean—contaminated and contaminated interventions
may be contaminated by various commensal flora bacteria of incised mucosae, such as
Escherichia coli or other Enterobacterales and anaerobes bacteria [16]. The WHO [7-9]
guidelines recommend administering SAP before the surgical incision when it is indicated.
The CDC guidelines [10] recommend administering SAP only based on published clinical
practice guidelines and timed in such a way as to achieve a bactericidal concentration of
antibiotics in the serum and tissues when the incision is made. The SHEA guidelines [13]
recommend prescribing appropriate antibiotics for SAP based on surgical procedures, the
most common bacteria causing SSIs for a specific operation, and published guidelines.
The NICE guidelines [12] recommend not using SAP routinely for clean, non-prosthetic,
uncomplicated surgery.

The most commonly used antibiotics for SAP are first- and second-generation
cephalosporins, including cefazolin, cefuroxime, cefoxitin, or the combination of cefazolin
plus metronidazole, when it is necessary to cover anaerobes such as in colorectal surgery.
For most surgical procedures, cefazolin is the antibiotic of choice for SAP. It has the most
widely proven efficacy of a studied antibiotic. It is considered by the WHO an essential
drug and as such it should be available in every hospital of the world [42].

There are few data describing the rate and quality indices of antibiotics used in
hospitalised patients in LMICs especially in Africa. However, the few data show that the
prevalence of antibiotic use in hospital settings in Africa is higher than the prevalence
reported in hospital settings in the other continents [43]. Broad-spectrum antibiotics such
as ceftriaxone and fluoroquinolones are antibiotics commonly prescribed in hospitalised
patients in Africa [43]. SAP is the second most common indication for antibiotic use
in African hospital settings. Therefore, SAP represents an important priority for the
implementation of antimicrobial stewardship programmes (ASPs) in this continent [43].

A recent prospective trial compared piperacillin-tazobactam with cefoxitin as SAP for
pancreatoduodenectomy. Among 778 patients enrolled in the study (378 in the piperacillin—
tazobactam group and 400 in the cefoxitin group), the SSI rate at 30 days was lower in the
piperacillin-tazobactam group compared with the cefoxitin group [44]. It is important to
stress that the use of an antibiotic with such a broad spectrum may be justified for SAP
only in complex operations with a very high rate of complications.
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Routine use of antifungal agents should be discouraged except for very special cir-
cumstances, such as liver transplantation [45]. The routine use of glycopeptides, such as
vancomycin or teicoplanin for SAP, should be discouraged. Glycopeptides can be con-
sidered for patients known to be colonised by methicillin-resistant Staphylococcus aureus
(MRSA) or who are likely to have had recent MRSA exposure [29]. Moreover, vancomycin is
less effective than cefazolin in preventing SSIs caused by methicillin-susceptible Staphylococcus
aureus [16].

Establishing which antibiotics to use for patients known to be colonised or to have
had past infection with multidrug-resistant (MDR) bacteria is complex and cannot be
defined uniformly. Defining if SAP should be prescribed to provide coverage against MDR
bacteria depends on many factors, such as bacteria antibiotic susceptibility, the host, and
the surgical procedure. While it may be logical to prescribe SAP with an agent active
against MRSA for any patient known to be colonised with MRSA who will undergo a skin
incision, specific prophylaxis for resistant Gram-negative bacteria in a patient known to
be colonised with such bacteria may not be necessary for a purely cutaneous procedure.
Thus, patients known to be colonised or to have had past infection with MDR bacteria
must be treated on a case-by-case basis, taking into account multiple considerations. Future
well-designed clinical studies will assess the SAP effectiveness in patients colonised with
MDR bacteria [46].

Regarding obese patients, the CDC guidelines [10] do not identify randomised con-
trolled trials that evaluated the benefits of weight-adjusted SAP dosing and its effect on the
risk of SSIs. The SHEA guidelines suggest adjusting dosing based on patient weight [13].
Regarding cefazolin, the SHEA guidelines recommend using 2 g dosing for patients weigh-
ing <120 kg and 3 g dosing for patients weighing > 120 kg. Data about the role of 3 g of
cefazolin dosing in reducing SSIs in obese patients are conflicting. However, some (low-
level) studies have shown a benefit of 3 g dosing compared to 2 g dosing in this patient
population, with few adverse events [13]. On the contrary, according to other evidence,
in these patients, the choice of the first dose in obese patients should be guided by the
pharmacokinetics (especially tissue penetration and volume of distribution) of the individ-
ual antibiotics, depending on whether the antibiotic is hydrophilic or lipophilic. Because
cefazolin is hydrophilic, penetration into tissue is not dose-dependent. Therefore, high
cefazolin doses may not be necessary in obese patients [47-49]. In contrast, cefoxitin is not
as hydrophilic as cefazolin and higher doses of cefoxitin may be required for obese patients.

Few data have been published regarding the SAP prescription in patients under-
going solid organ transplantation (SOT) [50,51]. SOT patients are at high risk of early
postoperative infections because of the complexity of surgical procedures and therapeutic
immunosuppression. SOT patients are also at increased risk of infections caused by MDR
bacteria. These risks may lead to liberalised SAP in SOT patients. Perceived overuse of
SAP in SOT patients has led to calls for antibiotic stewardship in the organ transplant
setting [52].

Beta-lactam antibiotic allergy history should be considered when selecting SAP. Pa-
tients should be questioned carefully before the SAP administration about their antibiotic
hypersensitivity background to determine whether a true allergy exists. Although up to
10% of patients will report an allergy to penicillin, the incidence of severe adverse reactions
is well under 1% [16]. In addition, the patient cross-reactivity between penicillin and
cephalosporin or carbapenem hypersensitivity is <5% [16]. The SHEA guidelines [13] rec-
ommend obtaining a thorough allergy history because self-reported allergy to beta-lactam
antibiotics has been related to a higher risk of SSIs resulting from administering non-beta-
lactam agents. Most patients with a self-reported allergy to beta-lactam antibiotics can
safely receive a beta-lactam antibiotic as prophylaxis [29]. Non-beta-lactam agent alterna-
tives include clindamycin, gentamicin, vancomyecin, or fluoroquinolones. Vancomycin has
a broad anti-Gram-positive activity; however, it is less effective than cefazolin at treating
methicillin-susceptible Staphylococcus aureus infections [29]. Additionally, vancomycin and
gentamicin are linked with a risk of antibiotic-associated nephrotoxicity, which has been
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reported in patients receiving only a few doses of SAP [53]. Clindamycin is the most fre-
quently prescribed antibiotic in patients with a documented beta-lactam allergy. However,
clindamycin resistance to Staphylococcus aureus is increasing. This can decrease its efficacy
against this pathogen often isolated in SSIs [53]. Clindamycin has also been reported to be
associated with a nearly three-fold increased risk of CDI compared to other antibiotics [54].
Even single doses of clindamycin used for SAP have been associated with an increased risk
of CDI. Consequently, appropriately evaluating allergies to beta-lactam antibiotics to limit
unnecessary clindamycin exposure in surgical patients is essential to mitigate the risk of
CDI [53].

Topical antibiotic prescription remains common among surgeons despite no evidence
of efficacy. A systematic review and meta-analysis on the topical antibiotic prophylaxis use
for SSI prevention in clean and clean—contaminated surgery was published in 2022 [54].
Thirteen randomised control trials (RCTs) comparing topical antibiotic agents with non-
antibiotic agents were evaluated through the meta-analysis. As per the current evidence,
administering topical antibiotic agents to surgical wounds does not diminish SSI incidence.
The NICE [12], the CDC [10], and the WHO [7-9] guidelines recommend avoiding the use
of topical antibiotic agents to prevent SSIs.

Oral antibiotic bowel preparation (0ABP) for elective colonic surgery has been de-
bated recently and merits particular consideration. oABP has been prescribed in addition
to mechanical bowel preparation (mBP) and intravenous antibiotics [29]. Although the
0ABP-mBP combination has been employed widely in North America, it has been used
less in Europe, perhaps because Enhanced Recovery After Surgery (ERAS®) protocols
omit routine mBP in patients’ preparation. The WHO guideline panel suggests that the
0ABP-mBP combination should be used in adult patients undergoing elective colorectal
surgery to prevent SSIs. Nonetheless, the guidelines recommend the non-use of mBP
alone for SSI prevention in adult patients undergoing elective colorectal surgery [7-9].
The SHEA guidelines recommend parenteral and oral combination use before elective
colorectal surgery to prevent SSIs [13]. A Cochrane meta-analysis enrolling 21 RCTs with
5264 adult patients undergoing elective colorectal surgery was published in 2022 [55]. The
meta-analysis compared mBP plus 0ABP with either mBP alone, cABP alone, or no bowel
preparation. Based on moderate-certainty evidence, the meta-analysis results suggest that
mBP plus oABP may be more effective than mBP alone in preventing SSIs. However, the
meta-analysis was unable to clarify whether oABP alone is equivalent to MBP + oABP,
because of the low to very low quality of evidence. A weighty limitation of oABP stan-
dardisation is the heterogeneity of the data about the choice of antibiotics and the duration.
Antibiotics, dosages, and timing are very heterogeneous, making the results difficult to
summarise. These aspects have yet to be defined by evidence [29].

3.2. Administering the Antibiotic at the Correct Time before the Incision

Adequate tissue concentrations of antibiotics should be present at the surgical site
throughout the surgical procedure. The WHO global guidelines recommend administering
SAP before surgical incision when indicated (depending on the type of operation). These
guidelines recommend SAP administration within 120 min before the incision, based on
the half-life of the prescribed antibiotic. A meta-analysis published in 2017 evaluated the
proper SAP timing and compared the different administration time intervals [56]. Fourteen
observational studies, including 54,552 patients, were included in this review (thirteen
of these studies were included in the meta-analysis conducted by WHO experts). The
study did not show a significant difference when SAP was tendered 120-60 min before
surgical incision compared to when SAP was administered 60-0 min before surgical incision.
However, the SSI risk doubled when antibiotics were issued after the first incision and was
five-fold higher when they were furnished more than 120 min before the incision.

Weber et al. in 2017 [57] published a randomised controlled trial evaluating the optimal
SAP timing consisting of a single 1.5 g dose of cefuroxime (short half-life cephalosporin)
given through intravenous infusion associated with 500 mg of metronidazole in colorectal



Antibiotics 2024, 13, 100

9of 16

surgery. The trial demonstrated that early antibiotic administration for SAP did not sig-
nificantly reduce the SSI risk compared with late administration, not supporting any 60
min window in administering a short-half-life cephalosporin for SAP. The SHEA guide-
lines [13] recommend administering antibiotics within 1 h of incision to optimise the
tissue concentration.

The first antibiotic dose should always be administered within 60 min, according to
the prescribed antibiotic pharmacokinetics, before surgical incision for most commonly
used antibiotics (including cefazolin). This can guarantee appropriate tissue concentra-
tions during the surgical intervention. Only drugs with more extended half-lives, such
as vancomycin, should be issued more than 60 min before the incision. The ideal time to
administer preoperative cefazolin has been investigated recently in an interesting pharma-
cological study. According to the study, cefazolin reaches its peak concentration 40 min
after intravenous administration, and then immediately decreases, remaining effective for
4 h [58].

