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SUMMARY

The reprocessing of reusable medical equipment in anaesthesia is a critical component of infection control and patient safety within the Operating Theater
(OT). Anaesthetic equipment frequently spans all three categories of Spaulding’s classification (critical, semi-critical, and non-critical), creating complex
demands for localized decontamination, mechanical washing, and high-level disinfection or sterilization. This comprehensive review examines the types
of reusable anaesthesia equipment, detailing their mechanical requirements and material vulnerabilities. It explores the systematic stages of reprocessing:
starting from pre-cleaning at the point of use, through automated ultrasonic cleaning and enzymatic washing, up to the execution of precise high-level
disinfection (HLD) or terminal steam sterilization. Additionally, this article examines the fundamental physics and microbiology of sterility, including the
“Stages of Sterility” defined by structural barriers, validation kinetics via D-value and Z-value calculations, and sterile assurance levels (SAL). Finally, it
synthesizes current consensus recommendations from major international organizations-such as the Association of Anaesthetists (AAGBI), the American
Society of Anesthesiologists (ASA), and the World Health Organization (WHO)-to outline an evidence-based roadmap for optimizing environmental

sustainability without compromising patient safety.
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Introduction

The operating theater is a high-risk environment for the
transmission of healthcare-associated infections (HAIs). Within
this space, the anaesthesia workstation and its associated airway
management tools represent primary vectors for potential cross-
contamination. Anaesthesiologists manipulate the shared upper
airway-an environment rich in endogenous flora and potentially
pathogenic microorganisms-while simultaneously accessing a
patient’s vascular system.

Historically, the introduction of single-use, disposable devices
in the late 20th century was championed as a definitive solution
to eliminate cross-contamination risks. However, the modern
healthcare landscape faces a dual crisis: the need for absolute
infection prevention versus the severe environmental and financial
burdens of single-use plastics. Recent life-cycle assessments
indicate that the healthcare sector is a major global carbon emitter,
with operating suites generating a disproportionate volume of
biohazard waste. Consequently, a structural shift toward the
validated reuse of robust, durable medical devices has emerged.

Managing reusable anaesthesia equipment safely requires a
strict, non-negotiable adherence to the principles of reprocessing
chemistry, mechanical decontamination, and thermodynamic or

chemical sterilization. Failure to execute any single phase of this
multi-step pathway can lead to biofilm formation, instrument
degradation, and outbreaks of multidrug-resistant pathogens. This
review evaluates the clinical mechanics of reusable anaesthesia
equipment, details the systematic cleaning-to-sterilization pipeline,
analyzes the mathematical and physical definitions of sterility, and
summarizes global regulatory guidelines.

Classification and Types of Reusable Anaesthesia Equipment
To determine the appropriate decontamination protocol,
anaesthesia equipment must be categorized using the Spaulding
Classification System, which matches the infection risk of a device
to the anatomical site it contacts [1].

Critical Equipment (Requires Absolute Sterilization)

Critical items are those that enter normally sterile tissues, the

vascular system, or body spaces [1]. In anaesthesia, these items

must be completely sterile prior to use.

¢ Surgical and Regional Anaesthesia Needles: Reusable
epidural, spinal, and peripheral nerve block needles must
undergo complete terminal sterilization. (Note: Modern
international guidelines heavily mandate single-use
configurations for regional needles to mitigate the risk of
prion transmission or micro-structural blunting).

e Intraoperative Surgical Instruments: Magill forceps,
towel clips, and reusable central venous catheter inserters
that breach endothelial barriers.
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*  Transesophageal Echocardiography (TEE) Probes: While
the shaft contacts the esophagus (semi-critical), any probe
used intraoperatively close to exposed cardiac tissues or
containing surgical defects must meet critical parameters.

Semi-Critical Equipment (Requires High-Level Disinfection

as a Minimum; Sterilization Preferred)

Semi-critical items encounter mucous membranes or non-intact

skin but do not penetrate sterile body cavities. These components

represent the largest volume of reusable equipment managed by
anaesthesia providers.

* Laryngoscope Blades and Handles: Reusable stainless-
steel blades (e.g., Macintosh or Miller styles) and video
laryngoscope blades directly contact the tongue, epiglottis,
and oropharyngeal mucosa.

e Airway Adjuncts: Reusable oropharyngeal (Guedel) and
nasopharyngeal airways, laryngeal mask airways (LMAs)
composed of medical-grade silicone, and reusable stylets

valves, and injection ports on the top shelf.

or bougies.

