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INTRODUCTION

Millions of litres of the anaesthetic gas Nitrous Oxide (N,0O) are currently leaking from medical gas

pipeline systems around the world, including in Australia and Aotearoa New Zealand."” Most of the N,O
that a hospital buys never reaches a patient. This article will explore how such a wasteful system became
ubiquitous in healthcare design and the evidence-based steps that the anaesthetic community can take to
manage the problem.

N,O is a potent greenhouse gas, with a 100-year time horizon global warming potential 273 times that of
carbon dioxide.® The Australian government's Health and Climate Strategy has identified reducing emissions
related to N,O as a key strategy, while New Zealand has not identified this as a government target.?
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The strategy estimates emissions related to medical N,O for 2020-2021 financial year in the Australian
healthcare sector equates to the equivalent emissions of 300,000 tonnes of CO, (CO,e), representing 20%
of Scope 1 emissions, which are direct emissions that result from sources that are owned or controlled

by a healthcare facility. Most of this footprint related to N,O is likely a result of leakage and not clinical
administration.”®

The international community is acting. The United Kingdom and Ireland intend to phase out N,O pipelines
by the end of the 2026-2027 financial year and the American Society of Anaesthesiologists has called

for all N,O pipework to be decentralised.”"> With the support of RANZCOG and ANZCA the Australasian
Health Facilities Guidelines have been updated to state that piped nitrous oxide is “not mandatory for any
healthcare service and point-of-care cylinders can meet clinical requirements”.”

Our college agrees that the climate crisis is a public health emergency and recently committed to the
Australian Commission on Safety and Quality: “Working together to achieve sustainable high-quality health
care in a changing climate”. Reducing emissions from leaked N,O is an evidence-based opportunity to
reduce harm without impacting patient care. The interim Australian Centre for Disease Control guidelines
recommend “decommissioning N,O pipelines where possible, avoiding installation of new N,O pipelines,
and instead supplying N,O via cylinders at the point of clinical administration”.”® This adjustment has

been demonstrated to reduce N,O related emissions by up to 97%."® Our estimates, based on published
literature and unpublished internal audits across Australia and New Zealand, suggest 150,000-291,000
tonnes CO,e could be prevented annually across the Australian healthcare sector if piped N,O supply was
decommissioned and point-of-care cylinders were used instead (Figure 1).

Figure 1. Comparison of current and projected N,O related emissions
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Data from National Health and Climate Strategy. Current emissions represent CO,e from Australian
healthcare sector 2020-2021 financial year.® Projected emissions estimated from international and local
published and unpublished data. Realised emission reduction will depend on the leak fraction across the
Australian healthcare sector.

This article intends to be a "how to"” guide to support this supply change. We aim to provide detail on
existing N,O infrastructure, outline the evidence regarding leak and provide necessary information to assist
healthcare facilities in Australia and New Zealand to provide N,O via cylinders at the point of care where
necessary. We also suggest that anaesthetists review their practice to consider if N,O administration is
necessary for, and consistent with, providing the best care for their patient's current and future health.
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HISTORY OF N,O AND THE NEED FOR PIPED SYSTEMS

The discovery of N,O in 1772 is well described.”" First trialled as an anaesthetic in 1844, it was used
sporadically by dentists until the widespread adoption of the drug in the late 1860s. It was then rapidly
introduced into general anaesthesia, with the first records of Australasian clinical use in the 1870s." It
provides both sedation and analgesia with rapid onset and offset which led to its ongoing use into the
21st century as an inhaled carrier gas for anaesthesia as well as for obstetric and procedural analgesia. It
remains on the 2023 version of the World Health Organization's list of essential medicines.?°

In the mid-20th century, developments in anaesthesia such as curare, intubation, positive pressure
ventilation, and muscle relaxants evolved to facilitate surgery.?'?2 Advanced centres had access to mixed
Oxygen/N,O/volatile techniques, though measurement of gas delivery and uptake was not standardised.??

In that era, anaesthesia circuits were typically open to semi-closed, as the absence of end-tidal gas
monitoring made efficient low-flow techniques risky due to the potential for hypoxic or anoxic mixtures.?!
The introduction of halothane in the mid-1950s encouraged more economical flow rates and the uptake of
exhaled gas analysers in the 1990s improved safety.

