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Abstract

Background: Reusable medical devices in healthcare facilities are decontaminated and reprocessed following
standard practices before each clinical procedure. Reprocessing of critical medical devices (those used for invasive
clinical procedures) comprises several processes including sterilization, which provides the highest level of
decontamination. Steam sterilization is the most used sterilization procedure across the globe. Noncompliance with
standards addressing reprocessing of medical devices may lead to inadequate sterilization and thus increase the
risk of person-to-person or environmental transmission of pathogens in healthcare facilities. We conducted
nationwide multicenter clustered audits to understand the compliance of primary- and secondary-care public
hospitals in Nepal with the standard practices for medical device reprocessing, including steam sterilization.

Methods: We developed an audit tool to assess compliance of hospitals with the standard practices for medical
device reprocessing including steam sterilization. Altogether, 189 medical device reprocessing cycles which included
steam sterilization were assessed in 13 primary and secondary care public hospitals in Nepal using the audit tool.
Percentage compliance was calculated for each standard practice. Mean percentage compliances were obtained for
overall primary and secondary care hospitals and for each hospital type, specific hospital and process involved.
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device reprocessing cycle.

inadequately reprocessed medical devices.

Results: For all primary and secondary care hospitals in Nepal, the mean percentage compliance with the standard
practices for medical device reprocessing including steam sterilization was 25.9% (95% Cl 21.0-30.8%). The lower the
level of care provided by the hospitals, the lower was the mean percentage compliance, and the difference in the
means across the hospital types was statistically significant (p < 0.01). The mean percentage compliance of individual
hospitals ranged from 14.7 to 46.0%. The hospitals had better compliance with the practices for cleaning of used
devices and transport and storage of sterilized devices compared with the practices for other processes of the medical

Conclusion: The primary and secondary care hospitals in Nepal had poor compliance with the standard practices for
steam sterilization and reprocessing of medical devices. Interventions to improve compliance of the hospitals are
immediately required to minimize the risks of person-to-person or environmental transmission of pathogens through

Keywords: Medical devices, Reprocessing, Steam sterilization, Audits

Background

Medical devices are used for a wide range of healthcare
activities including prevention, diagnosis, treatment and
monitoring of diseases or injuries. Many of these devices
are reused several times after adequate decontamination
and reprocessing. Medical devices used for invasive
clinical procedures such as surgeries are categorized as
critical medical devices and sterilized before reuse to
prevent person-to-person or environmental transmission
of pathogens [1]. Sterilization ensures the highest level
of decontamination of the devices by making them free

from any living microorganisms including spores which
are the most resistant forms of microorganisms [2].
Steam sterilization (also known as moist-heat sterilization
or autoclaving) is the most used technique for sterilizing
reusable medical devices across the globe [3]. However,
sterilization is not the only process used to free medical
devices from viable microorganisms. Medical devices are
subjected to a reprocessing cycle (Fig. 1) which comprises
several processes including transport of used devices,
cleaning, disinfection, inspection, packaging, sterilization,
and transport and storage of sterilized devices [4]. The
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combination of steps that comprise the overall cleaning
and sterilization process determines the effectiveness of
the overall process. For example, if the initial cleaning step
is ineffective and debris remains on the device, this will
likely reduce the effectiveness of the steam sterilization
process [5]. Various national/international guiding docu-
ments have recommended standard practices for each of
these processes to achieve an internationally accepted
Sterility Assurance Level (SAL) of critical medical devices.
The accepted SAL of medical devices is 10™% ie. the
probability of getting a non-sterile medical device after
subjecting it to a reprocessing cycle is 1 in a million [6, 7].
If any of the recommended practices are not followed, the
risk of getting a non-sterile medical device after following
the reprocessing cycle increases. Consequently, the risk of
person-to-person or environmental transmission of patho-
gens through medical devices increases concomitantly.

It has been estimated that 7.1% (95% Confidence
Interval (CI) 6.5-7.8%) and 10.2% (95% CI 9.0-13.0%) of
hospitalized patients acquire healthcare-associated infec-
tions (HAIs) in developed and developing countries
respectively, with surgical site infection (SSI) being the
most common HAI in developing countries [8]. The
pooled cumulative incidence of SSIs in low- and middle-
income countries for the period of 1995-2008 has been
reported to be 11.8 (95% CI 8.6—16.0) per 100 patients
who had undergone surgical procedures [8]. Though
scientific estimates for HAIs in Nepal are not available,
some studies in tertiary care hospitals have shown SSI
rates ranging from 2.7 to 23.0 per 100 patients [9-11].
Various studies have reported HAIs linked with inad-
equately sterilized medical devices in different places
[12-16]. A recent review found steam sterilization fail-
ure rates ranging from 1.5 to 43.0% worldwide, with
higher failure rates in developing countries [17].

