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Summary

Oxygen pipeline failure is a rare but potentially catastrophic event which can affect the care of

patients throughout an entire hospital. Anaesthetists play a critical role in maintaining patient safety,

and should be prepared to support an institution-wide emergency response if oxygen failure occurs.

We tested the preparedness for this through observation of 20 specialist anaesthetists to a stand-

ardised simulator scenario of central oxygen supply failure. Responses were documented using

multiple approaches to ensure accuracy. All anaesthetists demonstrated safe immediate patient care,

but we observed a number of deviations from optimal management, including failure to conserve

oxygen supplies and, following restoration of gas supplies, failure to test the composition of the gas

supplied from the repaired pipelines. This has implications for patient care at both individual and

hospital level. Our results indicate a gap in anaesthesia training which should be addressed, in

conjunction with planning for effective hospital-wide responses to the event of critical resource

failure.
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Just after midday on a Saturday in May 2006, a contractor

was drilling through the floor during construction work

at a major hospital in Newcastle, NSW, when he noticed

a hissing sound. Shortly after this, oxygen failure alarms

began to sound throughout the hospital and the smaller,

adjacent hospital.

In the operating theatre, two patients were anaesthe-

tised and undergoing surgery, and a third patient was

waiting in the Emergency Department with suspected

ruptured aortic aneurysm. The machine oxygen failure

alarms sounded and the ventilators failed. Recognising the

alarm, the anaesthetists switched to cylinder oxygen. The

nursing manager was rapidly overwhelmed with calls

from the wards as efforts to locate and supply full oxygen

cylinders increased. In particular, there was competition

for cylinders between critical care areas. A number of

empty cylinders were discovered in wards and in the

Operating Theatres.

Ninety minutes later, the engineers repaired the

pipeline and restored flow to the major hospital. The

small hospital was without piped oxygen for 4 h.

No patients suffered any harm during this incident but

a number of deficits were uncovered, not least of which

was the inadequate dissemination of the Critical Oper-

ations Standard Operating Procedures to hospital staff.

Technical malfunction is an uncommon cause of

critical events in anaesthesia, but when it does occur

it frequently results in major morbidity or death [1].

In many medical emergencies, the complex interplay

between patient factors and treatment interventions limits

the use of protocols. However, critical equipment-related

events may be amenable to standardised responses and
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written protocols. In anaesthesia, computerised patient

simulation can be useful for identifying deficits in

management of equipment-related events. Inadequate

management of an event by an entire cohort of anaes-

thetists would suggest a fundamental educational problem

requiring a speciality-wide response.

As part of a study to develop a simulator model for

research into error in anaesthesia [2], we measured the

response of anaesthetists to the uncommon but potentially

catastrophic event of oxygen pipeline failure in a

standardised scenario in a simulated operating room

environment. In this study we present a detailed report

of the clinically relevant aspects of this scenario.

Methods

Ethics approval was obtained from the regional ethics

committees and all participants gave written, informed

consent. A random sample of 20 anaesthetists, selected

from the specialist register of the New Zealand Medical

Council, attended the National Patient Simulation Centre

in Wellington and participated in a highly standardised

scenario of oxygen pipeline failure. We used the METI

(Medical Education Technologies Incorporated, Sarasota,

FL) human simulator placed in a simulated operating

room, with an anaesthetic machine, ventilator and

monitor which are widely used in New Zealand oper-

ating theatres.

Participants were told they would be asked to provide

anaesthesia for an emergency operation, they could not

assume the theatre had been previously used that day,

they would be working with an anaesthesia assistant, and

that they were to behave as they would in real life. Using

a written checklist, an instructor ensured each participant

was familiar with the use of the simulator and equipment.

The anaesthetic machine was equipped with a Ritchie

whistle, standard monitors, an oxygen-driven ventilator

and a circle breathing circuit. The back-up oxygen

cylinder was empty; a full cylinder was provided on

request if participants discovered this on their pre-

anaesthetic machine check.