Medical gases became available in cylinders in the 1870s, a vast improvement on the original practice of
preparing and storing the gas on site in ox-bladders or free standing gasometers.?® Theatre gases were
supplied by large point-of-care cylinders until the 1960s-1980s when piped or reticulated systems became
more widespread.* The development of medical gas pipeline systems improved convenience, supply
reliability, and safety through non-interchangeable screw thread (NIST) connections and sleeve index
system (SIS) used in Australia for common medical gases.?® Medical gas pipeline systems supplied from
bulk gas sources allowed cost savings through lower gas costs per unit volume, reduced cylinder rental
charges and improved logistical efficiencies.

N,O has been commonly used as an analgesic in labour since the late 1930s, but patterns of use vary
worldwide.?*# In Australia, 40% of labouring women use N,O during labour.?® It has a favourable profile and
is a common first or second line midwifery initiated analgesic option, although unwanted side effects such
as dysphoria and nausea are acknowledged limitations to its use in some women.? It is less invasive yet less
effective than alternative therapies such as remifentanil PCA or epidural analgesia.?°

N,O is also used for procedural analgesia and sedation either in isolation or as an adjunct to other agents.
It is used in emergency departments, dental clinics and procedure rooms for various interventions in both
adult and paediatric populations.?:%

N,O INFRASTRUCTURE

N,O medical gas pipeline systems exist in most hospitals in Australia and New Zealand to meet the needs
of birthing units, operating theatres, emergency departments, and procedure rooms. As hospitals expand
and these networks become more extensive, healthcare facilities often lack updated schematics of their gas
pipelines and associated wall outlets.

A N,O medical gas pipeline system is pressurised by a dual manifold comprising one active and one inactive
cylinder bank and may have a smaller reserve manifold for failures or servicing. Cylinder pressure ranges
from 4600-5200 kPa and is regulated to 400 kPa before entering the main pipeline.®*3? Supplying N,O in
this manner has allowed bulk purchasing of gas and decreased transport costs. N,O is an inexpensive gas,
costing 1-2c per litre.

In general, Australian facilities have a pure N,O supply that is blended with oxygen at the point of care,
whereas New Zealand facilities follow the UK and Ireland style, with separate pipelines for both N,0 and
Entonox (50:50 N,O:oxygen).*?

N,O is administered via an anaesthetic machine or a N,O and oxygen blender, while Entonox requires
only a demand regulator. Waste gas scavenging or adequate ventilation is recommended where N,O is
administered in either form. For maximum effectiveness, expired gases should be exhaled directly into a
circuit connected to a scavenging system.®334
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N,O PORTABLE CYLINDERS

N,O is stored in white cylinders with ultramarine shoulders (with a Pin Index Safety System, configuration
of 3,5.). These cylinders are commonly made of carbon steel but can also be made of MRI-safe aluminium.
The cylinder pressure is 4600-5200 kPa at room temperature and sea level. Stored below its critical
temperature, N,O exists simultaneously in liquid and vapour phases, with respective proportions depending
on ambient temperature. To mitigate the risk of cylinder rupture due to liquid expansion, cylinders are
partially filled to a specified filling ratio and equipped with a pressure relief valve.®®

N,O cylinders are available in sizes from 900-18,000 L. The Australian, New Zealand, UK, and US cylinder
sizes follow different scales and are not directly comparable. Cylinders appropriate for point-of-care use in
Australia are sizes C or D and in New Zealand, sizes A or D2. There are slight discrepancies in cylinders sizes
between medical gas companies and the below figures represent a guide for temperate climate areas.

Table 1. Point-of-care N,O cylinders in Australia and Aotearoa New Zealand

Size Volume N,O (L) Weight N,O (kg) Water Volume (L)
Australian cylinders

C 935 1.75 2.8

D 3520 6.6 10

E 8970 16.8 23

Aotearoa New Zealand cylinders

A 1090 1.99 2.85

D2 3524 6.6 10

Values from British Oxygen Company.®®*” Local and supplier variance in exact values is expected.

Determining the remaining N,O volume in a cylinder is straightforward, and combined with advancements

in knowledge regarding administration volumes, it is safe to provide point-of-care N,O via cylinders. The gas
volume is calculated from the pressure and water volume of the cylinder. Cylinder gas supply is commonly
used when there is interruption to the piped N,O supply, and cylinders of other medical gases, such as
carbon dioxide, are commonplace in theatre environments.

