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Abstract

Background: Surgical infections are a major cause of morbidity and mortality in low- and middle-income
countries (LMICs). Inadequately reprocessed surgical instruments can be a vector for pathogens. Little has been
published on the current state of surgical instrument reprocessing in LMICs.

Methods: We performed a scoping review of English-language articles in PubMed, Web of Science, and
Google Scholar databases describing current methods, policies, and barriers to surgical instrument reprocessing
in LMICs. We conducted qualitative analysis of all studies to categorize existing practices and barriers to
successful surgical instrument reprocessing. Barriers were non-exclusively categorized by theme: training/
education, resource availability, environment, and policies/procedures. Studies associating surgical infections
with existing practices were separately evaluated to assess this relationship.

Results: Nine hundred seventy-two abstracts were identified. Forty studies met criteria for qualitative analysis
and three studies associated patient outcomes with surgical instrument reprocessing. Most studies (n=28, 70%)
discussed institution-specific policies/procedures; half discussed shortcomings in staff training. Sterilization
(n=38, 95%), verification of sterilization (n=19, 48%), and instrument cleaning and decontamination (n=16,
40%) were the most common instrument reprocessing practices examined. Poor resource availability and the
lack of effective education/training and appropriate policies/procedures were cited as the common barriers. Of
the case series investigating surgical instrument reprocessing with patient outcomes, improperly cleaned and
sterilized neurosurgical instruments and contaminated rinse water were linked to Pseudomonas aeruginosa
ventriculitis and Mycobacterium port site infections, respectively.

Conclusions: Large gaps exist between instrument reprocessing practices in LMICs and recommended policies/
procedures. Identified areas for improvement include instrument cleaning and decontamination, sterilization
aspects of instrument reprocessing, and verification of sterilization. Education and training of staff responsible
for reprocessing instruments and realistic, defined policies and procedures are critical, and lend themselves to
improvement interventions.
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S THE GLOBAL DEMAND for surgical capacity grows in
low- and middle-income countries (LMICs), surgical
safety must be ensured. In LMICs, surgical site infections
(SSIs) are the most common health-care—associated infection
(HAI) [1] and with rates at least double that of high-income
countries (HICs) [2-4], result in substantial morbidity and
mortality. Factors that may increase SSI risk in LMICs in-
clude delayed patient presentation, ineffective antimicrobial
agents, poor peri-operative infection prevention practices,
and variable post-operative care routines, with the latter half
representing modifiable risk factors [5—7]. Because surgical
instruments come in direct contact with patient tissue, inap-
propriate surgical instrument reprocessing practices can
contribute to increased frequency of HAIs [1,4,8].
Standards for instrument reprocessing are defined in HICs,
with well-established training systems for central sterile supply
departments (CSSD) [9,10]. Numerous steps exist in the CSSD
for instrument reprocessing, including a one-way flow for
soiled items through cleaning and decontamination; inspection
and packaging; sterilization and sterile storage. The end result
of this process should be complete instrument sets terminally
sterilized and ready for use during surgery. Final peri-operative
verification of sterilization is compulsory in the World Health
Organization (WHO) Surgical Safety Checklist [11] using
proper physical, chemical, and biologic indicators [12,13].
Unfortunately, these confirmatory markers are often lacking in
LMICs with potential for poor compliance given numerous
consecutive steps that must occur in the CSSD for surgical
instrument reprocessing [14]. Despite the importance, little is
published on the current barriers to instrument reprocessing in
LMICs, a fundamental component of safe surgical care. Pro-
viding sterile surgical instruments through reprocessing re-
quires applicable guidelines and policies, relevant training, and
ongoing monitoring to ensure compliance. Our study explores
the current status of surgical instrument reprocessing in LMICs
and categorizes documented barriers to proper implementation
of current guidelines for safe practices. Our goal was to identify
areas for further financial and human capacity investment.

