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Summary

Commercial aviation practices including the role of the pilot monitoring, the sterile flight deck rule, and computerised
checklists have direct applicability to anaesthesia care. The pilot monitoring performs specific tasks that complement
the pilot flying who is directly controlling the aircraft flight path. The anaesthesia care team, with two providers, can be
organised in a manner that is analogous to the two-pilot flight deck. However, solo providers, such as solo pilots, can
emulate the pilot monitoring role by reading checklists aloud, and utilise non-anaesthesia providers to fulfil some of the
functions of pilot monitoring. The sterile flight deck rule states that flight crew members should not engage in any non-
essential or distracting activity during critical phases of flight. The application of the sterile flight deck rule in anaes-
thesia practice entails deliberately minimising distractions during critical phases of anaesthesia care. Checklists are
commonly used in the operating room, especially the World Health Organization surgical safety checklist. However, the
use of aviation-style computerised checklists offers additional benefits. Here we discuss how these commercial aviation
practices may be applied in the operating room.

Keywords: aviation; checklists; patient safety; pilot monitoring; sterile flight deck rule

Analogies between aviation and anaesthesia are well estab- commercial aviation. This editorial describes key aviation
lished.»? Although there are limits to the similarities between safety practices (the pilot monitoring role, the sterile flight
flying and providing anaesthesia care, there are valuable les- deck rule, and the use of computerised checklists) and shows
sons that can be learned by anaesthesia providers from the how these practices might be applied to anaesthesia care

safety practices and the remarkable safety record of provided by the anaesthesia care team or a solo provider.
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The pilot monitoring role

For large commercial aircraft, aviation regulations require at
least two pilots. There are a number of reasons for this, some
of which are intuitively obvious, and some less so. Physical
incapacitation of the pilot during flight, which can range from
mild illness to complete incapacitation, is an obvious reason to
have a second pilot. Another reason for a second pilot is di-
vision of labour during task-intensive phases of flight, such as
during takeoff, landing, or during a crisis. Workload is shared
during periods when cognitive overload and task saturation
could occur with just one pilot. A less obvious but critically
important reason is for the pilots to be able to check each
other’s work and by doing so maintain safety by preventing,
interrupting, and correcting errors.’> There is a common
misperception that the first pilot’s role is active while the
second pilot’s role is passive, but in fact both pilots have a
formal set of prescribed duties, which are referred to as the
‘pilot flying’ and the ‘pilot monitoring’ (British Airways is an
exception to this internationally used terminology and uses
the terms ‘handling pilot’ and ‘non-handling pilot’; the re-
sponsibilities of the non-handling pilot are equivalent to the
pilot monitoring). Either the Captain in the left-hand seat or
the First Officer (also known as Co-Pilot) in the right-hand seat
can be the pilot flying or the pilot monitoring, and these roles
can be exchanged between pilots at any time.

The pilot flying is responsible for managing the aircraft
flight path, which might mean either flying the aircraft
manually, or, when using the autopilot, operating the auto-
pilot controls. The pilot monitoring is responsible for moni-
toring the flight path of the aircraft. The pilot monitoring also
supports and assists the pilot flying. For example, the pilot
monitoring operates the landing gear or flap controls when
instructed by the pilot flying and maintains radio communi-
cations with air traffic control. The pilot monitoring must
inform the pilot flying (or intervene if necessary) of any devi-
ation from the intended flight parameters.

An important caveat is that success of these roles depends
on minimising the authority gradient between the Captain and
the First Officer. There are unfortunate examples in the acci-
dent records when the Captain, in the role of pilot flying,
ignored inputs from the First Officer, made poor decisions, and
led the flight single-handedly to tragedy. Although the Captain
has legal responsibility and final authority for the safe conduct
of the flight, either pilot, as pilot monitoring, is empowered to
speak up about any issues or concerns. In addition to the
Captain and First Officer, long-haul flights might have one or
more additional pilots to give required rest and sleep breaks.
These pilots are usually on the flight deck during takeoff and
landing, providing additional expert monitoring during these
critical phases of flight.