Figure 2. Physical characteristics of N,O cylinders

Pressure | 4,600 -5,200kPa | 4,600-5200kPa | 4,600-5200kPa | 2,600kPa 400kPa
Australian C Cylinder' | g35| ~935 - 130L ~130L ~70L ~11L
Australian D Cylinder ' | 3 5201 ~3,520 - 460L ~460L ~260L ~40L
Cylinder State | Ful Partially full ﬁq":i: fe"ma“"'m;“: ::‘::‘I:::g Empty
*

% Pressure is constant until liquid is evaporated

Cylinder pressure will remain stable until liquid in cylinder has been evaporated. Values from British Oxygen
Company. Exact values may vary based on supplier.
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HARMFUL EFFECTS OF N,O

Environmental

N,O is a powerful greenhouse gas, with an atmospheric lifetime of over 100 years, and is a major contributor
to global warming. It also depletes the ozone layer.

The 100-year Global Warming Potential (GWP-100) of N,O is 273 times that of carbon dioxide.*®* GWP-100 is
the commonly accepted measure for understanding the impact of different gases on global warming.

Another metric reported by the Intergovernmental Panel on Climate Change (IPCC) is effective radiative
forcing, and it has been recently argued in the anaesthetic literature that this may be a better metric to use
when considering anaesthetic gases.®® The debate over metrics is semantic and relates to how we should
measure the global warming effect of halogenated volatile anaesthestic agents. In comparison, the evidence
for environmental harm with N,O is unanimously agreed. The radiative forcing effect of N,O is significant
due to its long stratospheric half-life and the high concentration of N,O found in the atmosphere.*

Healthcare carbon emissions are considered in three “scopes”. Scope 1 refers to all direct emissions from a
source that is owned by the organisation, Scope 2 refers to emissions related to energy purchased by the
organization, and Scope 3 are emissions related to all products in the external supply chain.*' Emissions
related to N,O that enter the atmosphere directly from a healthcare facility via clinical administration or leak
are classified as Scope 1.

Due to the large volumes of N,O purchased by hospitals, and its high 100-year GWP, N,O is a significant
contributor to healthcare emissions, accounting for 20% of the Scope 1 emissions of the Australian health
system.™

Occupational health and safety

Chronic N,O exposure has been associated with psychomotor, cognitive, hepatic and embryo-foetal adverse
effects.*?*® Both the United States National Institute for Occupational Safety and Health, and Safe Work
Australia have recommended a safe occupational time-weighted average exposure standard of less than 25
ppm.43,44

Efforts to reduce staff exposure to N,O in operating theatres have been successful with use of closed
circuits, less frequent use, scavenging of anaesthetic gases and mandatory air conditioning standards.
Australian Standards for operating theatres require 20 air changes per hour.** In comparison, high level
exposure to N,O has been documented in birth suites which poses a risk to staff.?*4%4” The requirements

for air changes in Australian birth suites has been significantly increased in the 2024 version of AS 1668.2,
which many hospitals may not yet have implemented.** New Zealand follows the UK Health Technical
Memorandum guidance also updated in 2024, which requires 25 air changes per hour for operating theatres,
and 15 air changes per hour for birth suites.*®

Benefit versus harm in 2025

The role of N,O in anaesthesia has been explored thoroughly, and its routine use does not confer a benefit
to patients.*52 Furthermore, it is known to inhibit vitamin B12, which can lead to neurologic toxicity and
megaloblastic anaemia, and its use is associated with a higher risk of severe postoperative nausea and
vomiting, and lower quality of recovery scores.’” These findings, and alternative medications, have led to

a widespread move away from N,O use for maintenance of anaesthesia. This change in practice occurred
before the general acknowledgement of environmental issues, and certainly before the extent of N,O
pipeline leakage was identified.*95°535* In 2025 the most common use for N,O in operating theatres is for
paediatric gas inductions and as a component of general anaesthesia for emergency caesarean sections.