Methods

We performed a scoping review of existing literature de-
scribing current methods, guidelines, and barriers to surgical
instrument reprocessing in LMICs. A scoping review is a
method to map the literature on a specific topic or research
area to identify key concepts; knowledge gaps; and types and
sources of evidence to inform practice, policymaking, and
research [15]. This was ineligible for registration in the
Prospero database because it is a scoping review, however,
we used the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) guidelines to direct the
work. PubMed, Web of Science, and Google Scholar data-
bases were searched for articles published in English using
the keywords and search strategy described in Appendix 1
(Appendix 1 is available online at www.liebertpub.com/sur),
with the countries included in the search terms recognized as
low- or middle-income countries by standard criteria [16].
All studies published between January 1983 and September
2017, identified through our search criteria, were included for
initial review to ensure capture of relevant studies.

Titles and abstracts from all three databases were screened
for duplicates and reviewed for relevance prior to obtaining
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full text manuscripts. Eligible articles were independently re-
viewed by two reviewers (J.A.F. and B.L.P.), who evaluated
study location, type of study, number of facilities or partici-
pants in study, a discussion of policy/procedure for instru-
ment reprocessing, areas of CSSD discussed, barriers to CSSD,
methods for surgical instrument reprocessing, enzymatic de-
tergent availability, instrument repair/maintenance availability,
distilled/purified water availability, biomedical engineering
availability, and autoclave repair/maintenance availability.
Additional recorded parameters included study duration, type
of study, sample size, gender, age of patient, microbiologic
profile, and morbidity and mortality of infection. Disagree-
ment between reviewers was resolved through discussion with
a third reviewer (J.D.F.). Exclusion criteria included abstracts
without available full text, studies of reusable or explanted
items or endoscopes, and those with no discussion of surgical
instrument decontamination or sterilization. Additional studies
were sought by examining the bibliographies of all studies
identified during the search process.

Central sterile supply departments were divided into three
areas: workforce, workspace, and reprocessing practices.
Reprocessing practices were subdivided into eight compo-
nents: infrastructure environment, cleaning and decontam-
ination, inspection and assembly, packaging, sterilization,
storage, transportation, and verification of sterilization. Bar-
riers to performance in the areas of CSSD were independently
categorized a priori non-exclusively by theme into groups
(education/training, resource availability, environment, lack
of policies/procedures, and other) for analysis by two of the
authors, with differences resolved by discussion. For the
quantitative analysis, we did not set a minimum sample size,
because we did not expect to find a large number of articles.
Microsoft Excel (Microsoft 2013, Redmond, WA) was used
to calculate descriptive statistics. As all articles were publicly
available, we did not submit this for Institutional Review
Board (IRB) review.

Results

The initial database search identified 972 abstracts (Fig. 1).
After screening, complete articles were obtained for 74 pa-
pers (8% of total). Of these, 34 were excluded for the fol-
lowing reasons: no inclusion of surgical instruments (n=20),
primary focus on re-use of explanted or single use devices
(n=38), primary focus on endoscopic equipment (n=4), pri-
mary focus on an HIC (n=2). Forty studies met inclusion and
exclusion criteria and were included in the qualitative anal-
ysis (Table 1).

The majority of included studies were cross-sectional
(n=15, 38%), editorials, opinions, or ideas (n=12, 30%), and
laboratory/field experiments (n=8, 20%). Commonly re-
presented WHO regions included Southeast Asian countries
(n=15, 38%), African countries (n=6, 15%), and equal
distribution across the Eastern Mediterranean, Americas, and
a combination of regions (n=35, 13% each). Six hundred
forty-one hospitals were represented, with 13 (33%) articles
reporting data from a single institution, 11 (28%) articles
reporting data from multiple institutions.