3.3. Re-Administering the Antibiotic for Prolonged Procedures and in Patients with Severe
Blood Loss

The NICE guidelines [12] recommend considering the antibiotic pharmacokinetics
in SAP prescription. They also recommend administering a repeat SAP dose when the
operation lasts longer than the administered antibiotic half-life. Although, in 2017, the
CDC [10] did not identify sufficient high-quality evidence to evaluate the intraoperative
redosing benefits of SAP for SSI prevention, from a pharmacokinetic standpoint, additional
intraoperative doses should be issued for procedures exceeding two antibiotic half-lives or
for procedures with significant associated blood loss (more than 1.5 L). This can guarantee
an antibiotic concentration above the minimal inhibitory concentration at the surgical site
throughout the procedure.

A meta-analysis including two randomised controlled trials and eight cohort stud-
ies [59] confirmed the importance of antibiotic redosing. Even though there was hetero-
geneity among the antibiotics administered, SAP intraoperative redosing reduced SSI rates
compared with a single preoperative dose in any surgery. In a cefazolin case with a half-life
of approximately 2 h, an additional intra-operative dose should be repeated after about 4 h.
Conversely, cefoxitin has a very short half-life of 60 min, so the subsequent intra-operative
dose should be repeated after roughly 2 h.

3.4. Discontinuing SAP after Surgery

SAP aims to prevent SSIs and should be administered and maintained at sufficiently
high concentrations at the surgical site during the time that the incision is open. Erroneously,
some surgeons believe that prolonging SAP after that the surgical incision has been closed
can protect the patient from post-operative infections [29].

No evidence supports SAP use after the surgical procedure. Regardless, continuing
SAP after surgery is still very common. Global Point Prevalence Survey results, including
adult data from 303 hospitals in 53 countries, were published in 2015. This international
point prevalence study demonstrated that SAP for more than 24 h ranged from 29.5% in
Western Europe to 92.5% in Africa [60]. The WHO global guidelines [7-9] recommend
not prolonging SAP administration after the operation completion to prevent SSIs. WHO
experts conducting a meta-analysis [7-9] identified 69 randomised controlled trials re-
searching the optimal antibiotic prophylaxis duration in different surgical procedures to
evaluate SSI rate reduction; they found some low- to very low-quality evidence that pro-
longed postoperative antibiotic administration can be beneficial for reducing SSI risk in
cardiac and vascular procedures. Considering the limited evidence, potentially damaging
events, or AMR development associated with antibiotic prolongation, the experts advised
against postoperative antibiotic administration. The CDC guidelines also recommend not
administering additional SAP doses in clean and clean—contaminated procedures after the
surgical incision has been closed in the operating room, even in the presence of a drain.
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Also, the SHEA [13] guidelines recommend stopping antibiotics after the incisional closure
in the operating room.

In 2020, a meta-analysis published by de Jonge et al. [61] evaluated the effect of
continued SAP on SSI rate. They considered 83 relevant prospective randomised trials, of
which 52, with 19,273 participants, were included in the primary meta-analysis. Overall,
there was no conclusive evidence identifying a postoperative continuation of SAP having a
benefit versus discontinuation when best infection prevention and control practices were
followed. A retrospective, single-centre cohort study published in 2021 [62] compared
the efficacy of single-dose antibiotic use versus 24 h SAP dosing in patients undergoing
total joint arthroplasty. The study’s results displayed no significant differences in patient
characteristics between single-dose and 24 h dosing. Between single and 24 h dosing SAP,
there were no significant differences in acute periprosthetic joint infection rates, superficial
SSI, 90-day reoperation, or 90-day complications. In a multicentre, national, retrospective
cohort study published in 2019 [63], increased SAP duration was associated with a higher
acute renal failure risk and CDI without reducing SSIs.

3.5. Monitoring the Implementation Level of the Suggested Measures

Understanding the infection prevention and control programme effect is essential to en-
sure it is implemented and executed as designed. Evaluating an action plan impact through
surveillance with timely feedback is crucial to infection prevention and control action. This
allows hospitals and healthcare professionals to gauge the strategies’ effectiveness.

The appropriateness of prevention measures may depend on healthcare workers
behaviour and the availability of appropriate environmental and structural organisation.
To improve compliance with prevention measures and ensure their long-term sustainability,
the frequent assessment of working practices and timely result feedback to stakeholders
is crucial. A systematic review of the effective strategies for implementing care bundles
was published in 2015. Forty-seven studies were included in the review, and the three most
frequently used strategies when a bundle was implemented were education, reminders,
and audit and feedback [64]. The SHEA guidelines [13] recommend providing ongoing
SSI rate feedback to surgical and perioperative personnel and leadership. Regarding the
SSI prevention setting, in 2017, the European Centre for Disease Prevention and Control
(ECDC) published [65] an updated version of a technical document (HAI-Net SSI protocol,
version 2.2), proposing various process indicators for SSI prevention (including SAP) based
on the strength of available evidence and the feasibility of their collection.

Care bundles are sets of evidence-based recommendations that, when implemented
together, can result in better outcomes than when implemented individually. In 2019, a
scoping review about barriers and facilitators to successfully implementing care bundles in
the hospital setting was published. Bundles with a few simple measures were described to
have better compliance rates. Standardising reporting of implementation strategies may
help to transfer evidence-based bundle recommendations into clinical practice [66]. To
reinforce the need to monitor the implementation level, we have included this concept as
the last measure of the bundle.

ASPs can optimise the treatment of infections and reduce adverse events associated
with antibiotics. In the context of a collaborative and interdisciplinary approach, it is
essential to encourage an institutional safety culture in which surgeons are persuaded,
rather than compelled, to respect antibiotic prescribing practices.

The proposed bundle contains a set of evidence-based interventions for SAP admin-
istration. It is easy to apply, promotes collaboration, and includes measures that can be
adequately followed and evaluated in all hospitals worldwide.

’

4. Discussion

Appropriate prescription of antibiotics should be integral to good clinical practice and
standards of care. On the contrary, inappropriate antibiotic prescriptions, as well as poor
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infection prevention and control practices, are contributing to the development and spread
of AMR [14].

Evidence has demonstrated that hospital ASPs aimed at improviung antibiotic use
can optimise the management of infections and reduce adverse events associated with
antibiotic use, including the global burden of AMR [14].

Fifteen years after the joint guidelines published by SHEA /IDSA [67], the best strate-
gies for ASPs are still not defined. Moreover, many acute care hospitals worldwide do not
have any ASP. The preferred means of improving antimicrobial stewardship should include
a comprehensive programme incorporating collaboration among professionals within an
institution. In this context, the direct involvement of all prescribers is crucial. Surgical
wards represent settings where the use of antibiotics can be optimised. ASPs should in-
clude SAP as a critical area for improvement. Standardising a shared antibiotic prophylaxis
protocol should be the first step of any ASP. Compliance with this protocol should be
audited regularly, and the results should be fed back to the antimicrobial prescribers and
decision-makers [68,69].

The systematic review by Davey et al. [70] demonstrated strong evidence that antibi-
otic use interventions among inpatients were associated with increased antibiotic policy
compliance and duration. Of the 159 studies with intervention outcomes, 11 (6.9%) targeted
SAP. Interventions were demonstrated to successfully reduce unnecessary antibiotic use in
hospitals, even though the majority did not use the most effective behaviour change tech-
niques. Recently, a retrospective study compared the selection and duration of antibiotics
for SAP over six months, both before and after a five-year intervention. The rate of appro-
priate prescription of antibiotics for SAP improved to 80% during the post-intervention
period. The rate of correct SAP duration increased significantly, from 69.1% (n = 1598) in the
pre-intervention period to 78.0% (n = 841) in the post-intervention period (p < 0.001). The
prescriptions of third cephalosporins, such as ceftriaxone, significantly decreased, while
the prescriptions of cefazolin increased by more than nine times. No increases in SSIs
were detected after the intervention. The implementation of an antimicrobial stewardship
programme in the surgical ward demonstrated a positive impact on SAP prescriptions [71].

Using the best evidence is a fundamental aspect of healthcare quality. Guidelines for
clinical practice are essential to disseminate evidence-based practices, improving healthcare
quality and safety. Several guidelines have recently been published [5-13] regarding
preventing SSIs. However, guidelines are not self-implementing, and complying with
measures stated in guidelines is often challenging [72]. A systematic review assessing
adherence to guidelines for SAP, published in 2015, demonstrated the need for greater
adherence to guidelines [73]. A prospective, multicentre cohort study in orthopaedic
surgery showed that lack of compliance with SAP guidelines is significantly associated
with increased SSI rate [74].

Adapting clinical SAP guidelines in the local context may improve acceptance and
adherence to best practices, also considering the local microbiological epidemiology.

The evolving field of implementation research has increasingly addressed how to
adapt guidelines to local contexts and translate evidence into practice. Active involvement
of the guidelines users in their adaption can lead to significant changes in clinical practice.
Adapting clinical guidelines in a local context, such as local protocols or bundles, while
specifying responsibilities for particular actions in a hospital setting, may be helpful to
engage all professionals in guideline implementation [25].

Various implementation interventions have been described and can potentially be
used to promote compliance with guidelines [75]. In the setting of SSI prevention, in 2019,
Ariyo et al. published a systematic review of utilised implementation strategies [76]. They
categorised implementation interventions using the “four Es” approach [74]—"engage”,
“educate”, “execute”, and “evaluate”—as the core components of change behaviour.

In the context of a multimodal strategy to implement HAI prevention, bundles are one
of the most commonly used methods to translate guidelines to the local setting. A system-
atic review of the effect of interventions on the incidence of SSIs in acute care settings was
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recently published. Twenty-three studies showed that interventions effective in preventing
SSIs have multiple components such as care bundles, stakeholder engagement, targeted
surveillance, and education [77]. An attractive, comprehensive review of the reasons for
poor compliance with guidelines was published by Leaper et al. [78], who reported rec-
ommendations to improve patient outcomes and prevent SSIs. These recommendations
included the following:

e  Tracking compliance with hospital care bundles and conducting qualitative research
into reasons for non-compliance with bundles;

e Incorporating checklists and care bundles into the informed consent process to make
them as transparent as possible;

e Developing surveillance methods with shared SSI definitions and indicators that

can be reliably interpreted in clinical practice and that can promote a benchmarking

analysis of anonymised individual surgeon SSI rates;

Updating national and local guidelines as new evidence evolves;

Recognising compliant surgery/operating theatre work teams;

Incorporating checklists and care bundles;

Planning effective communication strategies with healthcare providers.

In administering antibiotics for any indication, including for SAP, surgeons should
always be responsible for handling antibiotics with care.

In this narrative review, an international working group of 30 physicians from many
regions of the world has defined an evidence-based bundle for appropriate SAP adminis-
tration. This bundle includes five actions that may affect adequate SAP administration in
all surgical wards worldwide.

1.  Administering the appropriate antibiotic. SAP should be prescribed for surgical proce-
dures at high risk of SSIs, such as clean-contaminated and contaminated surgical
procedures or for clean surgical procedures where SSIs, even if unlikely, may have dev-
astating consequences, such as in procedures with prosthetic implants. SAP should
also be prescribed in patients with medical conditions associated with a higher risk of
SSI, such as immunocompromised patients. The most commonly used antibiotics for
SAP are first- and second-generation cephalosporins, including cefazolin, cefuroxime,
cefoxitin, or the combination of cefazolin plus metronidazole, when it is necessary
to cover anaerobes such as in colorectal surgery. Patients known to be colonised
or to have had past infection with MDR bacteria must be treated on a case-by-case
basis, taking into account multiple considerations. Future well-designed clinical
studies will assess the SAP effectiveness in patients colonised with MDR bacteria.
Although topical antibiotic prescription remains common among surgeons, it should
be discouraged.

