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Editor’s key points

† The use of quality indicators
in anaesthesia is still at a
very early experimental
stage but is likely to become
prevalent in line with the use
of other performance
indicators.

† It is important for the wider
speciality to consider which
indicators might be most
useful to both improve
patient care and provide
valid measures of the quality
of care.

† It will be pointless collecting
such data without regular,
non-confrontational
feedback to clinicians,
together with a commitment
by parent organizations to
rectify identified problems.

After recent UK policy developments, considerable attention has been focused upon how
clinical specialities measure and report on the quality of care delivered to patients.
Defining the right indicators alone is insufficient to close the feedback loop. This
narrative review aims to describe and synthesize a diverse body of research relevant to
the question of how information from quality indicators can be fed back and used
effectively to improve care. Anaesthesia poses certain challenges in the identification of
valid outcome indicators sensitive to variations in anaesthetic care. Metrics collected
during the immediate post-anaesthetic recovery period, such as patient temperature,
patient-reported quality of recovery, and pain and nausea, provide potentially useful
information for the anaesthetist, yet this information is not routinely fed back. Reviews of
the effects of feeding back performance data to healthcare providers suggest that this
may result in small to moderate positive effects upon outcomes and professional
practice, with stronger effects where feedback is integrated within a broader quality
improvement strategy. The dominant model for use of data within quality improvement
is based upon the industrial process control approach, in which care processes are
monitored continuously for process changes which are rapidly detectable for corrective
action. From this review and experience of implementing these principles in practice,
effective feedback from quality indicators is timely, credible, confidential, tailored to the
recipient, and continuous. Considerable further work is needed to understand how
information from quality indicators can be fed back in an effective way to clinicians and
clinical units, in order to support revalidation and continuous improvement.

Keywords: feedback; PACU; patient flow; perioperative normothermia; postoperative
nausea; postoperative pain; quality assurance; quality improvement; quality indicators;
theatre efficiency

In the UK, recent policy reports have set a clear agenda to
improve the way in which healthcare organizations report
on the quality of care delivered to patients, alongside the
more conventional financial aspects of service performance.
The NHS Next Stage Review report High Quality Care for All
aims to make organizations accountable for quality
through a focus on the measurement and reporting of
quality indicators representing safety, effectiveness, and
patient experience.1 More recently, these principles form a
core for planned changes to the health service to link
payment of providers to performance on clinical quality out-
comes, as an incentive for continuous improvement in stan-
dards of care.2 In accordance with policy developments,
considerable work has been undertaken in speciality areas,

including anaesthesia, to identify the potential metrics by
which the quality of service delivered can be reported and
evaluated.

Effective monitoring of the quality of service delivery is
central to the capacity of an organization or unit to maintain
and improve standards of care. Failures in monitoring have
been linked to well-publicized, harmful instances of service
failure.3 4 Monitoring is essential if clinical units are to:

(i) understand the factors underlying variations in
care,

(ii) detect and respond to opportunities to improve
standards,

(iii) evaluate the impact of changes to services.
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Monitoring involves collecting data upon important quality
indicators. However, identifying practical metrics, which are
valid and reliable indicators of the quality of service delivery,
is only one part of the challenge. Effective quality control
requires clinical units to not only develop reliable data collec-
tion mechanisms, but also to put in place systems and pro-
cesses for effective feedback and use of the data to
support quality improvement.

Anaesthetic services are no exception to the requirements
and challenges inherent in collecting and using data on the
quality of care. Indeed, due to tight integration within the
surgical process and the development of the modern anaes-
thetist’s role in the perioperative pathway, anaesthesia poses
some specific and potentially unique challenges in terms of
providing feedback on the quality of care to departments
and individual clinicians.

In this article, we aim to provide a narrative review and
synthesis of research relevant to the effective use of quality
indicators in anaesthetic services. Research approaches to
the definition of quality indicators in anaesthesia will be
summarized along with research on the characteristics of ef-
fective feedback for improving care processes. The subse-
quent part of the article will provide an example of how
the principles outlined may be implemented in practice,
through discussion of the concept for a data feedback initia-
tive in the anaesthetic services department of a large UK
academic hospital. The description of this initiative and the
examples included provide a context for considering the
broader implications raised by review of this topic area and
the requirements for future research and development.

