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ABSTRACT: Objective: To review the state of the art reprocessing of products in the light of Professor Kazuko Graziano’s studies. Method: Integrative
literature review, with the name of the author as a descriptor and the selection of 34 articles. Results: The studies are comprehensive, mainly experimen-
tal and outline processes of cleaning and rinsing, disinfection, sterilization and packaging of processed articles and in emblematic areas for the reuse of
materials such as orthopedics, ophthalmology, endoscopy and video-assisted surgeries. Conclusion: The scientific evidence of these studies is valuable
for the field of product reuse and the quality and safety of health care practice insofar as they clarify doubts and support changes in attitudes related to
work processes. These studies also contribute to the control of health services by supporting Sanitary Vigilance with theoretical contributions on the risks
of product reprocessing, and the Brazilian Health Surveillance Agency (ANVISA) by updating the national policy for the reuse of health products (HP).
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RESUMO: Objetivo: Revisar o estado da arte sobre reprocessamento de produtos a luz dos estudos da Professora Kazuko Graziano. Método: Revisdo inte-
grativa de literatura, tendo como descritor o nome da autora e com a sele¢do de 34 artigos. Resultados: Os estudos sdo abrangentes, majoritariamente
experimentais e perpassaram pelos processos de limpeza e enxague, desinfec¢do, esterilizagdo e acondicionamento de artigos processados e em éareas
emblematicas para o retiso de materiais como ortopedia, oftalmologia, endoscopia e cirurgias videoassistidas. Conclusio: As evidéncias cientificas desses
estudos sdo valorosas para o campo do retiso de produtos e para a qualidade e a seguranga da pratica assistencial na medida em que clarificam duvidas e
subsidiam mudancgas de atitudesprocessos de trabalho. Esses estudos contribuem, também, para o controle sanitario de servios de satide ao subsidiar as
Vigilancias Sanitarias com aportes te6ricos sobre risco em reprocessamento de produtos e a Agéncia Nacional de Vigilancia Sanitaria (ANVISA) na atua-
lizagdo da politica nacional de retiso de produtos para satide (PPS) do pais.

Palavras-chave: Equipamentos e provisGes. Esterilizacdo. Estudos retrospectivos.

RESUMEN: Objetivo: Revisar el estado del arte sobre reprocesamiento de productos a la luz de los estudios de la Profesora Kazuko Graziano. Método:
Revision integrativa de literatura, teniendo como descriptor el nombre de la autora y con la seleccion de 34 articulos. Resultados: Los estudios son abar-
cadores, mayoritariamente experimentales y pasaron por los procesos de limpieza y enjuague, desinfeccion, esterilizacién y acondicionamiento de arti-
culos procesados y en 4reas emblematicas para el retiso de materiales como ortopedia, oftalmologia, endoscopia y cirugias video-asistidas. Conclusion:
Las evidencias cientificas de esos estudios son valerosas para el campo del retiso de productos y para la calidad y la seguridad de la practica asistencial
en la medida en que clarifican dudas y subsidian cambios de actitudes-procesos de trabajo. Esos estudios contribuyen, también, para el control sanitario
de servicios de salud al subsidiar las Vigilancias Sanitarias con aportes teéricos sobre riesgo en reprocesamiento de productos y la Agencia Nacional de
Vigilancia Sanitaria (ANVISA) en la actualizacién de la politica nacional de retiso de productos para salud (PPS) del pais.

Palabras clave: Equipos y suministros. Esterilizacion. Estudios retrospectivos.
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REPROCESSING OF PRODUCTS

INTRODUCTION

Reprocessing medical devices is the core activity of a Center
for Material and Sterilization (CMS) and consists of making
a contaminated device ready to use again. It includes clean-
ing, disinfection and sterilization, but also technical-functional
safety practices by means of integrity and functionality tests"
*. In order to develop activities related to the reprocessing of
products, the CMS depends on a management system that
requires structure (physical, material and human), planning,
quality and process safety. A group of trained professionals
along with the development of technologies related for med-
ical devices decontamination. Thus, the knowledge and train-
ing of professionals working at CMS is an indicator of service
quality, offering cleaning, disinfection and sterilization prac-
tices based on scientific evidence in addition to contributing
to the reduction of the residual risk inherent to such practices.

Several authors worldwide have dedicated to study theory and
practices of medical devices reprocessing, namely William Rutala,
David Weber, Michele Alfa, Lawrence Muscarella, Francesco
Tessarolo, Marc Kraft, Axel Krammer, Zvi Fireman, and others.

In Brazil, the Nursing School of Universidade de Sio
Paulo is responsible for the majority of scientific production
in this area. The studies are mainly led by Professor Kazuko
Uchikawa Graziano, one of the most important researchers
in this area. Professor Graziano'’s scientific production dates
from the end of the 1980s and includes individual and part-
ner research, theoretical, methodological and experimental
studies, doctoral theses, masters’ dissertations and post-grad-
uate studies. In addition to being comprehensive, her work
has contributed to advances in knowledge about the subject,
clarified myths regarding reprocessing practices of certain
devices at CMSs across the country, and provided scientific evi-
dence for decision-making on the reuse of medical products.