Anaesthesia care can be administered by a solo provider or
by a team of two providers, the composition of which may vary
depending upon the geographic location. When there is an
anaesthesia care team, there are two anaesthesia providers
present during portions of the procedure, especially during
critical phases such as induction of anaesthesia and emer-
gence from anaesthesia, which can be thought of as analogous
to the takeoff and landing phases of flight. Minimum re-
quirements for the supervisory role of the attending anaes-
thesiologist in the anaesthesia care team are specified by
regulatory agencies and professional societies such as Centers
for Medicare & Medicaid Services, American Society of Anes-
thesiologists,” Australian and New Zealand College of

Anaesthetists,” and the Association of Anaesthetists of Great
Britain and Ireland.® However, when two anaesthesia pro-
viders are present, formally designating roles of ‘acting pro-
vider’ (analogous to pilot flying) and a ‘monitoring provider’
(analogous to pilot monitoring) can increase the effectiveness
of the anaesthesia team. The monitoring provider, regardless
of whether they have higher authority (attending or consul-
tant) or lower authority, would be explicitly empowered to
anticipate, discuss, question, and correct, as appropriate, the
actions of the acting provider. One of the limitations of the
pilot monitoring analogy is that although all pilots can fly the
aircraft, the operating room team members are not entirely
interchangeable; not every operating room team member can
perform all of the functions of an anaesthesia provider.
Several examples of possible useful roles of the monitoring
provider are detailed below and in Supplementary Table S1.

e During procedures such as central venous catheter place-
ment, the monitoring provider can ensure maintenance of
sterile technique and removal of the guidewire.

e The monitoring provider facilitates two-person checklist

performance, particularly during a crisis when the addi-

tional provider is needed to identify the appropriate crisis
checklist and read checklist items (see Checklists below).

During a crisis, such as difficult airway management, the

monitoring provider can anticipate and correct, as appro-

priate, the actions of the acting provider, who might be
dealing with significant cognitive overload.

The monitoring provider can confirm correct tracheal tube

placement.

e Intraoperative acquisition and interpretation of echocardi-
ography is associated with increased cognitive load that
might be difficult to carry out as a solo provider while also
providing fundamental anaesthesia care. This applies partic-
ularly during times of haemodynamic instability, which occur
frequently during cardiac surgery and catheter-based cardiac
interventions. In the USA, a recent Centers for Medicare &
Medicaid Services ruling regarding transcatheter edge-to-
edge repair of the mitral valve requires that the anaesthesi-
ologist performing the interventional echocardiography
cannot bill for anaesthesia services performed at the same
time, implying that a second anaesthesia provider should be
present.”

e The monitoring provider can double check medication
administration to reduce medication errors. Barcode scan-
ning of vials and syringes is possible in the anaesthesia care
setting and can reduce medication errors.® '° Barcode scan-
ning essentially provides a second set of eyes, but a pilot
monitoring approach in which a second provider indepen-
dently double checks the actions of the pilot flying who is
administering the medications might also be useful. Double
checking can be especially beneficial for continuous infusions
of medications, which are error prone even with the use of
"smart" infusion pumps.®*' In most anaesthesia care set-
tings, infusion pumps do not incorporate barcode scanning.

Adaptations for solo anaesthesia provider

Single pilot aircraft and solo anaesthesia practice make the
pilot monitoring approach more difficult. However, even in
solo anaesthesia provider settings, it is possible to emulate
some aspects of the two-provider workflow. The solo anaes-
thesia provider is seldom truly alone as there may be
personnel dedicated to providing technical assistance to the
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anaesthesia provider. These people, along with the surgeons,
surgical assistants, and operating room nurses, can fill the role
of monitoring provider, especially in a crisis. The guidelines of
the Association of Anaesthetists of Great Britain and Ireland
explicitly state that ‘The safe administration of anaesthesia
cannot be carried out single-handedly; competent and exclu-
sive assistance is necessary at all times’.® These roles can be
formalised and scripted. For example, an anaesthesia techni-
cian could observe placement of a central venous catheter and
provide verbal confirmation of central venous catheter
checklistitems including that the guidewire has been removed
after catheter insertion. Again, an intentional statement
inviting and empowering all participants to speak up with
concerns helps to keep the authority gradient low in the room
and goes a long way towards gaining the error-trapping and
safety-enhancing benefits of a multi-crew environment.'*3

Sterile flight deck

In addition to the pilot monitoring approach to maintaining
safety, commercial aviation has provided us with another
valuable principle called the sterile flight deck. The sterile flight
deck rule was adopted worldwide in 1980s in response to avia-
tion accidents in which distractions produced by the crew
themselves were an accident factor. The rule states that flight

crew members should not engage in any non-essential or dis-
tracting conversation or activity during critical phases of flight
(taxi, takeoff, initial climb, approach, and landing). Research has
shown that contrary to our self-perception, humans are not true
multi-taskers.* Non-critical conversations and distractions will
inevitably divert our attention from critical tasks. Of course,
there are plenty of potential distractions in typical operating
rooms, including noisy equipment, multiple ongoing conver-
sations among staff, not all of which pertain to the job at hand,
music, phone calls, pager calls, and so on.'®> Our recommenda-
tion is that anaesthesia providers would be well served to
enforce the sterile flight deck rule, and insist that distractions be
minimised during critical phases of anaesthesia, including in-
duction of anaesthesia and emergence from anaesthesia, and
when checklists are being completed.