Quality indicators in anaesthesia
As a precursor to consideration of how data might best be
used to monitor the quality of care in anaesthetic services,
it is important to consider how quality can be defined and
measured. A comprehensive review of quality indicators,
which have been used in anaesthesia is beyond the scope
of this article and has been reported elsewhere.5 Research
on the development of effective quality indicators for clinical
practice suggests that they should be transparent, reliable,
evidence-based, measurable, and improvable.6 It is
however clear that there are certain challenges in the meas-
urement of the quality of care in anaesthesia, which must be
overcome and some consensus is emerging as to what may
be useful and reliable basic metrics for anaesthetic quality,
collected in the recovery period.

Perioperative outcomes

Contemporary practice in development and application of
quality indicators to monitor and improve care owes much
to the early work of Donabedian.7 – 9 Donabedian made
the distinction between Structure, Process, and Outcome
metrics according to the relationship and proximity of a vari-
able to the desired performance result.7 The close integration
of the anaesthetist’s function with that of the surgeon and

other proceduralists within the perioperative pathway
means that identification of routine outcome metrics that
are sensitive to variations in quality of anaesthesia is difficult.
A recent review of quality indicators for anaesthesia con-
cluded that conventional perioperative morbidity and mortal-
ity data largely lacked the sensitivity and specificity
necessary for analysis of variation in quality and safety of an-
aesthesia.5 In Haller’s review, 108 quality indicators in use
within the anaesthetics research literature were identified.
Around half of the indicators looked specifically at anaesthe-
sia; the other half additionally measured surgical or post-
operative ward care. Only 1% of indicators looked at the
structure of care; the majority (57%) measured outcome
and 42% measured process of care.

Mortality and serious morbidity attributable to anaesthe-
sia have decreased significantly over the last 50 yr to the
point where mortality is considered a poor quality indicator
because it is both rare and frequently related to factors
outside the anaesthetists’ control. Anaesthesia has been
considered at the forefront of improving safety in health-
care10 and currently with around 2 300 000 general anaes-
thetics performed every year in the UK, the risks of death
and major complications after surgery in the general surgical
patient population are relatively low: ,1% of all patients
undergoing surgery die during the same hospital admission,
with perioperative mortality occurring in only 0.2% of healthy
elective patients.11

Patient experience of recovery

While variation in perioperative morbidity and mortality is
influenced by a range of patient, surgical, and anaesthetic
factors, variation in the quality of anaesthetic care may be
more directly assessed in the immediate postoperative
period, in which the patient’s experience of recovery is
closely linked to the quality of the anaesthetic and the selec-
tion of analgesic and anti-emetic techniques. Although out-
comes such as mortality are concrete and therefore easier to
measure, outcomes such as patient experience and satisfac-
tion require quantification of subjective perceptions, usually
along multiple dimensions. It may be this reason that under-
lies the observation that there are few validated indicators
available that incorporate the patient’s perspective upon
quality of anaesthetic care.5 Indeed, Haller and colleagues
report that only 40% of clinical indicators had been validated
beyond face validity.

In terms of patient satisfaction with anaesthesia, a
number of postoperative patient satisfaction questionnaires
have been developed and validated.12 – 18 Myles and collea-
gues18 19 developed a nine-point Quality of Recovery (QoR)
scale measuring patient-reported dimensions of quality, for
use as a perioperative outcome measure and for clinical
audit. The scale included items derived from a larger 40-
item measure and included dimensions such as: general
well-being, support from others, understanding of instruc-
tions, respiratory function, bowel function, nausea, and
pain, among others.20 Psychometric analysis found that the
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scale showed good internal consistency and validity, with
factors such as invasiveness of surgery, duration of hospital
stay, and gender all being significant predictors of QoR
scores.19 21

Many quality metrics are routinely measured by staff
working in the postoperative environment; temperature
upon arrival in recovery and time spent in recovery are im-
portant aspects of a patient’s experience and are readily
quantifiable. Evidence demonstrates that perioperative nor-
mothermia results in a reduced incidence of wound infec-
tion22 and has been established as a NICE guideline.23

Despite this, a recent UK review of perioperative care for sur-
gical patients found that 34% of hospitals had no policy for
the prevention of perioperative hypothermia.11