Most studies (70%) discussed specific policies and proce-
dures for surgical instrument reprocessing, noting shortfalls in
either the trained workforce or existing workspace because of
poor training/education, decrepit surgical environment, and a
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FIG. 1. Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) flowsheet of article selection
process.

lack of resources (Table 2). The most common areas examined
within reprocessing practices included instrument cleaning and
decontamination, sterilization, and verification of sterilization.
Of the 16 studies (40%) examining cleaning and decontami-
nation, surgical instrument repair/maintenance (n=3, 7.5%)
was seldom discussed as was enzymatic detergent (n=6, 15%).
Sterilization was mentioned in 38 studies (95%) with common
methods including steam-powered autoclaves in 37 studies
(93%) and ‘‘other” in 23 studies (58%). Boiling of instru-
ments (n=9, 23%) represented the majority of the “other”
category with ethylene oxide the next most common (n=35,
13%). Distilled and/or purified water was discussed in nine
studies (23%), autoclave repair or maintenance examined
in seven studies (17.5%), and biomedical engineering men-
tioned in only one (2.5%). Of the 19 studies (48%) examining
methods for verification of sterilization, biologic indicators
(n=17, 85%), chemical indicators (n=17, 85%), and physical
indicators (n= 14, 70%) were examined in similar proportions.

Seventy-five separate barriers to reprocessing practices
were discussed in 34 studies (85%; Table 2). The current
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infrastructural environment was cited by nine studies (23%)
as presenting challenges to appropriate instrument reproces-
sing, citing the potential for cross-contamination because of
poorly designed workflow and spatial congestion [17-21].
Within instrument reprocessing practices, cleaning and de-
contamination, sterilization, and verification of sterilization
were three specific focus areas. Cleaning and decontamina-
tion barriers were largely attributed to poor existing training/
education systems and lack of appropriate resources such as
consumables, detergents, and lubricants. Barriers to sterili-
zation included both poor resource availability, such as the
lack of reliable electricity, running water, and functional do-
nated equipment, as well as the lack of appropriate training/
education. Barriers to verification of sterilization were largely
credited to poor resource availability of consumables, such as
proper sterile indicators, and poor existing training/education.
Six studies (15%) revealed that the surgical providers’ lack
of appropriate knowledge-base on infection prevention was
a substantial barrier [17,18,22-25].

Three (7.5%) of the 40 studies investigated surgical in-
strument reprocessing to patient outcomes (Table 3). All
studies were case series, two of which described patients with
post-operative infections attributed to inappropriate instru-
ment reprocessing. The first of these described a series of five
male patients with medulloblastoma post-operatively diag-
nosed with Pseudomonas aeruginosa ventriculitis (cerebro-
spinal fluid culture-positive) because of improperly cleaned
and sterilized surgical aspirators, resulting in a 20% (n=1)
mortality rate. The other of these described a series of 145
laparoscopic port-site infections because of Mycobacterium
chelonae in 35 patients undergoing laparoscopy, with the rinse
water used for washing chemically disinfected instruments
as the causative agent. All patients recovered with varying
lengths of antimicrobial therapy (2—18 months). The third
case series described the experience of a short-course (18 days)
emergency orthopedic trauma surgical center in Nepal after
an earthquake. Twenty-seven patients requiring 30 orthope-
dic operations were included. Surveillance was limited: se-
ven patients were discharged (hospital length-of-stay: mean,
9 days [8—13 days]) and 20 patients were transferred to the
government hospital by the end of their study period.

Discussion

In our review of the past 35 years of literature on surgical
instrument reprocessing in LMICs, only 40 studies had suffi-
cient scope for qualitative analysis. Surgical instrument re-
processing is a complicated procedure and requires training,
infrastructure, supplies, and strong organizational principles to
be successful. Barriers in LMICs included poorly defined in-
strument reprocessing policies and procedures, inappropriate
staff training, and limited resources. Some shortfalls such as
with training and education may be feasibly addressed, others
such as sterilization infrastructure may be more challenging.
Yet these shortfalls need to be overcome, as failure place both
the patient and healthcare workers at risk [26].