N,O outside the operating theatre has an established and ongoing clinical role for providing labour analgesia,
and sedation for dentistry and paediatric procedures. Its safety profile and ability to be administered
without intravenous access continues to confer significant benefits in these settings though research into
alternative therapies is expanding.
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N,O PIPELINE LEAKAGE

N,O leakage was first identified in 2020 by Chakera at NHS Scotland.®® By assessing clinical use and
procurement in three hospitals, they identified system loss of 83-100% from the pipeline infrastructure.
By March 2021, 15 sites in the Lothian District had reported N,O pipeline annual losses of 84-100%.% In
Australia, local case reports have subsequently identified large N,O leaks in their pipeline infrastructure
(Table 2) using one or more of four key methods endorsed by the interim Australian Centre for Disease
Control (Text Box A)."®

Text Box A. Leak detection methods

1. Discrepancy method
An estimation method to identify the discrepancy between purchasing volumes and estimated or
measured administration volumes.

2. Cylinder weighing method
Tracks the reduction in weight of a cylinder in a manifold bank and compares this to administered
volumes for the same period (weeks to months).

3. Pressure testing method
Similar to testing that occurs as part of pipeline commissioning. Tracks pressure in a fixed volume of
pipework during a period of no clinical use. Can be done in small or large segments of the reticulated
system.

4.  Flow monitoring method
Flowmeters are installed into key sections of the system to measure flow. If installed close to a
delivery device it can measure administration volumes, or if installed at the manifold it can detect a
system leak.

Table 2 summarises the publications regarding N,O leakage. Many departments in Australia and New
Zealand have performed internal audits that have not been published and reached similar conclusions.

Table 2. Summary of published reports of N,O leakage from medical gas pipelines

Year Method Annual Individual site | Annual tonnes

leakage leakage (%) CO,e due to leak

(L/year)
Australian/New Zealand
Footscray Hospital, Melbourne® 2021 Discrepancy | 160,000 75 75
The Alfred hospital, Melbourne* 2023 Cylinder 197,789 83.5 100

weighing

Sydney Children’s Hospital at 2024 Flowmeter 273,312 50 563
Westmead®
International
Tenon Hospital, APHP Sorbonne 2019 Discrepancy 1191, 892 875 600
Université, Paris, France*?
NHS Scotland (multi-site study)®® 2021 Discrepancy 13,771,800 | 83-100 37,462
University of San Francisco California/ | 2022 Discrepancy | Thisis 47.2-99.8 5500
Providence Health (multi-site study)' empty now
Greater London Network (multi-site 2023 Discrepancy 5,311,852 51-100 2615
study)®

How did this major problem with the N,O pipeline system remain undetected for so long? Despite
meeting all Australian Standards maintenance and testing requirements, hospitals have shown through
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specific testing using a method described above that they have a significant leak. One reason behind this
inconsistency is that post installation the Australian Standards only requires relatively rudimentary testing
for local leaks at outlets and regulators in the clinical care environment and do not address other areas

of the pipeline enclosed within the building.?® Another issue is that the system is tested in segments with
equipment disconnected, rather than the dynamic system, as a whole. This will exclude leaks occurring

in at the back bar, and seals at NIST or Sleeve Index S fittings. In effect, the current standards are not
appropriately sensitive.

The piped N,O system is prone to leakage at many points, where much of it is enclosed in building walls or
ceilings that is difficult to inspect, maintain and repair. N,O molecules can escape well maintained systems
through various points. Sites of leakage that have been identified include diffusing through flexible pipeline
hoses that connect anaesthetic machines to the terminal wall outlet, flexible pipeline in operating theatre
pendants, sections of pipeline in high-vibration areas such as near medical imaging equipment and terminal
wall outlets.®56%7

Current infrastructure relies on a pressurised gas system to pipe large volumes of N,O throughout the
hospital buildings, while modern anaesthesia practice uses only small volumes of the gas. Leaks of 500-
1000 ml/min from a hospital pipeline can account for most of the facility's total N,O consumption and
subsequent N,O related emissions. The financial gains of transitioning will depend entirely on the leak
rate of a facility. One example, the Prince Charles Hospital in Queensland, Australia, expect a return on
investment of two years after decommissioning.5®

DECOMMISSIONING N,O PIPELINES

Testing a pipeline for leaks can be helpful to demonstrate the issue to a healthcare service, but in our
experience testing beyond the discrepancy method is arduous, time consuming and costly. Institutions can
instead move straight to implementing a point-of-care cylinder solution and decommissioning their N,0
pipeline.

