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Abstract: Surgeons must be confident that the instruments they use do not pose risk of infection to patients due to bioburden or
contamination. Despite this importance, surgeons are not necessarily aware of the steps required to ensure that an instrument has
been properly sterilized, processed, and prepared for the next operation. At the end of an operation, instruments must be transported
to the sterile processing unit. There, instruments are decontaminated before being sterilized by heat, chemical, or radiation-based
methods. Following this, they are stored before being brought back into use. This review highlights the intricacies of the processing
of surgical instruments at the conclusion of an operation so that they are ready for the next one.

INTRODUCTION

From needle drivers to scalpels, a multitude of instruments are
used by surgeons every day. Despite the importance of these
instruments with respect to daily operational capabilities, many
surgeons are not aware of the effort and science required to
return a used instrument back to a functional status for the
next surgery. For many surgeons, tenotomy scissors used in an
operation are simply sterilized, and hopefully sharp, for their
next case. This article seeks to shed insight into the lifecycle
of surgical instruments and describe the nuances that allow
an instrument to return to the operating theater. While there
are variations depending on regional access and resources, this
review will focus on the process as it occurs in the United States
and nations with similar access to resources.

The framework for modern instrument sterilization starts
with William Henry, the English physician and chemist who
famously discovered the gas law that bears his namesake. In
1832, Henry described that pressurized heat was capable of
decontaminating clothes bearing typhus and measles.’? Louis
Pasteur, the French chemist and microbiologist, and his col-
league, Charles Chamberland, built upon this work in 1876
when they noted that moist heat was more effective than dry
heat with respect to its germicidal potential.>? Pasteur’s germ
theory inspired the Scottish surgeon, Joseph Lister, to use
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phenol as an antiseptic. In 18635, this had the effective result
of decreasing postamputation mortality from ~50% to 15%.2
At the end of the 1800s, German scientist Wilhelm Rontgen
invented X-rays, and 3 years after this discovery X-rays were
found to be hazardous to pathogens.* Science continued to
progress and in 1933 Gross and Dixon submitted the United
States patent for sterilization with ethylene oxide. These
moments highlight the path that ultimately led to modern sur-
gical instrument sterilization.

MODERN INSTRUMENT PROCESSING

Modern decontamination defines cleaning, disinfection, and
sterilization as technical terms. Cleaning removes foreign mate-
rial, allowing for better surface contact and reducing the risk
of chemical inactivation. Disinfection involves the destruction
or removal of microorganisms. However, with disinfection
bacterial spores may still survive. Sterilization is the highest
level of decontamination. This process renders an instrument
free from both viable bacteria, viruses, and spores.’ The World
Health Organization (WHO) recommends different levels of
decontamination for different medical devices, with sterilization
being recommended for surgical instruments that violate skin or
mucous membranes.®

Responsibility for sterilizing surgical instruments varies glob-
ally, but in the United States and similar countries it usually falls
under a distinct sterile services unit.® The WHO recommends
each technician in the sterile services unit processes 1500-2000
sets of instruments per year.® The sterile processing unit must
be designed with care to decrease the risk of contamination.
The general workflow is such that instruments progressively
move from more contaminated areas to less contaminated areas
before being stored. Surfaces in the sterile processing unit should
be smooth and made of nonporous material, like stainless steel,
to facilitate cleaning.®” The flooring should avoid corners with
gentle slopes instead as this decreases the likelihood of debris
accumulation. Adequate ventilation is another important facet
to ensure proper sterilization.®”

Preparation

At the end of an operation, the first step in the lifecycle of a
surgical instrument is preparing instruments for transfer to the
sterile services unit. The general lifecycle of instruments can be
seen in Figure 1. Instruments must be grossly cleaned by the
scrub technician to remove blood, tissue, and other material.
Prompt cleaning to decrease contact time with blood and using
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FIGURE 1. The cycle of surgical instrument use and sterilization.

sterile water rather than saline decreases the risk of instrument
corrosion.® Another important step that can be overlooked is
the use of an enzymatic transport gel or foam. These products
vary but provide a neutral pH and moisture. This pretreatment
facilitates cleaning in the sterile processing unit and significantly
decreases the burden of cleaning for the sterilization technicians.
A sterile processing technician at our institution was inter-
viewed and he stated that he wished to raise surgeon awareness
of this critical step more than any other because if it is omitted
it will increase the difficulty of instrument decontamination and
significantly prolong instrument turnover time. Supplemental
Video 1 demonstrates the use of pretreatment and its effec-
tiveness in removing blood from used instruments. A photo of
enzymatic pretreatment is shown in Figure 2. One other point in
the transport phase to emphasize is that fragile instruments, like
microsurgical instruments, must be placed in special trays that
prevent excessive movement and wear. This increases the utility
and longevity of the instruments.