2. Administering the antibiotic at the correct time before the incision. Adequate tissue concen-
trations of antibiotics should be present at the surgical site throughout the surgical
procedure. The first antibiotic dose should always be administered within 60 min
before surgical incision for most commonly used antibiotics (including cefazolin).
This can guarantee appropriate tissue concentrations during the surgical intervention.
Only drugs with more extended half-lives, such as vancomycin, should be issued
more than 60 min before the incision.

3. Re-administering the antibiotic for prolonged procedures and in patients with severe blood
loss. Intraoperative doses should be issued for procedures exceeding two antibiotic
half-lives or for procedures associated with blood loss (more than 1.5 L). This can
guarantee that the antibiotic concentration is maintained above the minimal inhibitory
concentration at the surgical site throughout the procedure.

4. Discontinuing SAP after surgery. SAP aims to prevent SSIs and should be administered
and maintained at sufficiently high concentrations at the surgical site during the
time that the incision is open. Erroneously, some surgeons believe that prolonging
SAP after that the surgical incision has been closed can protect the patient from post-
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operative infections. On the contrary, SAP administration should not be prolonged
after the operation completion to prevent SSls.

5. Monitoring the implementation level of the suggested measures. To improve compliance
with prevention measures and ensure their long-term sustainability, frequent assess-
ment of working practices and timely result feedback to stakeholders is crucial. As
a multimodal strategy to implement HAI prevention, bundles are among the most
commonly used methods to adapt guidelines in the local context and transfer best
practices into routine clinical care. The proposed bundle contains a set of evidence-
based interventions for SAP administration. It is easy to apply, promotes collaboration,
and includes measures that can be adequately followed and evaluated in all hospitals
worldwide. Major efforts should be made in all hospitals around the world to verify
that the proposed measures are implemented in the context of a bundle strategy.

5. Conclusions

The use of SAP contributes considerably to the total amount of antibiotics prescribed
in hospitals worldwide. Its overuse can be associated with antibiotic-related adverse events,
including the development of AMR and elevated healthcare costs. Approximately 15% of
all antibiotics in hospitals are prescribed for SAP. Bundles are one of the most commonly
used methods to adapt guidelines to the local context and implement SSI prevention.

SAP consists of administering an antibiotic without active infections before the in-
tervention. Antibiotics have no therapeutic purposes but are only preventive, aiming to
reduce the surgical field microbial burden so that the host defences are not overcome.

In this article, we have presented an evidence-based bundle for correct SAP based on a
review of the best available evidence. This bundle can be easily applied everywhere and we
hope that it can help improve antibiotic prescribing practices among surgeons worldwide.

Author Contributions: Conceptualisation, M.S.; writing—original draft preparation, M.S.; writing—
review and editing, all authors. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: In the past three years, R.G.S. has consulted for Pfizer, Merck, and AbbVie. All
the other authors declare no conflicts of interest.

References

1.

Suetens, C.; Latour, K.; Karki, T.; Ricchizzi, E.; Kinross, P.; Moro, M.L.; Jans, B.; Hopkins, S.; Hansen, S.; Lyytikdinen, O.; et al.
Prevalence of healthcare-associated infections, estimated incidence and composite antimicrobial resistance index in acute care
hospitals and long-term care facilities: Results from two European point prevalence surveys, 2016 to 2017. Euro Surveill. 2018, 23,
1800516. [CrossRef]

Haque, M.; Sartelli, M.; McKimm, J.; Abu Bakar, M. Health care-associated infections—An overview. Infect. Drug Resist. 2018, 11,
2321-2333. [CrossRef]

Schreiber, PW.; Sax, H.; Wolfensberger, A.; Clack, L.; Kuster, S.P. The preventable proportion of healthcare-associated infections
2005-2016: Systematic review and meta-analysis. Infect. Control Hosp. Epidemiol. 2018, 39, 1277-1295. [CrossRef]

Badia, ].M.; Casey, A.L.; Petrosillo, N.; Hudson, PM.; Mitchell, S.A.; Crosby, C. Impact of surgical site infection on healthcare costs
and patient outcomes: A systematic review in six European countries. J. Hosp. Infect. 2017, 96, 1-15. [CrossRef]

GlobalSurg Collaborative. Surgical site infection after gastrointestinal surgery in high-income, middle-income, and low-income
countries: A prospective, international, multicentre cohort study. Lancet Infect. Dis. 2018, 18, 516-525. [CrossRef]

Ahmed, N.J.; Almalki, Z.S.; Alfaifi, A.A.; Alshehri, A.M.; Alahmari, A.K.; Elazab, E.; Almansour, A.; Haseeb, A.; Balaha, M.E,;
Khan, A.H. Implementing an Antimicrobial Stewardship Programme to Improve Adherence to a Perioperative Prophylaxis
Guideline. Healthcare 2022, 10, 464. [CrossRef]

Allegranzi, B.; Zayed, B.; Bischoff, P.; Kubilay, N.Z.; de Jonge, S.; de Vries, E; Gomes, S.M.; Gans, S.; Wallert, E.D.; Wu, X,;
et al. New WHO recommendations on intraoperative and postoperative measures for surgical site infection prevention: An
evidence-based global perspective. Lancet Infect. Dis. 2016, 16, €288-e303. [CrossRef]

Allegranzi, B.; Bischoff, P.; de Jonge, S.; Kubilay, N.Z.; Zayed, B.; Gomes, S.M.; Abbas, M.; Atema, J.J.; Gans, S.; van Rijen, M.;
et al. New WHO recommendations on preoperative measures for surgical site infection prevention: An evidence-based global
perspective. Lancet Infect. Dis. 2016, 16, e276—e287. [CrossRef]


https://doi.org/10.2807/1560-7917.ES.2018.23.46.1800516
https://doi.org/10.2147/IDR.S177247
https://doi.org/10.1017/ice.2018.183
https://doi.org/10.1016/j.jhin.2017.03.004
https://doi.org/10.1016/S1473-3099(18)30101-4
https://doi.org/10.3390/healthcare10030464
https://doi.org/10.1016/S1473-3099(16)30402-9
https://doi.org/10.1016/S1473-3099(16)30398-X

Antibiotics 2024, 13, 100 14 of 16

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Global Guidelines for the Prevention of Surgical Site Infection, 2nd ed.; World Health Organization: Geneva, Switzerland, 2018;
Available online: https://apps.who.int/iris /handle /10665/277399 (accessed on 4 April 2023).

Berrios-Torres, S.I.; Umscheid, C.A.; Bratzler, D.W,; Leas, B.; Stone, E.C.; Kelz, R.R.; Reinke, C.E.; Morgan, S.; Solomkin, J.S.;
Mazuski, J.E.; et al. Centers for disease control and prevention guideline for the prevention of surgical site infection, 2017. JAMA
Surg. 2017, 152, 784-791. [CrossRef]

Ban, K.A.; Minei, ].P.; Laronga, C.; Harbrecht, B.G.; Jensen, E.H.; Fry, D.E.; Itani, KM.; Dellinger, E.P.; Ko, C.Y.; Duane, TM.
American College of Surgeons and Surgical Infection Society: Surgical site infection guidelines, 2016 update. J. Am. Coll. Surg.
2017, 224, 59-74. [CrossRef]

National Institute for Health and Care Excellence. Surgical Site Infections: Prevention and Treatment. NICE Guideline [NG125].
Available online: https://www.nice.org.uk/guidance/ngl125 (accessed on 4 December 2023).

Calderwood, M.S.; Anderson, D.].; Bratzler, D.W.; Dellinger, E.P.; Garcia-Houchins, S.; Maragakis, L.L.; Nyquist, A.C.; Perkins,
K.M.; Preas, M.A.; Saiman, L.; et al. Strategies to prevent surgical site infections in acute-care hospitals: 2022 Update. Infect.
Control Hosp. Epidemiol. 2023, 44, 695-720. [CrossRef]

Worldwide Antimicrobial Resistance National/International Network Group (WARNING) Collaborators. Ten golden rules for
optimal antibiotic use in hospital settings: The WARNING call to action. World . Emerg. Surg. 2023, 18, 50. [CrossRef]

Sartelli, M.; Duane, T.M.; Catena, F.; Tessier, ].M.; Coccolini, F.; Kao, L.S.; De Simone, B.; Labricciosa, EM.; May, A K.; Ansaloni, L.;
et al. Antimicrobial Stewardship: A Call to Action for Surgeons. Surg. Infect. 2016, 17, 625-631. [CrossRef]

Bratzler, D.W.; Dellinger, E.P,; Olsen, K.M.; Perl, TM.; Auwaerter, P.G.; Bolon, M.K,; Fish, D.N.; Napolitano, L.M.; Sawyer, R.G;
Slain, D.; et al. Clinical practice guidelines for antimicrobial prophylaxis in surgery. Surg. Infect. 2013, 14, 73-156. [CrossRef]
Pereira, L.B.; Feliciano, C.S.; Siqueira, D.S.; Bellissimo-Rodrigues, F.; Pereira, L.R.L. Surgical antibiotic prophylaxis: Is the clinical
practice based on evidence? Einstein 2020, 18, eAO5427. [CrossRef]

Schmitt, C.; Lacerda, R.A.; Turrini, RN.T.; Padoveze, M.C. Improving compliance with surgical antibiotic prophylaxis guidelines:
A multicenter evaluation. Am. J. Infect. Control 2017, 45, 1111-1115. [CrossRef]

Bull, A.L.; Worth, L.J.; Spelman, T.; Richards, M.]J. Antibiotic prescribing practices for prevention of surgical site infections in
Australia: Increased uptake of national guidelines after surveillance and reporting and impact on infection rates. Surg. Infect.
2017, 18, 834-840. [CrossRef]

Mousavi, S.; Zamani, E.; Bahrami, F. An audit of perioperative antimicrobial prophylaxis: Compliance with the international
guidelines. J. Res. Pharm. Pract. 2017, 6, 126-129. [CrossRef]

Ou, Y; Jing, B.Q.; Guo, EF,; Zhao, L.; Xie, Q.; Fang, Y.L.; Cui, J.; Xiao, W.; Wu, D.W.; Zhou, W. Audits of the quality of perioperative
antibiotic prophylaxis in Shandong Province, China, 2006 to 2011. Am. ]. Infect. Control 2014, 42, 516-520. [CrossRef]

Nabor, M.L.P,; Buckley, B.S.; Lapitan, M.C.M. Compliance with international guidelines on antibiotic prophylaxis for elective
surgeries at a tertiary-level hospital in the Philippines. Healthc. Infect. 2015, 20, 145-151. [CrossRef]

Ierano, C.; Thursky, K.; Marshall, C.; Koning, S.; James, R.; Johnson, S.; Imam, N.; Worth, L.].; Peel, T. Appropriateness of Surgical
Antimicrobial Prophylaxis Practices in Australia. JAMA Netw. Open. 2019, 2, €1915003. [CrossRef] [PubMed]

Beauchamp, T.L.; Childress, J.F. Principles of Biomedical Ethics, 7th ed.; Oxford University Press: New York, NY, USA, 2013.