*  Breathing Systems and Components: Reusable corrugated
breathing circuits (inspiratory and expiratory limbs), Y-pieces,
connectors, and silicone reservoir bags.

e Fiberoptic Bronchoscopes (FOB): Flexible endoscopes
used for difficult intubations. These contain complex internal
lumens that are exposed to respiratory secretions and require
meticulous, specialized reprocessing.

Non-Critical Equipment (Requires Intermediate to Low-Level

Disinfection)

Non-critical items contact only intact skin, which acts as an

effective barrier against most microbial invasion.

e Patient Monitoring Interfaces: Non-invasive blood pressure
(NIBP) cuffs, electrocardiogram (ECG) lead wires, pulse
oximeter probes, and bispectral index (BIS) cables.

e The Anaesthesia Workstation: The physical exterior of the
machine, including touchscreens, rotameters, vaporizers, APL

Tissue Contact

Risk Category

Vascular system
or normally sterile
tissues.

CRITICAL
RISK

membranes or
non-intact skin.

Intact skin only.

Example Equipment

Sterilization
Regional needles, intraoperative surgical instruments,
TEE probes with surgical defects.
High-Level
Disinfection (HLD)
) minimum;
Laryngoscope blades, Laryngeal Mask Airways (LMAS), sterilization
o preferred.

breathing circuits, Fuberophc Bro

Required
Reprocessing

Absolute Terminal

pes.

Intermediate to
Low-Level
Disinfection

Decontamination Pathway: Cleaning, Washing, Disinfection, and Sterilization
Reprocessing is a continuous, unidirectional workflow. An instrument cannot be successfully disinfected or sterilized unless it has

been thoroughly cleaned first.

Step 1: Pre-Cleaning and Point-of-Use Treatment

Decontamination begins immediately after the procedure finishes, before the organic material has time to dry. Dried blood, mucus,
and saliva form a protective matrix that severely limits the effectiveness of subsequent disinfection stages. Airway equipment is
wiped down with a damp cloth at the point of use, and internal lumens (such as those in fiberoptic scopes) are flushed with sterile
water or an enzymatic solution.

Step 2: Transportation
Instruments are placed into designated, leak-proof, color-coded closed containers to prevent contamination of the surrounding
environment. They are then transported directly to the Central Sterile Services Department (CSSD).

Step 3: Cleaning and Washing (Manual and Mechanical)
Cleaning involves the physical removal of foreign material (soil, organic matter, bioburden) from objects, typically utilizing water
alongside enzymatic or neutral detergents.

* Manual Cleaning: Executed by trained staff wearing appropriate personal protective equipment (PPE)—including fluid-resistant
gowns, heavy-duty utility gloves, and face shields. Instruments are completely submerged in an enzymatic bath to prevent aerosol
generation and are brushed using soft nylon bristles.

* Ultrasonic Cleaning (Cavitation): For complex instruments with hinges or serrations (e.g., Magill forceps), ultrasonic cleaners
are used. These devices emit high-frequency, high-energy sound waves that create microscopic bubbles on the instrument’s surface.
When these bubbles collapse (cavitation), they generate localized mechanical energy that safely dislodges proteinaceous debris from
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tight spaces.

» Automated Washer-Disinfectors: This approach is preferred
for robust semi-critical equipment like breathing tubes and
laryngoscope blades. These machines follow a standardized,
multi-stage cycle:

Washer-Disinfector Cycle
Stage

1. Cold Water Pre-Rinse

Technical Description & Mecha-
nism

Dissolves and removes heavy, vis-
ible protein matter without coagulat-
ing it on surfaces.

2. Hot Chemical Wash Utilizes alkaline or enzymatic de-
tergents to emulsify fats and rapidly

break down dense protein structures.

3. Neutralization & Rinse Elimates any residual, corrosive
chemical or alkaline detergents from

the instrument surfaces.

4. Thermal Disinfection Heats rinsing water to high thresh-
olds (80°C to 93°C) and holds it for
a specific duration to kill vegetative

pathogens.

Step 4: Disinfection
Disinfection eliminates many or all pathogenic microorganisms
on inanimate objects, with the primary exception of bacterial

endospores.