Panta et al. previously reported a steam sterilization
failure proportion of 69.8% (95% CI 44.4-87.0%) in
primary and secondary care hospitals in Nepal [18]. To
our knowledge, this proportion is the highest reported
sterilization failure proportion in the world. Therefore, it
is important to understand the extent of compliance of
these hospitals with the standard practices for medical
device reprocessing, including steam sterilization. Un-
derstanding the extent of compliance can help hospitals
develop strategies and interventions to improve the
practices and minimize the risks of transmission of path-
ogens through the reusable devices. A gap analysis of
infection control practices in low- and middle-income
countries indicated poor compliance of a tertiary-care
teaching hospital in Nepal; where only 45% of the rec-
ommended practices for sterilization and disinfection
were followed [19]. However, compliance of the primary
and secondary care public hospitals in Nepal with the
standard practices for medical device sterilization and
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reprocessing has not been studied comprehensively and
gaps in this area have not been identified precisely.

We report findings of multicenter clustered audits
which were carried out to assess compliance of the
primary and secondary care public hospitals in Nepal
with standard practices for medical device reprocessing
and steam sterilization.

Methods

Audit tool: medical device reprocessing and steam
sterilization

In Nepal, there is no nationally endorsed guiding docu-
ment providing standard practices for medical device
reprocessing or for steam sterilization. Therefore, first,
we identified minimum essential practices [20] for med-
ical device reprocessing and steam sterilization based on
several published studies [21-29] and national/inter-
national guidelines and standards [30—42]. In this study,
we use the term ‘standard medical device reprocessing
practices’ or simply ‘standard practices’ for those min-
imal essential practices. The standards are prepared by
an expert panel and are based on consensus [43, 44].
The criteria in the standards are used because in Nepal
it is expected that the hospitals comply with the
standards.

To assess the compliance of the primary and second-
ary care public hospitals with the standard practices for
medical device reprocessing and steam sterilization, we
developed an audit tool which included all standard
practices as defined above. The process of development
of the audit tool included a literature search in selected
databases (Google, Google Scholar, Medline and CINA
HL), formulation of a draft tool, further revision of the
tool by experts [a public health expert from Nepal, a
professor and physician working in the area of infection
prevention and control in Nepal, a clinical nurse special-
ist working in infection prevention and control in a
tertiary care hospital in New Zealand and supervisors of
this study (AKR and ICS)], field-testing of the draft tool,
and finalization of the tool (see Additional File 1). The
tool comprised different sections related to medical
device reprocessing with moist-heat sterilization. The
sections in the tool were general, transport, cleaning and
disinfection, inspection, packaging, steam sterilization
(autoclaving), and transport and storage (Fig. 1). Each
section included the basic elements required for medical
devices reprocessing and steam sterilization in health-
care facilities.

Sample design

The findings reported in this article are a part of a
comprehensive observational study which comprised an
estimation of steam sterilization failure proportions, an
assessment of compliance of hospitals with standard
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medical device reprocessing practices, and a survey on
knowledge and attitudes of healthcare workers towards
sterilization and medical device reprocessing. The sam-
ple reported here was primarily developed for estimating
steam sterilization failures in primary and secondary care
public hospitals in Nepal and has been described in de-
tail elsewhere [18].

We included three types of public hospitals in this
study — zonal (secondary care), district (primary care)
and district-level (primary care) hospitals. There were 10
zonal hospitals, 62 district hospitals and 16 district-level
hospitals in Nepal [45]. Given the three types of hospi-
tals with different attributes, we used a stratified design
with three strata. Hospitals were sampled from within
each stratum and simple proportional allocation of hos-
pitals within each stratum was used. Each hospital repre-
sented a cluster of observations (the repeated sampling
of the reprocessing cycle). Participation of hospitals in
the study was voluntary.

Sample size

We randomly sampled 2 zonal hospitals, 9 district hospi-
tals and 2 district-level hospitals. The numbers of
medical device reprocessing cycles to be audited in each
hospital were 12, 15 and 15 for zonal, district and
district-level hospitals, respectively. These numbers were
primarily determined for estimating the proportion of
steam sterilization failures in these hospitals and were
based on the total number of hospitals within each cat-
egory and a number of statistical assumptions including
confidence level, margin of error required and impact of
clustering [18]. The total number of medical device
reprocessing cycles audited was 189 (Table 1).