In this context, this study was guided by the following
questions: What is state of the art reprocessing practice based
on Kazuko Uchikawa Graziano’s studies? To which extent
have her studies enabled advances in knowledge in the area
of medical device reprocessing and demystified practices
incorporated in day-to-day routine of CMS.

OBJECTIVES

¢ Review the state of art medical device reprocessing
in the light of the studies conducted by Professor
Kazuko Uchikawa Graziano;

e Summarize the scientific production of Professor
Kazuko Graziano regarding medical device reprocessing;

» Highlight the technological innovations in medical
device reprocessing resulting from these studies.

METHOD

An integrative literature review which aims to summarize
research results on a particular area of knowledge contribut-
ing to evidence-based practice, among other factors*.

The following steps were used in this study: identifi-
cation of study object, preparation of guiding questions,
definition of inclusion and exclusion criteria, organization
and analysis of data, summarization of results and presen-
tation of review.

The articles were selected from the following databases:
Virtual Health Library (VHL), PubMed and Scopus portal.
The name of the author under study, “Kazuko Graziano”
was used as the descriptor.

The inclusion criteria of the publications were: to be
primary studies and systematic reviews that deal with
the reprocessing and / or reuse of medical devices, pub-
lished between the years 2006 and 2016 in the English or
Portuguese language. Articles written in other languages
and which were published outside these periods were
excluded, in addition to works published by the author
unrelated to the theme of reprocessing and/or reuse of
medical devices.

The search for the data was performed online from January
to March 2017 and 283 articles were initially obtained. After
reading the title and abstract, 208 articles were excluded, as
well as 41 repeated studies in the databases. Thus, the final
sample of this review consisted of 34 articles.

After the selection, the available full articles were read,
and the abstracts were read for those articles which were
not available in full. At this stage, the studies were analyzed
with a data collection instrument that included: article title,
objectives, method, results and conclusion.

In this study, the term medical device is used as a synonym
for medical product, device, equipment, material and medical
article, according to the Brazilian Health Surveillance Agency
(ANVISA). The term decontamination is used to describe the
process of inactivation and/or elimination of microorgan-
isms, applied to medical devices in order to provide safety
to the users and includes the cleaning, disinfection and ster-
ilization processes. Despite the considered differences, the
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terms reprocessing and medical device processing are also

used synonymously.

RESULTS

Twelve (35.2%) of the 34 articles analyzed are experimen-
tal studies, 10 (29.4%) are literature reviews, 6 (17.6%) are
methodological studies, and 6 (17.6%) had varied method-
ologies (2 exploratory field, 1 multiple case, 1 descriptive, 1
analytical research and 1 pilot study).

Due to diversity and the high number of the selected
articles, the present study is presented according to a group-
ing of the studies by using five related themes in order to
improve the organization of the findings, facilitate the pro-
duction of a review of the author’s scientific production
and to highlight the scientific innovations as a result of her
work. The following is a summary of the articles from this
integrative review.

Table 1 presents six studies undertaken by Professor
Kazuko Graziano and her collaborators on the reprocess-
ing of medical instruments used in laparoscopy, endoscopy,
dialyzers and laryngoscopes.

Table 2 shows studies on the reprocessing of ophthal-
mic and orthopedic medical instruments, which are known
as problematic when it comes to reusing and reprocessing
medical devices.

Table 3 lists some studies developed by the author on the
reprocessing of medical devices labeled as single use (SU).

Table 4 presents studies related to methods of clean-
ing, disinfecting, sterilizing and storing reprocessed medical
devices (articles 20-31).

Table 5 displays three studies with diverse themes related
to the reprocessing of medical devices (articles 32-34).

DISCUSSION

The 34 studies presented in Tables 1 through 5 review the
entire field of activities related to the reuse of medical
devices with researches that included not only cleaning,
rinsing, disinfection, sterilization and packaging methods
of reprocessed articles, but also in the principal areas which
reprocess and reuse medical devices such as orthopedics,
ophthalmology, endoscopy, hemodialysis, video-assisted
surgeries as well as single use products. This demon-
strates the challenges and the pioneering nature of the

research conducted by Professor Kazuko Graziano and
her collaborators.

In the cleaning process, the author and her collabo-
rators developed criteria for the evaluation of single use
products regarding the possibility of cleaning and subse-
quent reuse (Article 17)". They verified the absence of
toxicity and Toxic Anterior Segment Syndrome (TASS)
associated with enzyme detergent residues and supported
the routine cleaning of ophthalmic instruments with
enzymatic detergent (Article 7)’. They also confirmed the
failure of the cleaning and sterilization processes of sin-
gle-use vitrectomy probes, contraindicating the reuse of
these products (Article 8)%, and identified that when the
cleaning process of critical products is performed with
validated procedures, the type of water used in the final
rinse has little influence on the cytotoxicity of these prod-
ucts (Article 22)%.

Regarding video-assisted surgery, a study is evidenced
that microbiologically proved that the sterilization of
previously assembled laparoscopic instruments is safe.
This evidence breaks the classic paradigm of sterilizing
only disassembled materials, as recommended in the lit-
erature (Article 1),

Regarding the area of endoscopy, Article 3 proved to
be innovating by proposing an evaluation method for the
decontamination efficacy of automated flexible endoscope
processors, operational method, and management and
decision-making instrument at the time of purchase of an
automated endoscope disinfection equipment, due to the
diversity of brands and models in the market’. Article 4
identified that the automated method, including the ini-
tial cleaning step and consecutive disinfection using 2%
glutaraldehyde solution was the most efficient at remov-
ing biofilms from endoscopes and emphasized the impor-
tance of the process, as the agents have a greater ability
in biofilm detachment®.

