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Sterilization Practices: Implications
for the Prevention of Surgical
Infection and Environmental Impacts

Praticas de Esterilizagao: Implicacdes na Prevencao de Infeccao Ciriirgica e Impactos Ambientais
Practicas de Esterilizacion: Implicaciones en la Prevencion de Infecciones Quirdrgicas e Impactos Ambientales

RESUMO

Objetivo: Analisar as praticas de esterilizacao e desinfeccao, suas implicagdes na prevencao das Infec¢oes de Sitio
Cirargico (ISC) e seus impactos ambientais, discutindo a integracao entre seguranca do paciente e sustentabilidade
hospitalar. Método: Revisao narrativa da literatura, baseada na analise critica de estudos identificados nas ba-
ses PubMed/MEDLINE, LILACS, SciELO e Web of Science, por descritores DeCS e MeSH. Resultados: Os métodos
de esterilizacao, associados a implementacao de bundles, checklists e protocolos perioperatérios, reduziram as
ISC. Entretanto, o processamento de produtos para satde demanda elevado consumo de agua, energia e agentes
quimicos, gerando impactos ambientais relevantes e desafios para conciliar seguranca microbiologica e sustenta-
bilidade. Conclusao: A esterilizagao permanece essencial para prevenir infeccoes cirtrgicas. Contudo, protocolos
institucionais devem incorporar estratégias sustentaveis, tecnologias inovadoras e gestao ambiental, garantindo
assisténcia segura, eficiente e comprometida com a reducao dos impactos ecologicos.

DESCRITORES: Infeccao da Ferida Cirlrgica. Esterilizacao. Seguranca do Paciente. Sustentabilidade Ambiental.

ABSTRACT

Objective: To analyze sterilization and disinfection practices, their implications for the prevention of Surgical Site
Infections (SSI), and their environmental impacts, discussing the integration between patient safety and hospital
sustainability. Method: Narrative literature review based on the critical analysis of studies identified in the Pub-
Med/MEDLINE, LILACS, SciELO, and Web of Science databases using DeCS and MeSH descriptors. Results: Steri-
lization methods, combined with the implementation of bundles, checklists, and perioperative protocols, reduced
the incidence of Surgical Site Infections. However, the processing of health products requires high consumption of
water, energy, and chemical agents, resulting in significant environmental impacts and challenges in reconciling
microbiological safety with sustainability. Conclusion: Sterilization remains essential for preventing surgical in-
fections. However, institutional protocols should incorporate sustainable strategies, innovative technologies, and
environmental management to ensure safe, efficient healthcare while reducing ecological impacts.
DESCRIPTORS: Surgical Wound Infection. Sterilization. Patient Safety. Environmental Sustainability.

RESUMEN

Objetivo: Analizar las practicas de esterilizacion y desinfeccion, sus implicaciones en la prevencion de las Infeccio-
nes del Sitio Quirdrgico (ISQ) y sus impactos ambientales, abordando la integracion entre la seguridad del paciente
y la sostenibilidad hospitalaria. Método: Revision narrativa de la literatura, basada en el analisis critico de estudios
identificados en las bases de datos PubMed/MEDLINE, LILACS, SciELO y Web of Science, mediante descriptores
DeCS y MeSH. Resultados: Los métodos de esterilizacion, asociados con la implementacion de bundles, listas de
verificacion y protocolos perioperatorios, redujeron las 1SQ. Sin embargo, el procesamiento de productos para la
salud requiere un elevado consumo de agua, energia y agentes quimicos, generando impactos ambientales rele-
vantes vy desafios para conciliar la seguridad microbiolégica v la sostenibilidad. Conclusién: La esterilizacion sigue
siendo esencial para prevenir las infecciones quirlrgicas. No obstante, los protocolos institucionales deben incor-
porar estrategias sostenibles, tecnologias innovadoras y gestion ambiental, garantizando una atencion segura,
eficiente y comprometida con la reduccién de los impactos ecolégicos.

DESCRIPTORES: Infeccion de la Herida Quirdrgica. Esterilizacion. Seguridad del Paciente. Sostenibilidad Ambiental.
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urgical Site Infections (SSIs) rep-

resent one of the main challenges

for patient safety and quality man-
agement in healthcare institutions, in-
creasing morbidity and mortality rates
as well as hospital costs' . In this context,
rigorous infection control in surgical
practice is a non-negotiable principle,
requiring continuous advances in pre-
vention techniques® . The epidemiolog-
ical characterization of these infections
shows that failures in perioperative pro-
cesses—from patient preparation to in-
strument sterilization—are determining
factors for clinical outcomes? .