As of March 2025, a small number of Australian and New Zealand healthcare facilities have already
decommissioned their centralised N,O pipeline supply, with a greater number of international locations
performing this evidence-based intervention (Text Box B).

Table 3. Reports of decommissioned N,O piped medical gas systems

International sites Sites decommissioned (n)
NHS Scotland®® 27

NHS Wales' 6

Providence Healthcare' 25

Tenon Hospital? 1

Australian sites

Prince Charles Hospital®® 1
Broome Hospital 1
Sir Charles Gairdner Hospital 1
Modbury Hospital 1

Aotearoa New Zealand Sites

Christchurch Public Hospital — Riverside 1

Burwood Hospital 1

Dunedin Hospital (except Birth Suite) 1
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Environmental benefits reported from the decommissioning of pipeline systems are large, as would be
expected given the size of the measured leaks. Across the UK, the NHS has reported a reduction of over
37,000 tonnes of carbon dioxide equivalents from piped N,O emissions from 2018 to 2023, with no increase
in portable emissions over that timeframe.’® In the US, decommissioning by 25 hospitals across two health
systems have mitigated more than 5500 tonnes of N,O related greenhouse gas emissions annually.’

Unfortunately, N,O is cheap and financial benefits of decommissioning N,O pipelines are modest until

a carbon price is considered. Though a change to point-of-care cylinders is not expensive, this lack of
substantial financial savings may reduce the incentive to healthcare facilities to invest this change. As
discussed, centres with high leak rates will benefit the most from this project. Financial savings will occur
through decreased maintenance and decreased building costs of new buildings if N,O pipework is excluded.

Other benefits for hospitals to consider include improved occupational safety, and the benefit of increased
mobility for labouring women by having a portable N,O supply in the birthing suites. It may also reduce the
risk of patient death due to administration of hypoxic gas from a cross-over error.5%%!

There are no reports of a hospital moving to point-of-care cylinders and increasing N,O related emissions.
There are also no reports of patient harm or near misses. Healthcare facilities can retrospectively determine
the extent of the leak based on purchasing reduction over time after decommissioning.

CYLINDER BASED SOLUTIONS

Development of a resilient point-of-care solution requires three phases: assessment, establishment of
portable supply, and decommissioning.

Assessment phase

Management of N,O related emissions requires a collaborative multidisciplinary approach.” To answer five
key questions (Text Box C), a working group including all major stakeholders should be assembled early (Text
Box D). It is important to build an agreed shared vision and strategy with all members of the project team.

A suggested goal is “to provide N,O to necessary clinical areas in the least wasteful method possible while
ensuring safety”. Time and patience may be needed, particularly when there may be competing interests,
such as when public-private partnerships exist with long term fixed contracts. Improving government
regulation and carbon emission reduction targets would help to provide incentives to healthcare facilities in
this area.

Text Box B. Questions for N,O needs assessment

Where is N,O piped to?

Where is N,O required?

How much N,O is purchased?

How much N,O is required to supply each clinical area?

I N

What equipment is required for each clinical area?
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Text Box C. Working group membership

1. Project lead

2. Clinician stakeholders
a) Anaesthesia
b) Emergency
c) Obstetrics
d) Midwifery
e) Paediatrics

Biomedical engineering
Facilities management
Medical gas supplier
Hospital sustainability officer

Procurement

® N OO s

Senior hospital leadership

Establishing portable supply phase: point-of-care cylinders

Implementing a point-of-care cylinder approach requires significant project management skills, but the
physical work is not complex. Ongoing quality cycles will enhance this process. N20 compatible equipment
must be used, including Pin Index Safety Systems and NIST or Sleeve Indexed Bayonet fittings. ANZCA
PS54 provides guidance on minimum safety requirements for N,O administration.®?

Anaesthesia machines

To supply N,O via an anaesthetic machine there are two options: cylinders connected directly to the back
of the anaesthetic machine via an inbuilt yoke, or a portable cylinder with a 400 kPa regulator, to allow a
connection similar to wall outlets, via a flexible hose with Sleeve Indexed Bayonet fittings.