Computerised checklists

‘Normal’ (routine) and ‘non-normal’ (crisis) checklists are cen-
tral to aviation safety. Most commercial aircraft have compu-
terised checklists that are built into the avionics systems. When
a fault is detected by the Engine Indicating and Crew Alerting
System, the appropriate non-normal checklist is automatically
displayed. Electronic checklists are generally considered more
reliable and less error prone than paper checklists. The errors

Table 1 Aviation paper vs computerised checklists: error modes that result from paper checklist use and features of computerised
checklist that address these error modes. (Modified from Boorman DJ. Reducing flight crew errors and minimizing new error modes
with electronic checklists. Proceedings of the International Conference on Human-Computer Interaction in Aeronautics. Toulouse: 2000;

57—63).°

Paper checklist error mode

Computerised checklist feature

Both normal and non-normal checklist
1. One or more items skipped in checklist

2. Place lost in checklist when crew distracted by higher
priority task or checklist

3. Incorrect switch selected

4. Item incorrectly confirmed complete

5. Excessive psychomotor workload due to holding,
turning/marking pages, recovering, dropped, or misplaced
paper checklist

6. Checklist unreadable due to poor illumination

Normal checklist only

7. Checklist skipped (subsequent checklist completed before
critical flight phase)

8. Checklist omitted (all checklists related to critical flight
phase are omitted)

Non-normal checklists only

9. Incorrect checklist completed for the annunciated
condition

10. Checklist skipped or left incomplete

11. Incorrect steps accomplished in a branching checklist
12. Steps to be accomplished later in flight not accomplished

13. Operational notes or revised limitations following a
malfunction forgotten

14. Wrong steps accomplished when multiple related failures
have conflicting actions

15. Omitted checklist or other errors due to excessive
cognitive workload in multiple failure case

Current line item box jumps to incomplete item; ‘CHECKLIST
COMPLETE’ indication will not display until all items
complete

Automatic place holding when returning to an incomplete
checklist

Sensed line items will not turn green

Sensed line items will not turn green; ‘CHECKLIST
COMPLETE’ indication will not display

Panel mounted display and one-hand cursor controller

Display readable in any lighting condition
Next checklist in sequence always displayed

Alert sounds and displays if checklist is not done when
needed; Before Taxi, Before Takeoff, Approach, and
Landing checklists are alerted

Correct checklist automatically placed in queue when
airplane system fault message displayed

Checklist queue list incomplete or unassessed checklist;
Amber ‘NON-NORMAL’ indication displayed

Current line item box moves to next step in correct branch;
incorrect branch displayed in cyan

Deferred line items automatically attached to Approach or
Landing checklist

Notes automatically corrected for review at any time; must
be reviewed to complete Approach checklist

Correct steps are collected in single checklist; consequential
checklists inhibited

Cognitive workload and accomplishment times lower than

paper
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associated with paper checklists and the means by which the
electronic checklist system in commercial aircraft prevents
these errors are detailed in Table 1.'° Aviation checklists for
commercial aircraft are designed for use by two pilots. One pilot
reads each checklist item aloud and either or both pilots,
depending on whose area of responsibility the item falls under,
responds aloud.” Similarly, two-person anaesthesia care teams
are ideally suited to the application of checklists, using a similar
flow. In the case of single-pilot aircraft or solo anaesthesia
providers, reading the checklist aloud can be used to emulate
the workflow of two pilots or anaesthesia providers.

Pre-anaesthesia checklist

Preflight checklists are ubiquitous in aviation (see video at
https://www.youtube.com/watch?v=]JG7SkOQDD0). The
analogous checklist in anaesthesia practice is the pre-
anaesthesia checklist. A computerised version of the Anes-
thesia Patient Safety Foundation pre-anaesthesia checklist
was created using an aviation-style computerised checklist
engine and was evaluated in a clinical setting (Supplementary
Fig. S1).® This computerised checklist was designed for
completion by two anaesthesia providers; one provider reads

K4 Checklist Navigator  reset

i)
Fp
[ )
-~
Z
v
=y
LY

Surgical Safety 1 v

Surgical Safety 1
Preanesthesia
Surgical Safety 2
Surgical Safety 3
Surgical Safety 4
Transport

Handoff

Identity

The patient identity is CONFIRMED by the NURSE
and ANESTHESIA PROVIDER (or
PROCEDURALIST) by reading the patient name
and medical record number from the wrist band
and comparing to the medical record