Article 5 analyzed the decontamination of dialyzers and
identified the risk of pathogen transmission in manual and
automated methods. Thus, it contributed to renal therapy
services by reflecting on the practice of reusing hemodial-
ysis capillaries’.

Article 6 showed that the handle and the blade of the laryn-
goscope are a single set and should be classified as semi-criti-
cal products. Therefore, they require high level cleaning and
disinfection to ensure proper reuse’.

Regarding orthopedic surgery, the author and collab-
orators demonstrated that domestic drills, although not
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Chart 1. Synthesis of studies selected in databases. Kazuko Graziano, Brazil, from 2006 to 2016.

Article

1. Microbiological
evaluation of the
steam steriliza-
tion of assemb-
led laparoscopic
instruments®

2. Steam steri-
lization of pre-
viously assemb-
led laparoscopic
instruments®

3.
Methodological
proposal for the
evaluation of
the disinfection
efficiency of the
automatic flexi-
ble endoscopes
processor’

4. Removal
of biofilms in
endoscope

canals: evalua-
tion of currently
used disinfection
methods ®

5. Evaluation of
the effective-
ness of manual
and automated
dialyzers repro-
cessing after
multiple reuses’

6. Laryngoscope
handles repro-
cessing: integra-
tive review'®

Theme 1. Processing of laparoscopic, endoscopic, dialyzing and laryngoscopy instruments

Camargo et al.
Rev Latino-Am
Enferm. 2016

Camargo et al.
Acta Paul
Enferm. 2008

Graziano et al.
Rev Latino-Am
Enferm. 2016

Balsamo et al.
Rev Esc Enferm
USP. 2012

Toniolo et al.
Am J Infect
Control. 2016

Bruna et al.
Rev SOBECC.
2016

To evaluate the safety
of steam sterilization of
assembled laparoscopic
instruments with conta-
mination challenge.

To describe the state of
the art of the basic stu-
dies in search of safety
in the autoclaving of pre-
viously assembled lapa-
roscopic instruments,
considering the difficul-
ties to assemble at the
time of surgery.

To propose a method
to evaluate the effec-
tiveness of automa-
ted flexible endoscope
processors by analy-
zing the feasibility and
results applied to a spe-
cific make and model.

To evaluate the action
of high level disinfection
after previous cleaning
with brushing to remove
biofilms in sample bodies
simulating the channels
of flexible endoscopes,
as well as comparing
the available methods
in health services.

To evaluate methods of
manual and automated
reprocessing of dialyzers
in relation to microbio-
logical contamination.

To identify the classifi-
cation of laryngoscope
cables according to the
risk of causing infection
and highlight the type of
reprocessing required.

Experimental study.

Literature review.

Methodological research
applied in a domestic manu-
facturing equipment. The
disinfectant used was 0.2%
peracetic acid.

Experimental, laboratory
and comparative study,
where the efficiency of

five high-level disinfection
methods for the removal of
biofilms were tested.

Experimental study. Fluid
thioglycollate culture
medium was injected into
the hemodialysis capillaries
after reprocessing 12 times
by manual method and 20
times by automated method,
as permitted by Brazilian
Legislation.

Integrative review.

Conclusion

Saturated steam sterilization under pres-
sure from assembled laparoscopic instru-
ments is microbiologically safe, breaking
the classic paradigm of autoclaving only
unassembled materials.

Although the studies allowed favorable

conclusions for the practice of processing

the assembled laparoscopic instruments,

this study concludes by recommending a

new experimental study using contami-
nation challenge.

The proposed method proved to be fea-

sible and reliable as to the rigor of the

imposed challenge, being able to serve

as an evaluation model for similar equi-

pment and to assist in the acquisition of
this type of product.

Although the aldehydes had fixed proper-
ties, the most efficient method was 2%
glutaraldehyde in automated equipment
that included a preliminary cleaning step
to disinfection, and the least efficient
was acid electrolytic water in automa-
ted equipment. This study suggests that
cleaning is more important in biofilm
removal than consecutive disinfection. It
shows and warns the ability of microor-
ganisms to form biofilms in just 1 hour
after contamination, reinforcing the need
to clean the endoscope as soon as pos-
sible after use in order to avoid an envi-
ronment conducive to its development.

In both methods, microorganisms were

identified in the dialysate and in the blood

chambers. It was concluded that repro-

cessing of dialyzers may pose a safety risk

because of exposure of microorganisms
to the patient.

This study showed that laryngoscope cables
and blades should be understood as a sin-
gle set, however cables normally neglected
in processing should also be classified as
semi-critical articles that require cleaning
followed by high level disinfection.
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Chart 2. Synthesis of selected studies in databases. Kazuko Graziano, Brazil, 2006 to 2016.

Article

7. Cytotoxicity of cannu-
las for ophthalmic sur-
gery after cleaning and
sterilization: evaluation
of the use of enzyma-
tic detergent to remove
residual ophthalmic
viscosurgical device
material'!