1. Inbuilt N,O yokes

Many anaesthetic machines have capacity for up to three cylinders to be connected via inbuilt yoke.®>® |f
not already in place, these can be ordered when anaesthetic machines are upgraded or can be retrofitted for
$500-2500 per machine.

Inbuilt yokes are familiar and N,O is immediately available. Cylinders should be installed to the back of all
machines, or high frequency use locations until review demonstrates that this is oversupply. A cylinder plug
needs to be installed when a cylinder is not installed to avoid entrainment of air through imperfect seals.
Cylinders stored in the open position will slowly leak, whilst closed cylinders do not.!

When this system is used, a low-pressure alarm will occur at 2633 kPa for GE machines, which correlates to
about 70 L remaining in an A or C cylinder (see Figure 2).%* This should give ample warning (280 minutes at
250 mL N,O per min, or 14 minutes at 5 L N,O per min) to allow a cylinder change.

2. Portable N,O trolley systems

A portable N,O system that can act as a surrogate medical gas pipeline consists of a cylinder with cart,

a regulator and hosing with Sleeve Indexed Bayonet fitting (Figure 3). When required, this apparatus is
wheeled into theatre and connected to the N,O inlet at the back of the anaesthetic machine. In this system,
pressure regulation to 400 kPa occurs prior to the machine via the yoke and regulator. There is an analogue
Bourdon pressure gauge and no audible alarm. A D or D2 cylinder will start to depressurise once the volume
remaining is approximately 460 L (Figure 2). The first audible alarm will vary between each machine,

with alarms being triggered occur when the pressure reaches 180-260 kPa.5* At this threshold, there is
approximately 25 L of N,O in a D cylinder, providing enough warning to allow for a cylinder change.
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Figure 3. Portable N,O trolley systems Emergency departments have adapted from piped N,O without issue. Birthing units that use portable
systems report excellent patient satisfaction as it allows patients increased mobility (Figure 4).

Figure 4. Portable N,O and oxygen blender in use at Broome Regional Hospital Birth Suite

Example of portable N,O trolley system demonstrating a D-Cylinder, regulator and hosing. Photo courtesy

M. O'Shea and K. Williams. The Prince Charles Hospital, Queensland. Photo courtesy of P Mareyo. Broome Hospital, WA

OTHER CONSIDERATIONS

Table 4. Comparison between inbuilt yoke and portable trolley systems for point-of-care N,O

Scavenging
Portable N,O supply Inbuilt yoke Portable trolley Any delivery of N,O without an anaesthesia machine must also consider how the exhaled or administered
drug is scavenged. A suggested scavenging system in procedural spaces is a bassoon-scavenger (Figure
Upfront cost $500-2500 per machine Minimal 5) which can accept a volume of exhaled air while scavenging the bassoon-shaped container at a constant
cviind X A/C A/C b/D2 rate.®® Use of a demand valve for N,O in birthing suites can reduce the amount of N,O wasted and can
ylinder size / /C or D/ reduce exposure to other personnel in the room.
Number of cylinders One per machine Department dependant
required Figure 5. The Bassoon-style scavenging setup in birth suite at Flinders Medical Centre, South Australia
Alarms Audiovisual Cylinder Pressure Alarm Audiovisual Pipeline Pressure Alarm

2633 kPa for GE
ator Visual "Low" on Pressure Gauge

180-260 kPa
Volume remaining 70 L (C Cylinder) 18-26 L (D Cylinder)
when alarm reached
Advantages Intuitive and familiar Larger capacity possible

Avoids flexible N,O hose/attachments | Requires active decision to employ N,O
More warning of low N,O supply

Disadvantages Cylinder changeover takes about 1 Shorter warning time
minute

Cylinder plugs required if cylinders no
longer installed

Pressure alarms set by manufacturer

Extra piece of equipment in theatre
environment
Extra step in clinician workflow.

Non-operating theatre locations
Photo courtesy of J Duke. Southern Adelaide Local Health Network, SA
Locations that use blenders can adapt to portable N,O supply easily, and some require no equipment

changes at all. These systems usually rely on visual pressure gauges to detect when cylinders need to be
changed. This provides an opportunity to review practice and determine if N,O blenders or Entonox cylinders
would be a more suitable choice.
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Cylinder storage

Sufficient portable N,O cylinders will need to be stored in an area that will be compliant with storage of an
asphyxiant and medical gas systems.?*®¢ A practical solution is a larger supply in an external area, with a
smaller supply in a suitable internal location. N,O is a Schedule 4 drug and is subject to national storage
and administrative requirements. A dangerous goods consultant may be required to approve the designated
storage areas. Supply chain disruption is a consideration for remote or more vulnerable locations.