Sample selection

To select hospitals within each hospital type, we used
simple random sampling. Random sampling was carried
out within Excel. For selection of zonal hospitals, each
hospital was assigned a random number to four decimal
places, between 0 and 1. Then, the hospitals were sorted
in ascending order of random number and the first 2
hospitals in the list were selected into the sample. Two
district-level hospitals were selected following the same
approach as for the zonal hospitals. For district hospitals,
we wanted the sample (i.e. nine hospitals) spread across
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the seven provinces, so a systematic random sampling
method was chosen. A list of all district hospitals was
made in order of province, with the hospitals randomly
ordered within each province. The hospital where field-
testing had been carried out was omitted from the whole
process of sampling and therefore, nine hospitals had to
be selected from the list of 61 hospitals. For this, one
hospital was randomly chosen first within the range 1 to
61 and then every 7th hospital was selected.

Within a hospital, medical device reprocessing is a
continuous process and the ‘population’ for the purpose
of this study (ie. total number of reprocessing cycles)
was effectively infinite. It was impractical to select the
reprocessing cycles randomly from such a population.
Therefore, we audited a predetermined number (see
Table 1) of consecutive medical device reprocessing
cycles in each hospital.

Data collection procedure

The audits were carried out by the researcher (GP) who
was external to, and independent of, the hospital envi-
ronments under study. All core processes of a medical
device reprocessing (with steam sterilization) cycle were
observed by the researcher and observations were
recorded in the audit tool. The same audit process was
repeated for all 189 medical device reprocessing cycles.

Data management and analysis

A unique number was assigned to each hospital and
recorded on each audit tool used in the study. Informa-
tion from the audit tools was entered in a database
(Excel spreadsheet) every day. After the completion of
field work, data in the spreadsheets was imported to the
IBM SPSS Statistics 24 software. Imported data sets were
checked for errors and discrepancies. Identified errors
and discrepancies were corrected by referring to the
completed audit tools.

We performed descriptive analyses of information
obtained from audits. Mean percentage compliance with
standard reprocessing practices was obtained by calculating
the mean of the percentage of standard practices followed
for a reprocessing cycle by a hospital. Here, to calculate the
percentage of standard practices followed, the numerator
was the number of standard practices followed and the
denominator was the number of applicable practices. Mean

Table 1 Sample sizes for auditing medical device reprocessing cycles in different hospital types

Hospital type Number of Randomly sampled Consecutive reprocessing Reprocessing cycles audited
hospitals hospitals cycles audited in each hospital in each hospital type

Zonal hospital 10 2 12 24

District hospital 62 9 15 135

District-level hospital 16 2 15 30

Total number of reprocessing cycles audited 189
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percentage compliance for each of the core processes of the
reprocessing cycle was also calculated for each hospital type
and for overall hospitals. The complex sample design was
taken into account when performing these analyses.

One-way Analysis of Variance (ANOVA) was performed
to determine the difference in the mean percentage
compliance between the three hospital types. In addition,
a pairwise multiple comparison test (Tamhane’s T2, a
one-way ANOVA post hoc test) was performed to deter-
mine the difference in the means between each pair of
hospital types [46].

Results

Medical devices which were reprocessed in the hospitals
included in this study had different designs including
hollow, pin and box joints, channel, tubing and porous.
Both metallic and non-metallic devices were reprocessed
in the hospitals (Table 2). The processes of medical device
reprocessing took place in a dirty to clean workflow for
only 10.1% (95% CI 1.8—40.9%) of the reprocessing cycles.

Transport of used medical devices

In no reprocessing cycles were used medical devices
transported to the decontamination area using an appro-
priate container (a rigid, durable, leak-proof container
with a tight-fitting lid) [47]. However, all the containers
used for transporting used medical devices were easy to
clean and disinfect.

Cleaning and disinfection

Medical devices were cleaned before sterilization for all
the reprocessing cycles. Support staff (office assistants)
were involved in the cleaning of medical devices for
98.4% (95% CI 88.3-99.8%) of the reprocessing cycles.
Nursing staff were involved in the cleaning of medical
devices for only 1.6% (95% CI 0.2—-11.7%) of the repro-
cessing cycles. Medical devices were cleaned manually
for all the reprocessing cycles.
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The time between use and cleaning of medical devices
ranged from about 20 min to about 2880 min (i.e. about
48h). The estimated average time between use and
cleaning of medical devices was about 298 min (95% CI
101-495). For an estimated 27.6% (95% CI 16.2—43.0%)
of the reprocessing cycles, the time between use and
cleaning of medical devices was about 60 min. For an es-
timated 19.3% (95% CI 10.4-33.0%) of the reprocessing
cycles, the time between use and cleaning of medical de-
vices was about 120 min.

