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redesign
In recent years, there have been repeated calls for new ap-

proaches to solving the persistent and concerning problem of

medication administration errors in anaesthesia.1e5 It was

suggested recently in the British Journal of Anaesthesia that

independent observation combined with patient chart

review constituted a new paradigm for medication error

research.6 While the sentiment behind these calls to arms is

admirable, and new approaches should indeed be pursued,

practical considerations cannot be ignored. Chart review and

independent observation are not new approaches, and are

two of the most expensive forms of data collection available

when it comes to determining the efficacy of new safety

interventions.7,8 Both approaches have been used previously

in short-term research projects, but their routine use is

heavily constrained by the overheads of the cost of

additional personnel and training associated with these

methods. Furthermore, while these methods detect higher

rates of medication errors than other techniques, including

self-reported incident studies, this, in itself, does not

guarantee establishment of the absolute rate of medication

error in any particular context.9 Neither is establishment of

the absolute rate necessary for detection of improvements in

processes and outcomes associated with safety gains.

Pragmatically, a good evaluation of change over time can be

achieved by continued collection of data under constant

conditions with access to a reliable denominator in order to

calculate error rates.10,11

Many commercial airlines throughout the world use an

alternative approach to continuous quality and safety

improvement that could be practically applied to the com-

plexities of healthcare, including the medication error prob-

lem. This is a system of activity monitoring called Flight

Operational Quality Assurance (FOQA). FOQA involves a pro-

cess in which data from on-board aircraft systems are

collected during flight, and then downloaded from the aircraft

and automatically analysed.12 Analyses can identify events of

concern of various severities which fall outside the pre-

determined operating parameters of the aircraft, thus high-

lighting opportunities to improve in-flight safety and

operational efficiency. An important aspect of FOQA is that the

automatically analysed data are combined with other forms of

data collection, including incident reports completed by pilots

for anything they consider to be of concern. In approximately

50% of cases, events of concern reported by pilots are also

detected by the automated system (we call this Tier 1 and Tier

2 data, respectively, in Fig. 1). The advantage of this dual

approach to data collection is that pilot incident reports (Tier

1) can capture meaningful contextual information, including

the intentions of the pilots during such events, which can
supplement the automated data (Tier 2) and substantially aid

in understanding why the event of concern occurred, and thus

lead to better strategies to improve safety and efficiency.

Observation clearly has a place in patient safety research,

whether this is done by traditional methods, or by making use

of video recordings. A recent technique, also aligned with the

aviation safety analogy, called the Operating Room Black Box,

allows continuous video and audio recordings to be made of

events in the Operating Room for the purposes of research and

quality improvement, and has been suggested as a possible

low-cost alternative to an observer.13 Both the Black Box and

FOQA techniques are used in aviation safety programmes,

hence these are not rival safety technologies but are in fact

complementary, and yield different kinds of evidence for

safety studies, and for the analysis of accidents. However, it is

also important to be aware of the limitations of observational

methods in determining why things go wrong, particularly in

the healthcare context.14

In the field of physics, independent observations are typi-

cally presumed to yield objective measurements of physical

properties (e.g. mass, density, charge, etc.). However, obser-

vations of the behaviour involved in medication administra-

tion constitute something much more akin to social science

than physical science: the measurements being made are of

aspects of complex clinical actions in the context of multi-

disciplinary teamwork. Even with the use of structured

observation tools, some degree of interpretation of the events

under study is typically needed. Events of interest can be

highly context dependent, and this often requires substantial

clinical knowledge on the part of the observer (or coder in the

case of a video recording) in order to interpret events and to

collect data in a meaningful way. This unavoidable element of

interpretation may bias the measurements being made or

contribute to poor inter-rater reliability between observers or

coders. In addition, the observers typically cannot be blinded

to study conditions, as it is usually obvious to a trained

observer or coder whether things are being done in the con-

ventional way, or with a new purportedly safer technique.15

Finally and most importantly, observation alone cannot

distinguish errors from violations, since the key difference

between the two lies in the intention in the mind of the indi-

vidual being observed, something which, in itself, is not

observable. An error has been defined as ‘unintentional; it

involves the use of a flawed decision or plan to achieve an aim,

or the failure to carry out a planned action as intended’.16 In

contrast, ‘a violation is an intentionaldbut not malevolent

and not necessarily reprehensibleddeviation from those

practices deemed necessary (by designers, managers, or reg-

ulatory agencies) or appreciated by the individual as advisable

http://10.1016/j.bja.2020.07.002
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Fig 1. A dual data collection approach in healthcare and aviation, combining self-reported incident data, containing contextual and