* Pasteurization (Thermal Disinfection): A highly reliable and
cost-effective method for heat-tolerant semi-critical anaesthetic
components like breathing circuits, face masks, and reservoir
bags. Equipment is fully submerged in water heated to 70°C for
30 minutes. This level of heat effectively denatures the cellular
proteins of vegetative bacteria, fungi, and lipid/non-lipid viruses,
providing high-level disinfection without toxic chemical residues.
* Chemical High-Level Disinfection (HLD): Reserved for
delicate, heat-sensitive instruments such as flexible fiberoptic
bronchoscopes. Common chemical agents include Glutaraldehyde
(2.0% - 3.4%) requiring 20-30 minutes exposure but generating
toxic fumes; Ortho-phthalaldehyde (OPA 0.55%) providing rapid
action with lower organic vapors; and Peracetic Acid (0.23%), a
potent oxidizing agent breaking down into non-toxic byproducts.

Step 5: Drying and Packaging

Following disinfection or washing, all items must be dried
completely inside an enclosed cabinet equipped with High-
Efficiency Particulate Air (HEPA) filters. Residual moisture can
promote microbial proliferation and impede steam penetration
during subsequent sterilization cycles. Once dry, items destined
for terminal sterilization are wrapped in permeable medical-
grade paper, non-woven polypropylene sheets, or sealed inside
sterilization pouches.

.'_WethIean

Disinfected

Packaged

O—> 0= O

Sterile

1. Pre-Cleaning

Executed at point-of-use
immediately post-
procedure. Wipe with
damp cloth; flush internal

2. Transportation

Transfer to CSSD in
designated, leak-proof,
color-coded closed
containers.

3. Cleaning &
Washing
Physical removal of

bioburden via manual
enzymatic baths,

4, Disinfection /
Sterilization
Application of

pasteurization, chemical
HLD, or terminal steam

5. Drying &
Packaging
Complete drying inside
HEPA-filtered cabinets,
wrapped in permeable

lumens with sterile water ultrasonic cavitation, or to destroy pathogens. medical-grade paper or
or enzymes to prevent automated washers. sterilization pouches.
dried biofilm matrices.

Kinetics, Validation, and Stages of Sterility
Sterilization represents an absolute concept: the complete destruction or elimination of all forms of microbial life, including highly
resilient bacterial endospores (such as Geobacillus stearothermophilus and Bacillus atrophaeus).

Kinetic Validation: D-Value and Z-Value Calculations

Microbial destruction via thermal or chemical processes follows first-order logarithmic kinetics. It is impossible to mathematically
prove the absolute destruction of every single microorganism; instead, sterilization is validated using probability models based on
specific kinetic parameters.

The D-value (Decimal Reduction Time) represents the exposure time required to reduce a specific microbial population by 90% (or
1 log cycle) under defined environmental conditions (e.g., a specific temperature, pressure, or chemical concentration).

The Z-value defines the temperature change required to affect a tenfold (1 log) alteration in the D-value itself. It measures the
temperature sensitivity of an organism.

Sterility Assurance Level (SAL)
In medical sterilization validation, an item is considered legally and clinically “sterile” when it achieves a Sterility Assurance Level
(SAL) of 10-6. This means there is a probability of less than or equal to one in one million (1 in 1,000,000) that a viable microorganism
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survives on the reprocessed device. To achieve an SAL of 10”-6 for critical surgical instruments, the sterilization process must deliver

an “overkill approach” requiring a minimum 12-log reduction (12D) of highly resistant reference endospores.

The Overkill Curve

12-Log Reduction

= N W s O OO~ @

Sterility Assurance Level (SAL)

D-Value (Decimal Reduction Time)

Z-Value

A legally clinically sterile item must hit an
SAL of 10 (< 1 in 1,000,000 chance a
viable microorganism survives). Critical

Exposure time required to reduce a
specific microbial population by 90% (1 log
cycle) under defined conditions.

The temperature change required to alter
the D-value by a factor of 10 (1 log).

items require a 12-log reduction overkill.

The Structural “Stages of Sterility”

Maintaining sterility from the moment an item exits the sterilizer

chamber until it reaches the sterile field requires a structured

management framework across four distinct operational stages:

*  Stage of Environmental Security (Sterilization Validation):
This initial stage occurs inside the sterilization chamber, where
specific mechanical, chemical, and biological indicators verify
that target criteria were met. Steam autoclaving parameters
require saturated steam to reach a minimum of 121°C for 15
minutes at 15 psi, or 134°C for 4 minutes at 30 psi.

»  Stage of Barrier Integrity (The Wrap Performance): Once
removed from the sterilizer, the item relies entirely on the
physical protection provided by its packaging material. The
wrap must act as a tortuous path that prevents the entry of dust,
moisture, and microorganisms while remaining permeable to
gas or steam during the sterilization cycle.