The translation of scientific knowl-
edge into clinical practice is essential
for standardizing routines and bridging
the gap between available evidence and
the daily actions of healthcare profes-
sionals® . The Central Sterile Supply
Department (CSSD) serves as the heart
of the operating room. The effective-
ness of sterilization methods and rou-
tine cleaning and disinfection proce-
dures not only ensures the inactivation
of microorganisms but also extends the
useful life of materials® . However, there
is growing concern about sustainability.
The high demand for energy and water,
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along with the use of harsh chemicals,

generates significant environmental
impacts, requiring that interventions—
such as the use of special dressings and
negative-pressure technologies—be
combined with more efficient waste
management”® .

Thus, care management—Iled by the
nursing team—becomes essential for
balancing patient safety and environ-
mental responsibility’. The implemen-
tation of surveillance protocols, espe-
cially in highly complex surgeries, has
proven successful in mitigating risks'®'".
This study aims to reflectively analyze
sterilization and disinfection practices,
their direct implications for the pre-
vention of surgical site infections, and
to discuss the environmental impacts
associated with these routines, secking
to integrate safe and sustainable practic-

e312,13 .

This study is based on a narrative
literature review. The search strategy
was conducted in scientific databases—
PubMed/MEDLINE, LILACS, SciE-
LO, and Web of Science—using terms
extracted from the Health Sciences
Descriptors (DeCS) and Medical Sub-

Jject Headings (MeSH), combined with
Boolean operators: ("Surgical Wound
Infection” OR "Infeccio de Sitio Cirur-
gico") AND (“Sterilization” OR “Ester-
ilizagio”) AND (“Patient Safety” OR
“Seguranca do Paciente”) AND (“En-
vironmental Sustainability” OR “Suste-
ntabilidade Ambiental”). The following
inclusion criteria were adopted: original
articles, reviews, guidelines, and theo-
retical studies published between 2002
and 2025 in Portuguese, English, or
Spanish that addressed the interface be-
tween sterilization practices, prevention
of surgical site infections (SSIs), and/
or environmental impacts in healthcare
services. Editorials, letters to the editor,
event summaries, and studies focus-
ing exclusively on animals or iz vitro
research without clinical implications
were excluded.

The selection of studies followed an
iterative and reflective process of read-
ing, analysis, and thematic categoriza-
tion. The articles were read in full and
organized into interpretive synthesis
matrices, considering variables such as
year of publication, methodological
approach, context of application, and
main arguments related to the preven-
tion of healthcare-associated infec-
tions and sustainability in healthcare
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management. The construction of the

theoretical synthesis was guided by the
dialectical relationship between patient
safety and environmental responsibility,

secking to map tensions, convergences,

and gaps in the field*®.

To organize the data in a clear and
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systematic manner, the following table
was developed, presenting the main
characteristics of the selected studies
and allowing for a comparative analysis
of the different works examined.

Table 1. Summary of the studies included in the narrative review on sterilization practices, prevention of surgical site