Storr, J.; Tyman, A.; Zingg, W.; Damani, N.; Kilpatrick, C.; Reilly, J.; Price, L.; Egger, M.; Grayson, M.L.; Kelley, E.; et al. WHO
Guidelines Development Group. Core components for effective infection prevention and control programmes: New WHO
evidence-based recommendations. Antimicrob. Resist. Infect. Control 2017, 6, 6. [CrossRef] [PubMed]

Tanner, J.; Padley, W.; Assadian, O.; Leaper, D.; Kiernan, M.; Edmiston, C. Do surgical care bundles reduce the risk of surgical site
infections in patients undergoing colorectal surgery? A systematic review and cohort meta-analysis of 8515 patients. Surgery 2015,
158, 66-77. [CrossRef] [PubMed]

Zywot, A.; Lau, C.S.M.; Stephen Fletcher, H.; Paul, S. Bundles Prevent Surgical Site Infections After Colorectal Surgery: Meta-
analysis and Systematic Review. . Gastrointest. Surg. 2017, 21, 1915-1930. [CrossRef]

Pop-Vicas, A.E.; Abad, C.; Baubie, K.; Osman, F; Heise, C.; Safdar, N. Colorectal bundles for surgical site infection prevention: A
systematic review and meta-analysis. Infect. Control Hosp. Epidemiol. 2020, 41, 805-812. [CrossRef]

Sartelli, M.; Boermeester, M.A.; Cainzos, M.; Coccolini, F,; de Jonge, S.W.; Rasa, K.; Dellinger, E.P.; McNamara, D.A.; Fry, D.E.; Cui,
Y; et al. Six Long-Standing Questions about Antibiotic Prophylaxis in Surgery. Antibiotics 2023, 12, 908. [CrossRef]

Yin, Y.; Song, T.; Liao, B.; Luo, Q.; Zhou, Z. Antibiotic prophylaxis in patients undergoing open mesh repair of inguinal hernia: A
meta-analysis. Am. Surg. 2012, 78, 359-365. [CrossRef]

Al Riyees, L.; Al Madani, W.; Firwana, N.; Balkhy, H.H.; Ferwana, M.; Alkhudhayri, A. Antibiotic prophylaxis against surgical
site infection after open hernia surgery: A systematic review and meta-analysis. Eur. Surg. Res. 2021, 62, 121-133. [CrossRef]
Erdas, E.; Medas, E,; Pisano, G.; Nicolosi, A.; Calo, P.G. Antibiotic prophylaxis for open mesh repair of groin hernia: Systematic
review and meta-analysis. Hernia 2016, 20, 765-776. [CrossRef]

Orelio, C.C.; van Hessen, C.; Sanchez-Manuel, EJ.; Aufenacker, T.J.; Scholten, R.J. Antibiotic prophylaxis for prevention of
postoperative wound infection in adults undergoing open elective inguinal or femoral hernia repair. Cochrane Database Syst. Rev.
2020, 4, CD003769.

Mazaki, T.; Mado, K.; Masuda, H.; Shiono, M. Antibiotic prophylaxis for the prevention of surgical site infection after tension-free
hernia repair: A Bayesian and frequentist meta-analysis. . Am. Coll. Surg. 2013, 217, 788-801.e1-4. [CrossRef] [PubMed]


https://apps.who.int/iris/handle/10665/277399
https://doi.org/10.1001/jamasurg.2017.0904
https://doi.org/10.1016/j.jamcollsurg.2016.10.029
https://www.nice.org.uk/guidance/ng125
https://doi.org/10.1017/ice.2023.67
https://doi.org/10.1186/s13017-023-00518-3
https://doi.org/10.1089/sur.2016.187
https://doi.org/10.1089/sur.2013.9999
https://doi.org/10.31744/einstein_journal/2020AO5427
https://doi.org/10.1016/j.ajic.2017.05.004
https://doi.org/10.1089/sur.2017.119
https://doi.org/10.4103/jrpp.JRPP_16_164
https://doi.org/10.1016/j.ajic.2014.01.001
https://doi.org/10.1071/HI15018
https://doi.org/10.1001/jamanetworkopen.2019.15003
https://www.ncbi.nlm.nih.gov/pubmed/31702804
https://doi.org/10.1186/s13756-016-0149-9
https://www.ncbi.nlm.nih.gov/pubmed/28078082
https://doi.org/10.1016/j.surg.2015.03.009
https://www.ncbi.nlm.nih.gov/pubmed/25920911
https://doi.org/10.1007/s11605-017-3465-3
https://doi.org/10.1017/ice.2020.112
https://doi.org/10.3390/antibiotics12050908
https://doi.org/10.1177/000313481207800348
https://doi.org/10.1159/000517404
https://doi.org/10.1007/s10029-016-1536-0
https://doi.org/10.1016/j.jamcollsurg.2013.07.386
https://www.ncbi.nlm.nih.gov/pubmed/24041559

Antibiotics 2024, 13, 100 15 of 16

35.

36.
37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Boonchan, T.; Wilasrusmee, C.; McEvoy, M.; Attia, J.; Thakkinstian, A. Network meta-analysis of antibiotic prophylaxis for
prevention of surgical-site infection after groin hernia surgery. Br. |. Surg. 2017, 104, €106. [CrossRef]

HerniaSurge Group. International guidelines for groin hernia management. Hernia 2018, 22, 1-165. [CrossRef]

Sarkut, P; Kilicturgay, S.; Aktas, H.; Ozen, Y.; Kaya, E. Routine use of prophylactic antibiotics during laparoscopic cholecystectomy
does not reduce the risk of surgical site infections. Surg. Infect. 2017, 18, 603-609. [CrossRef]

Passos, M.A.; Portari-Filho, P.E. Antibiotic prophylaxis in laparoscopic cholecistectomy: Is it worth doing? Arq. Bras. Cir. Dig.
2016, 29, 170-172. [CrossRef] [PubMed]

Vohra, R.S.; Hodson, J.; Pasquali, S.; Griffiths, E.A.; Chole, S.S.G.; West Midlands Research Collaborative. Effectiveness of
antibiotic prophylaxis in non-emergency cholecystectomy using data from a population-based cohort study. World J. Surg. 2017,
41,2231-2239. [CrossRef] [PubMed]

Jaafar, G.; Sandblom, G.; Lundell, L.; Hammarqvist, F. Antibiotic prophylaxis in acute cholecystectomy revisited: Results of a
double-blind randomised controlled trial. Langenbecks Arch. Surg. 2020, 405, 1201-1207. [CrossRef]

Murri, R.; De Belvis, A.G.; Fantoni, M.; Tanzariello, M.; Parente, P.; Marventano, S.; Bucci, S.; Giovannenze, F.; Ricciardi, W.;
Cauda, R.; et al. Impact of antibiotic stewardship on perioperative antimicrobial prophylaxis. Int. . Qual. Health Care 2016, 28,
502-507. [CrossRef]

Koizumi, R.; Kusama, Y.; Asai, Y.; Yoshiaki, G.; Muraki, Y.; Ohmagari, N. Effects of the cefazolin shortage on the sales, cost, and
appropriate use of other antimicrobials. BMC Health Serv. Res. 2021, 21, 1118. [CrossRef]

Abubakar, U.; Salman, M. Antibiotic Use Among Hospitalized Patients in Africa: A Systematic Review of Point Prevalence
Studies. J. Racial Ethn. Health Disparities 2023, 1-22. [CrossRef]

D’Angelica, M.L; Ellis, RJ.; Liu, J.B.; Brajcich, B.C.; Génen, M.; Thompson, V.M.; Cohen, M.E.; Seo, S.K.; Zabor, E.C.; Babicky,
M.L,; et al. Piperacillin-Tazobactam Compared with Cefoxitin as Antimicrobial Prophylaxis for Pancreatoduodenectomy: A
Randomized Clinical Trial. JAMA 2023, 329, 1579-1588. [CrossRef]

Liu, Y; Lan, C,; Qin, S.; Qin, Z.; Zhang, Z.; Zhang, P.; Cao, W. Efficacy of anti-fungal agents for invasive fungal infection
prophylaxis in liver transplant recipients: A network meta-analysis. Mycoses 2022, 65, 906-917. [CrossRef] [PubMed]

Righi, E.; Mutters, N.T.; Guirao, X.; Del Toro, M.D.; Eckmann, C.; Friedrich, A.W.; Giannella, M.; Kluytmans, J.; Presterl, E.;
Christaki, E.; et al. ESCMID/EUCIC clinical practice guidelines on perioperative antibiotic prophylaxis in patients colonized by
multidrug-resistant Gram-negative bacteria before surgery. Clin. Microbiol. Infect. 2023, 29, 463-479. [CrossRef]

Blum, S.; Cunha, C.B.; Cunha, B.A. Lack of pharmacokinetic basis of weight-based dosing and intra-operative re-dosing with
cefazolin surgical prophylaxis in obese patients: Implications for antibiotic stewardship. Surg. Infect. 2019, 20, 439—443. [CrossRef]
[PubMed]

Ho, V.P; Nicolau, D.P,; Dakin, G.F; Pomp, A.; Rich, B.S.; Towe, C.W.; Barie, P.S. Cefazolin dosing for surgical prophylaxis in
morbidly obese patients. Surg. Infect. 2012, 13, 33-37. [CrossRef] [PubMed]

gantavy, P; Sima, M.; Zusich, O.; Kubi¢kova, V.; Michali¢kova, D.; Slana¥, O.; Urbanek, K. Population Pharmacokinetics of
Prophylactic Cefazolin in Cardiac Surgery with Standard and Minimally Invasive Extracorporeal Circulation. Antibiotics 2022, 11,
1582. [CrossRef]

Almeida, R.A.; Hasimoto, C.N.; Kim, A.; Hasimoto, E.N.; El Dib, R. Antibiotic prophylaxis for surgical site infection in people
undergoing liver transplantation. Cochrane Database Syst. Rev. 2015, 2015, CD010164. [CrossRef]

Coccolini, F; Improta, M.; Cicuttin, E.; Catena, F; Sartelli, M.; Bova, R.; De’ Angelis, N.; Gitto, S.; Tartaglia, D.; Cremonini, C.;
et al. Surgical site infection prevention and management in immunocompromised patients: A systematic review of the literature.
World J. Emerg. Surg. 2021, 16, 33. [CrossRef]

Graziano, E.; Peghin, M.; Grossi, P.A. Perioperative antibiotic stewardship in the organ transplant setting. Transpl. Infect. Dis.
2022, 24, €13895. [CrossRef]

Bertram, C.M.; Postelnick, M.; Mancini, C.M.; Fu, X.; Zhang, Y.; Schulz, L.T.; Bhowmick, T; Lee, F; Blumenthal, K.G. Association of
B-Lactam Allergy Documentation and Prophylactic Antibiotic Use in Surgery: A National Cross-Sectional Study of Hospitalized
Patients. Clin. Infect. Dis. 2021, 72, e872—-e875. [CrossRef]

Chen, PJ.; Hua, Y.M.; Toh, H.S.; Lee, M.C. Topical antibiotic prophylaxis for surgical wound infections in clean and clean-
contaminated surgery: A systematic review and meta-analysis. BJS Open 2021, 5, zrab125. [CrossRef]