Achieving proper compliance with sterility requires a
trained workforce in a functional and appropriate workspace,
underpinned by robust and contextually-relevant policies and
procedures. The workspace component of CSSD is addressed
through standard recommendations, including the one-way
flow using infrastructural layouts separating decontamination,
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TABLE 1. ARTICLES DESCRIBING SURGICAL INSTRUMENT REPROCESSING PRACTICES
IN Low- AND MIDDLE-INCOME COUNTRIES, 1983-2017

Study

Source

WHO region

Study type

The Efficacy of Acetone in the Sterilisation
of Ophthalmic Instruments

Methods of Sterilization and Monitoring of
Sterilization Across Selected Dental Prac-
tices in Karachi, Pakistan

Adaptation and validation of a portable
steam sterilizer for processing intrauterine
device insertion instruments and supplies
in low-resource settings

The Importance of the Central Sterile Supply
Department in Infection Prevention and
Control

The Economics of Autoclave-Based Sterili-
zation: Experience from Central Sterile
Supply Department of a Cancer Center in
Eastern India

Importance of Chemical Solutions Used for
Cleaning Stainless Steel Surgical Instru-
ments in the Central Sterile Supply
Department

Sterilization Indicators in Central Sterile
Supply Department: Quality Assurance
and Cost Implications

Reason behind wet pack after steam sterili-
zation and its consequences: An overview
from Central Sterile Supply Department of
a cancer center in eastern India

Adaptation of new sterilization technology to
facilitate sterile surgical care in low-
resource settings

Infection Control Practices among Dental
Practitioners of Lahore, Pakistan

A Shipping Container-Based Sterile Proces-
sing Unit for Low Resource Settings

Quality of Care: Maintaining Safety Through
Minimum Standards

Global Surgical Ecosystems: A Need for
Systems Strengthening

Basic Infection Control Procedures in Dental
Practice in Khartoum, Sudan

Drastic Performance Improvement of Hand-
Operated Sterilizers

Sterilization of Instruments in Solar Ovens

Universal Precautions and Surgery in Sierra
Leone: The Unprotected Workforce

The Assessment of Infection Control in
Dental Practices in the Municipality of
Sao Paulo

Infection Control in Delivery Care Units,
Gujarat State, India: A Needs Assessment

Evaluating Progress in the Global Surgical
Crisis: Contrasting Access to Emergency
and Essential Surgery and Safe Anesthesia
Around the World

Sterile Reprocessing of Surgical Instruments
in Low- and Middle-Income Countries: A
Multicenter Pilot Study

Compliance with Infection Prevention and
Control In Oral Health-Care Facilities: A
Global Perspective

Agrawal et al. 1993 [49]

Ahmed et al. 2015 [25]

Barone et al. 1997 [50]

Basu et al. 2014 [48]

Basu et al. 2016 [45]

Basu et al. 2015 [44]

Basu et al. 2015 [47]

Basu et al. 2016 [46]

Bernstein et al. 2015 [51]

Bokhari et al. 2009 [24]
Boubour et al. 2016 [27]
Chu et al. 2015 [52]
deVries et al. 2016 [26]
Elkarim et al. 2004 [23]
Huys et al. 1999 [53]

Jgrgensen et al. 2002 [54]
Kingham et al. 2009 [55]
Matsuda et al. 2011 [22]
Mehta et al. 2011 [40]
Merchant et al. 2015 [56]

O’Hara et al. 2015 [38]

Oosthuysen et al. 2014 [20]
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Southeast Asian

Eastern
Mediterranean

Southeast Asian

Southeast Asian

Southeast Asian

Southeast Asian

Southeast Asian

Southeast Asian

Americas

Eastern
Mediterranean

Africa

Not applicable

Not applicable

Eastern
Mediterranean

Africa

Africa
Africa

Americas

Southeast Asian

Multiple WHO
regions

Multiple WHO
regions

Multiple WHO
regions

Lab/field experiment

Cross-sectional study

Lab/field experiment

Ideas, editorials,
opinions

Ideas, editorials,

opinions

Ideas, editorials,
opinions

Ideas, editorials,
opinions

Ideas, editorials,
opinions

Lab/field experiment

Cross-sectional study

Lab/field experiment

Ideas, editorials,
opinions

Ideas, editorials,
opinions

Cross-Sectional Study

Ideas, editorials,
opinions

Lab/field experiment

Cross-sectional study

Cross-sectional study

Cross-sectional study

Cross-sectional study

Lab/field experiment

Systematic review

(continued)
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Study

Source

WHO region

Study type

Disinfection, Sterilization and Operation
Theater Guidelines for Dermatosurgical
Practitioners In India