In the scenario, a young female motor vehicle accident

victim was transferred to theatre from the intensive care

unit for laparotomy. She had head, chest and abdominal

injuries and required 70% inspired oxygen concentration.

During surgery, the oxygen pipeline supply failed,

triggering the Ritchie whistle. Participants were informed

by telephone that a digger on an adjacent construction

site had damaged the pipes from the central bulk storage

and the supply to the entire hospital had been cut off.

Meanwhile, the surgeon was committed to several hours

of operating. The simulation continued for a further

15 min before a second phone call announced the

damage had been repaired and gas flow resumed.

Participants were subsequently given a questionnaire

and interviewed.

Data were collected by direct observation, video

recording, and automated monitor printouts (including

gas analysis). The combined sources of data were used to

score actions against a checklist of criteria for management

of oxygen pipeline failure derived from published texts,

industry standards and the peer reviewed literature.

Results

All anaesthetists maintained ventilation throughout the

case. All turned on the machine back-up cylinder when

the pipeline failed, but 70% had not discovered this was

empty pre-operatively. All recognised the need for

additional oxygen cylinders, but there was varied use of

oxygen conserving techniques. Many wasted the oxygen

with high flows through a non-rebreathing self-inflating

bag, used high rotameter flows, and used the oxygen

powered ventilator. Provision of adequate anaesthesia

during the pipeline failure was variable.

No anaesthetist disconnected the wall pipeline supply,

and all subsequently used the reconnected oxygen

pipeline supply without testing, with the potential to

deliver contaminated gases to the patient (Table 1).

Discussion

All anaesthetists in the study would have saved the

patient’s life, some deviated only slightly from our

protocol, and in some there were major deviations. The

key management deficiencies highlighted in this scenario

were inadequate pre-operative machine check, failure by

some anaesthetists to guard against patient awareness, lack

of appreciation of the need to manage the institutional

oxygen resources and knowledge of how best to do this.

The fact that every anaesthetist used the untested repaired

pipeline supply whose integrity had not been guaranteed

indicates lack of awareness of relevant guidelines and

industry standards. Although the chance of significant

harm is very low, and it could be argued that a critical lack

of oxygen took precedence, in this scenario there was no

immediate need to take that risk.

The Australian and New Zealand College of Anaes-

thetists has produced guidelines for pre-operative

machine check and testing of re-commissioned gas supply

[3]. Many, but not all, anaesthetists fell below this

guideline standard. This may indicate that the College is

not providing adequate reinforcement of certain key

messages.

We found that although the majority of anaesthetists

did undertake a pre-operative check of their equipment,
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only a minority included checking the oxygen cylinder or

self-inflating bag. There could be several reasons for this;

the general reliability of piped gas supplies; behaviour in

the simulator did not accurately reflect the participants’

normal practice; individuals do not routinely incorporate

these elements into their pre-anaesthetic check. A

previous simulator study revealed similar deficiencies in

machine check procedures by Canadian anaesthetists,

suggesting this is a widespread problem [4].

Gas pipeline failure is a rare event but a number of cases

have been reported in the anaesthetic literature. These

reports identify multiple causes (Table 2). Petty [5]

reviewed pipeline related deaths from 1972 to 1993 in

the United States, and reported 45 deaths from 26

pipeline incidents, of which 13 were crossed pipelines,

eight were related to non-interchangeable connectors,

and five involved a substitution of oxygen by another gas

in the bulk supply. Gjerde [6] reviewed case reports of

oxygen failure and identified three deaths. In a closed

claim analysis in 1997 [1], 2% of claims in the American

Society of Anaesthesiology Closed Claims database were

due to gas delivery equipment, and commonly resulted in

death or brain damage. Eight of these claims were due to

problems with supply tanks or lines. A recent study of

simulated oxygen pipeline failure [7] found many trainee

anaesthetists were unable to recognise the oxygen failure

alarm, replace or turn on an oxygen cylinder. These data

strongly suggest that anaesthetists ought to be fully

competent in the management of oxygen failure and that

there may be room for improvement.