Willis, M.A.; Toews, L.; Soltau, S.L.; Kalff, ].C.; Meerpohl, ].J.; Vilz, T.O. Preoperative combined mechanical and oral antibiotic
bowel preparation for preventing complications in elective colorectal surgery. Cochrane Database Syst. Rev. 2023, 2, CD014909.
[PubMed]

de Jonge, S.W.; Gans, S.L.; Atema, ].J.; Solomkin, J.S.; Dellinger, P.E.; Boermeester, M.A. Timing of preoperative antibiotic
prophylaxis in 54,552 patients and the risk of surgical site infection: A systematic review and meta-analysis. Medicine 2017, 96,
€6903. [CrossRef] [PubMed]

Weber, W.P.; Mujagic, E.; Zwahlen, M.; Bundi, M.; Hoffmann, H.; Soysal, S.D.; Kraljevi¢, M.; Delko, T.; von Strauss, M.; Iselin, L.;
et al. Timing of surgical antimicrobial prophylaxis: A phase 3 randomised controlled trial. Lancet Infect. Dis. 2017, 17, 605-614.
[CrossRef]

Baseel, D.; Kim, J.; Mohammed, S.; Lowe, A.; Siddiqi, J. The Ideal Time to Administer Pre-operative Antibiotics: Current and
Future Practices. Cureus 2022, 14, €24979. [CrossRef]


https://doi.org/10.1002/bjs.10441
https://doi.org/10.1007/s10029-017-1668-x
https://doi.org/10.1089/sur.2016.265
https://doi.org/10.1590/0102-6720201600030010
https://www.ncbi.nlm.nih.gov/pubmed/27759780
https://doi.org/10.1007/s00268-017-4018-3
https://www.ncbi.nlm.nih.gov/pubmed/28444464
https://doi.org/10.1007/s00423-020-01977-x
https://doi.org/10.1093/intqhc/mzw055
https://doi.org/10.1186/s12913-021-07139-z
https://doi.org/10.1007/s40615-023-01610-9
https://doi.org/10.1001/jama.2023.5728
https://doi.org/10.1111/myc.13508
https://www.ncbi.nlm.nih.gov/pubmed/35899464
https://doi.org/10.1016/j.cmi.2022.12.012
https://doi.org/10.1089/sur.2019.039
https://www.ncbi.nlm.nih.gov/pubmed/31112072
https://doi.org/10.1089/sur.2010.097
https://www.ncbi.nlm.nih.gov/pubmed/22316145
https://doi.org/10.3390/antibiotics11111582
https://doi.org/10.1002/14651858.CD010164.pub2
https://doi.org/10.1186/s13017-021-00375-y
https://doi.org/10.1111/tid.13895
https://doi.org/10.1093/cid/ciaa1762
https://doi.org/10.1093/bjsopen/zrab125
https://www.ncbi.nlm.nih.gov/pubmed/36748942
https://doi.org/10.1097/MD.0000000000006903
https://www.ncbi.nlm.nih.gov/pubmed/28723736
https://doi.org/10.1016/S1473-3099(17)30176-7
https://doi.org/10.7759/cureus.24979

Antibiotics 2024, 13, 100 16 of 16

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Versporten, A.; Zarb, P.; Caniaux, I.; Gros, M.E,; Drapier, N.; Miller, M.; Jarlier, V.; Nathwani, D.; Goossens, H.; Global-PPS
Network. Antimicrobial consumption and resistance in adult hospital inpatients in 53 countries: Results of an internet-based
global point prevalence survey. Lancet Glob. Health 2018, 6, e619-e629. [CrossRef] [PubMed]

Wolfhagen, N.; Boldingh, Q.].].; de Lange, M.; Boermeester, M.A.; de Jonge, S.W. Intraoperative redosing of surgical antibiotic
prophylaxis in addition to preoperative prophylaxis versus single-dose prophylaxis for the prevention of surgical site infection: A
meta-analysis and GRADE recommendation. Ann. Surg. 2022, 275, 1050-1057. [CrossRef]

de Jonge, S.W.; Boldingh, Q.].].; Solomkin, ].S.; Dellinger, E.P.; Egger, M.; Salanti, G.; Allegranzi, B.; Boermeester, M.A. Effect
of postoperative continuation of antibiotic prophylaxis on the incidence of surgical site infection: A systematic review and
meta-analysis. Lancet Infect. Dis. 2020, 20, 1182-1192. [CrossRef]

Christensen, D.D.; Moschetti, W.E.; Brown, M.G.; Lucas, A.P.; Jevsevar, D.S,; Fillingham, Y.A.; Dartmouth Hitchcock Medical
Center. Perioperative Antibiotic Prophylaxis: Single and 24-Hour Antibiotic Dosages are Equally Effective at Preventing
Periprosthetic Joint Infection in Total Joint Arthroplasty. J. Arthroplast. 2021, 36, S308-5313. [CrossRef]

Branch-Elliman, W.; O’Brien, W.; Strymish, J.; Itani, K.; Wyatt, C.; Gupta, K. Association of duration and type of surgical
prophylaxis with antimicrobial-associated adverse events. JAMA Surg. 2019, 154, 590-598. [CrossRef]

Borgert, M.].; Goossens, A.; Dongelmans, D.A. What are effective strategies for the implementation of care bundles on ICUs: A
systematic review. Implement. Sci. 2015, 10, 119. [CrossRef]

Surveillance of Surgical Site Infections and Prevention Indicators in European Hospitals HAI-Net SSI Protocol, Version 2.2.
Available online: https:/ /www.ecdc.europa.eu/sites/default/files/documents/HAI-Net-SSI-protocol-v2.2.pdf (accessed on 4
December 2023).

Gilhooly, D.; Green, S.A.; McCann, C.; Black, N.; Moonesinghe, S.R. Barriers and facilitators to the successful development,
implementation and evaluation of care bundles in acute care in hospital: A scoping review. Implement. Sci. 2019, 14, 47. [CrossRef]
Dellit, T.H.; Owens, R.C.; McGowan, J.E.,, Jr.; Gerding, D.N.; Weinstein, R.A.; Burke, J.P.; Huskins, W.C.; Paterson, D.L.; Fishman,
N.O.; Carpenter, C.F; et al. Infectious Diseases Society of America and the Society for Healthcare Epidemiology of America
guidelines for developing an institutional program to enhance antimicrobial stewardship. Clin. Infect. Dis. 2007, 44, 159-177.
[CrossRef] [PubMed]

Martinez-Sobalvarro, J.V.; Junior, A.A.P; Pereira, L.B.; Baldoni, A.O.; Ceron, C.S.; Dos Reis, T.M. Antimicrobial stewardship for
surgical antibiotic prophylaxis and surgical site infections: A systematic review. Int. J. Clin. Pharm. 2022, 44, 301-319. [CrossRef]
Tiri, B.; Bruzzone, P.; Priante, G.; Sensi, E.; Costantini, M.; Vernelli, C.; Martella, L.A.; Francucci, M.; Andreani, P.; Mariottini,
A.; et al. Impact of Antimicrobial Stewardship Interventions on Appropriateness of Surgical Antibiotic Prophylaxis: How to
Improve. Antibiotics 2020, 9, 168. [CrossRef] [PubMed]

Davey, P.; Marwick, C.A.; Scott, C.L.; Charani, E.; McNeil, K; Brown, E.; Gould, LM.; Ramsay, C.R.; Michie, S. Interventions
to improve antibiotic prescribing practices for hospital inpatients. Cochrane Database Syst. Rev. 2017, 2, CD003543. [CrossRef]
[PubMed]

Diaz-Madriz, ].P.; Zavaleta-Monestel, E.; Villalobos-Madriz, J.A.; Rojas-Chinchilla, C.; Castrillo-Portillo, P.; Meléndez-Alfaro, A.;
Vasquez-Mendoza, A.F,; Muiioz-Gutiérrez, G.; Arguedas-Chacon, S. Impact of the Five-Year Intervention of an Antimicrobial
Stewardship Program on the Optimal Selection of Surgical Prophylaxis in a Hospital without Antibiotic Prescription Restrictions
in Costa Rica: A Retrospective Study. Antibiotics 2023, 12, 1572. [CrossRef] [PubMed]

Tomsic, I.; Heinze, N.R.; Chaberny, LE,; Krauth, C.; Schock, B.; von Lengerke, T. Implementation interventions in preventing
surgical site infections in abdominal surgery: A systematic review. BMC Health Serv. Res. 2020, 20, 236. [CrossRef]

Gouvéa, M.; Novaes Cde, O.; Pereira, D.M.; Iglesias, A.C. Adherence to guidelines for surgical antibiotic prophylaxis: A review.
Braz. |. Infect. Dis. 2015, 19, 517-524. [CrossRef]

Badge, H.M.; Churches, T.; Naylor, ].M.; Xuan, W.; Armstrong, E.; Gray, L.; Fletcher, J.; Gosbell, I.; Lin, C.; Harris, I.A. Non-
compliance with clinical guidelines increases the risk of complications after primary total hip and knee joint replacement surgery.
PLoS ONE 2021, 16, €0260146. [CrossRef]

Sartelli, M.; Bartoli, S.; Borghi, F.; Busani, S.; Carsetti, A.; Catena, F; Cillara, N.; Coccolini, F.; Cortegiani, A.; Cortese, F.; et al.
Implementation Strategies for Preventing Healthcare-Associated Infections across the Surgical Pathway: An Italian Multisociety
Document. Antibiotics 2023, 12, 521. [CrossRef] [PubMed]

Ariyo, P; Zayed, B.; Riese, V.; Anton, B.; Latif, A.; Kilpatrick, C.; Allegranzi, B.; Berenholtz, S. Implementation strategies to reduce
surgical site infections: A systematic review. Infect. Control Hosp. Epidemiol. 2019, 40, 287-300. [CrossRef] [PubMed]

Horgan, S.; Hegarty, J.; Drennan, J.; Keane, D.; Saab, M.M. The effect of interventions on the incidence of surgical site infections in
acute care settings: A systematic review. J. Tissue Viability 2023. [CrossRef] [PubMed]

Leaper, D.J.; Tanner, |.; Kiernan, M.; Assadian, O.; Edmiston, C.E., Jr. Surgical site infection: Poor compliance with guidelines and
care bundles. Int. Wound J. 2015, 12, 357-362. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/S2214-109X(18)30186-4
https://www.ncbi.nlm.nih.gov/pubmed/29681513
https://doi.org/10.1097/SLA.0000000000005436
https://doi.org/10.1016/S1473-3099(20)30084-0
https://doi.org/10.1016/j.arth.2021.02.037
https://doi.org/10.1001/jamasurg.2019.0569
https://doi.org/10.1186/s13012-015-0306-1
https://www.ecdc.europa.eu/sites/default/files/documents/HAI-Net-SSI-protocol-v2.2.pdf
https://doi.org/10.1186/s13012-019-0894-2
https://doi.org/10.1086/510393
https://www.ncbi.nlm.nih.gov/pubmed/17173212
https://doi.org/10.1007/s11096-021-01358-4
https://doi.org/10.3390/antibiotics9040168
https://www.ncbi.nlm.nih.gov/pubmed/32283597
https://doi.org/10.1002/14651858.CD003543.pub4
https://www.ncbi.nlm.nih.gov/pubmed/28178770
https://doi.org/10.3390/antibiotics12111572
https://www.ncbi.nlm.nih.gov/pubmed/37998774
https://doi.org/10.1186/s12913-020-4995-z
https://doi.org/10.1016/j.bjid.2015.06.004
https://doi.org/10.1371/journal.pone.0260146
https://doi.org/10.3390/antibiotics12030521
https://www.ncbi.nlm.nih.gov/pubmed/36978388
https://doi.org/10.1017/ice.2018.355
https://www.ncbi.nlm.nih.gov/pubmed/30786946
https://doi.org/10.1016/j.jtv.2023.11.004
https://www.ncbi.nlm.nih.gov/pubmed/37977894
https://doi.org/10.1111/iwj.12243

244

Downl oaded from j amanet wor k. com by Medi cal

Clinical Review & Education

JAMA | Review

Surgical Site Infection Prevention
A Review

Jessica L. Seidelman, MD, MPH; Christopher R. Mantyh, MD; Deverick J. Anderson, MD, MPH

Multimedia

IMPORTANCE Approximately 0.5% to 3% of patients undergoing surgery will experience
infection at or adjacent to the surgical incision site. Compared with patients undergoing
surgery who do not have a surgical site infection, those with a surgical site infection are

hospitalized approximately 7 to 11 days longer.

