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crucial but neglected
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In the last decades, advanced technology and training concepts have, beside other factors, markedly decreased morbidity
and mortality attributable to anaesthesia'. Modern anaesthesia has put more focus on facilitating the anaesthetist’s
work and increasing the patient’s safety for example by integrated assistance systems of the anaesthesia machine.

However, while it may appear obvious that in daily work instruction and training on the handling of anaesthesia machines is
sometimes to be of minor importance, one research finding may come as a surprise: failure to perform functional testing
was found to be a common cause of critical incidents in anaesthesia®. But what are the underlying causes? And what are

the possible approaches to improve the conducting of system-tests? Read more about this topic in our White Paper.

EQUIPMENT CHECKS IN ANAESTHESIA - NOT A SELF-
EVIDENT ROUTINE?

It sounds like a no-brainer: System-tests of anaesthesia machines
were developed to identify technical faults and in many countries,
a device check is mandatory every 24 hours and is carried out
as an — as least partial - automatic system-test for most devices.
However, studies are showing that function testing of anaesthesia
devices is often neglected.

Already back in 1992, in a sample of 40 anaesthetists in the UK,
41% performed no checks on either their machine or anaesthetic
equipment in the anaesthetic room . That was a long time ago and
has already come to an end?

Fifteen years later, a follow-up study revealed that 95% of

anaesthetists performed partial checks of the anaesthesia
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machines (only one person undertook a complete check), but only
12% performed any checks between cases®.

Several studies showed that failure to perform equipment checks
in general was an important factor in about 20-30% of anaesthetic
misadventures in adults® and 18% in children®. It should be noted
that most of these studies summarised the factor as “general
equipment checks” and also include other equipment like infusion
pumps. Therefore, it's not further specified in how many cases
the actual check of the anaesthesia machine was the underlying
cause. Nevertheless, these data indicate that negligence to check
equipment is a factor not to be underestimated.

In 2013, a large closed claims analysis in the US investigated
patient injuries related to anaesthesia gas delivery equipment:
35% of claims were judged as preventable by a pre-anaesthesia
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machine check®. Another analysis of 151 critical incidents related to
anaesthetic machines and ventilators in Germany revealed that 92
incidents (61%) originated from preparation of equipment™.

In summary, failure to perform equipment checks in anaesthesia is
more common than expected. But what are the underlying causes
and how to deal with them?

WHY ARE EQUIPMENT CHECKS SKIPPED AND WHAT CAN
BE DONE TO INCREASE CHECK RATES?

“CUTTING CORNERS” TO GET THE WORK DONE
In a study involving 40 anaesthetists, about 80% felt that an
equipment check would improve safety. However, only 70% regarded
these checks as feasible, mainly due to lack of time (and in one
case because of inadequate training)®. This is supported by a survey
of European leaders in anaesthesiology about patient safety where
there were three commonly cited areas of change in the last years:
an intensifying workload, more challenging patients, and suboptimal
pre-operative preparation. Respondents also reported the temptation
to ‘cut corners’ to get the work done’. To avoid a “normalisation
of deviance’, a safety culture is required that neither tolerates nor
necessitates such behaviour, for example due to time pressure®.
The rising complexity in anaesthesia and the aspect of
human errors are described in detail in our white papers
— Is it all too complex? Prevent and manage critical incidents in
anaesthesia
— Human error in anaesthesia.

Of course, rethinking the “blame and error culture” or creating a
less stressful work environment in anaesthesia is crucial, but the
development of such fundamental changes is slow. So, what can
be done in the meantime?

Checklists may support the anaesthetist in performing and
documenting the recommended checks. In a case-control study
investigating severe morbidity and mortality 24h after anaesthesia,
equipment check with protocol, checklist and documentation of
the check were significant factors for a decreased risk’. Many
professional associations provide checklists on their website
(e.g., in Germany the DGAI recommends the KURZCheck:
www.dgai.de; learn more about the KURZCheck in our White

Paper about:
— “Incorrect connections of breathing hoses”.

At the European level, the EuPSF (European Patient Safety
Foundation) together with the ESA (European Society of
Anaesthesiology), DGAI and SPSA (Foundation for Patient
Safety in Anaesthesia) have published a recommendation
on how to check the devices and act in case of doubt in
order to prevent fatal consequences of hose misconnection.