8. Evaluation of micro-
bial growth in reproces-
sed single use probes
for vitrectomy in care
practice '?

9. Evaluation of the
sterilization efficacy
of domestic electric
drills used in orthope-
dic surgeries'

10. Analysis of the
microbial load in ins-
truments used in ortho-
pedic surgeries'

11.Is ventilation of elec-
tric drills a source of
contamination for sur-

gery’) 15

12. Use of electric drills
in orthopedic surgery '

Theme 2. Processing of ophthalmic and orthopedic instruments

Authors/Journal

Tamashiro et al.
J Cataract Refract Surg.
2013

Pinto et al.
Rev Esc Enferm USP.
2012

Goveia et al.
Braz J Microbiol. 2009

Pinto et al.
Am J Infect Control.
2010

Goveia et al.
Acta Ortop Bras. 2009

Goveia et al.
Acta Ortop Bras. 2007

To evaluate the cyto-
toxicity of reusable
cannulas for ophthal-
mologic surgery
after being filled with
ophthalmological vis-
coelastic product and
cleaned with enzyma-
tic detergent.

To evaluate microbial
growth in reprocessed
single use vitrectomy
probes in care practice.

To evaluate the effi-
cacy of ethylene oxide
(ETO) sterilization in
new domestic drills
subjected to contami-
nation challenge.

To determine the micro-

bial load in instruments

used in orthopedic
surgeries.

To evaluate micribiolo-
gically the air generated
by the motor drive of
electric drills in ortho-
pedic surgery.

To describe the state
of the art of research
on the use of domestic
electric drills in ortho-
pedic surgeries, in view
the difficulties of clea-
ning and sterilizing the
equipment.

e | wewon

Experimental Study.

Exploratory field study.

Experimental,
laboratory and
randomized study.

Exploratory field study.

Experimental,
laboratory and
randomized study.

Literature Review.

Conclusion

The cleaning protocol adopted in
this study reached the potential to
minimize the occurrence of Toxic
Syndrome of the Anterior Segment
of the Eyes (TASS), associated with
residues of viscoelastic solution and
enzymatic detergent.

The reprocessed vitrectomy pro-
bes in this study showed micro-
bial growth, pointing to the rela-
ted risk as this practice is per-
formed. It was concluded that
the reprocessing of single-use
vitrectomy catheters is not safe
under the conditions of this study
and, therefore, this practice is not
recommended.

Demonstrated effective steriliza-
tion of drills with ETO. However,
it does not intend to support the
improvised use of domestic drills
in surgeries, although the results
confirm the effectiveness of ETO
sterilization.

Most of the microorganisms evi-
denced in the analyzed instru-
ments (78%) were vegetative
bacteria, characterizing in a low
challenge of the cleaning and
sterilization process correctly
employed in CMEs. However, the
microbial recovery in surgical ins-
truments used in clean surgeries,
evidenced the importance of anti-
biotic prophylaxis.

It was concluded that although the

air from the drill motor ventilation

mobilizes contaminants to the ope-

rative field, the microbial amount

does not present a risk of surgical
site infection.

There were no studies evaluating
the risks of using drills in orthopedic
surgery. It concludes by suggesting
investigations to confirm the effec-
tiveness of sterilization of this equi-
pment and if the activated motor
produces contaminated aerosols
during surgery.
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Chart 3. Synthesis of selected studies in databases. Kazuko Graziano, Brazil, from 2006 to 2016.