Two of the most important dimensions of quality of recov-
ery in the postoperative period are postoperative nausea and
vomiting (PONV) and postoperative pain.24 PONV is both
common and among the most important factors contribut-
ing to a prolonged postoperative stay after ambulatory
surgery.25 PONV and incisional pain during recovery has a
strong negative influence upon patient satisfaction and
studies have shown that vomiting and nausea are among
the most undesirable complications from the patient’s
point of view24, in addition to posing significant clinical
risks. Pain is commonly measured in the post-anaesthetic
care unit (PACU) by a variety of means, including visual ana-
logue scales, numerical rating scales, verbal rating scales,
and behavioural scales.26 Research suggests that 10.9% of
surgical patients experience severe pain.27 A range of risk
factors have been identified for PONV and guidance has
been produced for anti-emetic administration to patients
that are moderate and high risk.28 Aside from the import-
ance patients place upon experience of the immediate post-
operative period, patient-reported pain and PONV represent
important anaesthetic quality indicators for the attending
anaesthetist, as they are interrelated and dependent upon
the balance between analgesic and anti-emetic properties,
matched to the patient’s characteristics and procedural
requirements.

Providing effective feedback from quality
indicators
Considerable research and development has been under-
taken to define the processes by which valid, reliable, and
useful clinical quality indicators can be defined, using sys-
tematic approaches such as review of scientific research
and expert consensus.6 29 30 The question of how the result-
ing quality indicators can best be used in practice, however,
is not currently supported by a coherent body of literature.
Crucially, quality indicators generate data representing vari-
ation in an underlying parameter of the care process (plus
measurement error). How data are turned into information
and useful, actionable31 intelligence to support quality assur-
ance and improvement is an important issue and is as
central to the design of effective quality monitoring
systems in healthcare as defining the right measures in the

first place. Within the patient safety domain, for example,
the lessons from incident reporting suggest that simply fo-
cusing upon data collection and building large databases,
without feedback to the frontline, is insufficient to sustain
engagement and action.32

The term ‘feedback’ is most often used to describe the act
of providing knowledge of the results of behaviour or per-
formance to the individual.33 34 Within a healthcare
context, information feedback has been defined as ‘any
summary of clinical performance of health care over a speci-
fied period of time, given in a written, electronic or verbal
format’.35 A related and useful perspective is that of
control systems engineering or cybernetics, in which feed-
back refers to the process by which data describing the
output from a system are returned to an earlier stage of
the system to modify its behaviour in order to affect future
outputs (Fig. 1). Crucially, information by itself is not feedback
by the engineering definition, rather feedback must incorpor-
ate some action or response to close the identified gap.36

From an organizational perspective, feedback from oper-
ational experience over time is an important mechanism of
organizational learning, resulting in both incremental and
large-scale modification to care systems and processes.37

Evidence from systematic reviews

In recent studies, many different feedback strategies are
applied in clinical settings, but the type of feedback strat-
egies and results produced are often heterogeneous.38 – 40

Table 1 summarizes a range of systematic review studies
that have looked at the impact of providing performance
feedback to healthcare providers. The current available evi-
dence is certainly not conclusive, but taken as a whole, pro-
viding feedback results in generally small to moderate
positive effects upon professional practice.35 Furthermore,
process of care measures may be more sensitive to data
feedback initiatives than outcomes.38 The literature shows
that initiatives that do not use feedback reports are less ef-
fective compared with those that do use feedback reports,
regardless of whether the feedback is accompanied by an
implementation plan.39 41

The practical value of this literature lies in the descriptions
it provides of the range of potential feedback mechanisms
that have been developed to improve clinical practice and
the conclusions drawn about the value of specific system
characteristics in terms of their contribution to effective
feedback capable of engendering improvement. van der
Veer and colleagues’ review identified different barriers and
success factors concerning feedback. The most frequently
cited barriers were lack of trust in data quality, followed by
lack of intensity of feedback and lack of motivation.
Success factors included sufficient timeliness (time
between data collection and the forthcoming feedback
report), dissemination of information, trust in data quality,
and having a confidential or non-judgemental tone.38