Decontamination

Once the instruments are successfully transported to the ster-
ile processing unit, the first step is to decontaminate them. This
starts with workers manually scrubbing instruments with nylon
brushes. This can be seen in Supplemental Video 1. After this ini-
tial step, the instruments are subjected to a form of mechanical
cleaning. A common variation of this is an ultrasonic cleaner,
which is exemplified in Figure 3. Within such a machine, instru-
ments are plunged into a bath of detergent. Vibrations are
created with high-frequency sound to take advantage of cavita-
tion, a process by which bubbles are formed and progressively
enlarge until they implode.® This implosion creates a vacuum
that helps remove debris from difficult areas of instruments
to clean. Ultrasonic cleaning usually takes 5 to 20 minutes.®
Supplemental Video 1 depicts instruments being lowered into
an ultrasonic cleaner. Following this, the instruments are then
moved to an automatic washer, which sprays instruments with
cleaning solutions. This is seen in Figure 4. The instruments are
often placed into the washer from the decontamination zone of
the sterile processing unit and removed from the washer on the

opposite side and taken into the assembly area. It takes approx-
imately 30 minutes to wash instruments in this automated
fashion.

Assembly

Following decontamination, instruments are then brought
to the assembly area. Here, technicians assemble set pans of
instruments. The technicians will inspect instruments to ensure
functionality, lack of corrosion, and absence of gross contam-
ination. They will then replace missing instruments to ensure
that pans are complete. At our institution, this takes roughly
30 minutes per pan. At this point, pans are placed into a con-
tainer in which they will ultimately be sterilized in. Common
container materials include aluminum, double linen wraps,
polypropylene, or a sterilization pouch. Pans will be wrapped
according to protocoled sterilization methods and storage
concerns. For example, a polypropylene wrap can be used for
steam, ethylene oxide, or hydrogen peroxide sterilization. With
respect to storage, pans that are unusual sizes, like certain cra-
niotomy hardware, cannot be stored in aluminum trays, as they
will either not fit or will not be secured in the tray. This can
cause excessive movement during transport and damage to the

FIGURE 2. A photo of enzymatic pretreatment being applied to instruments.




A Day in the Life of a Surgical Instrument e Annals of Surgery Open (2024) 1:e381

FIGURE 4. Photo of an automatic washer.

contents. In addition, aluminum trays can occupy more storage
space, which is important given the volume of instruments that
is circulated. Supplemental Video 1 demonstrates a pan being
placed in an aluminum tray and a pan being wrapped in double
linen.

Sterilization

The sterility of instruments is determined by the sterility assur-
ance level, which is the probability of finding a single microbe
on an instrument after it has been sterilized. Sterility assurance
levels of 10-¢ are typical for surgical sterilization.” There are
several ways to successfully sterilize instruments. These can
be categorized as high-temperature or low-temperature meth-
ods. Figure 5 depicts the common categories of sterilization.
Within high-temperature sterilization, dry or moist heat can
be used.*!” Dry heat destroys microorganisms via oxidation
and has the advantages of requiring a less complex appara-
tus than moist heat, having no requirement for pressure, and
being a lighter-in-weight system.*!! Moist sterilization utilizes
steam and is known as autoclave sterilization. Autoclaves are
more effective than dry heat and represent the most common
form of sterilization in developed nations. Autoclaves use
pressurized systems which allows for greater heat penetra-
tion and neutralization of pathogens via irreversible coagu-
lation and denaturation of critical proteins.”'! Advantages of
autoclaves compared to dry heat include shorter run times,
greater heat penetration, and lower temperature require-
ments. Autoclaves require around 1 hour for sterilization,
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but settings can vary. Ideally, the sterilized pans cool for 5
hours in the sterile processing unit. This cooling time allows
for moisture to completely migrate out of the packaging. Both
methods are nontoxic, but do require electricity for opera-
tion.”!! Different types of instruments are sterilized using dif-
ferent methods according to manufacturer instructions. Many
instruments like needle drivers, forceps, and metal retractors
can be sterilized using an autoclave. Many modern fiberoptic
cables can be sterilized using an autoclave and will be dam-
aged if soaked in chemicals.'>!* Similarly, many rigid endo-
scopes can be autoclaved.®

Interestingly, an indicator containing spores of the thermo-
phile, Geobacillus stearothermophilus is used to confirm suf-
ficient autoclave sterilization.”'! G. stearothermophilus is a
spore-producing aerobe that inhabits soil, hot springs, desert
climates, and arctic waters.!* These spores are very resistant to
moist heat due to their core dehydration and mineralization.'
Indicators may consist of suspensions or test strips and change
color to demonstrate a successful or failed sterilization cycle.!*!®
The frequency of unsuccessful autoclave runs is not well docu-
mented in the literature and is affected by autoclave settings and
operational practices.'”!'® However, 1 review from 2019 found
that the rate of autoclave sterilization failure ranges from 1.5%
to 43%." Figure 6 displays a standard autoclave.