These checklists and additional tests are even more important in
light of recent findings where critical incidents were caused e.g.
by hoses wrongly connected to the anaesthesia machine which
could not be detected by the machines system-test.

Inservice and training are also crucial factors to minimise
critical incidents. Becoming increasingly automated to decrease
the anaesthetist's workload and the possibility of human error,
anaesthesia machines might also be seen as “black boxes” that
are difficult to handle and to understand. It is essential that
clinicians are fully trained on how to manage the devices and how
to check them properly. Otherwise, it may prevent the physician
from fully understanding what the device is doing during a critical
event and therefore regaining control™.

DISCUSS HABITS, PROVIDE AN OPEN CULTURE

In the study of Langford®, there was a perception among
anaesthetists that some checks, in terms of patient safety, are
more important than others, and those less important checks may
be omitted. The authors conclude that machine failure might be so
uncommon in anindividual's practice that some anaesthetists might
believe that there is no need for such comprehensive checking®.
Another study, investigating the anaesthetists’ intentions to violate
safety guidelines, reveals that violating these guidelines is not a
matter of lack of professionalism, care, or personal commitment.
Anaesthetists do so largely without realising that they are violating
these guidelines at all. The strongest reason for violation was
habit; the major influencing factor was peer pressure'.

An organisational culture that supports case discussions and
reporting of incidents to gain knowledge and encourages system-
checking has the potential to make anaesthesia an even more
watchful and safe discipline.
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https://www.draeger.com/en_uk/Hospital/Critical-Incidents-in-the-OR
https://www.draeger.com/en_uk/Hospital/Lung-Protective-Ventilation/Preventing-Medical-Errors-In-Anaesthesia
https://www.dgai.de/alle-docman-dokumente/entschliessungen-vereinbarungen/947-empfehlung-funktionspruefung/file.html
https://www.draeger.com/Library/Content/Hose-Mismatch-global-extended-210x260-wp-DMC-100792-en-2110-3.pdf
https://www.eupsf.org/safety-alert-wrong-tube-connections
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But how can anaesthesia machines support the anaesthetist
in adhering to recommended equipment checks? As technical
knowledge increases, anaesthesia machines become more
sophisticated and offer several enhanced supportive tools.

HOW CAN ANAESTHESIA TECHNOLOGY FACILITATE
ADHERENCE WITH CHECK PROCEDURES?

Machine design, user-friendliness, and required training for the
use of the anaesthesia machine are all becoming major criteria for
the global assessment and the choice of anaesthesia machines'.
Another relevant criteria is the system test procedure itself, how
well it fits into the existing processes, and how easy it is for the
staff to execute.

A central question is how to maximize the adherence of clinical
staff with the performance of a full system test according to the
manufacturer’s instructions?

“Cutting corners” to get work done means that cumbersome test
procedures with several manual steps throughout the process
can eat into valuable time. In the end this means testing the
patience of staff and ties up attention that could be directed to
other tasks, like preparing the rest of OR/induction room for the
first case in the morning.

With this background in mind, three areas are
key:

. Reduce complexity of the test procedure and make it
as easy as possible.

. Timed automation of system test with Auto-On

. Centrally monitor the results of the system tests of

networked devices.

Simply put: system tests should be easy and quick to prepare,
and short to run execute, ideally with one manual preparation
phase and one complete automated system test. Manual steps
between different parts or different automated tests with the
need for manual preparation for each of them keep personnel

tied to the equipment and may be a source of annoyance or
reluctance.

1. Reduce test complexity

Manual preparation prior to the automated part of the system
test can be cumbersome and bulky. Checklists, even on the
screen, are supposed to help and guide people through the
procedure. In some cases, the automated part of the test
is split into several parts, each of which requires manual
preparation. This requires staff to remain with the machine for
the entire time.

Dréager eases the test procedure significantly with:

— lllustrated step-by-step guide. Anaesthesia machines of
the Drager Atlan family and the Perseus AB0OO provide an
illustrated step-by-step instruction on the main screen that
guides your staff through all required steps in an easy-to-
understand and quick manner.

|

System test - do not connect patient.

During the test, the flow sensors will be calibrated at high temperatures.
Follow the safety information in the instructions for use.

One set of manual steps. The Dréger Atlan family and
Perseus AB00 require only one set of manual preparation
steps prior to the automated part of the test. The rest of the
test runs fully automated and staff can turn their attention
to other tasks, regardless of how long the automated test
takes.