Jamtvedt and colleagues35 found that low baseline com-
pliance with recommended practice and higher intensity of
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audit and feedback were associated with a greater effective-
ness of the feedback intervention. Other important charac-
teristics of feedback include the source and the duration of
the feedback.42 Physicians are more influenced by an au-
thoritative, credible source that will continue to monitor
the physicians’ performance over several years.42 Mugford
and colleagues43 concluded that information feedback was
most likely to influence clinical practice if the information
was presented close to the time of decision-making and
the clinicians had previously agreed to review their practice.
De Vos and colleagues found that feedback reports in com-
bination with an educational implementation strategy or
quality improvement plan were most effective. The following
common barriers to quality improvement were identified: un-
awareness, lack of credible data, lack of supportive local man-
agement, and lack of hospital resources.39

Such findings from systematic reviews of primary empiric-
al sources are echoed by experience in quality improvement
projects, which identify effective feedback that supports im-
provement in care as being sustained or continuous, timely,
locally relevant, credible, non-punitive, and supportive of re-
medial action.44 Other reviews of the evidence linked to the
efficacy of professional behaviour change interventions have
found that there are ‘no magic bullets’, that information dis-
semination alone was rarely effective and that moderate
positive results can be achieved using more complex inter-
ventions.45 Similarly, synthesis of evidence on professional
education and quality assurance found that simple passive

intervention approaches were generally ineffective and un-
likely to result in behaviour change, whereas multi-facetted
interventions involving educational components were found
to be more effective.46 This finding echoes that of reviews
of data feedback interventions, in which multi-facetted
approaches that involve adding elements to basic data feed-
back were found to be most effective.38

The distinction between passive data dissemination and
more active forms of feedback is of importance to the effect-
iveness of a data feedback intervention, with several reviews
concluding that the maximum impact was achieved through
embedding data feedback in either: targeted reporting,
quality improvement strategies, educational programmes,
or similar multi-component initiatives. Mugford and collea-
gues define passive feedback as the unsolicited provision of
information with no stated requirement for action. Active
feedback occurs where the interest of clinicians has been sti-
mulated and engaged in aspects of practice, through the
process of agreeing standards, involvement in continuing
education, or consideration of the implications of the infor-
mation for improving care.43

An industrial model for monitoring perioperative
care processes

An alternative approach to the question of how clinical
units can best use data on the quality of care to improve
local systems is provided by popular quality improvement

Inputs Processes Outputs

Patient flow;
resources

External environment External standards

Care delivery system

Clinical unit/micro-system

Process
variation/error;
clinical and patient
outcomes Monitor

quality
indicators

Feedback-modified
outputs

Individual
clinician

Changes to professional
practice, system design and
resources

Multi-level feedback loop

Control

Fig 1 The healthcare system as a basic cybernetic feedback loop based upon monitoring quality indicators. Information concerning outputs
from the current system is fed back to an earlier stage to modify processes in order to achieve enhanced future performance. Feedback may
target multiple levels of the system: the organization, the clinical unit, and/or the individual clinician within the clinical unit, the specific in-
formation requirements of each end-user group being different.
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programme models, which utilize industrial process control
principles.47 – 56 Drawing upon the evolving improvement
science discipline,57 58 in the UK and elsewhere, a
number of national and local initiatives have been
launched to improve care through the application of
industry-derived quality improvement methods.59 60 Such
programmes adopt a Continuous Quality Improvement
philosophy61 62 and often use Statistical Process Control
as a measurement and evaluation model to guide improve-
ment activities.

Process control has received some attention as a means
of monitoring variations in clinical practice at the individ-
ual, unit, and organizational levels within various clinical
disciplines, including anaesthesia.63 – 67 Box 1 provides a
summary of the main capabilities that the industrial
process control approach offers for healthcare quality as-
surance. The dominant rationale for this approach is that

continuous, longitudinal monitoring of local clinical pro-
cesses, in near real-time, can detect and correct signifi-
cant variations in care in a proactive manner, while
providing useful information on the reliability of a
process over time.49 Such information on longitudinal vari-
ation is often masked by reporting aggregated data too
infrequently. Plotting data from process measures
longitudinally on run charts or control charts permits de-
tection of non-routine underlying causes of variation as
giving rise to violations in control limits.47 Figure 2 pro-
vides an example of a statistical process control chart
for patient temperature upon arrival in the PACU. Special
causes of variation may be identified and addressed
through the application of quality improvement methods
to alter the underlying process in some way with the
dual aim of improving both the reliability and the perform-
ance of the process.56 68

Table 1 Summary of main findings from systematic reviews which assess the impact of performance feedback upon quality of care delivery or
professional practice and which provide information concerning the characteristics of effective feedback from review of empirical evidence