infections, and sustainability

No Author(s) Year Journal Methodological Design Main Objective/Focus
1 Alfa M) 2013 Am ] Infect Literature Review Assess the monltonng'of the effectlveness of medical
Control device cleaning.
5 Alverdy JC, 2016 ) Surg Res Review Discuss principles and advances in surgical infection
Knechtges D control.
3 Anchieta DW, 2019 Vigil Sanit Descriptive Study Characterize surgical site |nf.ect|ons (SSls) in a teaching
et al. Debate hospital.
L Apéstolo JLA 2017 ESEnfC Theoretical Study/Book Structure the synthegls of lewdence gnd the translation
of science into practice.
5 Ardeshna A, 2023 J Indian Orthod Experimental Study Evaluate the effectiveness of different sterilization
etal. Soc methods.
6 Assadian O, 2021 } Hosp Infect Narrative Review Provide practical recommgndatlons for disinfection
etal. routines.
7 Atherton K, 2025 JAMA Pemdlamiaed) il Tl Evaluate negative pressure dressmgs in emergency
etal. laparotomies.
8 Badia JM, et al. | 2020 Int ) Surg Qualitative Study Az e pers'?te.”t gap betwegn evidence and
practice in SSI prevention.
9 Borchhardt SVB, 2022 | Res Soc Dev Integrative Review Map care management and the contributions of nurses
etal. in the operating room.
10 | Canon M, etal. | 2016 | Am ] Crit Care Observational Study ot Sl anq prus o e Sl I peleiie
cardiac surgery.
11 | Castella L, etal. | 2020 Argojnltnrzﬁd Intervention Study Reduce the incidence of SSls in spinal surgeries.
12 | CostaAC, etal. | 2020 |Arg Bras Cir Dig Literature Review Pt Lk s 01 551 an.d sUfiee] oo
prophylaxis.
13 Dior UP, et al. 2020 JAMA Surg Randomized Clinical Trial SENED U BrrEs ofssukrlgeall’;tlsepss I ELE RS
14 | Dutra GG, etal. | 2015 Rg\/ Pzl Review Article Describe the role of nurses in hospital infection control.
Cuid Fundam
15 Franco LMC, 2017 REME Pilot Clinical Study Evaluate the r'affectgs of preoperatlve bathing on
etal. infection prevention.
16 Gillespie BM, 2015 Surg Innov Pilot RCT Analyze negative pressure dressings in hip
etal. arthroplasty.
17 Goncalves GN, 2025 Braz ) Implaptol Literature Review Develop update;l strateig|els for the prevention of
etal. Health Sci perioperative infections.
18 Elamler 2R, 2015 A s In vitro Study Test the ability of wet wipes to remove bacteria.
etal. Control
19 HE}ncer AT, 2023 J Perianesth Randomized Clinical Trial Evaluate the effect of a glycemic control checklist on
Yilmaz M Nurs SSl rates.
20 Jang X, et al. 2016 | Turk Neurosurg Retrospective Study Rejpoéindanisndions o il praveidon it
neurosurgery.
21 JOhneStO;: MP. 2016 | Obstet Gynecol Cohort Study Use bundles to reduce SSls in gynecological surgery.
22 | JostMT, etal. | 2018 Rev Sobecc Integrative Review AR Bl Systemat|z_at|on 07 MOl CRT (SAE R O
patient safety.
23 Kakemam E, 2022 | J Nurs Manag Modeling Study Correlate professmnah;m and systems thinking with
etal. patient safety.
24 | Khouri RK, etal. | 2019 Ann Surg Retrospective Study Identify patient risk factosrzl(:utrltlon and smoking) for

EE
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Antimicrob . o )
25 | LakohS,etal. | 2022 | ResistInfect Prospective Cohort TS S the_ln;lden_ce of SSIS el et alizg
antimicrobial resistance.
Control
26 Lee E, KimY 2020 PLoS One Cross-Sectional Study SRS LI sensrlmn.ty ISRl At
incidents.
Antimicrob . o . . )
27 | LingML etal. | 2018 | Resist infect Clinical Guidelines Establish APSIC gwdellnel'slforlhospltal disinfection and
sterilization.
Control
28 | Loftus RW, et al. | 2020 JAMA Netw Randomized Clinical Trial Evaluate basic preventlye measures for perioperative
Open transmission of S. aureus.
29 | Martins T, etal. | 2020 Rev Estima Integrative Review Identify nursing interventions to reduce SSls.
30 Oliveira AC, 2002 Rev’Sa}ude Comparative Study Compare SSI dlagnosgs QUrlpg and after patient
etal. Pablica hospitalization.
31 Patino-Marin N, 5025 Cureus Literature Review Evaluate sterilization and dlslnfectlon practices in
etal. dental settings.
32 Prado MA 2016 | Enferm Global Cross-Sectional Study B B pireEsss |nd|catorslfrom & pRE Sl
perspective.
. . Discuss the hospital environment as a reservoir for
33 | Protano C, etal. | 2019 Ann Ig Literature Review P
cross-transmission.
34 Roscani ANCP, 2015 Acta Paul Methodological Study Validate a surgical checklist spemflcall\/ focused on SSI
etal. Enferm prevention.
35 |Rutala WA etal.| 2023 Am | Infect Narrative Review Update the_g_lobal overview pf dls_lnfectlon,
Control sterilization, and antisepsis.
Antimicrob . - )
36 | SongX etal. | 2019 | Resist Infect Literature Review AT the.EffeFt'Vﬁnfs @7 d:s'”f‘?Cta”t"mpreg”ated
Cartral wipes in the hospital environment.

Source: Study authors, 2026.

A reflective analysis of Surgical Site
Infections (SSIs) reveals a complex
scenario in which failure in seeming-
ly basic processes can result in serious
clinical outcomes. The epidemiologi-
cal study in teaching hospitals demon-
strates that detailed characterization
of infections constitutes the first step
toward mapping institutional risks’.
However, one of the greatest chal-
lenges for infection control commit-
tees relates to underdiagnosis, since
the literature shows that a significant
proportion of surgical infections only
manifest or are diagnosed after hospi-
tal discharge, requiring active surveil-
lance and

continuous monitoring to reflect
the true incidence rate®®. In this con-
text,” the principles of infection con-
trol in surgical practice have had to
evolve substantially, moving beyond a
purely reactive approach to incorpo-
rate technologies for the continuous
monitoring of the effectiveness of de-
vice and environmental cleaning'>.