There is a recognised need for precompiled responses

to crises [8] but currently available crisis management

algorithms do not adequately address the problem of

oxygen pipeline supply failure. For example, Gaba et al.

[9] outline a response to oxygen supply failure but do

not fully address the need for conservation of oxygen, or

the issue of reconnection of a previously disrupted

pipeline. The Australian Incident Monitoring group

(AIMS) developed a list of precompiled responses to

crises in anaesthesia, based on their extensive database of

critical incidents [8] but did not include gas pipeline

failure.

What is the optimal management of oxygen pipeline

supply failure in anaesthesia? The priority for patient care

is maintenance of oxygenation, ventilation, and anaes-

thesia, and to ensure safety of the gas supply.

Table 1 Anaesthetists’ management of
oxygen failure.Category Description n (%)

Pre-op machine check Checks rotameters and circuit 15 (75%)
Identifies empty oxygen cylinder
before case

6 (30%)

Checks self-inflating bag present 5 (25%)
Immediate response to pipeline
failure

Turns on machine cylinder 20 (100%)
Requests more oxygen cylinders 20 (100%)

Conserves oxygen Voices need to conserve oxygen 3 (15%)
Reduces gas flows 7 (35%)

Uses oxygen above essential
requirements

Uses ventilator during failure 12 (60%)
Uses self-inflating bag with high
flow oxygen during failure

8 (40%)

Reconnection Used untested pipeline gas supply 20 (100%)
Anaesthesia during pipeline failure Volatile or TIVA 12 (60%)

Relies on sedative infusion alone 6 (30%)
No anaesthesia or sedation 2 (10%)

Table 2 Reported causes of disruption
of oxygen pipeline supply.Human Error Equipment malfunction

1 Crossed pipelines [5, 6] 1 Pipeline leaks [6]
2 Depletion of oxygen [12] 2 Water and other contaminants in pipeline [13, 14]
3 Construction damage [15] 3 Regulator malfunction
4 Oxygen tank filled with

other gases [6, 16]
4 Pipeline obstruction (particulate matter

from welding) [12]
5 Unannounced system

shutdown [12]
5 Retrograde contamination of supply from

faulty nitrous oxide ⁄ oxygen blender [17]
6 Pipeline compression [18, 19] 6 Emptying of bulk liquid oxygen tank [20]
7 Nitrogen tank with oxygen

fittings connected to
bulk oxygen supply [21]

Environmental
7 Freezing of regulators [12]
8 Tornadoes [6]
9 Lightning damage to regulators [12]
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The most efficient way of maintaining ventilation is,

in most circumstances, to turn on the back-up oxygen

cylinder and continue with hand ventilation through the

circle circuit on the anaesthetic machine, changing the

cylinders as required. A self-inflating bag and room air

should be used if there is no cylinder supply.

Attention must be given to ensuring an ongoing

oxygen supply. This includes sourcing additional oxygen

cylinders and conserving available oxygen. The immedi-

ate response if using a circle breathing circuit should be to

close the circuit adjustable pressure limiting valve (APL,

or ‘pop-off’ valve) and continue on low flows. Even

without added oxygen, this will allow several minutes of

ventilation with an increased FIO2.

The use of an oxygen powered ventilator should be

avoided. The high oxygen cost of modern anaesthesia

ventilators, many of which are powered by oxygen, has

been described recently [10, 11]. Much higher oxygen

flows are required to produce a specified FIO2 using a self-

inflating non-rebreathing bag compared to a circle circuit.

In this study, many anaesthetists were aware of the need

to conserve oxygen but were unaware of all the specific

strategies to achieve this.

Continuing to use the anaesthetic circuit rather than

switching to a self-inflating bag permits ongoing delivery

of volatile anaesthetic. Establishing intravenous anaesthe-

sia is time-consuming and in conditions of high workload

may be overlooked, as was demonstrated in this study.