Different cleaning agents, including disinfectant solu-
tions, detergent/soap solutions and plain water, were
used in different combinations for manual cleaning of
medical devices (Table 3). Enzymatic cleaners were
never used for cleaning the medical devices.

Though medical devices were cleaned manually before
sterilization for all the reprocessing cycles, standard
practices for cleaning were not always followed. Some
practices, including cleaning of channels with brushes of
appropriate size, were non-existent (Table 4).

Gloves were the only personal protective equipment
(PPE) used by staff during cleaning for most of the
reprocessing cycles. Eye protection, face masks and pro-
tective clothing were rarely used (Table 5).

Inspection

Medical devices were inspected after cleaning for 30.5%
(95% CI 15.6-50.9%) of the reprocessing cycles. How-
ever, an illuminated magnifier was not used to inspect
instruments after cleaning in any of the reprocessing
cycles.

Packaging

Linen was used as the wrapping material for all of the
reprocessing cycles, which included wrapped medical
devices in the sterilization load. The envelope fold wrap-
ping technique was used at all times when medical devices
were wrapped. Hinged devices were opened, or devices

Table 2 Percentages of reprocessing cycles including medical devices with different designs and materials

Design and material of
reprocessed medical

Estimate (percentage of
reprocessing cycles)

Standard Error 95% Confidence Interval

devices Lower Upper
Designs®
Solid, hollow 100.0% 0.0% 100.0% 100.0%
Pin and box joints 100.0% 0.0% 100.0% 100.0%
Channel, tubing 46.4% 5.0% 35.6% 57.6%
Porous 91.9% 34% 80.6% 96.9%
Material
Metal 100.0% 0.0% 100.0% 100.0%
Non-metal 92.4% 3.4% 80.5% 97.3%

@ Examples of medical devices with different designs - Solid, hollow: bowl, dish, scalpel handle; Pin and box joints: scissors, forceps; Channel, tubing: urinary

catheter, cannulated screws, dental hand piece; Porous: Cotton, gauze, linens
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Table 3 Percentages of reprocessing cycles using different cleaning processes
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Cleaning agents used Estimate Standard Error 95% Confidence Interval
Lower Upper
Disinfectant solution — detergent/soap solution — plain water® 53.6% 10.8% 30.5% 753%
Disinfectant solution — detergent/soap solution? 9.3% 8.7% 1.0% 50.5%
Disinfectant solution — plain water® 18.8% 7.3% 74% 40.2%
Detergent/soap solution — plain water® 7.1% 5.0% 14% 29.6%
Plain water only 11.2% 6.5% 2.9% 35.1%

2 the agents were used for cleaning of medical devices in the given sequence

were dissembled while packing them for only 1.2% (95%
CI 0.2-8.1%) of the reprocessing cycles. For 28.8% (95%
CI 12.5-53.5%) of the reprocessing cycles, packages were
labelled with the date of sterilization. Similarly, for 8.0%
(95% CI 0.9-45.0%) of the cycles, packages were labelled
with the expiry date. For none of the reprocessing cycles,
were packages labelled with the sterilizer used and the
cycle or load number.

Sterilization (autoclaving)

Support staff (office assistants) carried out the auto-
claving process for 97.0% (95% CI 87.5-99.3%) of the
reprocessing cycles whereas nursing staff carried out
the process for only 3.0% (95% CI 0.7-12.5%) of the
reprocessing cycles. For none of the autoclave cycles,
were parameters including cycle/load number, oper-
ator, sterilization date and time, pressure, temperature
and holding period recorded. Autoclave tape was used
for some of the autoclave cycles (Table 6). However,
biological and chemical indicators were not used in
any of the autoclave cycles.

Transport and storage

Standard practices for transport and storage of sterilized
medical devices were not followed for most of the repro-
cessing cycles (Table 7).

Mean percentage compliance

The mean percentage compliance for all primary and
secondary care hospitals was 259% (95% CI 21.0-
30.8%). The higher the hospital level, the higher was the
mean percentage compliance with the standard repro-
cessing practices (Table 8). The difference in the means
was found to be statistically significant (p <0.01). The
means were also statistically significantly different (p <
0.01) between each pair of hospital types (i.e. between
zonal hospital and district hospital, between district hos-
pital and district-level hospital, and between district-
level hospital and zonal hospital).

Comparatively, hospitals were more compliant with
recommendations for cleaning and disinfection, and
transport and storage of medical devices. However, com-
pliance with these processes was below 50% (Table 9).