Detecting filling status of a cylinder

As cylinders returned to the supplier are vented to the atmosphere before being refilled, the balance
between returning partially full cylinders and running empty mid-case needs to be struck. While the
decision to change a cylinder during theatre use ultimately lies with the anaesthetist, a system that reduces
intraoperative changes is preferable and is likely to still be less wasteful than piped N,O.

The three methods of checking the contents of a cylinder are pressure, weight and percussion. Pressure
monitoring is the most straightforward, but departments need to consider the pros and cons of each and
provide education.

Pressure

When the pressure in a cylinder is between 4600-5200 kPa there will be liquid remaining in the cylinder.
As N,O is withdrawn, liquid will evaporate inside the cylinder and the cylinder will cool. Only once all of
the liquid contents have evaporated does the cylinder pressure drop below 4600 kPa. This occurs after
87% of the gas has been withdrawn (Figure 2).3%%” During the vapour phase of emptying (that is, no liquid
remaining), the pressure will fall linearly in the same manner as an oxygen or air cylinder according to
Boyle's law. Low pressure alarms for GE anaesthesia machines are triggered at 254 kPa for pipeline or
2633 kPa for cylinders.®*

Percussion

A percussion test is used to determine the tone change and identify the fluid level in the cylinder. Starting
from the bottom, the cylinder is struck with an instrument until the tone changes from dull to resonant. This
fluid level can be tracked over time.

Weight

The weight of gas remaining in a cylinder is the most accurate method of determining the volume of gas
remaining. The gross, tare and net weights of all the cylinders are known, with 1 kg of liquid N,O equivalent
to 534 L at sea level and room temperature. The weight of a cylinder can be tracked over time. This method
requires cylinders to be disconnected from equipment and is cumbersome if cylinders are heavy, or if
multiple require weighing.

Table 5. Methods of detecting volume of N,O remaining in cylinder

Method Advantages Disadvantages

Pressure Most reliable method to detect Portable regulators do not have auditory alarm

depressurisation
P Pressure is constant during liquid phase of cylinder

emptying

Percussion | Cylinder can remain connected to Requires interpretation

equipment
uip Interindividual variability

Can be performed as often as

. No tone change once fluid evaporated
required

Weight Most accurate Requires excess equipment

Requires cylinder to be disconnected from delivery
device
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Decommissioning pipelines phase

Decommissioning the reticulated N,O supply can occur once a resilient portable system has been
established and tested in the relevant clinical areas. Formal approval from hospital executive and the head
of each affected department is necessary prior to works on the medical gas pipeline system. The following
steps need to be considered and conducted by suitable personnel.

Text Box D. Steps in deactivation of central supply

1. Update the map of existing N,O network

a. Deactivation of N,O alarm systems

b. Manifold — change over alarm and line pressure alarm
c. Isolation valve box alarms

d. Theatre — medical gas panel alarms

Isolation of the N,O supply to building

Vent the outlets

Plug the N,O gas outlets to make them inoperable

a k w DN

Apply “"decommissioned"” labels to all N,O outlets, isolation valves, manifold and emergency
connection inlets.

6. Return hired manifold cylinders to supplier

Pipelines may remain in situ, but the decommissioned status must be labelled clearly at outlets (Figure 6)
and the manifold to ensure the infrastructure is not inadvertently used. Purpose-built "decommissioned"
fixed outlets may soon be available.