intentional information, with automated data collection and analysis.
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to maintain the safe operation of a potentially hazardous

system.’16 Errors involve no intention to depart from an

accepted standard, but violations, often made for a variety of

reasons in healthcare, do involve a deliberate departure from

an accepted standard.17 Hence, errors and violations are

causally different phenomena. Yet this critical distinction is

seldom made in safety studies in healthcare, despite the fact

that it has real implications when attempting to design stra-

tegies to improve safety by preventing errors and violations.

Effective strategies intended to prevent errors are very likely to

be different to those strategies able to prevent violations.

Distinguishing the two requires the use of some method to

establish themental model or intentions underlying particular

actions.17 18 While observation alone cannot distinguish errors

from violations, an FOQA-type approach does allow such

insight, because it combines a large amount of automatically

collected data (Tier 2, Fig. 1) with a smaller amount of incident

data for the same events reported by those involved, which

contains contextual and intentional information (Tier 1, Fig. 1).

How do we practically apply an FOQA-type approach in

healthcare? Unlike in aviation, data associatedwith the care of

patients tend to be fragmented. Currently, only some patient

data sources are integrated and stored centrally, while other

data are stored temporarily in isolated devices and then dis-

carded, and still other data may not be captured at all. How-

ever, an FOQA-type analysis can nevertheless proceed with

existing data sources. Centrally stored data currently comprise

electronic anaesthetic records and electronic patient records,
containing numerous traces of physiologic measures, timed

records of medications given, allergy information, laboratory

results, days in hospital, procedures conducted, and sequelae

experienced. Such data can be analysed automatically using

big-data or trigger-tool approaches to identify signs of poten-

tial medication errors during anaesthesia.19 20 Trigger tools are

an established and well-described technique to detect signs of

adverse events in patient information, and formal frameworks

and sets of triggers have been developed, including for medi-

cation error.19 Examples of such triggers might include the

atypical use of an opioid reversal agent, suggesting opioid

overdose, or the improper timing of prophylactic antibiotics,

suggesting increased risk of postoperative infection. However,

triggers may constitute a host of other detectable events,

including exceeding threshold values for key physiological

variables (such as oxygen saturation, HR, or BP), prolonged

stays in the PACU, or even particular patterns of medication

administration and BP change.

An FOQA-type analysis using trigger tools would take the

following steps: 1) identify data sources in a known risk area;

2) perform an automated Tier 2 analysis to identify cases

containing triggers associated with events of concern (e.g. a

class of medication error); 3) conduct an in-depth analysis

combining the results of the automated Tier 2 analysis with

Tier 1 data; and 4) report results and recommendations to the

hospital quality assurance committee. Combining Tier 1 and

Tier 2 data during the in-depth analysis allows an estimate of

the extent of the problem and an understanding of the
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intentions of the clinicians involved (hence both the ‘what’

and the ‘why’ aspects of the problem). This is important

because the mental models of members of experienced clin-

ical teams who work regularly together can be surprisingly

diverse in terms of the beliefs of who should do what, and

when it should happen, even during routine procedures.18

Remedial measures thus developed will be more complete,

and may involve anything from procedural change to system

redesign.