OBSERVATIONS Most surgical site infections can be prevented if appropriate strategies

are implemented. These infections are typically caused when bacteria from the patient’s
endogenous flora are inoculated into the surgical site at the time of surgery. Development
of an infection depends on various factors such as the health of the patient’s immune
system, presence of foreign material, degree of bacterial wound contamination, and use
of antibiotic prophylaxis. Although numerous strategies are recommended by international
organizations to decrease surgical site infection, only 6 general strategies are supported
by randomized trials. Interventions that are associated with lower rates of infection
include avoiding razors for hair removal (4.4% with razors vs 2.5% with clippers);
decolonization with intranasal antistaphylococcal agents and antistaphylococcal skin
antiseptics for high-risk procedures (0.8% with decolonization vs 2% without); use of
chlorhexidine gluconate and alcohol-based skin preparation (4.0% with chlorhexidine
gluconate plus alcohol vs 6.5% with povidone iodine plus alcohol); maintaining
normothermia with active warming such as warmed intravenous fluids, skin warming,

and warm forced air to keep the body temperature warmer than 36 °C (4.7% with active
warming vs 13% without); perioperative glycemic control (9.4% with glucose <150 mg/dL
vs 16% with glucose >150 mg/dL); and use of negative pressure wound therapy (9.7%
with vs 15% without). Guidelines recommend appropriate dosing, timing, and choice

of preoperative parenteral antimicrobial prophylaxis.
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CONCLUSIONS AND RELEVANCE Surgical site infections affect approximately 0.5% to 3% of
patients undergoing surgery and are associated with longer hospital stays than patients with
no surgical site infections. Avoiding razors for hair removal, maintaining normothermia, use of
chlorhexidine gluconate plus alcohol-based skin preparation agents, decolonization with
intranasal antistaphylococcal agents and antistaphylococcal skin antiseptics for high-risk
procedures, controlling for perioperative glucose concentrations, and using negative pressure
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wound therapy can reduce the rate of surgical site infections.
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surgical site infection is defined as infection following an

operation at an incision site or adjacent to the surgical

incision.! Infections occur in approximately 0.5% to 3% of
patients undergoing surgery®*“ and are among the most prevalent
health care-acquired infections.>” Surgical site infections are re-
sponsible for approximately $3.5 billion to $10 billion in US health
care costs annually.®° Compared with patients without surgical site
infections, those with them remain in the hospital approximately 7
to 11days longer”'; 1study involving 177 706 postsurgical patients
reported that 78% were readmitted as a result of the infection.” This
review summarizes current evidence-based interventions for pre-
vention of surgical site infection that are applicable to the majority
of operations (Box).
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Methods

We searched PubMed, Google Scholar, and the Cochrane database
for English-language studies of pathogenesis, clinical presenta-
tion, and prevention of surgical site infections published from Janu-
ary 1, 2016, when guidelines were most recently published by the
World Health Organization, to September 15, 2022. In addition, we
manually searched the references of selected articles for addi-
tional relevant publications. We prioritized randomized trials, sys-
tematic reviews, meta-analyses, clinical practice guidelines, and ar-
ticles pertinent to general medical readership. Of 94 studies
identified, 69 were included, consisting of 14 randomized trials, 19
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systematic reviews, 12 meta-analyses, 4 clinical practice guide-
lines, 17 cohort studies, and 3 cross-sectional studies.

. |
Discussion and Observations

Pathophysiology

Surgical site infection acquisition depends on several factors,
namely, exposure to bacteria and the host's ability to control the
inevitable bacterial contamination of the incision. They are typically
caused by bacteria inoculated into the surgical site at the time of
surgery. Approximately 70% to 95% are caused by the patient’s
endogenous flora.'? The most common organisms are Staphylo-
coccus aureus, coagulase-negative Staphylococcus, and Escherichia
coli.™ In some patients, introduction of only 100 colony-forming
units of bacteria into the surgical site can cause infection. How-
ever, exogenous sources of contamination during surgery such as
bacteria transmitted from surgical personnel or heater-cooler units
can also lead to infections.

Pathogens that cause infection vary by surgical location. The
most common pathogens are components of skin flora such as S
aureus and Streptococcus species. In contrast, infections follow-
ing gastrointestinal procedures are typically associated with
enteric organisms such as Enterococcus species and E coli.”® Over-
all, S aureus is the most common cause of infection; for example,
S aureus was associated with 24% of nonsuperficial surgical site
infections in a cohort study including 32 community hospitals in
the southeastern US.* Although methicillin-resistant S aureus
(MRSA) was previously more likely to cause surgical site infec-
tions than methicillin-sensitive S aureus (MSSA), the rate of
MSSA-derived infections from 2013 to 2018 was higher (0.07 per
100 procedures) than the rate of MRSA infections during the
same period (0.05 per 100 procedures).* MRSA surgical site
infections lead to worse clinical outcomes than those caused by
less resistant pathogens.'® Specifically, compared with MSSA sur-
gical site infections, those due to MRSA were independently asso-
ciated with 5.5 additional hospital days (95% Cl, 1.97-9.11).'° E coli
and Enterococcus species respectively cause approximately 9.5%
and 5.1% of all surgical site infections.”

Factors Associated With Surgical Site Infection

Factors associated with surgical site infection include older age,
presence of immunosuppression, obesity, diabetes, effectiveness
of antimicrobial prophylaxis, surgical site tissue condition (such as
the presence of foreign material), and degree of wound contami-
nation (Table 1 and Table 2). For example, a national study of
more than 387 000 patients found that for most surgery types,
rates of surgical site infection were increased in patients with
obesity.?! The rates of surgical site infection following mastec-
tomy among 16 473 patients increased with body mass index
(BMI), calculated as weight in kilograms divided by height in
meters squared. Those with a BMI of 20 to 25 had a surgical site
infection rate of 4.66%; BMI of more than 30 to 40, 7.06%; and
BMI of more than 40, 10.58%. Similarly, after 29 603 laparo-
scopic cholecystectomy procedures (urgency not specified), the
infection rate increased with BMI: 8.57% with a BMI of 20 to 25;
10.62% with a BMI of 30 to 40; and 17.11% with a BMI of more
than 40.
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Box. Commonly Asked Questions

How can the generalist clinician help in preventing

surgical site infections?

The the generalist can help patients improve modifiable
characteristics associated with increased risk of surgical site
infections. such as helping obese patients lose weight, assisting
patients who have diabetes with optimal glucose control,

and assisting with smoking cessation.

Is there a threshold hemoglobinA,¢ value above which

surgical site infections are more common and surgery

should be delayed?

Perioperative hyperglycemia in patients with or without diabetes
is associated with surgical site infections, and randomized clinical
trials support perioperative glucose control as an evidence-based
practice to decrease risk of surgical site infection. In contrast, there
are no randomized clinical trials that have found a clear association
between a specific hemoglobin A, cutoff value and surgical site
infections. However, patients with higher hemoglobin A,_levels
will likely have higher perioperative glucose values and glucose
levels that are harder to control.

What therapies can prevent a surgical site infection?

Numerous strategies are currently recommended as outlined in
this review. Six are supported by randomized clinical trials:

(1) do not remove hair at the surgical site unless necessary;

(2) decolonization with intranasal antistaphylococcal agent and
antistaphylococcal skin antiseptic prior to high-risk procedures
(eg, cardiothoracic, orthopedic); (3) use a chlorhexidine
gluconate-alcohol antiseptic agent for skin preparation;

(4) maintain normothermia intraoperatively; (5) control
perioperative glucose values between 110 and 150 mg/dL;

and (6) use incisional negative pressure wound

dressings.

Some of these risk factors associated with surgical site infec-
tionare modifiable, such as hyperglycemia, obesity, and tobacco use.
Other factors are nonmaodifiable, such as age, which must be con-
sidered when deciding on the surgical intervention for the
patient.264°

Clinical Presentation

The median time to diagnosis of surgical site infection varies by
procedure.’© For example, S aureus infection is typically diag-
nosed a median of 14 days after plastic surgery, 24 days after gen-
eral orthopedic surgery, and 28 days after orthopedic surgery
where a prosthetic device was inserted. A surgical site infection is
suspected when purulent drainage is present at the incision site
or when there is evidence of an abscess involving the surgical
bed. Physical examination findings such as systemic signs of
infection (eg, fevers, rigors), local erythema, wound dehiscence,
pain, nonpurulent drainage, or induration are the most common.
However, the presence or absence of these symptoms varies
depending on factors such as surgical site, host, and time from
surgery to presentation. For example, fevers can be present in
14% of patients with a chronic prosthetic joint infection but up to
75.5% of patients if the etiology of the prosthetic joint infection is
hematogenous.®' Articular effusion and swelling may be present
in 29% to 75% of prosthetic joint infections of the knee,>? and
delayed wound healing, wound dehiscence, or wound drainage
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Table 1. Modifiable and Nonmodifiable Patient-Related Factors Associated With Surgical Site Infections

Factor

Pathophysiology

Patient-related, modifiable
Diabetes

Immunosuppressive
medications and conditions

Malnutrition

Obesity
Preoperative infections

Tobacco use

Hyperglycemia impairs the innate immune system and promotes glycosylation of
proteins, which compromises wound healing.® Diabetes can lead to higher
perioperative glucose levels and hyperglycemia that is more difficult to treat.'”

Immunosuppressive clinical conditions or medications diminish the inflammatory
phase of wound healing.*&°

Malnutrition can decrease collagen synthesis, granulation formation in surgical
wounds, and result in poor tissue healing. Hypoalbuminemia weakens innate immunity
by prompting macrophage apoptosis and diminishing macrophage activation. Low
albumin also accelerates the seepage of interstitial fluid into the surgical wound and
promotes general tissue edema.?®

Adipose tissue has less blood flow, which inhibits the delivery of oxygen and
antibiotics.?1-23

Prior to elective surgery, recognize and treat all infections (even if they are distant
from the surgical site).?*

Tobacco use causes vasoconstriction, which can progress to alterations in collagen
metabolism, decreased inflammatory response, and relative ischemia.?®

Patient-related, nonmodifiable

Age

History of prior skin and soft
tissue infections

History of radiation therapy

The skin’s basement membrane and dermis thin with increasing age, and the skin loses
its reserve of cutaneous blood vessels and nerves that diminish wound healing.26-2”

A history of skin and soft tissue infections may be indicative of issues with inherent
immunity and propensity for infection.?®

Treatment with radiation induces underlying tissue injury and inhibits wound healing.