Table 4 Percentages of reprocessing cycles following standard cleaning (and disinfection) practices

Standard practices

Estimate Standard Error 95% Confidence

Interval

Lower  Upper
Used medical devices are soaked in or sprayed with water before cleaning, to prevent drying 81.7% ° 7.9% 57.9% 93.5%
Cleaning is done in a separate area from where the instrument will be used (i.e., designated 38.1% 11.5% 17.3% 64.5%
dirty area)
Medical devices are pre-disinfected before cleaning (e.g. with hypochlorite solution) 81.7% 7.9% 57.9% 93.5%
Medical devices are opened/dismantled for cleaning purpose 76.4% 10.7% 46.4% 92.4%
Medical devices are submerged in water while washing them manually using a brush 1.0% 1.0% 0.1% 7.6%
For instruments with channels, all channels are cleaned using cleaning brushes of appropriate size  0.0% - - -
Cleaning brushes are single use (disposable) items 0.0% - - -
After completion of cleaning, reusable brushes are cleaned and either high level disinfected or 0.0% - - -
sterilized
Instruments are rinsed thoroughly with water after cleaning 86.6% 9.0% 53.3% 97.3%
Medical devices are dried with low-linting (disposable or reusable) towels immediately after rinsing  19.9% 8.1% 74% 434%
Enzymatic cleaner, detergent, and/or disinfectant are used according to manufacturer’s instructions  68.3% 124% 37.7% 88.5%

@ medical devices were soaked in hypochlorite solution instead of plain water
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Table 5 Percentages of reprocessing cycles for which staff used
PPE during cleaning

Estimate Standard 95% Confidence Interval
Error

Lower Upper
Eye protection 1.1% 1.0% 0.1% 8.0%
Gloves 97.9% 1.1% 93.6% 99.3%
Protective clothing 4.8% 4.4% 0.6% 30.5%
Facemask 6.4% 54% 0.9% 33.7%

Mean percentage compliances for the two zonal hospi-
tals were similar. The percentage compliances for
district hospitals ranged from 14.7 to 46.0%, showing
considerable variation in practices across the hospitals.
The two district level hospitals had similar average com-
pliances (Fig. 2).

Discussion

The mean percentage compliance with standard practices
for the reprocessing of reusable medical devices achieved
by all the primary and secondary care public hospitals in
Nepal was only 25.9% (95% CI 21.0-30.8%). There is no
standard cut-off value for percentage compliance with
these practices. A high value of the percentage compliance
indicates that most of the standard practices for medical
device reprocessing are followed by the hospitals. Compli-
ance with the standard practices helps hospitals ensure
safety, reliability and quality of medical device reproces-
sing [48]. Therefore, it is important for the hospitals to
comply with the standard practices for ensuring the re-
quired SAL of medical devices. In this sense, the compli-
ance of the primary and secondary care hospitals in Nepal
with the standard reprocessing practices is poor. The
mean percentage compliances for each process of the
reprocessing cycle were less than 50%. These findings are
in line with the high proportion of steam sterilization
failures (reported elsewhere) in these hospitals [18]. One
factor that may have led to overestimation of the mean
percentage compliance is the presence of the researcher
(auditor) during the reprocessing activities. The staff
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involved in medical device reprocessing may have become
more attentive due to the presence of the researcher and
hence, they could have performed the reprocessing activ-
ities more carefully on the days when the researcher was
present than on ‘normal’ days.

The reasons for the poor compliances are not clearly
understood. We previously reported that more than 50%
of these hospitals did not have dedicated space for
reprocessing of medical devices, and only one of the
thirteen hospitals had sterilization procedure manuals or
flow charts. Similarly, only one hospital had spare parts
for the sterilization equipment and none of the hospitals
had equipment maintenance records. Moreover, only 1
to 3 staff were assigned for medical device reprocessing
in these hospitals [18]. In this study, we found that, for
more than 97% of the reprocessing cycles crucial pro-
cesses, such as cleaning and autoclaving, were carried out
by support staff (i.e. office assistants). The level of educa-
tion of support staff is very poor i.e. either completion of
some years in school or no formal education. These find-
ings indicate that there could be several reasons for poor
compliance related to management and support processes
including infrastructure, human resources, equipment,
guiding documents, steering, performance monitoring and
documentation. As the higher-level hospitals, compared
with the lower-level hospitals, should have better manage-
ment and support processes, the higher average percent-
age compliance in these hospitals is to be expected.