Theme 3. Processing of single use health products

Article Authors/Journal Objective m Conclusion
13. Calculation of the . A flow chart was developed for each
. - To develop a methodological pro- . -
reprocessing costs  Psaltikidis et al. . phase of reprocessing, which allowed
. posal to calculate the reproces- Methodological : L
of single-use tongs  Rev Esc Enferm . . the subsequent identification of cost
2 : sing of disposable forceps used study. . .
used in video assis- USP. 2006 - . components in terms of labor, materials
D) in video-assisted surgery.
ted surgeries and overhead expenses.
% HiElEs ©f t.he - T.o anglyze it o .Of reproces- It concluded that the methodological
cost of reprocessing  Psaltikidis et al.  sing single use medical products . -
. . e : Multiple case  proposal allowed the calculation and
single-use tweezers  Rev Latino-Am  used in video-assisted surgery, . .
L - . study. cost analysis of the reprocessing of the
used in video-assis- Enferm. 2006 adopting methodology proposed .
. ot studied tweezer.
ted surgery by Psaltikidis.
It has been shown that the probabi-
lity of sterilization of the reprocessed
To evaluate the efficacy of repro- SSUs is highly dependent on the clea-
cessing single-use diathermy pen- ning and sterilization methods applied.
- cils (ESUs) using two different . From the microbiological point of view,
15. Efficacy of sterili- . f Experimental, L -
; Batista Neto et al. methods of cleaning (manual or the findings indicate that SUTC pre-
zation of reprocessed . - laboratory and
) . Rev Latino-Am  automated), followed by steriliza- ; sent the same problems as reusable
single-use diathermy ) randomized . i N
e Enferm. 2010 tion by low temperature methods: pencils. The main contribution was to
pencils . study. : o
hydrogen peroxide plasma, ethy- provide support for the revision of the
lene oxide and steam at low tem- concept of single use products and to
perature and formaldehyde. contribute to demystify the idea that
reusable products are always safe in
terms of sterility.
Sternotomy blade marketed as single
-use (UU) does not justify the single
-use recommendation because it is a
. To evaluate and legitimize the sin- product capable of consecutive cleaning
16. Single-use label . e
. Bulgarellietal.  gle-use sternotomy blade label, . and sterilization by saturated steam.
analysis for sterno- - . . . Analytical . o ;
tomy blade 2 Rev SOBECC. focusing on the risk of infection il The analysis of the risk in reusing the
2015 and the risk of inadequate perfor- ’ blade for sternotomy marketed as UU
mance of the reprocessed product. provided an opportunity to reflect on
the urgent need for stricter criteria for
the registration of products as one-time
use by ANVISA.
To identify in the University
Hospital the products of single use
- Pro_ducts i Unlver5|.ty AN Nine criteria were elaborated in order to
17. Criteria for asses- . indicated for reprocessing, accor- . - )
. g o Graziano et al. . o . evaluate the difficulties in cleaning up PUU.
sing difficulties in . ding to criteria to evaluate the Methodological o o
. - Rev Latino-Am . L . . The application of these criteria allowed
cleaning single-use difficulties in cleaning; to classify research. : . -
. P~ Enferm. 2006 . ; adiagnosis of the degree of risk involved
items the SOPs according to the crite- . .
. . . ) in the cleaning of each evaluated PUU.
ria established in the instrument
elaborated and to evaluate their
applicability.
To describe the state of the art in
the reuse of cardiac catheters in This study evidenced that there is clear
relation to the reprocessing effect evidence of the occurrence of physi-
18. Reprocessing of Ribeiro et al. on the physical, mechanical and . cal and mechanical alterations after
. . . . . Literature . .
cardiac catheters: a Braz J Cardiovasc functional integrity of the cathe- review reprocessing of cardiac catheters.
review # Surg. 2006 ters. Evaluate the effectiveness of ' Doubts persist about the safety of reuse
the cleaning and sterilization tech- in the area of cleaning and sterilization
niques of these catheters, as well of hemodynamic catheters.
as risks for patient users.
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Chart 3. Continuation.

Article

19. Evaluation of ste-

rility of reprocessed M CREL
Ity P Rev Latino-Am
single use laparos- Enferm. 2011

copic instruments 2

COSTA EAM

To evaluate the efficacy of sterility

of single use laparoscopic instru-

ments used in video laparosco-

pic surgery after contamination
challenge.

Theme 3. Processing of single use health products

Experimental
study

Conclusion

Absence of microbial growth in the stu-
died samples. This study allowed us
to confirm the initial hypothesis that it
is possible to sterilize single-use pro-
ducts used in video laparoscopic surgery.
It clarifies that the reuse of single-use
medical products may be possible if the
processing is of a good quality. It reinfor-
ces the need to establish maximum accep-
table parameters for organic residues.

Chart 4. Synthesis of selected studies in databases. Kazuko Graziano, Brazil, from 2006 to 2016.

Theme 4. Studies related to methods of cleaning, disinfecting, sterilizing and packaging health products

Article

20. The practice of
disinfection of high
-speed hand pieces
with 70% w/v alcohol:
an evaluation®

Pinto et al.
Am J Infect
Control. 2016

21. The impact of the
use of different types

Bruna et al.
of gloves and bore .
e B L
prep Enferm. 2016

tion of clean surgical
instruments?

22. The impact of

the last rinse on the  de Souza et al.

rials: systematic
review 2’

cytotoxicity of critical  Rev Esc Enferm

products capable of USP. 2015

processing

23. Efficacy and effec-

tiveness of alcohol o

. . ) Ribeiro et al.

in the disinfection of .

semi-critical mate- S5 LG
Enferm. 2015

To analyze the effectiveness of the

processing of high-speed den-

tal hand pieces with 70% alcohol
without prior cleansing.

To determine whether there is
a difference in safety in the use
of different types of gloves and
bare hands during inspection and
disposal of the instruments after
cleaning and to identify / quantify
the microbial load after handling
these instruments without gloves.

To evaluate the cytotoxicity of
products submitted to contami-
nation challenge, cleaning based
on standard operating procedure
validated and final rinse in diffe-
rent types of water: tap, deioni-
zed, distilled, reverse osmosis
and ultra-purified, in order to
demonstrate their ability to cause
injury and cell death.

To discuss effectiveness of semi-
critical (SC) disinfection with and
without previous cleaning.

Authors/Journal | Objective | _Methods _

Experimental
study.

Experimental

study divided
into two sta-
ges: cytotoxi-
city analysis of
samples hand-
led using gloves
and bare hands
and microbio-
logical analysis
of samples han-
dled with bare

hands.

Experimental
study.

Systematic
literature
review.

Conclusion

This study concluded that 70% alcohol

disinfection of high-speed dental hand

pieces without prior cleansing is not a
safe decontamination method.

The different types of instrument handling

with various glove types were equivalent

in relation to cytotoxicity. The study con-

cluded that the preparation of instruments

with bare hands (without gloves) seems
to be the ideal recommendation.