Review Year Effect of feedback Characteristics of effective feedback

van der Veer and colleagues.38 Improving
quality of care. A systematic review on how
medical registries provide information
feedback to healthcare providers

2010 Process of care measures are more
positively influenced by feedback than
outcome of care measures. Adding
elements to a feedback strategy positively
influences its effectiveness

The most common factors influencing the
effectiveness of feedback were: trust in data
quality, motivation of the recipients, intensity
of feedback, organizational factors, outcome
expectancy of recipients, timeliness,
dissemination of information, and
confidentiality/non-judgemental tone

De Vos and colleagues.39 Using quality
indicators to improve hospital care:
a review of the literature

2009 Effective strategies to implement quality
indicators do exist, but there is considerable
variation in the methods used and the level
of change achieved

Feedback reports in combination with an
educational implementation strategy and/or
the development of a quality improvement
plan are most effective in improving quality.
The following barriers to quality improvement
based upon feedback were identified:
unawareness, lack of credible data, lack of
supportive local management, and lack of
hospital resources

Hysong.86 Meta-analysis. Audit and
feedback features impact effectiveness
on care quality

2009 The effect size estimate of 0.40 (96%
confidence interval) suggests that audit
and feedback has a modest though
significant effect on the outcome of interest

Identified characteristics that augment
feedback effectiveness are correct solution
information and written feedback delivery.
Verbal and graphic feedback delivery
attenuated feedback effectiveness. Both
individual- and group-level feedback was
found to be beneficial.

Jamtvedt and colleagues.35 Audit and
feedback: effects on professional practice
and healthcare outcomes

2006 Audit and feedback can improve
professional practice, but effects are
variable. Effects are generally small to
moderate

Low baseline compliance with desired practice
and higher intensity of feedback were
associated with higher adjusted risk ratios
across studies, and therefore are more
effective in improving quality

Veloski and colleagues.42 Systematic
review of the literature on assessment,
feedback, and physicians’ clinical
performance

2006 41 studies evaluated the independent
effect of feedback. Of these, 32 (74%)
demonstrated a positive impact on
physician performance

Feedback can change physicians’ clinical
performance when provided systematically
over multiple years by an authoritative,
credible source

Mugford and colleagues.43 Effects of
feedback of information on clinical
practice: a review

1991 Feedback of information most probably
influences clinical practice if it is part of an
overall strategy which targets decision
makers who have already agreed to review
their practice

Information feedback is likely to have a more
direct effect on practice if presented close to
the time of decision-making
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Box 1: Capabilities of industrial process control as a
model for the measurement and monitoring of quality
in healthcare47 49 54 55

† Routine data collection provides a continuous signal
representing variation in a process over time

† Tests for violation of control chart rules can identify
significant underlying process changes against
background ‘noise’

† Supports real-time continuous feedback on varia-
tions in care that can detect problems early

† Effects of interventions are observable over time
and can be used to guide improvement work

† Integration of data collection within routine opera-
tions means that metrics become stable and reliable
over time

† Provides a data-rich environment in which to reason
about the effects of planned and unplanned/
uncontrolled systems changes

While some evidence exists supporting the efficacy of
Process Control as an approach to monitoring and improving
care,69 reviews of quality improvement models in healthcare
have suggested that the effects of dominant improvement
models which utilize the technique are likely to be highly
context-specific.70 – 72 The large volume of published case
reports suggests that initiatives using a quality improvement
model can be highly effective within a conducive local
context73 or through tailored interventions.74 The penetra-
tion of statistical process control as a means of monitoring
and evaluating the impact and sustainability of serial inter-
ventions, such as quality improvement initiatives, remains
under-utilized in healthcare and there is limited mention of
the method in the anaesthetics research literature. Varughese
and colleagues63 report one noteworthy example of a
multi-component quality improvement initiative in paediatric
anaesthesia which utilizes run charts and control charts to
evaluate the local impact of improvement work.