About 92% of the reprocessing cycles had sterilization
loads with porous items such as linen and more than 46%
of the cycles had loads including items with channels or
tubing, such as dental hand pieces and laparoscopic
sheaths. Air in all cavities and spaces within such medical
devices needs to be replaced with steam for proper
sterilization. Air removal is more difficult with such items
and active air removal is usually recommended for ensur-
ing the attainment of sterilizing conditions [4, 40]. None
of the steam sterilization processes used by primary and
secondary care hospitals in Nepal had an active air re-
moval process such as pre-vacuuming [18]. No specific

Table 6 Percentages of reprocessing cycles following standard autoclaving practices

Standard practices Estimate Standard 95% Confidence Interval
Error Lower Upper
Timer is used to monitor holding period of the manually controlled autoclave cycle 6.4% 2.8% 24% 16.1%
Holding period of the autoclave cycle starts when the pressure gauze shows the 18.2% 8.0% 6.3% 42.4%
reading of required pressure (e.g.15 Ibs)
Indicators used for monitoring sterilization process
Autoclave tape 48.7% 9.0% 29.8% 68.0%
- Result of autoclave tape is recorded 0.0% - - -
- Autoclave tape is used on the outside of each wrapped package (for the loads 794% 7.8% 57.0% 91.8%
where autoclave tape is used)
Sterilized packs are intact and dry 10.8% 5.1% 3.6% 28.5%
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Table 7 Percentages of reprocessing cycles following standard transport and storage practices

Standard practices Estimate Standard 95% Confidence Interval
Error Lower Upper

Sterilized packages are checked for integrity, and compromised packages are 0.0% - - -

repackaged and re-sterilized before use

Sterilized items are transported and delivered in a dry and clean container 47.2% 9.4% 27.8% 67.5%

Sterilized packages are allowed to cool down to room temperature before storage 89.1% 6.8% 63.3% 97.5%

A separate area is allocated for storage of sterilized medical devices 40.9% 6.7% 27.1% 56.3%

Sterilized packages are stored and distributed according to “the first one to enter 25.1% 8.9% 104% 49.1%

is the first one to leave”

The area for storing sterilized packages is well-ventilated and provides protection 31.5% 16.5% 7.8% 71.6%

against dust, moisture, insects, and temperature and humidity extremes

sterilization processes were designated for medical devices
having specific designs, and devices with different designs
were included in a single load. Such practice in the
absence of an active air removal process is detrimental to
the achievement of efficient sterilizing conditions within
the load.

Safe transportation of used medical devices is import-
ant to minimize microbial contamination of the sur-
rounding environment, and also to minimize the risk of
device-associated infection among healthcare workers
and patients. A rigid, durable, leak-proof container with
a tight-fitting lid is recommended for transportation of
used medical devices to the decontamination area [47].
However, for all of the reprocessing cycles in the hospitals
in Nepal, used medical devices were either transported in
an inappropriate container or transported without using a
container. Such an inappropriate handling practice may
be putting healthcare workers and patients at risk of injur-
ies and/or exposure to microorganisms.

Cleaning was done in a designated dirty area for only
38.1% of the reprocessing cycles. Cleaning of medical de-
vices in areas where other activities such as hand washing,
dish washing, food preparation and drinking are per-
formed, poses a risk of contamination of other areas and
thus increases the risk of transmission of microorganisms
to healthcare workers and patients. The risk of transmis-
sion of microorganisms was further amplified by the prac-
tice of cleaning medical devices without submerging them
in water. Washing medical devices without submerging
them in water may create splashes and aerosols, which
might not only transmit microorganisms, but also can also
increase inhalation of disinfectant by the cleaners and

increase contact of mucous membranes (e.g. mucous
membranes of eyes and mouth) with the disinfectant.

The risk of infection among cleaning staff was further
increased by very poor compliance with the recom-
mended use of PPE. Though gloves were used during
cleaning for most of the reprocessing cycles, use of eye
protection, protective clothing and facemasks during the
cleaning process was rare. A study conducted in one of
the largest hospitals in Nepal found that 20.9% of “non-
professional staff”, 19.2% of nurses, 5.6% of laboratory
workers and 3.1% of doctors had evidence of past or
present HBV infection [49]. The authors of the study
claimed that higher occurrence of HBV among “non-
professional staff” and nurses was because of their in-
volvement in the cleaning of medical devices without
proper measures to protect themselves and the lack of
adequate HBV vaccination. The findings of our study
support the claim made by these authors.