Comparison of Knowledge, Attitudes and
Practice of Dental Safety from Eight
Countries at the Turn of the Century

Standard Guidelines for Setting Up a Der-
matosurgery Theatre

Development of Quality Indicators For
Sterilization Practices of the Central
Sterile Supply Department

Sterilization Techniques in Underground
Surgical Units In Afghanistan

Current Biomedical Waste Management
Practices and Cross-Infection Control
Procedures of Dentists in India

Operating Safely in an Underdeveloped
Country

Investigation of an Outbreak of Device-
Related Postoperative Ventriculitis: A
Lesson Learnt

Gap Analysis of Infection Control Practices
in Low- and Middle-Income Countries

A Survey of Cross-Infection Control Proce-
dures: Knowledge and Attitudes of Turk-
ish Dentists

Successful Implementation of Thirty Five
Major Orthopaedic Procedures Under Poor
Conditions After the Two Thousand and
Fifteen Nepal Earthquake

Validation of the Efficacy of A Solar-
Thermal Powered Autoclave System For
Off-Grid Medical Instrument Wet Sterili-
zation

Limited Sterile Processing Capabilities For
Safe Surgery In Low-Income and Middle-
Income Countries: Experience in the
Republic of Congo, Madagascar and
Benin

Nitrogen Dioxide Sterilization In Low-
Resource Environments: A Feasibility
Study

Compliance With Infection Control Pro-
grams In Private Dental Clinics in Jordan

Assessment of Existing Practices In the
Operating Theatre In the Khartoum North
Teaching Hospital, Sudan: Original Re-
search

An Assessment of Cross Infection Control
Procedures Among English Speaking Ca-
ribbean General Dental Practitioners. A
Regional Preliminary Study

Hospital Outbreak of Atypical Mycobacterial
Infection of Port Sites after Laparoscopic
Surgery

Patwardan et al. 2011 [57]

Puttaiah et al. 2011 [58]

Rajendran et al. 2009 [59]
Sangthong et al. 2005 [60]

Simon et al. 1988 [61]
Singh et al. 2012 [21]

Smoot et al. 1992 [62]

Veena Kumari et al.
2008 [42]

Weinshel et al. 2015 [39]
Yiizbasioglu et al. 2009 [17]

Zheng et al. 2016 [63]

Kaseman et al. 2012 [64]

Fast et al. 2017 [19]

Shomali et al. 2015 [65]

Al-Omari et al. 2005 [18]

Hassan et al. 2011 [66]

Vignarajah et al. 1998 [67]

Vijayaraghavan et al.
2006 [43]

Southeast Asian

Multiple WHO
regions

Southeast Asian

Southeast Asian

Eastern
Mediterranean
Southeast Asian

Not applicable

Southeast Asian

Multiple WHO
regions
European

Southeast Asian

Americas

Africa

Americas

Eastern
Mediterranean
Africa

Americas

Southeast Asian

Ideas, editorials,
opinions

Cross-sectional study
Ideas, editorials,

opinions
Other

Ideas, editorials,
opinions
Cross-sectional study

Ideas, editorials,
opinions

Case reports and
series

Cross-sectional study

Cross-sectional study

Case reports and
series

Lab/field experiment

Cross-sectional study

Lab/field experiment

Cross-sectional study

Cross-sectional study

Cross-sectional study

Case reports and
series

WHO =World Health Organization.

sterilization, and sterile storage, ideally in separate rooms [27].
A trained workforce is established in HICs through extensive
on-the-job training as well as ongoing certification to verify
achievement of required skills [28,29]. Unfortunately, both the
workspace and workforce are lacking in many LMICs, and few

organizations exist to help improve the situation. One example
is the Sterile Processing Education Charitable Trust [30],
which provides staff training for surgical instrument re-
processing. Sterile Processing Education Charitable Trust
(SPECT) emphasizes the crucial role that sterile processing
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TABLE 2. EXAMINATION OF BARRIERS TO CENTRAL STERILE PROCESSING

IN Low- AND MIDDLE-INCOME COUNTRIES, 1983-2017

FORRESTER ET AL.