Perhaps one of the most interesting features of continu-
ous quality improvement and statistical process control as
an approach is the way in which it contrasts with convention-
al clinical audit as it is often applied in practice. The
conventional clinical audit model may be limited in its
ability to support or drive quality improvement activities,
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Fig 2 Statistical process control chart (P chart) plotting the weekly proportion of patients arriving in PACU with temperature below the recom-
mended 368C. Aggregating the data over the full duration of the timeline suggests that overall, 5% of patients arrive in recovery cold. This is a
poor representation of the performance of perioperative warming processes, however, which process control charts reveal. In reality, the re-
liability of the process varies over time as a function of a range of routine fluctuation and significant special causes. Evidence of special causes
may be detected in real time by violation of control chart rules associated with data points which fall beyond control limits or which contribute
to statistically significant trends or shifts in the process level (see Benneyan and colleagues47 for further discussion). In the figure, the circular/
green data points represent such anomalies that warrant further investigation to either control detrimental effects or understand what is
driving sustained improvement.
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due to a range of design, organizational, and other barriers.75

76 Discontinuous or periodic audit provides an aggregated
snapshot of practice at a single time-point and therefore
cannot account for prior or baseline trends without multiple
follow-up periods. As data collection is not continuous, there
may be issues with the reliability of measures and the possi-
bility of a Hawthorne effect within the teams being observed,
meaning that the knowledge of being measured actually
changes behaviour and poses a threat to external validity.

Common experience is that audit can be a data collection
exercise, undertaken by junior staff, that fails to prompt cor-
rective action. Where action is taken, there may be a lack of
follow-up measurement to evaluate the impact upon care
and subsequently to determine if any gains made have
been sustained. Through embedding continuous process
monitoring in routine operations after the industrial model,
many of these limitations are overcome due to the creation
of a data-rich environment in which to assess current prac-
tice over time and evaluate the impact of changes to the
care system. In continuous monitoring programmes, vari-
ation attributable to a Hawthorne effect is reduced, as
there is no repeated onset and offset of measurement and
those being observed habituate to the monitoring process.
Feedback over extended time periods has additionally
proven to be more effective,42 albeit at the expense of add-
itional investment in data collection and administration.

Routine monitoring and feedback: a case
example
Integrating the lessons from the diverse literature described
previously into coherent guidance for practice in the anaes-
thetic service area is a somewhat difficult task. Taken at
face value, an effective feedback strategy should be timely,
intensive, originate from a trustworthy and credible data
source, be confidential and non-judgemental, be supported
by the broader organization, supplied continuously over
time, and integrated within a broader quality improvement
framework.

From a clinical perspective, the modern practising anaes-
thetist rarely receives feedback on the patient’s experience
downstream of the intraoperative phase of care. Feedback
on postoperative nausea or pain control often occurs on a
periodic basis through successive audit cycles, but these in-
formation streams are discontinuous and may not be
geared towards continuous improvement actions. Feedback
upon the quality of recovery experienced by patients upon
waking from surgery often occurs only on an ad hoc basis,
through personal interactions with patients and recovery
room staff or when anaesthetists have the opportunity to
personally follow-up patients in between busy theatre list
schedules or are requested to attend a patient by recovery
room staff. There are few reported examples of systematic,
routine monitoring of quality indicators in the recovery
room to provide rapid, continuous feedback on the quality
of anaesthetic care delivered. Similarly, few evaluative

studies of personal professional monitoring programmes for
anaesthetists or trainees exist.77 78

Drawing upon the principles outlined above, what might
an effective data feedback system for anaesthetic quality
indicators look like? By way of an example, the key features
of an initiative underway at a large academic hospital in
London, UK, in which the authors are involved, may provide
a potential model embodying many of the key lessons from
this review (Box 2). The initiative is part of a research study
to investigate how information from quality indicators can
be used to effectively support quality improvement in anaes-
thesia. It adopts a continuous quality monitoring approach,
in accordance with industrial process control practices and
seeks to monitor a range of quality indicators for anaesthesia
and perioperative services. Data are collected by PACU nurses
against the following metrics: (i) temperature upon arrival in
recovery (in accordance with NICE guidelines), (ii) patient-
reported QoR score (Myles and colleagues,18 as described
previously), (iii) patient-reported PONV (categorical), (iv)
patient-reported pain scale score (categorical and continu-
ous scales), and (vi) patient transfer efficiency as measured
by ward wait time (WWT), the time interval between the
ward being called and the patient leaving PACU.

Box 2: The characteristics of a quality monitoring and
feedback initiative in anaesthetic services: a complex,
serial data feedback intervention.