Table 2. Modifiable Operation-Related Factors Associated With Surgical Site Infections

Factor

Pathophysiology

Airborne contamination

Anticoagulation
Blood transfusions

Decreased tissue
oxygenation

Foreign material
Operation length

Perioperative hypothermia

Postoperative
hyperglycemia

Surgical technique

Wound care

Wound contamination from
patient’s own flora

Wound contamination from
operating room personnel

Wound contamination from
surgical instruments

Raising the amount of microorganisms in the operating room environment provides
additional opportunity for surgical site infection. Most of the airborne pathogens are
generated by persons in the operating room and their movements.?%-3¢

Anticoagulants may generate continual oozing of the incision and slow wound healing.3*
Blood transfusions impair macrophage activity and influence infection risk.32

Diminished tissue oxygenation lends itself to decreased oxidative killing by neutrophils
and impaired tissue healing from depleted epithelialization, neovascularization, and
collagen formation. Low oxygen settings can curtail the efficacy of perioperative
antibiotics.>334

Foreign material stimulates inflammation at the surgical site and raises the risk of
surgical site infection.3>-3¢

Longer operative time is associated with higher damage to wound cells, wound
contamination, and exposure to the outside environment.3”

Perioperative hypothermia weakens immune system protection against surgical wound
contamination: vasoconstriction leads to impaired tissue perfusion and less access for
key immune cells, less motility of key immune cells, and decreased scar formation.>8

Cellular functions of bactericidal activity, leukocyte adherence chemotaxis, and
phagocytosis are enhanced by insulin and glycemic control, suggesting a direct relation
between elevated blood glucose and cellular function deficits.>° This relationship is
observed in patients with and without a diagnosis of diabetes.

Wound healing is decreased by leaving behind devitalized tissues, inadvertent entry into
hollow viscera, inadequate blood supply maintenance, rough manipulation of tissue,
misplaced drains and sutures, and unsuitable postoperative wound care.*®

Wounds that remain uncovered following surgery can be contaminated, or uncontrolled
drainage can diminish the integrity of the surrounding skin.**42

Wound classification delineates the degree of contamination of a surgical wound at the
time of the operation.**

Skin preparation and perioperative antibiotic administration reduce but do not eliminate
the introduction of microorganisms at the surgical site.****> Shaving leads to microscopic
cuts in the skin that can become niduses for bacteria to multiply.*® Without appropriate
drapes and barrier devices, bacteria from hair follicles and deeper skin layers can
recolonize the surgical site.

Transition of microorganisms from the surgical personnel’s shoes, mouths, or body can
contaminate surgical wounds.** Microorganisms from the hands of health care workers
in the operating room can move onto the patient and operating field if personnel do not
perform appropriate handwashing or gloving.1446-47

Sterilization eliminates all microorganisms on the surfaces of surgical instruments.
Using insufficiently sterilized tools can lead to pathogen transmission.*®

may accompany up to 44% of prosthetic joint infections.
The presence of a sinus tract or purulent drainage has a specificity
of between 97% and 100% and a positive predictive value of
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5354 100%.%" Joint stiffness has a reported sensitivity of 20.5%

and specificity of 99% in patients with a hematogenous source
of prosthetic joint infection.>® Many of the aforementioned
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Table 3. Surgical Site Infection Prevention Strategies From Prospective Studies

Intervention

Type of studies

Absolute or median value

RR or OR (P value)

Preoperative

Do not remove hair at the
surgical site unless the
presence of hair will affect
the procedure®

Decolonize surgical
patients with intranasal
antistaphylococcal agent
and antistaphylococcal
skin antiseptic for
high-risk procedures
(eg, cardiothoracic,
orthopedic)®

Antimicrobial prophylaxis
within 1 h of incision with
weight-based antimicrobial
agents selected based on
most common pathogens
for specific procedure®:62¢

Use a checklist based on
the World Health
Organization 19-item
surgical checklist to
ensure adherence to
best practices®3-64

Meta-analysis

of 19 RCTs

and 6
quasi-randomized
trials®®

Meta-analysis

of 5 RCTs

and 12 observational
studies®®

Cohort®*

Multicenter,
quasi-experimental
study®®

¢ Razor vs clippers:
4.4% (84 of 1889)
vs 2.5% (46 of 1834)
* Razor vs depilatory cream:
7.8% (68 of 868)
vs 3.6% (26 of 725)
* Razor vs none:
4.2% (34 of 819)
vs 2.1% (19 of 887)

Decolonization vs none:
0.8% (52 of 19 940)
vs 2.0% (253 of 12 790)

¢ Administration within 30 min before

incision vs 30-60 min before incision:

1.6% (22 of 1339)
vs 2.4% (38 of 1558)
¢ Administration within 30 min before
incision vs after incision:
1.6% (22 of 1339)
vs 5.2% (9 of 174)

Without vs with checklist:
6.2% vs 3.4%

* RR, 1.64 (.005)

* RR, 2.28 (.02)

* RR, 1.82 (.03)

RR, 0.41 (<.001)

* OR, 0.67 (.13)

« OR, 3.27 (.003)

Abbreviations: OR, odds ratio;
RCT, randomized clinical trial;

RR, 0.55 (<.001) RR, relative risk.

Sl conversion factor: To convert
glucose from mg/dL to mmol/L,
multiply by 0.0555.

2 If hair removal is necessary, remove

Intraoperative

Using chlorhexidine
gluconate and
alcohol-containing skin
preparatory agent in
combination?

Maintain normothermia
during the surgical
procedure

Meta-analysis
of 4 RCTs®®

Systematic review
of 3 RCTs®”

Chlorhexidine gluconate + alcohol
vs povidone iodine + alcohol:
4.0% (54 of 1337)

vs 6.5% (86 of 1326)

Hypothermia vs normothermia:
4.7% (14 of 299)
vs 13% (37 of 290)

outside of the operating room. For
male genitalia, 1 RCT suggested that
preoperative hair removal on scrotal
skin using a razor as opposed to
clippers resulted in less skin trauma
without an increased risk in surgical
site infection.”®

RR, 0.62 (.005)

RR, 3.67 (.008)
b Antistaphylococcal skin antiseptic
agents include chlorhexidine

Postoperative

Maintain and monitor
blood glucose levels
regardless of diabetes
status

Maintain blood glucose
values between 110
and 150 mg/dL

Application of incisional
negative pressure wound
dressings

Meta-analysis
of 15 RCTs®®

Meta-analysis
of 23 RCTs®®

Glycemic control (<150 mg/dL)

vs conventional control (>150 mg/dL):

9.4% (231 of 2464)
vs 16% (392 of 2488)

Incisional negative pressure wound
therapy vs standard dressings:
9.7% (124 of 1279)

vs 15% (191 of 1268)

gluconate baths or wipes or dilute
bleach baths.

€ Two hours are allowed for
vancomycin and fluoroquinolones;
redose antimicrobials for
procedures with excessive blood
loss and lengthy surgeries.

RR, 0.59 (<.001)

d Alcohol containing skin preparation
products are contraindicated for
some procedures (eg, mucosa,
cornea, or ear).

RR, 0.67 (<.001)

Downl oaded from j amanet wor k. com by Medi cal

presentations may overlap with noninfectious conditions, such as
a hematoma, seroma, or stitch abscess at points of suture pen-
etration.

Classification of Surgical Site Infection

Despite variable presentations of surgical site infections, the US
Centers for Disease Control and Prevention (CDC) National
Healthcare Safety Network (NHSN) and the National Surgical
Quality Improvement Program (NSQIP) provide specific surgical
site infection definitions for surveillance and epidemiological
purposes.>”>® Surveillance consists of systematic monitoring of
patients following surgery to detect variance in surgical site infec-
tion rates and to develop quality improvement initiatives to lower
infection rates. The goal of these definitions is to be simple and
objective but flexible enough to encompass clinically relevant

jama.com

infections. Both NHSN and NSQIP categorize surgical site infec-
tions into 3 groups: superficial-incisional (involving the skin or
subcutaneous tissue layers of the incision), deep-incisional (in-
volving muscle or connective tissue layers of the incision), and
organs/spaces deep to the incision. Surveillance for surgical site
infections continues for 30 days for most procedures and 90
days for specific procedures involving implanted materials. The
NHSN collects data on all NHSN-eligible procedures, and NSQIP
analyzes a subsample of 20% of cases for analysis via an 8-day
systematic sampling cycle.

Prevention

Preoperative Period

A recent meta-analysis including 19 randomized and 6 quasi-
randomized trials involving 8919 patients evaluated various ap-
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proaches to preoperative hair removal for reducing surgical site in-
fection (Table 3).>° Across 7 randomized clinical trials (RCTs), hair
removal with a razor was associated with a higher rate of surgical site
infection: 4.4% (84 of 1889) patients whose hair was removed with
a razor experienced an infection vs 2.5% (46 of 1834) whose hair
was removed with clippers experienced an infection (relative risk
[RR], 1.64 [95% Cl, 1.16-2.33], P = .005). Across 9 RCTs, hair re-
moval with a razor was associated with a higher rate of surgical site
infection: 7.8% (68 of 868) patients vs 3.6% (26 of 725) patients
whose hair was removed with a depilatory cream (RR, 2.28 [95%
Cl,112-4.65]; P = .02). Seven RCTs demonstrated that removing hair
with arazor was associated with an increased risk of surgical site in-
fection: 4.2% (34 of 819) patients vs 2.1% (19 of 887) patients whose
hair was not removed at all (RR, 1.82[95% Cl,1.05-3.14]; P = .03).>°
Three RCTs reported that hair removal with clippers did not in-
crease the risk of surgical site infection: 5.7% (49 of 863) patients
vs 6.0% (52 of 870) patients whose hair was not removed (RR, 0.95
[95% Cl, 0.65-1.39]; P = .80). If hair removal is necessary, it should
be removed in the preoperative holding area and not in the operat-
ing room.