[ conimes— Josn
N __________________4

the checklist items and the other provider responds to each
item (see video at https://youtu.be/e2CG6q7xI_8; this video
demonstrates the use of computerised pre-anaesthesia
checklist in Checklist Navigator which is now available as an
app for phone and tablet). The use of the aviation-style com-
puterised pre-anaesthesia checklist reduced the proportion of
cases with failure to perform all pre-induction steps from 10%
to 6.4% and decreased the incidence of non-routine events
from 1.2% to 0. Use of the checklist alerted anaesthesia pro-
viders to correct mistakes in pre-induction preparation.’® The
same approach has been used for creating computerised
version of the World Health Organization surgical safety
checklists which improved checklist performance in compar-
ison with paper checklists.'”

Procedural checklists

Central venous catheter placement is widely recognised as
having risks of morbidity and mortality.? Vascular injury
during central venous cannulation is largely preventable by
the application of ultrasound guidance and pressure mea-
surement to confirm venous placement.”! Another complica-
tion of central venous catheter placement that has been

™ Checklist Navigator  rese

=y Transport v

Defibrillator

Defibrillator

The providers confirm that the defibrillator is
connected, functional and has a full battery
charge, if applicable

Confirmed or N/A ;
. ___________________4

Fig 1. (a) Checklist Navigator app displaying the list of available normal checklists. (b) Checklist Navigator transport checklist showing
completed items in green, skipped item in red, current item in blue, and not completed items in grey. The bottom of the images displays
the current item (‘Defibrillator’), a longer description of the item with a response button (‘Confirmed or N/A’), and an option to skip the

item.
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difficult to eradicate is retention of the guidewire or a fragment
of the guidewire.???* Use of a checklist with an item for
guidewire removal has been recommended since an engi-
neering solution to prevent the guidewire from being left
behind in the patient is not readily available (see an example
of a central venous catheter checklist in Supplementary
Fig. 52).?2%° When there are two anaesthesia providers, the
monitoring provider can read the checklist and closely observe
the acting provider who is performing the procedure, thereby
decreasing the likelihood of leaving a guidewire behind.

Crisis, handoff, and transport checklists

Other anaesthesia checklists include crisis, handoff, and
transport checklists. Several sets of anaesthesia and surgery
crisis checklists are available, typically provided in the form of
individual paper checklists or bound checklist manuals,?®?’
the use of which might improve outcomes.?® Computer-
isation of these checklists would be ideal for all of the reasons
that computerised checklists are preferable to paper checklists
(see an example of a Local Anaesthetic Toxicity and an
Emergency Caesarean Delivery crisis checklists in
Supplementary Fig. $3).® Transport checklists are intended to
prevent mistakes and ensure capacity to respond to non-
routine events in transporting critically ill patients from the
operating room to the ICU and vice versa (see an example of a
Transport checklist in Fig. 1). Similarly, handoff checklists are
intended to improve communication during handoffs.?**

Conclusions

Commercial aviation practices offer a number of specific
safety measures that can be applied to anaesthesia practice,
especially the role of the pilot monitoring, the sterile flight
deck rule, and computerised checklists. We recommend
designating specific duties for the monitoring provider when
appropriate to complement the acting provider. Although pilot
monitoring workflow is more challenging in a solo provider
setting, other operating room team members can help to fulfil
the role of a monitoring provider. Solo providers can also read
checklists aloud to emulate the presence of a monitoring
provider. Distractions should be strictly minimised during
critical phases of anaesthesia care. The performance and
value of checklists can be improved by utilising computerized
aviation-style checklists. These practices all recognise the fact
that while human beings make mistakes, effective teamwork,
proper application of checklists, and minimising distractions
can prevent mistakes from becoming tragedies.
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Summary

In the UK more women than men are practicing medicine, and for the first time in the history of the Royal College of
Anaesthetists (RCoA), the president of the RCoA, Dean of the Faculty of Pain Medicine, and Dean of the Faculty of
Intensive Care Medicine are all women. However, within the subspecialty of pain medicine, there are significantly more
men practicing than women, with the most recent UK estimates identifying that only 26.7% of current pain physicians
are women. Both historical and modern perspectives illustrate how women often prefer to be cared for by other women,
highlighting the importance of increased representation of women in pain clinics and interventional suites. We discuss
current trends in pain medicine recruitment within the UK, where most pain physicians are recruited from anaesthesia
training programs, including the barriers to women'’s representation and reasons women enter the subspecialty. We
advocate for speaker gender quotas at conferences, diversity considerate workforce planning, peer support groups,
adjustments to training programs, and further research to help narrow the gender gap.
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