20924 saldecoletiva = 2026; 18(113); 20914-20927

Despite theoretical and technologi-
cal advances, there remains a persistent
gap between the available scientific ev-
idence and everyday clinical practice
in operating rooms and sterilization
centers®. Overcoming this barrier de-
pends directly on structured methods
for translating knowledge—a process
in which scientific evidence is synthe-
sized, adapted, and effectively imple-
mented in clinical practice®. Without
this rigorous translation, recommen-
dations remain confined to institu-
tional protocols, leading to a waste of
resources, an increased hospital envi-
ronmental footprint due to rework,
and the perpetuation of preventable
infection risks for surgical patients.

In this practical application scenar-
io, the leadership and management of
care exercised by the nursing team play
an indispensable role in ensuring safe-
ty in the perioperative environment’.
The nurse’s role in hospital infection
control extends beyond direct care,
encompassing the coordination of care
workflows, supervision of the Central

Sterile Supply Department (CSSD),
and ensuring the maintenance of asep-
tic barriers'*. The literature demon-
strates that the systematic application
of preventive nursing interventions
significantly reduces contamination
rates, including in surgeries classified
as high-risk?”. To ensure consistency
and the ability to measure these in-
terventions, the Systematization of
Perioperative Nursing Care (SAEP)
serves as the methodological founda-
tion for care, promoting standardiza-
tion from admission through anesthet-
ic recovery®>.

The effectiveness of the actions
carried out by the nursing and medi-
cal staff depends on the implementa-
tion of risk management tools and the
strengthening of a culture of safety.
The use of process indicators allows
institutions to monitor not only infec-
tion outcomes but also fundamental
preventive steps, such as the appropri-
ate timing of antibiotic prophylaxis
and the maintenance of normal body
temperature®®. Validated tools, such
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as surgical checklists specifically de-
signed to prevent infections, reduce
reliance solely on human memory**.
Furthermore, the application of these
8 tools can be expanded to include
perioperative metabolic control, espe-
cially in the rigorous management of
hyperglycemia, a factor directly asso-
ciated with impaired wound healing
and increased bacterial colonization"’.
However, effective adherence to such
strategies requires cthical sensitivity,
professionalism, and systems thinking
on the part of the teams—characteris-
tics associated with a greater propen-
sity to report incidents and near miss-
6523—26.

Even before the patient enters the
operating room, preoperative opti-
mization strategies constitute the
first line of defense against surgical
site infections (SSIs). Studies show
that intrinsic and behavioral factors,
such as poor nutritional status and
active smoking, significantly increase
the risks of wound dehiscence and
infection, requiring preoperative in-
terventions™". In parallel with system-
ic approaches, physical preparation
through preoperative bathing with
antiseptics reduces the skin’s microbial
load, acting as an initial chemical bar-
rier'’. Immediately before the incision,
the appropriate choice and correct
technique for skin antisepsis in the op-
erating room have proven effective in
reducing local contamination, includ-
ing in minimally invasive procedures
such as laparoscopy’.

During and after the surgical pro-
cedure, the use of combined interven-
tions—known as “bundles” or sets of
measures—enhances prevention by
requiring full adherence to the thera-
peutic protocol®'. The incorporation
of technologies applied to the surgical
site has led to significant advances, no-
tably negative-pressure wound thera-
py. Clinical trials demonstrate that the
prophylactic use of this technology in
major abdominal surgeries and ortho-
pedic procedures, such as primary hip
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arthroplasty, helps control exudate,
reduce edema, and isolate the wound
from the external environment, sig-
nificantly reducing local complica-
tions’~'°. In addition, the systematic
reinforcement of basic perioperative
measures has proven effective in con-
taining the transmission of highly vir-
ulent pathogens, such as Staphylococ-
cus aureus’®,

The complexity and anatomical
particularities of different surgical spe-
cialties require specific adaptations to
preventive protocols. In pediatric car-
diac surgery, for example, surveillance
and control require extremely rigorous
protocols due to the patients” high im-
munological vulnerability'’. Similarly,
neurosurgical procedures and surgeries
for 9 Spinal surgery carries a high risk
of deep infections or central nervous
system involvement, justifying the
adoption of targeted prophylaxis and
institutional policies of zero tolerance
for aseptic failures'*°. This scenario is
exacerbated by the rise in antimicrobi-
al resistance, a phenomenon that com-
promises the effectiveness of tradition-
al prophylaxis and requires continuous
updating of guidelines related to the
use ofperioperative antibiotics'*?’.