Central sterile

processing category Category Number  Percent
Workforce Workforce examination 21 53%
Workforce barriers attributed to inadequacies in®
Training/education 18
Resource availability 4
Workspace Workspace Examination 16 40%
Workspace barriers attributed to inadequacies in®
Environment 8
Resource availability 6
Training/education 2
Instrument Reprocessing Overall policies & procedures for instrument reprocessing examined 16 40%
Surgical instrument cleaning and decontamination
Current practices discussed 16 40%
Enzymatic detergent examined 6 15%
Instrument repair/maintenance examined 3 8%
Barriers attributed to inadequacies in®
Training/education 4
Resource availability 4
Environment 1
Policies/procedures 1
Sterilization
Current practices discussed 38 95%
Sterilization method examined®
Steam [gravity displacement and/or vacuum] 37 93%
Chemical 15 38%
Dry heat 14 35%
Other 23 58%
Discussion of distilled/deionized/purified water availability 9 23%
Autoclave repair/maintenance discussed 7 18%
Biomedical engineering discussed 1 3%
Barriers attributed to inadequacies in®
Resource availability 16
Training/education 7
Environment 2
Other 3
Verification of sterilization
Current practices examined 19 48%
Methods of verification examined®
Physical (time, temperature, pressure) 14 35%
Chemical (chemical sterile indicators) 17 43%
Biological (biological indicators) 17 43%
Barriers attributed to inadequacies in®
Resource availability 9
Training/education 5
Policies/procedures 1
Other 5

“*Non-exclusive.

staff play in supporting surgical capacity and safety through
instruction on microbiology, infection prevention princi-
ples, effective cleaning and disinfection practices, surgical
instrument inspection, aseptic packaging techniques, and
sterilization methods. Along with classroom instruction,
SPECT also works with sterile processing staff in their re-
spective departments to ensure that contextual best practices
are applied. In-country knowledge of existing resources are
essential to adapt reprocessing principles into feasible, lo-
cal, and sustainable solutions.

Cleaning instruments, killing residual microbes through
sterilization, and verifying effective process completion are
requisite for sterile surgical instrument provision. Cleaning
and decontamination are vital upstream steps; if done prop-
erly, they can alone remove 99% of micro-organisms [14,19].
Typically, cleaning involves physical manual scrubbing with
or without additional mechanized methods. To safely and
efficiently remove gross biosoil, trained staff must use ap-
propriate brushes, enzymatic detergents, and distilled/deio-
nized water [31]. Enzymatic detergent is the gold standard as
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TABLE 3. ARTICLES DESCRIBING PATIENT OUTCOMES ASSOCIATED WITH SURGICAL INSTRUMENT
REPROCESSING PRACTICES IN Low- AND MIDDLE-INCOME COUNTRIES, 1983-2017

Study
Study duration Sample Causative Mortality
Study Country description (months) size  micro-organism (n, %)  Contamination site

Investigation of an Outbreak  India Retrospective 3
of Device-Related Post- case series
operative Ventriculitis: A
Lesson Learnt [42]

Hospital Outbreak of Atypi- India Retrospective 6
cal Mycobacterial Infec- case series
tion of Port Sites After
Laparoscopic Surgery [43]

Successful Implementation ~ Nepal Prospective 0.59

of Thirty Five Major case series
Orthopaedic Procedures

Under Poor Conditions

after the Two Thousand

and Fifteen Nepal Earth-

quake [63]

5  Pseudomonas
aeruginosa

1 (20%) Improperly cleaned
and sterilized
surgical
aspirators

35  Mycobacterium 0 Rinsing water used

chelonae for washing
chemically
disinfected
instruments
27 NA 0 NA

NA =not applicable.

it contains varying combinations of amylases, proteases, li-
pases, and surfactant to remove the proteinaceous material
remaining after surgery [32]. The instruments are then rinsed
in distilled/deionized water to remove residual detergent,
which can be corrosive [5]. The development of a detergent
specifically made for cleaning surgical instruments, which
could be manufactured in-country following instructions akin
to the WHO alcohol-hand gel recipe [33], could potentially
be a powerful method for providing a key missing resource in
LMICs. To our knowledge, only one company in Madagascar
has manufactured this type of detergent to date [19,34].