Medical devices were cleaned manually for all of the
reprocessing cycles in all of the hospitals. Automated
washers are commonly used in many countries for
cleaning of reusable medical devices, but studies have
found that both manual and automated cleaning pro-
cesses are effective in reducing the microbial load on
medical devices if executed properly [50, 51]. Manual
cleaning processes are more prone to human error com-
pared to automated processes. Ofstead et al. (2010)
found adherence to endoscope reprocessing guidelines
for 1.4% of endoscopes reprocessed manually, and for
75.4% of endoscopes reprocessed with an automated
endoscope cleaner and reprocessor [52]. We found vari-
ations in manual cleaning processes in the hospitals of

Table 8 Mean percentage compliance with standard reprocessing practices for hospital types

Hospital type Percentage Standard 95% Confidence Interval
Estimate Error
Lower Upper
Zonal hospital 32.0% 0.1% 31.8% 32.1%
District hospital 26.6% 3.0% 19.9% 334%
District-level Hospital 19.6% 0.1% 194% 19.7%
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Table 9 Mean percentage compliance for core processes of a reprocessing cycle

Page 9 of 13

Core processes of Hospital types Percentage Standard 95% Confidence Interval
reprocessing cycle Compliance Error Lower Upper
Transport of used devices All hospitals 26.1% 5.6% 13.7% 38.5%
Zonal hospitals 27.3% 17.7% 0.0% 66.8%
District hospitals 23.4% 6.4% 9.0% 37.7%
District-level hospitals 35.7% 7.2% 19.8% 51.7%
Cleaning and disinfection All hospitals 45.8% 2.2% 40.8% 50.7%
Zonal hospitals 54.6% 32% 47.5% 61.8%
District hospitals 46.5% 3.0% 39.9% 53.2%
District-level hospitals 37.8% 1.5% 34.5% 41.0%
Inspection and packaging All hospitals 10.9% 2.3% 5.7% 16.1%
Zonal hospitals 19.8% 6.2% 6.0% 335%
District hospitals 12.3% 3.1% 54% 19.2%
District-level hospitals 0.0% 0.0% 0.0% 0.0%
Sterilization (autoclaving) All hospitals 9.0% 1.5% 5.7% 12.3%
Zonal hospitals 11.1% 0.3% 10.5% 11.6%
District hospitals 10.2% 1.9% 6.0% 14.4%
District-level hospitals 2.9% 2.8% 0.0% 9.1%
Transport and storage All hospitals 39.3% 5.5% 27.0% 51.6%
Zonal hospitals 43.9% 4.2% 34.5% 53.3%
District hospitals 37.9% 7.7% 20.7% 55.1%
District-level hospitals 42.3% 2.2% 37.3% 47.2%

Nepal as well, the process varying from single-step
cleaning using plain water to three-step cleaning using
disinfectant, detergent/soap and plain water.

For about 82% of the reprocessing cycles, the cleaning
process included pre-soaking of medical devices in a
hypochlorite solution. In the absence of proper and con-
sistent use of PPEs, the practice of pre-soaking might

have provided some protection to the staff handling used
medical devices, however, this practice could have de-
terred staff from the proper and consistent use of PPEs.
Recent guidelines recommend not pre-soaking medical
devices in a disinfectant before cleaning [4]. The reasons
behind this recommendation are corrosion of the devices
due to disinfectants, inactivation of disinfectant by blood

100.0%
80.0%
60.0%
46.0%
40.0%  319%  320% 303%  32:2%
23.6% 24.4% 26.7%
20.5% 19.7% 19.5%
20.0% 15.8% I 14.7%
0'0% .
D04 D06 D07 D09 D011 D012 D013 DLO5 DL10
Zonal hospitals District hospitals District level
hospitals
Fig. 2 The mean percentage compliance (for each hospital) with standard practices for core processes of reprocessing cycle
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and body fluids, risks to health-care workers while
transporting the soaked items and possible contribution
to the development of antimicrobial resistance to the
disinfectants [4]. However, in the case of Nepal, if pre-
soaking in hypochlorite solution were to be avoided, the
practices of cleaning medical devices immediately after
the procedure (usually within 1 h) will become crucial
for effective cleaning of medical devices and the preven-
tion of formation of biofilms on medical devices [53].

Cleaning of medical devices is a critical step for reproces-
sing of medical devices, as it significantly reduces bioburden
on the surfaces of medical devices [51]. However, this is not
as simple as it may appear. Staff responsible for cleaning of
medical devices need to have a clear understanding of mi-
croorganisms and the importance of cleaning in medical
device reprocessing. Seavey (2009) highlights the need for
educating staff involved in reprocessing activities at least in
the areas of basic medical terminology, human anatomy
and physiology, microbiology, infection prevention and
control, regulations and standards, surgical instruments,
and all processes of reprocessing cycles [54]. In an ideal
context, monitoring of cleaning processes using a validated
scientific monitoring technique is recommended for ensur-
ing adequate cleaning of medical devices [55]. However,
support staff (office assistants) with very poor education
level were involved in the cleaning of medical devices for al-
most all (98.4%) of the reprocessing cycles in the primary
and secondary care hospitals. A required level of cleaning
of medical devices is unlikely to be achieved without having
properly trained and educated staff undertaking the repro-
cessing of medical devices.