»  Stage of Dynamic Storage (Event-Related Sterility): Modern
infection control guidelines have largely abandoned time-
related shelf-life metrics in favor of event-related sterility.
A sterile package is considered stable indefinitely unless
an adverse event occurs (e.g., physical dropping, crushing,
or moisture compromise wicking through the packaging).
Storage environments must maintain temperatures between
18°C and 23°C and relative humidity between 30% and 70%.

«  Stage of Point-of-Use Validation (The Anaesthesiologist’s
Verification): The final stage occurs immediately before
using the instrument at the patient’s bedside. The operating
anaesthesiologist must perform a final visual inspection to
verify chemical indicator completion, packaging dry status,
and ensure zero structural punctures or tears.

* International Recommendations and Practice Variations

*  While the underlying microbiological and physical rules of
decontamination are universal, the clinical application of
reusable anaesthesia equipment varies by geographic region
and regulatory jurisdiction.

The Transatlantic Disconnect: United States vs. Europe

A major clinical divergence exists between the United States
and European healthcare systems regarding the management of
anaesthesia breathing circuits.

The United States Paradigm (ASA / CDC / AANA Guidelines):
In the United States, the American Society of Anesthesiologists
(ASA) and the Centers for Disease Control and Prevention (CDC)
do not support the multi-patient reuse of anaesthesia breathing
circuits, even when high-efficiency bacterial-viral filters are
integrated. The CDC classifies the routine use of filters to permit
circuit reuse as an “unresolved issue”. Consequently, standard
practice in the US mandates that the entire patient circuit—
including the corrugated plastic hoses, Y-piece, and mask—be
single-use and discarded after every single case.

The European Paradigm (AAGBI / European Society of
Anaesthesiology Guidelines): In contrast, European guidelines,
led by the Association of Anaesthetists of Great Britain and
Ireland (AAGBI), support a more sustainable model. European
protocols permit the reuse of a single robust breathing circuit for
multiple successive patients over a single operating list or up to an
entire week, provided that a fresh, single-use Heat and Moisture
Exchanger with an integrated Bacterial-Viral Filter (HMEF) is
placed directly between the patient’s airway and the Y-piece for
every case. The HMEF must demonstrate a filtration efficiency of
greater than 99.999%. The circuit itself is only changed at the end
of the specified clinical period or if the filter becomes physically
saturated, wet, or blocked.

Consensus Recommendations: WHO Guidelines for Safe

Surgery

The World Health Organization (WHO) focuses its

recommendations on global scalability, ensuring safety across

varying resource settings. The WHO emphasizes that regardless
of whether a facility utilizes a single-use or a reusable framework,
the following rules remain mandatory:

e The Operator Independence Rule: Reprocessing must
be delegated to dedicated, centralized personnel (CSSD)
who are trained in validation protocols, rather than managed
informally by theatre nurses between cases.

e Strict Single-Use Prohibitions: Items explicitly labeled by
the manufacturer as “Single-Use Only” cannot be reprocessed
or reused within a standard hospital setting, as standard
cleaning validation protocols are insufficient to clean tight
internal components.
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A |
dedicated,
~ centralized,

RULE 1: THE OPERATOR
INDEPENDENCE RULE

i| Reprocessing must be delegated to dedicated,
|| centralized, trained personnel (CSSD). It cannot be
il managed informally by theatre nurses between cases.

RULE 2: STRICT SINGLE-USE
PROHIBITIONS

M| Items explicitly labeled by the manufacturer as Single-Use
|| Only absolutely cannot be reprocessed. Standard cleaning

validation protocols are mathematically insufficient to
clear bioburden from their tight internal components.

Conclusion

The management of reusable equipment in anaesthesia requires
balancing absolute patient safety with environmental sustainability
and resource optimization. The transition away from single-
use plastics back toward validated reusable medical devices is
accelerated by advanced reprocessing options, such as automated
washer-disinfectors, pasteurization, and low-temperature gas
plasma systems.

By applying Spaulding’s classification, understanding the kinetic
metrics of sterility (D-value, SAL), and strictly enforcing the
structural stages of sterility, healthcare facilities can safely
reprocess semi-critical and critical anaesthesia instruments
while maintaining a near-zero risk of cross-contamination. As
international guidelines evolve, integrating high-efficiency
filtration with reusable breathing systems offers a proven path
forward. This approach enables healthcare networks to reduce their
carbon footprint and supply chain liabilities while maintaining
excellent clinical safety standards worldwide.
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