Finally, when a pipeline has been damaged in a

construction site accident, or has suffered some other

misadventure, questions arise over the safety of the gas

supplied from the pipeline after restoration of gas supplies

immediately following repair. It is important to consider

the possibility of crossed gases, residual nitrogen (from

nitrogen flushing) or contamination of the pipeline. The

gas emerging from the common gas outline should be

tested prior to administering it to a patient. Industry

standards do not specifically address the situation of

unplanned pipeline disruption, but the British Standard

HTM 2022 states that after modifications, extensions or

repairs to existing systems a sequence of tests must be

carried out which must include tests for leakage, partic-

ulate contamination, gas identity and gas quality. Profes-

sional Document PS31 of the Australian and New

Zealand College of Anaesthetists, Recommendations on

Checking Anaesthesia Delivery Systems, recommends

that a qualified person must perform a Level 1 check

following servicing of gas delivery systems, which

includes a check of the composition of the delivered

gases. These standards strongly suggest that in the event of

gas pipeline damage, the anaesthetic machine should be

isolated from the wall outlet to ensure that any recon-

nection of piped gases is preceded by the appropriate

check. The delivery of uncontaminated oxygen to

patients is a prime responsibility for anaesthetists. We

think therefore that failure to check the composition of

gas ensuing from damaged pipelines is a key point of

management that has not received widespread emphasis in

training or through continuing medical education.

A suggested guideline for management of gas supply

failure is presented in Table 3.

This study has a number of limitations. Only 20

anaesthetists were tested. However, they were randomly

selected in an effort to ensure they were representative of

anaesthetists in New Zealand. Actions on the simulator

may not be a true representation of behaviour in real life.

For example, despite explicit briefing, participants may

still have made assumptions about the pre-operative

machine check that they would not make in real life.

However, the event described at the beginning of the

paper bears a striking resemblance to the events in our

simulation, and similar errors were identified in both the

simulation and real life. This point could be clarified by an

observational study in theatre. Lack of familiarity with

the equipment and environment may cause additional

difficulties, but anaesthetists may well find themselves

working with unfamiliar equipment in an unfamiliar

environment.

Little attention was given by anaesthetists in this study

to the broader context of a hospital-wide crisis. If oxygen

failure persists, there is risk to patient safety and potential

for a major disaster. Lack of preparedness for a hospital-

wide critical event was described in the opening case

report. Anaesthetists’ primary responsibility is to their

patient, but they also have a responsibility to the wider

hospital environment in which they are working to

ensure that there is a clear, accessible plan for dealing with

internal disasters. This responsibility could extend to

Table 3 Oxygen pipeline supply failure guideline.

1 Turn on back up oxygen cylinder on machine, close
circuit APL valve* and reduce gas flows to minimum
(� 250 ml oxygen.min)1).

2 Hand ventilate through the circle system.
3 Maintain anaesthesia with volatile agent if appropriate.
4 Ensure adequate inspired oxygen and agent concentration.
5 Call for additional oxygen cylinders.
6 Disconnect failed pipeline from the wall and do not re-use

until formally tested at wall outlet for composition
and quality.

7 If machine cylinder empties, replace it with new cylinder.
8 Call the theatre manager to assess the extent of the failure

through the hospital, the reserve supplies of oxygen, and
the implications for ongoing supply.

9 Ensure emergency plans are initiated.
10 Prioritise oxygen supply to patients with an oxygen

requirement above room air.

*This assumes a circle breathing system and gas analysis.
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other events, for example power failure. An operating

room manual of responses to uncommon and adverse

conditions may be appropriate for critical events invol-

ving malfunction of anaesthesia equipment and those

requiring hospital-wide responses.

Using a high fidelity human patient simulator in a

re-created hospital environment offers the potential to test

clinicians’ responses to any number of critical equipment-

related or infrastructure events, to identify common

management errors and to road-test management proto-

cols. This could be a useful area of future research and

provides the opportunity to improve patient safety not

only in anaesthesia but in any clinical setting where such

events could cause patient harm.
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