Heat sterilization can be used for many materials, but for
heat-sensitive materials, low-temperature sterilization should be
used. Low-temperature sterilization consists of either chemical
or radiation-based methods. A common method of chemical
sterilization is ethylene oxide, which has been used since the
1950s. Ethylene oxide is compatible with many materials that
are not resistant to moisture or heat.” Therefore, it is a frequently
used method of sterilization when autoclaves may be damaging
to certain instruments. Ethylene oxide destroys pathogens via
alkylation. Unlike heat sterilization, ethylene oxide is toxic, and
technicians must be cautious with its use.’ Vaporized hydrogen
peroxide, a weak acid, is another chemical method of steriliza-
tion that is noncarcinogenic and attacks pathogens by oxida-
tion.?’ Other methods of chemical sterilization include chlorine
dioxide, peracetic acid, and aldehydes.* Flexible endoscopes are
examples of instruments that are heat sensitive and must be ster-
ilized with liquid or gas chemicals.>?!

Radiation for sterilization comes in the form of gamma rays,
electron beams, or X-rays.” Gamma rays have the highest energy
and X-rays have the greatest penetration. Benefits of radiation
sterilization include a lack of residue, short duration, and broad
applicability to various materials. Gamma radiation is ideal for
the sterilization of biologic tissues, including allografts.??

Once instruments are successfully sterilized, they are then
placed in storage. The WHO recommends that, depending on
the number of surgical procedures per day, the storage area be
roughly double the assembly and decontamination areas com-
bined.® There is evidence that instruments can be stored for at
least 96 weeks.?> When instruments are required for surgical
use, they are obtained from the storage area and brought to the
operating room for use. At our institution, the quickest turn-
around time possible is 2 hours, which should be borne in mind
when considering operational capabilities.

It is estimated that the lifespan of an instrument is 300-900
cycles of sterilization.”* In the majority of surgical settings,
the number of sterilization cycles for each instrument is not
tracked. As a result, it is difficult for surgeons to identify faulty
instruments until they are attempted to be used in the operating
room and about 5.9% of trays were found in 1 study to have
broken instruments.?* New technologies, like applying radiof-
requency tags to instruments, are being developed to enhance
institutional capabilities with respect to tracking instrument
usage and sterilization.?® Reducing unnecessary surgical instru-
ment sterilization would increase the longevity of surgical
instruments and decrease the costs associated with sterilization.
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FIGURE 5. Common methods of surgical instrument sterilization.

FIGURE 6. Photograph of an autoclave.

The budget for supplies can consume over 50% of the periop-
erative budget at academic institutions.?® This is compared to
~35% of perioperative budgets being directed towards nonphy-
sician salaries and benefits.?® Moreover, the cost of sterilizing
and packaging a reusable instrument is estimated to be between
$0.59 and $11.52.* The magnitude of excessive sterilization
further contributes to the financial impact of sterilization. The
usage rate of sterilized instruments in a tray that is brought into
an operating room typically ranges from 13.0% to 21.9% and
the number of instruments in a tray is inversely proportional to
the usage rate.”* Simultaneously, the Virginia Mason Medical
Center found that a 70% reduction in excessive sterilization
would correspond to an estimated savings up to $2.8 million

per year at their institution.?” Given that surgery centers can
sterilize more than 2 million instruments per year, streamlining
and optimizing surgical trays to reduce excessive sterilization
would be beneficial with regard to enhancing the lifespan of
surgical instruments and offering significant cost savings.>*2%2”
A concern for operative staff and surgeons may be that reduc-
ing the size of instrument trays could lead to an increase in case
duration due to circulating nurses having to leave the OR to
acquire a needed instrument. However, optimizing tray sizes
with the removal of rarely used instruments has been shown to
have no effect on surgical times and actually decreases the setup
times of cases.?”

CONCLUSION

In conclusion, the lifecycle of surgical instruments, starting with
use in the operating room and ending in the designated storage
area, is a nuanced one. This paper describes in detail how sur-
gical instruments are processed at the end of an operation and
made ready for the next operation. There are a multitude of
steps and interesting science that serve to decrease bioburden,
allowing surgeons to operate without significant risk of dis-
ease transmission to patients due to contaminated instruments.
Lastly, the financial impact of sterilization is important for insti-
tutions to be aware of, as many instruments are sterilized unnec-
essarily which leads to unnecessary costs.
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