When shifting the focus from the
patient to the physical hospital en-
vironment, it becomes evident that
the operating room acts as a dynamic
reservoir for the cross-transmission of
microorganisms”. Inanimate surfaces
near the surgical field and areas with
heavy staff traffic constitute silent vec-
tors for the spread of infection. Thus,
reducing this invisible risk depends on
the implementation of robust environ-
mental strategies that include airflow
control, strict restrictions on person-
nel movement within the operating
suite, and the adoption of disinfection
technologies that complement human
efforts'”.

In the context of environmental
control, the effectiveness of surface
cleaning and disinfection methods is
critical. International guidelines and

This is an open access article published under the Creative Commons Attribution 4.0 International (CC BY 4.0) license

recommendations emphasize that the
prior removal of organic matter and
biofilm is an essential step before ap-
plying chemical disinfectants®. Among
the innovations incorporated into
hospital routines, disposable wipes im-
pregnated with disinfectant stand out;
their in vitro efficacy and that demon-
strated in literature reviews show a
high capacity for bacterial removal
from medical devices and high-touch
surfaces'®?°. In addition to standard-
izing mechanical friction, this tech-
nology optimizes staff time and helps
reduce human error.

Finally, the processing of healthcare
products completes the cycle of

safety related to the prevention
of healthcare-associated infections
(HAIs). Global guidelines on disin-
fection, sterilization, and antisepsis
identify the Central Sterile Supply
Department as a critical unit where
technological failures can directly re-
sult in patient infection®’~>*. In both
highly complex hospital settings and
dental and orthodontic contexts, rig-
orous evaluation of the effectiveness
of physical and thermochemical steril-
ization methods is essential to ensure
microbial lethality’?'. In this context,
combining high safety standards with
the principles of sustainability rep-
resents one of the main contemporary
challenges in the science of steriliza-
tion, requiring processes capable of
achieving levels of 10 microbiological
safety while simultaneously reducing
water consumption, energy costs, and
the disposal of chemical waste harmful
to the environment.

Sterilization and  disinfection
practices constitute the fundamental
foundation for the prevention of Sur-
gical Site Infections (SSIs), acting as a
non-negotiable barrier to patient safe-
ty. The reviewed literature reinforces
that rigorous control in the periop-

erative environment—which extends

2026; 18(113); 20902-20913 = saiidecoletiva 20925
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from the initial preparation of the
patient to the complex processing of
surgical instruments—is the primary
determinant for reducing morbidity
and mortality rates as well as hospital
costs. Failures in these critical stages,
however minor, result in severe clin-
ical outcomes, prolonged hospital
stays, and systemic failures in patient
care.

For this microbiological safety to
be effective and continuous, the adop-
tion of systematized preventive in-
terventions has proven essential. The
use of prevention bundles, validated
surgical checklists, and the consolida-
tion of the Systematization of Periop-
erative Nursing Care (SAEP) trans-
late theoretical robustness into daily
practice, mitigating human error and
standardizing care. Furthermore, con-
stant technological advancement—as

1. Alfa MJ. Monitoring and improving the effectiveness of

illustrated by the implementation of
negative-pressure dressings, advanced
antisepsis, and rigorous monitoring
of cleanliness—demonstrates that ac-
tive surveillance and the translation
of knowledge are the most effective
weapons for combating the growing
threat of antimicrobial resistance.
However, this reflection highlights
an urgent contemporary challenge that
can no longer be ignored: the environ-
mental impact associated with these
clinical excellence practices. The tradi-
tional processing model at the Central
Sterile Supply Department (CSSD) is
characterized by extremely high en-
ergy and water consumption, as well
as the intensive use and disposal of
highly toxic chemicals. The relentless
pursuit of guaranteed sterility has gen-
erated an ecological burden that is un-
sustainable in the long term, requiring

hospital administrators and infection
control committees to rethink their
protocols from the perspective of sus-
tainability and resource optimization.

It can therefore be concluded that
the future of operating room manage-
ment requires a meticulous balance be-
tween maximum efficacy in microbial
inactivation and socio-environmental
responsibility. Scientific Advances in
Infection Prevention 11 must go hand
in hand with the adoption of green
technologies and cleaner operation-
al workflows in the surgical center.
Only through ongoing staff education,
innovation in ecologically efficient
disinfection methods, and the appli-
cation of rigorous, evidence-based
guidelines will it be possible to safe-
guard patients’ lives without irrepa-
rably compromising the health of the
environment.

9. Borchhardt SVB, et al. Gestao do cuidado para seguranca
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