Other devices involved in medication administration also

collect operational data on their usage: these data are not

typically integrated or stored centrally, but nevertheless can

be used in an automated Tier 2 analysis.21 For example,

modern medication infusion pumps collect information on

many variables during use, including events where ‘soft’ and

‘hard’ limits on dosing algorithms have been exceeded or

overridden. Safety studies using such data have been pub-

lished and companies now exist to provide analytics for

infusion pumps. However, these studies have yet to include

Tier 1 data, hence have not included contextual or intentional

information in analyses.22e24

An FOQA-type approach in healthcare requires an active

incident reporting system (Tier 1, Fig. 1) to be run in parallel

with the automated analysis of patient data (Tier 2), repre-

senting only a relatively small extension of existing ap-

proaches. Importantly, incorporation of contextual and

intentional information into analyses and proposed safety

interventions would offer a more powerful way to understand

medication error in healthcare than present isolated methods

allow. Once developed, an FOQA-type system in healthcare

could achieve such outcomes on an ongoing basis with few

overheads and at a fraction of the cost of achieving the same

goals using independent observation or chart review. Safety

initiatives in healthcare should not be peripheral add-ons, or

conducted only during short-term safety studies, but be an

integrated part of the process of healthcare delivery. An FOQA-

type system could become centrally integrated by leveraging

the increasingly computerised information technology sys-

tems that are already being widely adopted into all aspects of

healthcare.25

As more healthcare technology becomes computerised and

networked, more sources of patient data will become available

for Tier 2 analysis, at little extra cost. Initially this may involve

the central integration of patient data from various additional

medical devices within the hospital (e.g. devices for medica-

tion infusion, mechanical ventilation, renal replacement

therapy, or extracorporeal life support, some of which already

have the capability to transmit data wirelessly). The inclusion

of more data sources and the use of different trigger tools

could create a system capable of detecting more than just

medication errors.20 In the longer term, an FOQA-type

approach could be extended to involve the care of patients

before they reach the hospital, for example by including

paramedics and ambulance services (Fig. 1).

At the heart of the question of measurement and medica-

tion safety lies a substantially under-recognised issue:

complexity. Simple or linear approaches are limited in their

ability to measure or improve the performance of human cli-

niciansmanaging patientmedications, where clinicians act in,

and interact with, multi-professional teams within
complicated institutions as part of a complex healthcare sys-

tem. Of course, there are linear elements within the complex

system, and many of these (e.g. the manufacture of pharma-

ceuticals) are already managed to high standards of reliability.

However, the real challenge lies in achieving dynamic control

of all the varied and interacting elements of the larger

healthcare system.26 Consistent with this dynamic perspec-

tive, the WHO has recently launched its third Global Patient

Safety Challenge: Medication Without Harm.27 The WHO

provides a strategic framework for this challenge that includes

three important areas for action (transitions of care, high-risk

situations, and polypharmacy), and across four domains (pa-

tients and the public, healthcare professionals, medicines and

systems, and practices of medication). This framework lends

itself to a multifaceted approach consistent with efforts to

redesign aspects of healthcare systems to make them less

error prone. Integrated, continuous, and potentially wide-

spread safety monitoring systems such as FOQA offer a

powerful approach to detect problem areas within non-linear,

complex systems and provide insight into how the perfor-

mance of various aspects could be constrained within safe

limits. We suggest that this type of systems-oriented thinking

does indeed justify the title of a ‘new paradigm’.

Modern concepts of safety in complex systems, including

healthcare, go beyond the elimination of adverse events.

Aiming to eliminate adverse events in order to achieve a sys-

tem where things go wrong as infrequently as possible has

been called Safety-I. The development of Safety-II stems from

more modern ideas concerned with understanding what

makes complex systems resilient, and how everyday perfor-

mance variability in such complex systems can be best

managed, all concerns highly relevant to healthcare. Under a

Safety-II approach the aim is to understand why things usu-

ally go right, in order to ensure that as many things go as right

as possible, that is, improving good outcomes to make them

better outcomes. Ideally, Safety-I and Safety-II approaches

should complement each other. An FOQA-type safety moni-

toring system could provide the data needed for better pro-

motion of Safety-II in healthcare.28 Instead of only counting

adverse events, such datawould also allow an improvement of

the process and outcome measures of routine successful

procedures. For example, patients undergoing coronary artery

surgery are primarily interested in the outcome of reduced

angina, but also in low rates of perioperative death, myocar-

dial infarction, and stroke. A unit that is achieving excellent

results in these outcomes is unlikely to have a clinically

important level of medication error. A shift to emphasising

success and a focus on the actual objectives of therapy would

indeed represent a paradigm shift. Such a shift could include a

FOQA-type approach as a better way of monitoring the per-

formance of the healthcare system than counting errors

(whether by observation, chart review, or any other means).

We agree that a paradigm shift is needed in our approach to

the improvement of patient safety, particularly in regard to

medication administration, and that new approaches would

be more effective if they did not rely solely on incident re-

ports.6 With the increasing adoption of computerised systems

into all aspects of healthcare, it makes sense to take the op-

portunity to benefit from the data that are already being

collected on patient care, and which could be collected in a
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more integrated way, in order to improve medication admin-

istration, healthcare systems, and the quality and safety of

care. Most importantly, however, there needs to be greater

engagement in, and commitment to, the improvement of

medication safety, and a more sophisticated recognition of

what it will take to really make steps towards better patient

care within the complexities of modern healthcare.
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