† Continuous, uninterrupted monitoring of quality in
the anaesthetic care process based upon data col-
lected in the PACU based upon an industrial
process monitoring model

† Regular, personalized data feedback to anaesthe-
tists and other perioperative service providers
using a familiar report template and graphical
formats.

† Strong sense of local ownership of data by
end-users and disaggregation of data onto a level
that is meaningful to individual clinicians and the
clinical unit.

† Longitudinal and cross-sectional comparisons with
baseline and anonymized data from peers to
signal variation.

† Multi-level feedback for multiple recipients at the in-
dividual and departmental levels, including reports
for anaesthetists, perioperative managers/service
leads, PACU staff, and surgical ward leads.

† Provision of opportunity for open and constructive
dialogue among peers upon quality of care issues.

The main feedback loops for dissemination of the data
back to frontline service providers are depicted within
Figure 3. Data are collected for all elective and emergency
surgery cases passing through general theatres and PACU,
excluding day surgery cases. On a monthly basis, tailored
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data feedback reports are produced for individual anaesthe-
tists, each surgical ward, and for the PACU. Taking the anaes-
thetist reports as an example, each is based upon a single
anaesthetist’s personal case history, thus ensuring that feed-
back is directly relevant to the recipient. The report includes
summary descriptive statistics providing both a cross-
sectional and longitudinal perspective on the data and
graphical presentations which compare the individual’s
scores with an anonymized distribution of peers’ scores.
The report provides the anaesthetist with a breakdown of
case load by speciality and other key demographics. Bar
charts provide comparative information concerning propor-
tion of patients with temperature more than 368 upon
arrival in recovery, proportion of patients free from PONV,
and proportion of patients with pain scores ,4 (considered
to be the comfortable region on an 11-point continuous
scale). The anaesthetist’s pain scores are additionally subdi-
vided by main speciality and compared with the aggregated
score for that speciality across the whole department.

Variation across anaesthetists on the majority of quality
indicators is typically small. Figure 4 presents a comparative
view of individual anaesthetists mean pain scores. Anaesthe-
tist scores are not case mix adjusted to account for variations
in procedure profile or other patient factors at the individual
anaesthetist level. By providing regular feedback in a familiar
format over time, however, anaesthetists recognize where
they fall in the distribution and through the comparisons

with historical data can determine longitudinal variations.
In addition to the anaesthetist feedback reports, regular
summaries of data on quality of recovery and patient trans-
fer efficiency are provided to the PACU nursing team, the sur-
gical wards, and perioperative service managers.

Implications for future research and
development
Given the limited and fragmentary nature of the literature re-
lating to how information from quality indicators can be used
most effectively, there is a clear need for further research
focus in this area and implications for guidance at the
policy and speciality levels.

Defining quality indicators in anaesthesia

Further study to identify sensitive and useful quality indica-
tors for anaesthesia is warranted. From a practical perspec-
tive, while variation attributable to the anaesthetic
component of care may be determinable in perioperative
morbidity and mortality data through well-powered research
studies, the requirements of local clinical units differ. Anaes-
thetic quality indicators must be useful to frontline recipients
when monitored longitudinally in small numbers of cases
with limited opportunity for case mix adjustment. Quantifica-
tion of dimensions associated with the patient’s experience
of immediate postoperative recovery may provide valid and

Perioperative
care pathway

Feedback anaesthetic quality
indicators (personal level data)

QoR, PONV, Pain,
Temp, WWT

Anaesthetist
feedback
reports

Metrics
database

Breakdown
and analysis

PACU
data

postings

Feedback quality of recovery and
patient transfer efficiency metrics

Feedback patient transfer efficiency
metrics (ward level data) Ward

feedback
reports

Surgical
wards

Pre and Intra-
operative care

PACU

Data
validation

and cleansing

Fig 3 PACU-based quality monitoring and feedback. The schematic depicts the data flows linked to the main stages of the perioperative
pathway. Data are collected at the patient bedside during the recovery period by trained PACU nurses. The metrics collected include:
patient temperature upon arrival in recovery, QoR score, PONV, pain scale score, and WWT, the interval between the surgical ward being con-
tacted and patient handover. The data are cleaned and validated by a researcher through comparison with the theatre administration system
and patient logbook before being entered into a database repository. In order to produce the feedback, templates are applied to the database
which break down the data according to the required parameters. On a monthly basis, data feedback reports are produced for individual
anaesthetists, each surgical ward, and for the PACU.
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reliable outcome measures for anaesthesia if evidence and
consensus based. Future research into the application of
quality indicators in anaesthesia must take a holistic view
of quality monitoring systems, which incorporates the
whole feedback cycle from data collection, through analysis
and dissemination, to actual use of the data to improve
practice.