For all the reprocessing cycles sterilizing wrapped
medical devices, linens were used as the wrapping
material. Previous studies have demonstrated the effect-
iveness of linens in maintaining sterility of wrapped
medical packages [56, 57]. Currently, there are various
options available for packaging of medical devices in-
cluding rigid containers, peel pouches (plastic and/or
paper), and woven and nonwoven wrapping materials.
Based on cost-effectiveness and suitability, such options
also need to be explored and used by hospitals for con-
tinuous improvement in medical device reprocessing.

Orientation and loading of channeled medical devices
inside each medical device package and that of the pack-
ages in each sterilization load could not be recorded in
this study. However, it is important to ensure that the
packages are loaded ensuring adequate circulation of
steam inside each of the packages and channeled and
hollow devices are positioned inside the packages in
such a way that accumulation of condensate inside such
devices is avoided [58].

Most of the standard practices for steam sterilization
(autoclaving) were not followed for most of the repro-
cessing cycles. No chemical or biological indicators were
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used to monitor the effectiveness of sterilization, except for
the use of indicator tape for fewer than 50% of the repro-
cessing cycles. Indeed, autoclave tapes do not measure the
effectiveness of autoclave cycles; they only indicate an ex-
posure of a package to a heat/pressure-based sterilization
process [59]. Additionally, none of the sterilization cycles
had variable parameters (time, temperature and pressure)
recorded. Though all the autoclave cycles were manually
operated, timers were used to monitor sterilization holding
periods for only a small proportion (i.e. 6.4%) of autoclave
cycles. This showed that medical devices were being reused
without having concrete evidence of their sterility. Infor-
mation such as load number, operator, and sterilization
date and time were also not recorded. In the case of an in-
cident (such as surgical site infection) likely to be associ-
ated with reusable medical devices, it would be difficult to
trace the sterilization load, person sterilizing the load, or
the date and time of sterilization. This indicated that it was
unlikely that the possible source of infection would be
identified, thus preventing correction of faulty practices.
For the majority of the reprocessing cycles, sterilized
packages were wet or contained moisture. The wet ster-
ilized packages could have been associated with one or
more factors including quality of packaging material,
packaging technique, loading technique, sterilization
process, sterilizer, steam quality and storage area [60].
Moisture can facilitate the entrance of microorganisms
to the sterilized packages. In general, wet sterilized
packages are considered as contaminated, and should
be re-sterilized before use, and wet sterilized porous
loads such as textiles can be even more problematic
[61]. Some studies conducted in Nepal have shown that
different microorganisms including Staphylococcus aur-
eus, Micrococcus spp., coagulase-negative staphylococci,
Bacillus spp., Pseudomonas spp., Acinetobacter spp. and
yeasts exist in hospital indoor environments [62, 63]. In
these settings where sterile storage conditions are not
controlled, the chances of contamination of wet pack-
ages with microorganisms could be high. None of the
wet sterilized packages were subjected to re-sterilization in
the hospitals in Nepal. There is a need for a thorough as-
sessment to establish the causes of wet sterilized packages
to formulate recommendations for solving the problem.
The absence of routine inspection of packages after
sterilization for integrity was observed in all of the hospi-
tals. The absence of inspection of sterilized packages could
also be linked with the practice of not re-sterilizing wet
sterilized packages discussed above. There were gaps in
transportation and storage of sterilized packages which did
not favor long-term sterility of medical devices, which was
further compromised by wetness of sterilized packages.
The findings of this study may not be able to be gener-
alized to tertiary care public hospitals (i.e. central hospi-
tals) and private hospitals in Nepal as these hospitals
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were not included in the study. The study also did not
cover smaller public and private healthcare facilities such
as primary health centres, health posts, private outpatient
clinics and private dental clinics. However, the findings of
this study can be useful for the improvement of medical
device reprocessing in these healthcare facilities as well.

Conclusion

To our knowledge, this study is the first of its kind in
Nepal. This study provides an overall picture and baseline
information on compliance of primary and secondary care
hospitals in Nepal with the standard practices for steam
sterilization and reprocessing of reusable medical devices.
The compliance of the hospitals was found to be poor for
all the processes of the reprocessing cycle, the overall
compliance rate being lower with the lower-level hospitals.
Adequate infrastructure, proper guiding documents, train-
ing of healthcare workers, adequate PPE, availability of
essential materials and regular monitoring could help the
hospitals improve the current situation of medical device
reprocessing. Such an improvement could ultimately help
to minimize the risk of transmission of pathogens associ-
ated with the reusable medical devices. The audit tool
developed by us can be useful in other low- and middle-
income countries to assess the compliance of the hospitals
with standard medical device reprocessing practices.
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