One method used to reduce surgical site infections is decolo-
nization, in which patients are treated with an intranasal antimicro-
bial, skin antiseptic agent, or both to eliminate or temporarily re-
duce S aureus colonization prior to surgery. Evidence to support this
recommendation is strongest for high-risk surgical procedures such
as cardiothoracic surgeries and prosthetic joint replacement. This
process typically includes anintranasal treatment with an antistaphy-
lococcal agent (eg, mupirocin ointment or povidone iodine) and/or
application of an antistaphylococcal skin antiseptic agent (eg,
chlorhexidine gluconate solution or wipes) for 5 days. However, the
precise timing, agent, and frequency of application are unclear be-
cause trials addressing this issue have used different strategies. The
decolonization strategy should be completed as close to the surgi-
cal procedure as possible. A meta-analysis that included 5 RCTs and
12 observational studies showed that nasal decolonization was as-
sociated with lower rates of surgical site infections caused by gram-
positive bacteria than no decolonization: 0.8% (152 of 19 940) vs
2.0% (253 of 12 790; RR, 0.41[95% Cl, 0.30-0.55]; P < .001).%°

This association persisted among the 11 studies in which pa-
tients were decolonized regardless of S aureus colonization status
(RR, 0.40; 95% Cl, 0.29-0.55) and among the 6 studies in which na-
sal decolonization was combined with skin antisepsis (RR, 0.29; 95%
Cl, 0.19-0.44, primary data not provided).®° In contrast, other trials
thatincluded a more heterogeneous group of surgeries did not find
adifference in surgical site infection incidence with decolonization.”’
Forexample, a prospective cohort study thatincluded 8 surgical cat-
egories (abdominal, orthopedic, urological, neurological, cardiovas-
cular, thoracic, and plastic surgery and solid organ transplant) found
that decolonization strategies did not reduce MRSA surgical site
infections.”? The authors identified 60 MRSA infections (0.55%)
among 10 910 procedures in the control group compared with 70
MRSA infections (0.65%) among 10 844 procedures during the in-
tervention period (P = .29). As a result, decolonization is typically
focused on orthopedic, cardiothoracic, or high-risk procedures such
as spine and brain surgeries.

The intervention requires a significant amount of coordina-
tion to perform the appropriate test prior to surgery, have the
result reviewed, and ensure the appropriate decolonization
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approach was applied. Given the number of steps required, some
hospitals perform decolonization on all patients undergoing high-
risk surgical procedures, an approach that may ultimately be cost-
effective (estimated $153 per person) based on modeling
studies.”® In contrast, widespread use of antistaphylococcal anti-
biotics such as mupirocin may ultimately increase rates of resis-
tant S aureus infections.”*”>

Conducting RCTs for surgical site infection prevention is
challenging given the relatively low incidence of the outcome
of interest. Thus, additional prevention strategies in the preop-
erative setting exist, but lack high-quality evidence. As a result,
these interventions are predicated on expert opinion and results
from retrospective cohort studies. For example, in contrast to
postoperative glucose control, no RCTs have found a clear asso-
ciation between a specific hemoglobin A, cutoff and surgical site
infections.

The administration of antibiotic prophylaxis is recommended
in all surgical site infection prevention guidelines, despite the ab-
sence of RCTs."*'77677 One multicenter cohort study involving 4186
patients found that risk of infection increased as the time from an-
tibioticinfusion to incision increased, although the trend was not sta-
tistically significant: administration within 30 minutes prior to inci-
sion was associated with a risk of 1.6% (22 of 1339) vs 2.4% (38 of
1558) with administration of antibiotic between 31and 60 minutes
before surgery (P = 13).' In the absence of trial data, guideline con-
sensus is that antibiotics should be given within 60 minutes of the
incision to maximize tissue concentration of the antibiotic. Addi-
tional recommendations include dosing antibiotics according to the
patient's weight to ensure that adequate tissue concentrations are
achieved and administering subsequent doses of antibiotics for
lengthy procedures if excessive bleeding occurs. For example, ce-
fazolin, the most commonly used agent for antimicrobial prophy-
laxis, should be redosed every 4 hours until completion of the pro-
cedure. These recommendations are mainly based on older cohort
studies and evaluation of secondary outcomes (eg, tissue concen-
trations of antibiotics).52 Although the optimal duration of prophy-
lactic antibiotics is not known, prolonged antimicrobial prophy-
laxis is increasingly associated with patient harm, such as acute
kidney injury.”® Authors of a systematic review of 28 randomized
trials involving 9478 patients receiving either a single dose for pro-
phylaxis or multiple doses concluded that additional doses did not
reduce therisk of infection 6.2% (278 of 4499) vs 5.9% (261 0f 4440;
OR,1.06[95% Cl, 0.89-1.25]).”° Thus, guidelines recommend stop-
ping antibiotic prophylactic antibiotics when the surgical wound is
closed.

The WHO's surgical safety checklist is a 19-item list to improve
adherence with best practice and decrease surgical site infection
incidence. WHO developed this safety checklist to promote more
consistentimplementation of best practices. This 19-item checklist
included surgical site infection (eg, antimicrobial prophylaxis) and
non-surgical site infection components (eg, surgical time-out). Amul-
ticenter, quasi-experimental study of 8 sites and 3733 patients
showed that the infection rate prior to the implementation of the
checklist was 6.2% compared with 3.4% after implementation of
the checklist (P value <.001for the risk difference).® These results
have been supported by subsequent multi- and single-center pro-
spective studies.®>%* However, the exact mechanism of improve-
ment is unclear and most likely multifactorial.
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Intraoperative
Topical alcoholis highly bactericidal but does not have persistent ac-
tivity when used as monotherapy for skin antisepsis (Table 3). Mul-
tiple guidelines recommend that surgical site antisepsis should be
performed with a product that contains alcohol and another anti-
septicagent (eg, chlorhexidine gluconate or povidone iodine).””76-80
Products that combine alcohol and antiseptic agents are available
inthe US. Chlorhexidine gluconate plus alcohol appears to be supe-
rior to povidoneiodine plus alcohol for the prevention of surgical site
infections.®" In a meta-analysis of data from 4 RCTs involving 6916
women who had cesarean deliveries, the authors concluded that sur-
gical site preparation with chlorhexidine gluconate plus alcohol was
associated with lower rates of infection than preparation with po-
vidone iodine plus alcohol: 4.0% (54 of 1337) vs 6.5% (86 of 1326;
RR, 0.62 [95% Cl, 0.45-0.87]; P = .005).5° Similarly, a meta-
analysis of 20 RCTs and 5 prospective, 4 retrospective, and 1ambi-
spective studies, including more than 29 000 participants found that
skin preparation with chlorhexidine gluconate was associated with
fewer surgical site infections than povidone iodine: 4.8% (725 of
15263) vs 6.7% (925 of 13743; RR, 0.65 [95% Cl, 0.55-0.771;
P<.001).82

Normothermia to keep core body temperatures from drop-
ping during surgery is maintained by combinations of forced warm
air, skin warming, and warmed intravenous fluids (Table 2). Targets
for core temperatures vary: more than 35.5 °Cand more than 36 °C.
Asystematic review of 3 RCTs examining active body surfacingwarm
systems for preventing complications of inadvertent perioperative
hypothermiain adults found that using a forced air warming device
was associated with lower rates of the risk of surgical site infection
than no forced air warming: 4.7% (14 of 299) vs 13% (37 of 290; RR,
0.36 [95% Cl, 0.20-0.66]; P = .008; Table 3).%”

Postoperative
Although there are no RCTs that have evaluated intensive glucose
control tolower the preoperative average glucose (hemoglobin A,
vs usual care before surgery, postoperative hyperglycemia was as-
sociated with an increased risk of surgical site infections in patients
with and without diabetes (Table 3).488384 As a result, strategies
to prevent hyperglycemia to prevent surgical site infection are rec-
ommended in all major guidelines. Most data to support this strat-
egy are from RCTs involving patients with diabetes. In a meta-
analysis of 15 RCTs comparing the use of tight glycemic control (<150
mg/dL; 8.32 mmol/L) with conventional control (>150 mg/dL), tight
control was associated with lower rates of surgical site infection: 9.4%
(2310f 2464) vs 16% (392 of 2488; RR, 0.59 [95% CI, 0.50-0.68];
P <.001).58

Incisional negative pressure wound therapy, defined as wound
dressing systems that continuously or intermittently apply subat-
mospheric pressure to the system, can reduce the risk of surgical site
infection by promoting reducing fluid accumulation in the wounds,
thereby accelerating primary wound healing. Authors of a meta-
analysis of 23 RCTs involving 2547 patients undergoing various sur-
gical procedures (eg, abdominal, cesarean delivery, orthopedic, vas-
cular) concluded that use of incisional negative pressure wound
therapy for primary wound closure was associated with lower rates
of surgical site infection than use of standard dressings: 9.7% (124
0f1279) vs 15% (1910f 1268; RR, 0.67[95% Cl, 0.53-0.85]; P < .001);
however, the effect varied by procedure type.®® The authors indi-
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cated that they did not find evidence for substantial differences be-
tween the different types of surgery. Similarly, authors of a recent
meta-analysis of 28 RCTs concluded that incisional negative pres-
sure wound therapy was associated with lower rates of surgical site
infection than standard dressing: 8.8% (194 of 2193) vs 14% (315 of
2205; RR, 0.61[95% Cl, 0.49-0.76]; P < .001).8> The authors speci-
fied that when stratified by surgical discipline, the greatest ben-
efits for surgical site infection reduction occurred in vascular sur-
gery (RR, 0.45;95%Cl, 0.32-0.65; P < .001) and cardiac surgery (RR,
0.17;95% Cl, 0.03-0.96; P = .05), whereas the intervention was not
associated with statistically significant benefit for abdominal sur-
gery (RR, 0.56;95% Cl, 0.30-1.03), obstetric surgery (RR, 0.73; 95%
Cl, 0.44-1.20), orthopedic or trauma-derived surgery (RR, 0.68; 95%
Cl,0.43-1.08), and plastic surgery (RR, 0.82; 95% Cl, 0.26-2.63). The
broader Cls for these later 4 subgroups suggest the possibility that
they were underpowered to find a significant difference.

Hospital-Wide Surveillance

As one of the original surgical site infection prevention investiga-
tions, data from the Study on the Efficacy of Nosocomial Infection
Control (SENIC)®® supported the use of routine surveillance and feed-
back to reduce infections. The multicenter, 1985 SENIC study, evalu-
ated infection prevention practices and found that the use of stan-
dardized surgical site infection surveillance by trained infection
prevention personnel and routine feedback to surgeons was asso-
ciated with an estimated reduction in infections in US hospitals from
586 000 to 510 000 compared with when no surveillance and feed-
back were given. Current recommendations advise health care in-
stitutions to identify high-volume, high-risk procedures and imple-
ment asystem for collecting and storing data. Periodic reports should
be prepared and given to key stakeholders to provide feedback on
infection rates. Surveillance and feedback, along with several other
quality improvement strategies (eg, education of surgeons, surgi-
cal staff, and patients) are endorsed by all surgical site infection pre-
vention guidelines.'+177780

Limitations

This review has several limitations. First, this review focused on pre-
vention of surgical site infection following general, commonly per-
formed surgical procedures. Second, not all recommendationsin pre-
viously published guidelines were summarized herein given the lack
of available RCT data. Third, some interventions had been studied
inonly asmall number of RCTs. Fourth, in some cases, the only avail-
able studies were older. Fifth, quality of included literature was not
assessed. Sixth, some relevant studies may have been missed.

. |
Conclusions

Surgical site infections affect approximately 0.5% to 3% of pa-
tients undergoing surgery and are associated with longer hospital
stays than patients with no surgical site infections. Avoiding razors
for hair removal, maintaining normothermia, use of chlorhexidine
gluconate plus alcohol-based skin preparation agents, decoloniza-
tion withintranasal antistaphylococcal agents and antistaphylococ-
cal skin antiseptics for high-risk procedures, controlling for peri-
operative glucose concentrations, and using negative pressure
wound therapy can reduce the rate of surgical site infections.

JAMA January 17,2023 Volume 329, Number 3
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