The results did not demonstrate cyto-

toxicity, independent of the water qua-

lity used in the last rinse. This result

was only achieved through a validated

cleaning operating procedure, based on

scientific literature, legislation and offi-
cial recommendations.

It was found that disinfection with 70%
alcohol was satisfactory in products
such as nasopharyngoscopes, laryn-
goscopes, tonometer tip, products
with low structural complexity. The
results of this study demonstrate that
the disinfection of SC products can be
achieved in products with or without
previous cleaning. The lack of product
complexity may be a factor contributing
to satisfactory disinfection.
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Chart 4. Continuation.

REPROCESSING OF PRODUCTS

Theme 4. Studies related to methods of cleaning, disinfecting, sterilizing and packaging health products

24. Cytotoxicity of
PVC tubes sterilized
in ethylene oxide after
exposure to gamma
radiation %

25. Temperature and
humidity in the sto-
rage of autoclaved
materials: integrative
review ¥

26. Periodic sterility
assessment of mate-
rials stored for up to 6
months at continuous
microbial contamina-
tion risk: laboratory
study®

27.Low Temperature
Sterilization
Methods and New
Technologies *

28. Evaluation of
maintenance of ste-
rility of moist / wet
materials after steam
sterilization and sto-
rage for 30 days *

de Souza et al.
Rev Esc Enferm
USP. 2013

Bruna e Graziano.

Rev Esc Enferm
USP. 2012

Moriya et al.
Am J Infect
Control. 2012.

Goveia et al.
Rev Latino-Am
Enferm. 2007

Moriya e
Graziano.
Rev Latino-Am
Enferm. 2010

To investigate the potential cytoto-
xic effect of gamma radiation steri-
lized PVC materials and re-sterili-
zation in ethylene oxide (ETO), with
a mechanical aeration process.

Toidentify and analyze the theoreti-
calfoundations that led to the esta-
blishment of temperature parame-
ters(T) and relative humidity (RH)
of the air of the storage sector of
sterilized materials as possible
sources of contamination of the
stored materials.

To test the hypothesis that the

storage time of sterile packets

has no effect on the susceptibility

of the contamination, even under

conditions of deliberate bacterial
exposure.

Toidentify in the literature evidence

of antimicrobial activity, toxicity,

adverse events and the applicabi-

lity of sterilization technologies at
low temperatures.

To evaluate the maintenance of

the sterility of moist/wet products

after being submitted to the steam

sterilization process and stored
for 30 days.

Authors/Journal | Objective | _Methods |

Experimental
study.

Integrative
review of the
literature.

Experimental
study.

Literature
review.

Experimental,
laboratory and
randomized
study.

Conclusion

The results show safety in the use of
PVC materials previously sterilized in
gamma radiation and re-sterilized in
ETO. However, three factors may limit
these findings: 1) Type of aeration con-
ducted by companies providing ste-
rilization; 2) Product characteristics;
3) Test for the detection of residues of
ETO and its by-products ethylene glycol
and ethylene-chiridrine.

The studies of this review reinforce the
thesis that T and UR of the environment
have little or no impact on maintaining
the sterility of adequately packaged
materials, confirmed by an experi-
mental laboratory study published in
Bruna CQM, Pinto FMG, Graziano KU.
The influence of environmental tempe-
rature and air humidity on the mainte-
nance of sterility of surgical instruments
in different wraps. Infection Control
and Hospital Epidemiology 2012; 33:
1277-80.

No microbial growth was identified in
the experimental group, which consis-
ted of test pieces packed in cotton, SMS,
crepe paper and surgical grade intentio-
nally contaminated in its external part,
in any time interval analyzed. (7, 14, 28,
90 e 180 days). Guideline recommenda-
tions suggest that contamination of a
sterilized product occurs only because of
an event and this study supports these
recommendations.

This review has identified a limited num-
ber of publications and that these con-
sist of basic laboratory research with
over-dimensioned challenges that do
not reflect clinical practice. Presence of
salt and serum in the tested material
presented a protective action against
the microorganisms in the steriliza-
tion process. Materials with narrow
lumens are more challenging than lon-
ger lumens in relation to the success
of sterilization The current literature
available is not sufficient enough to
elect the low temperature method in
place of ethylene oxide.

The presence of moisture inside surgi-
cal boxes packed with an SMS sheet and
intentionally contaminated after under-
going steam sterilization did not interfere
in the maintenance of content sterility
even after 30 days of storage.
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Chart 4. Continuation.

COSTA EAM

Theme 4. Studies related to methods of cleaning, disinfecting, sterilizing and packaging health products

Article

Conclusion

29. Compatibility and
incompatibility bet-
ween gamma radia-
tion and ethylene
oxide as successive
methods of sterili-
zation %

30. 0zone in the steri-
lization of health care
products: an integra-
tive literature review *

31.Flash

Sterilization from
the Perspective of
Empirical Evidence®

de Souzae
Graziano.

Rev Esc Enferm

USP. 2010

Souza et al.

Rev Esc Enferm

USP. 2011

Rocha et al.
Rev SOBECC.
2008

To analyze the literature and show
compatibilities and incompatibi-
lities between gamma and ethy-
lene oxide (ETO), with successful
methods of sterilization.