In LMICs, staff are frequently undertrained, and when
training does occur, it can perpetuate implementation of out-
dated infection prevention guidelines [17,19,20,39,40]. The
WHO recently updated its guidelines for surgical instrument
reprocessing [9] and SSI prevention [5], recommending
against the use of corrosive chlorine-containing agents, such
as bleach, which historically has been used for decontamina-
tion. The reliance on bleach, inappropriate brushes, and in-
frequent use of proper detergents and distilled/deionized water
can lead to accelerated instrument corrosion and potential in-
adequate pathogen destruction [19]. The lack of instrument
maintenance and repair capabilities, combined with these re-
source and training limitations, can decrease the lifetime of
surgical instruments, placing strains on functional inventory
and likely surgical capacity. Implementing updated guidelines
cognizant of these resource limitations through focused and
frequent trainings on proper cleaning and decontamination
may be high-yield, low-cost interventions for healthcare fa-
cilities in resource-constrained settings.

After cleaning, instruments are sterilized to kill any poten-
tially remaining micro-organisms. In our review, sterilization
was most frequently performed by electrically powered steam
autoclaves but few studies made explicit mention of how
frequently their devices were functioning. These autoclaves
are dependent upon water for steam generation and electricity
for powering, both of which are notably unreliable in LMICs

[35-37]. Together with shortages of trained technicians to
perform equipment maintenance [26], these resource issues
can lead to functional machines becoming gradually unfit for
use [38]. For example, distilled or deionized water is essential
for steam supplied autoclaves to prevent corrosion of the au-
toclave, sediment clogged filters, and mineral deposition on
surgical instruments [32]. Autoclaves, especially the donated
variety used in many LMICs, are prone to breakdown and
require regular upkeep. Distilled or deionized water was
documented infrequently in the reviewed studies. The devel-
opment of viable and low-cost method for generating distilled/
deionized water may substantially decrease autoclave break-
down, in turn strengthening instrument sterilization processes.

Other methods of sterilization discussed less frequently
included chemical and dry heat sterilization, boiling of in-
struments, and the use of ethylene oxide (ETO) gas. Whereas
boiling is one method of high-level disinfection, it can only
be used on certain instruments or materials without damag-
ing them and does not destroy endospores [10]. The WHO
explicitly states that boiling is an unacceptable steriliza-
tion method for instruments and should not be used [9].
Ethylene oxide is a useful but more expensive method of low-
temperature sterilization, requiring sophisticated equipment
with prolonged cycle times and well-trained staff [10]. These
other sterilization methods examined in the literature are
often utilized inappropriately and can lead to poor overall
compliance.