Figure 6: Decommissioned N,O outlet

Photo courtesy M.O'Shea and K. Williams. The Prince Charles Hospital, Qld

UNRESOLVED ISSUES

Birth suite

Most N,O clinically administered in Australia and New Zealand is delivered by non-anaesthetists to provide
labour analgesia in birth suites. RANZCOG supports decommissioning N,O manifolds, referencing internal
audits demonstrating leakage. With the current evidence base it is not yet clear if birth suites would be
better served by limited piped N,O and central destruction devices, portable N,O blenders with or without
destruction or a combination thereof.?®® Portable N,O is the method of delivery in Broome Hospital and
reports of high patient satisfaction are encouraging. More research and education to determine the best
path forward in this area is necessary. It is worthwhile noting that when asked, some patients would have
changed their analgesic choice based on the environmental impact.”
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Quaternary paediatric centres

N,O is used by many clinicians as part of paediatric gas inductions and procedural sedation. Paediatric
centres with multiple anaesthetising and procedural locations throughout the facility will require the most
investment to change. Each centre will need to evaluate their usage volumes and patterns to determine the
most suitable solution. There is growing consensus that N,O is not required for successful and atraumatic
paediatric gas induction.”

Hazards

Diversion of N,O for use as a recreational drug of abuse is a common concern raised when considering
decommissioning. Our opinion is that this risk is likely to be lower with portable supply than with piped
systems. As N,O is a Schedule 4 drug, it should be secured appropriately and records kept. Medical gas
companies are obligated to ensure that delivered stock is returned. As such, there is a greater likelihood
of being able to detect misuse with point-of-care cylinders than with the current unmonitored outlets.
Anecdotal reports of patients and support persons self-administering N,O from wall outlets are very
common. Removing piped N,O also reduces the risk of cross connection while, whilst rare, can result in
fatalities.506"

FUTURE DIRECTIONS

N,O is becoming less relevant in anaesthesia due to the availability of faster acting intravenous and
volatile agents. Challengers to N,O in the procedural sedation sphere include intranasal agents and inhaled
methoxyflurane.”2’® Methoxyflurane has historically been used in labour and more recently as a bridge to
epidural.”

Destruction of waste and exhaled N,O, which reduces the environmental and occupational hazard, may be

a path to ensure continued acceptability of this agent.*® Central and portable N,O destruction units are in
use in Europe, scavenging waste N,O at point of care or centrally.?®%° These “nitrous cracking” devices break
N,O into N, and O,, however they rely on the exhaled N,O being scavenged to the destruction device and are
unable to process gas contaminated with volatile agents.

N,O cylinders are returned to the medical gas company with residual N,O. Current practice, for regulatory
reasons, is to vent the remaining drug in the cylinder to the atmosphere before the cylinder is refilled. In our
opinion, medical gas companies have an ethical obligation to pass this waste gas through N,O destruction
units and avoid this emission event entirely.

SUMMARY

N,O has a long and important history in anaesthesia and pain medicine but is notorious now as a
greenhouse gas leaking millions of litres annually from hospital infrastructure. Health services have an
obligation to control these leaks by going back to the future and implementing point-of-care cylinders and
decommissioning N,O pipelines.

Thank you to members of the Main Manifold Group for contributions and expertise.
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Appendix A. Key physical characteristics of N,0O

Sweet-smelling, colourless, tasteless gas

Molecular weight 44.01
Boiling point 1ATM -88.5°C
Density gas 0°C 1.977 kg/m3
15°C 1.947

21°C 1.88 kg/m3
Density liquid 1ATM 1227 kg/m3

1 kg liquid N, O is the equivalent to 534 L

Critical temperature 36.5°C
Blood/Gas coefficient 0.47
QOil/gas partition coefficient 1.4
MAC 105%

Non-flammable, but supports combustion

Oxidising agent Oxipotential 0.6 (100% 02 = 1.0, Air = 0.21)

100-year global warming potential 273

Appendix B. Estimated cylinder requirement and emissions per episode
Based on Australian D cylinder (3520 L) and Australian C cylinder (935 L) allowing for 10% wastage

Type of episode Estimated N,O Episodes per | Episodes per | CO,e | Equivalent
per episode (L) | C cylinder D cylinder (kg) emissions from
(74) car travel (km)
Paediatric gas induction 50 17 64 255 180 km
One hour maintenance 15 56 213 7.65 52 km

anaesthesia at 500 mL/min
@50%FiN,0

One hour maintenance 60 14 53 30.6 208 km
anaesthesia at 2 L/min

50%FiN,O

Paediatric sedation in ED 60 14 53 30.6 208 km
Labour analgesia 500 1.6 6 255 1740 km

Conversion from CO,e to kilometres based on 2021 average petrol passenger car in Australia (146.5 g/km)’
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