To evaluate whether there is
sufficient data in the scienti-
fic literature that supports the
incorporation of ozone as a ste-
rilizing physical-chemical agent
of health products.

To evaluate the main differences

between the conventional and flash

steam sterilization regarding the
achieved physical parameters.

Authors/Journal | Objective | Methods _

Integrative
literature
review.

Integrative
Litererature
review.

Pilot study.

This study concludes by recommending
new studies with more sensitive analy-
tical methods such as gas chromato-
graphy, biological reactivity test in cell
cultures to resolve the chronic doubt
of the compatibility/incompatibility of
ETO sterilizing previously pre-irradia-
ted materials.

Ozone is shown as a promising method

of sterilization. However, further experi-

mental studies are still needed to subs-

tantiate evidence of its possibilities and
limitations.

From the technical point of view, the
two cycles resemble each other and
the major difference lies in the num-
ber of pulse vacuum in relation to the
physical parameters reached. Flash
sterilization can only be performed if
all the fundamental steps of reproces-
sing are met.

Chart 5. Synthesis of selected studies in databases. Kazuko Graziano, Brazil, from 2006 to 2016.

Article

32. Reprocessing of
medical products: a
proposal for a regula-
tory model for Brazilian
hospitals ¥

33. Micro-organisms of
the subclass Coccidia:
resistance and implica-
tions for the processing
of health care materials *

34. Evaluation indica-
tors of dental-medical-
hospital articles proces-
sing: elaboration and
validation ¥

Theme 5. Various studies related to the processing of health products

Authors/Journal

Costa et al.
Rev Esc Enferm
USP. 2011

de Souza et al.
Rev Esc Enferm
USP. 2012

Graziano et al.
Rev Esc Enferm
USP. 2009

To propose an alternative
model of reprocessing of
medical products in order
to contribute to the formu-
lation of policies aimed at
controlling improvements
in the quality of health ser-
vices in the country.

To provide reflection on
the need for disinfection
or sterilization of endos-
copes that come in con-
tact with the digestive
tract, based on the risks
related to the subclass
Coccidia.

To elaborate and validate

evaluation indicators for

the processing of dental
and medical articles.

o e

Descriptive
study developed
with Consensus

Conference

technique.

Literature
review.

Methodological
research.

Conclusion

The proposition of a regulatory model
for reprocessing medical products,
self-explanatory and presented in 2

flowcharts. The first classifies medical
products into reprocessable and non

-reprocessable. The second describes

the steps necessary for reprocessing,
normalizing the processes involved.

He recommended that health servi-
ces adopt measures to control the
quality of the water used for the final
rinsing of endoscopes. High-level che-
mical germicides are urgently needed
against Cryptosporidium, ensuring the
use of standard precautions in the pro-
cessing of endoscopes.

Product processing indicators were
developed. Each indicator presents
components to be evaluated, how infor-
mation is obtained and the formula for
calculating compliance measures.
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recommended for use in health services, are subject to
sterilization in ethylene oxide (Article 9)°. In addition,
they showed that the air produced by the motor of this
equipment does not mobilize sufficient amounts of
contaminants that could cause surgical site infections
(Article 11)".

Single use medical devices were also studied by the
author and her collaborators. They developed a proposal
for calculating the cost of reprocessing disposable twee-
zers used in laparoscopic surgeries, whereby the manager
was responsible for the decision to reuse these medical
devices in view of the cost-effectiveness (Articles 13 and
14)"*'. Three studies confirmed the possibility of steril-
izing diathermy pencils, sternotomy blades and laparo-
scopic instruments, all of which are single-use (Articles
15,16 and 19)">'%", raising questions regarding the criteria
that manufacturers follow regarding labelling products,
registered with ANVISA, as single use products. Article
18 described the state of the art regarding the reuse of
cardiac catheters and concluded that it implies physical
and mechanical alterations, however there are still doubts
surrounding the subject’®.

The authors analyzed the effectiveness of the disinfec-
tion of dental handpieces with 70% alcohol without previous
cleaning. They concluded that the method is not suitable for
these materials (Article 20).

The handling of clean instruments during the prepara-
tion of the instrument boxes was analyzed according to the
use of different types of gloves and handling without gloves
(bare hands). In these cases, the authors recommended that
clean instruments should ideally be prepared without gloved
hands, with the idea of reducing the amount of health care
waste. This is considered a financial advantage for the insti-
tutions as well as reducing potential allergies for the work-
ers who work in CMS due to frequent contact with latex.
The conclusion is contrary to the prevailing norm that rec-
ommends the use of non-sterile gloves for the preparation
of products after cleaning®® (Article 21)*".

The influence of temperature and relative humidity on
the storage rooms for sterilized products was studied and
the data showed that these conditions have no impact on
maintaining the sterility of adequately packaged products
(Article 25)”. In addition, the research showed that storage
time and effect on product contamination were determined
under deliberate bacterial exposure conditions and no micro-
bial growth related to exposure time was identified, con-
firming the literature data that confirms that the validity of

products depends on an event that may break the integrity
of the packaging and consequently contaminate the prod-
uct (Article 26)*.

Article 27 concluded that ethylene oxide sterilization
is the gold standard among low temperature sterilization
methods?”. Article 30 recommends further studies in order
to clarify evidence on possibilities and limitations of ozone
as a sterilizing agent™.