Sociotechnical nature of feedback systems

From consideration of the range of characteristics that previ-
ous studies have suggested to be features of effective feed-
back systems, it is apparent that these systems are
sociotechnical in nature, governed by a range of human,
social, organizational, and design factors.79 The organiza-
tional context and culture into which a quality monitoring
programme is implemented is therefore clearly important
to its success; especially in terms of whether there is open
disclosure and constructive discussion upon performance
issues within the professional group. How a community of
end-users views the system and its output, how acceptable

they consider the system to be, is likely to affect adoption
and use of the technology.80 Performance measurement
systems in particular are likely to be sensitive to end-user
perceptions of utility, fairness, and the opportunities inherent
within the system for misuse of the data, from different per-
spectives. Such considerations require multidisciplinary study
that includes clinical, health services, human factors, and
psychological investigation.

Feedback for revalidation

Considering the requirements for effective processes to feed-
back data from anaesthetic quality indicators to clinicians is
currently a topical focus. Recent speciality focus upon reval-
idation for anaesthetists has highlighted the requirement for
metrics that can provide supporting evidence for individual
professional revalidation.81 82 This requirement places con-
siderable demands upon local quality monitoring systems
which will vary in capability. A range of perioperative
process data is often available in theatre administration
systems, but these are designed principally to track patient
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2.0

M
ea

n 
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1.5

1.0

.5
13 48 30 80 73 35 16 99 26 31 78 51 39 88 29 34 15 45 25 10 11 36

Consultant ID

Mean Pain Scale Score by Anaesthetist

Error bars: 95% CI

23 33

1.65

56 27 21 38 17 89 20 24 19 22 77 14 53 28 32 90 43 18

Fig 4 Example of the distribution of individual anaesthetist’s patient-reported pain scores within a single anaesthetics department which
undertakes a broad range of surgical procedure types. 95% confidence intervals for the mean pain scores and the overall sample level
mean are depicted. The sample level mean score was 1.65 on an 11-point rating scale ranging from 0 (no pain) to 10 (severe pain). Variation
in mean scores is attributable to case mix differences between individual anaesthetists in addition to a range of process and patient-related
factors. In the feedback that anaesthetists receive, pain scores are presented as the proportion of patients with scores below 4.
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flow and theatre productivity, rather than provide sustained,
tailored feedback at the level of the individual clinician’s
caseload for quality monitoring purposes. The perception of
the revalidation process and the use that is made of personal
professional data within it will be important and it has been
suggested that multi-source feedback is used most con-
structively to support professional development as separate
from the assessment process used to judge doctors.83 The
Royal College of Anaesthetists and AAGBI have published
guidance on revalidation and the necessary supporting docu-
mentation for evidence of fitness to practice.84 Feedback
from quality indicators can be used as key support within
the multi-source feedback required for revalidation. Indeed,
participating in quality monitoring and acting upon the
results is an identified dimension of good medical practice.85

Conclusion
In terms of future development in this area, there is currently
only limited evidence for the efficacy of various data feed-
back models and the defining characteristics of effective
feedback to help guide system developers. Some evidence
suggests that providing knowledge of performance through
audit and feedback results in small to moderate positive
effects, but more work is needed concerning the specific
mechanisms of effect. Further research is required to deter-
mine the optimum profile of data feedback systems that
are maximally effective for a given application and to evalu-
ate the potential gains resulting from development of more
active feedback strategies over simple passive strategies.

An important question is whether passive dissemination
of data on quality indicators alone is sufficient to stimulate
improvement, or whether it must be part of a multi-
component quality improvement framework, as suggested
by previous studies. Such considerations are more pressing,
given the requirements placed upon providers to monitor
the quality of care delivered for both external reporting and
individual clinician revalidation purposes. These policy devel-
opments are likely to result in considerable investment in
data collection and administration systems at the local
service level. Given our current understanding of the charac-
teristics of effective models, health service interventions that
aim to improve how data on the quality of care are used at
the clinical unit level remain, for now, largely the proverbial
‘black box’.
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