Be diligent in testing and calibration of the flow- and
pressure-sensors. The system tests of many devices don't
encompass the test/calibration of flow- and pressure sensors.
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Frequently, the Instructions for use (IFU) may create the
impression that a daily test of these sensors as part of the
system test is not required and may only be done if values
“diverge” or if the sensor gets replaced. However, how can you
identify that values diverge in practice? In many cases, you
simply can’t, and would only realize if an error occurs. To be on

the safe side a device protocol, tracking regular calibrations,
would need to be kept. Driger has integrated flow-/pressure
sensors and gas measurement tests into the full system test:
these important sensors are calibrated each time the test is
performed so that precise application of flows, volumes and
pressures is safeguarded.

Quick identification of faults and simplified fault remedy process:

— Visual guidance. In case of a fault identified by the system
test, the Dréager Atlan family and Perseus ABOO provide
visual and procedural aids to identify and rectify the issue.

— Assistant simplifies the search for leaks. The leakage
assistant builds up a constant pressure in the system which
continuously displays the leak volume. This allows staff to
immediately recognise when the leakage has been repaired.

2. Timed automation of system test with Auto-On

To improve processes that prepare the OR each day, Drager has
implemented an Auto-On functionality into Atlan family devices
(option from SW2.n) and the Perseus A500. This enables staff
to prepare the system test at the end of the day and schedule the
automated part of the system-test for the morning. The device will
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To start, touch “Start..." and confirm.

The above is specifically important in hospitals with a mix of
devices from different manufacturers and thus a large variety
of system-test procedures. Also, in situations of high staff
fluctuation or continuous rotation, which makes it hard to be
comfortable with the respective test procedure.

automatically start-up in the morning and run the automated part of
the system test without the need for human interaction. With this
feature, the device is ready at the scheduled time and the result of
the test is available once staff arrives in the morning.

Prepare for auto-on

Prepare for auto on in progress
Please wait until all preconditions are checked

The system will

jcally shut down
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3. Centrally monitor the results of the system-tests of all
devices across the OR

The timed automation of the system test (mentioned above) helps

process adherence with running the full system test every day.

Being able to remotely supervise if a machine has completed the

system test successfully, or if it turned out to have an error, also

helps staff to be more efficient with their routines.

With Dréger's OR companion and the self-test tracker option this
becomes available to all networked Drager anesthesia machines.
This option provides an easy-to-grasp overview of all device
status’ in one single overview. It also facilitates tracking of regular
test execution and respective documentation, which can be
forensically advantageous.

Overall, this helps to

— Identify devices requiring attention as early as possible

— Fix issues before the OR schedule gets interrupted (e.g. in the
morning)

— Keep an overview of the department’s adherence to the necessity
of carrying out the system-test according to the manufacturer’s
instructions..
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Checklist for an efficient yet comprehensive system-test offering

— Are the manual preparation steps bundled into one process
before a cohesive, automated system test, rather than
individually preceding the system test components?

— Is on-screen guidance through the manual preparation steps
available?

— Are the individual steps of manual preparation illustrated in an
easy-to-understand manner for faster and accurate execution?

— Are important tests and calibrations (e.g. for flow sensors)
included in the one comprehensive system test or "outsourced"
to separate sub-tests whose efforts actually have to be
included in the system test?

— Does the device offer a guided and illustrated process for fault
remediation and an assistant system for post-identification of
faults, e.g. a leakage assistant?

— It the device capable of Auto-On scheduling to ensure the
device has completed the system test in the morning?

— Does the vendor offer a comprehensive overview of rest
results in one, easy-to-grasp dashboard (for networked
devices only)?
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Conclusion:

Technological advances in anaesthesia during the last decades
have considerably contributed to great improvements in
patient safety. An intuitive and efficient-system test procedure
encourages the user to regularly perform system tests and
helps identify and resolve technical faults quickly.
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All this may

a. Ease the process to integrate regular system tests into the daily
routine

b. Help reduce the need to “cut corners” and leave out important
tests

c. .. and in the end help prevent equipment associated critical

incidents

In combination with checklists, training, and a supportive culture,

anaesthesia’s already high safety record might even be increased.

Ask your local Drager representative for a demo of our system-test

procedures and our new OR Companion.
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