Verification of sterilization is the confirmatory step in in-
strument reprocessing to ensure overall process compliance,
yet it was examined by less than half of studies. Despite
obvious resource limitations, a commonly reported barrier to
verification was the lack of knowledge by surgical providers
in LMICs on best practices. A comprehensive discussion
on verification methods is beyond the scope of this review;
however, it is prudent to discuss the applicable details to
improve understanding and identify opportune areas for
creative solutions.
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Typically a series of indicators are used to verify whether
instruments have been exposed to the correct parameters for
killing pathogens [31]. Physical, chemical, and biologic in-
dicators are used in steam sterilization to ensure adherence
with defined minimums of temperature, pressure, and time
[32]. Electronic tracking or logbooks can be used for re-
cording compliance with the physical indicators of temper-
ature and pressure. Chemical indicators are placed both
outside and inside a package, each with different stringency
to sterilization parameters indicated. A piece of chemical
sterile indicator tape (class I) is placed on the outside of a
package to visually indicate whether or not it has proceeded
through the sterilization step [31]. These class I chemical
indicators visually change after exposure to high tempera-
tures alone. A different class of chemical indicators (class V)
are placed inside every package, visually changing when
exposed to the correct temperature and pressure for the
mandatory time [31]. Verification of sterility by the internal
indicator, as highlighted by the WHO Surgical Safety
Checklist [11], occurs in the operating room after the package
is opened and before using the instruments for surgery.
Biological indicators contain spores of bacteria and are the
gold standard for confirming functional sterilization in HICs
[31]. They can be cultured or analyzed through advanced
technology to demonstrate successful killing of the microbe
when all correct parameters have been achieved following
terminal sterilization [9].

In LMICs, verification of sterility is lacking with obvious
resource gaps for proper indicators. Physical indicators, such
as functioning gauges for temperature and pressure, can be
missing or inaccurate [38] and biologic indicators are largely
unobtainable. If available, chemical sterile indicator tape
(class I) is generally the only existing potential method for
verification in LMICs [19,41]. In a survey of 20 health fa-
cilities across India, only 65% had class I chemical indicators
available [40]. Adherence to verification of sterilization
processes must be improved. In lieu of large resource deficits,
developing novel, affordable, or reusable sterilization indi-
cators may be a useful addition to the sterilization arma-
mentarium in LMICs.

Limitations

Most articles provided limited data on specific practice
pattern shortfalls and many did not assess their association
with patient outcomes. However, international guidelines for
surgical instrument reprocessing are well-established [9,31]
and small case series [42,43] emphasize that poor compliance
can impact overall surgical quality. The generalizability of
the findings could potentially be limited because of the ma-
jority of studies (67.5%) set in urban areas and only 18% of
LMICs represented in the full-text articles. However, these
findings provide an important baseline and thematic analysis
to guide future work given the paucity of previous research
on this aspect of essential surgical care. There may be selection
bias represented by survey studies of provider practices: those
providers with more limited instrument reprocessing proce-
dures may opt out of responding to the surveys, skewing the
results in a more favorable light.

Whereas innovative and affordable solutions may provide
context-appropriate adaptations contributing to safer surgical
delivery in the immediate term, they represent only interim
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solutions. Short-term surgical missions, such as that of Zheng
et al. [63], demonstrate that even in high-risk environments
iatrogenic infections from breaks in sterile technique can be
minimized with careful planning and attention to detail.
However, these limited engagements frequently do not reflect
the existing surgical infrastructure in LMICs. Limitations on
sterile processing will only be permanently solved by sub-
stantial investment in systematic infrastructural improve-
ments and comprehensive staff training. Performance of a
CSSD department within a health facility can serve as a
benchmark for both assessing and strengthening service de-
livery. One example of a comprehensive CSSD in this
scoping review was the Tata Medical Center, a specialized
cancer hospital in Kolkata, India. Five studies [44—48] fitting
the criteria for our review were published by the team there,
offering a unique perspective into a facility that has invested
in and sustained the implementation of, and advocacy for,
proper instrument reprocessing practices.

Conclusion

Surgical instrument reprocessing is an essential service
requisite for safe surgery that must be emphasized in the ex-
pansion of emergency and essential surgical services in
LMICs. This scoping review found that the lack of contextu-
ally relevant guidelines, effective staff training, and appro-
priate resources created substantial barriers to appropriately
reprocessing surgical instruments. Addressing key resource
limitations through creative design, such as locally manu-
factured enzymatic detergent, onsite generation of distilled/
deionized water, and reusable sterility indicators, are oppor-
tunities for potential disruptive innovation. Contextually rel-
evant education and training of sterile processing staff and
realistic, defined policies and procedures are critical, lending
themselves to improvement interventions. Additional research
and advocacy is needed for promoting surgical instrument
reprocessing to strengthen the safety of surgery globally.
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