The cytotoxicity of PVC materials sterilized in gamma
radiation and resterilized in ethylene oxide with a mechan-
ical aeration process was also evaluated and the results pro-
vided safety in the use of these (Article 24)*.

It was concluded that flash sterilization can only be per-
formed if all the fundamental steps of reprocessing are ful-
filled (Article 31) *'.

Article 32 proposed an alternative regulatory model for
the reprocessing of medical devices*’, which aims to fill exist-
ing gaps in the current Brazilian normative framework*, in
particular RE 2,605 / 2006, by eliminating the need of a list
of products which are prohibited from being reprocessed in
the country. Article 34 elaborated evaluation indicators for
the processing of studies, providing support for the measure-
ment of the adequacy of the reprocessing stages of medi-
cal devices *.

In view of its particular resistance to chemical disinfec-
tants, the microbial resistance of the subclass Coccidia was
analyzed in article 33. The data showed that these microor-
ganisms are more resistant than the microbacteria and are
only eliminated with 6-7% hydrogen peroxide, which raises
questions about the indicated method for the decontamina-
tion of medical devices contaminated with this pathogen,
especially the colonoscopes.”

Technological innovations in the reprocessing
of medical devices as a result of Professor
Kazuko Graziano’s studies

Analyzing the previously classified and detailed production
of Kazuko Graziano, and considering technological innova-
tion as a “process of designing or aggregating new function-

242
I

alities or characteristics of a product, process or method
we identify the following technological innovations in the
medical device reprocessing field:

1. Evidence of microbiological safety in the sterilization
of assembled laparoscopic instruments;
2. Evidence of the sterilization capacity of some prod-

ucts labeled by the manufacturers as single use, such
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11.

12.

13.

14.

15.

16

17.

18.

19.

20.
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as laparoscopic instruments, diathermy pencils and
sternotomy blades;

Proposition of a methodology to evaluate the effec-
tiveness of automated flexible endoscope processors;
Considerations regarding methods for the removal
of biofilms from endoscope channels;

Technical considerations regarding the reprocessing
methods of dialysers;

Proposition regarding the risk classification of the
laryngoscope as a semi-critical device for both the han-
dle and the blades;

Proposition of a cleaning protocol for ophthalmic
instruments with potential to minimize Toxic Anterior
Segment Syndrome (TASS);

Evidence regarding the contraindication of the reuse
and reprocessing of single-use vitrectomy probes;
Evidence of the sterilization capacity of domestic
drills used in orthopedic surgeries, although contra-
indicated due to bone damage;

Evidence of the absence of microbiological risk aris-
ing from the air of the motor of electric drills used
in orthopedic surgeries;

Construction of a methodology to calculate the cost
of reusing and reprocessing single-use instruments
used in video-assisted surgery;

Production of criteria to evaluate the difficulties
regarding cleaning single-use medical devices;
Evidence of the contraindication of disinfecting high
speed dental pens with 70% alcohol, without previous
cleaning;

Recommendation for the preparation of clean instru-
ments with bare hands (without the use of gloves);
Evidence that validated cleaning procedures contrib-
ute to the absence of cytotoxicity of critical products;

. Evidence that the disinfection of semi-critical prod-

ucts with alcohol 70% is achieved with greater safety
when these products have simple conformation;
Evidence regarding the safety of the use of PVC mate-
rials previously sterilized in gamma radiation and res-
terilized in ETO;

Evidence that temperature and relative humidity do
not have an impact on the sterility of adequately pack-
aged medical products or devices;

Evidence that the validity of product sterilization is
a related event, not time related;

Considerations related to ETO as gold standard among
low temperature sterilization methods and the need

for further studies to incorporate ozone as a steriliz-
ing agent;

21. BEvidence that flash sterilization can be effective as
long as the fundamental steps of product reprocess-
ing are met;

22. Proposition of an alternative regulatory model for
medical device reprocessing;

23. Considerations regarding the need for the provision of
high-level disinfectant for the elimination of Coccidia
subclass micro-organisms;

24. Creation of evaluation indicators for medical device
reprocessing.

CONCLUSION

This study showed the significant increase in the national
scope of publications on reprocessing of medical devices by
Professor Kazuko Graziano and her collaborators, during the
analyzed period (between 2006 and 2016).

The scientific evidence from studies is not only valu-
able to the field of reprocessing reusable medical devices
by filling gaps in the knowledge but it is also valuable to the
quality and safety of health care practice as it clarifies not
only doubts and myths about these processes, but, above
all, uncovers old routines implanted by common sense, sup-
porting changes in practices that are sometimes obsolete
within Brazilian CMSs.

In addition, their research has contributed to the san-
itary control of health services by providing the Sanitary
Surveillance of the country with theoretical contributions
on risks regarding product reprocessing. Their research is
also relevant regarding their work with ANVISA through
their methodological and critical proposals regarding the
agency’s conduct in updating the country’s policy on repro-
cessing reusable medical devices.

Finally, the technological innovations in product repro-
cessing highlighted in this research reveal the advance in
knowledge made possible by the research of the author that
evidence her transforming role in the scenario of product

reprocessing in the country.
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