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Quality of care is of increasing importance in health and surgical care. In order to maintain and improve quality, we must be able to measure it
and identify variation. In this narrative review, we aim to identify measures used in the assessment of quality of care in cardiac surgery and to
evaluate their utility. The electronic databases Pubmed/MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials (CENTRAL), Co-
chrane Database of Systematic Reviews, and CINAHL were searched for original published studies using the terms ‘cardiac surgery’ and ‘quality
or outcome or process or structure’ as either keywords in the title or text or MeSH terms. Secondary searches and identification of references
from original articles were carried out. We found a total of 54 original articles evaluating measurements of quality. While structure, process, and
outcome indicators remain the mainstay of quality measurement, new and innovative methods of risk assessment have improved reliability and
discrimination. Continuous assessment provides a promising method of both maintaining and improving quality of care. Future studies should
focus on long-term and patient-centred outcomes, such as quality-of-life measures.
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The concept of quality of care
As individuals we all wish to receive the best health care possible.
Similarly, healthcare providers have a strong interest in delivering
this. To understand what this means, and therefore to define quality,
we have to consider what key factors we want from our care, both
as individuals and as a population. The quality of care has classically
been defined as ‘the degree to which health services for individuals
and populations increase the likelihood of desired health outcomes
and are consistent with current professional knowledge’;1 however,
the concept of quality of care is more complex than this. In their
publication ‘Crossing the Quality Chasm’, the Institute of Medicine
(IOM) state health systems should be safe, effective, patient-centred,
timely, equitable, and efficient.2 In reality, this requires two factors:
access to care and effective care given.3

The delivery of high-quality care in health systems is of increasing
importance.4 Rising costs of medical care, reductions in available re-
sources, and health scandals have focused media and public atten-
tion on healthcare quality. Many countries have statutory
organizations to monitor quality such as the Care Quality Commis-
sion in the UK or the Australian Commission on Safety and Quality
in Health Care. In addition to this, many medical specialties have

national quality monitoring organizations [for example the National
Institute for Cardiovascular Outcomes Research (NICOR) in the
UK] to determine and monitor standards of care. Reduction in er-
rors, provision of best practice, and standardization have the poten-
tial to make a huge impact on overall patient outcomes and may
even be more effective than the (sometimes-marginal) benefit
achieved by developing new treatments. However, before we can
improve quality, we need an effective way to measure and identify
variation between providers.

Measuring quality of care
Quality of care is measured using a systems approach divided into
structural, process, and outcomes measures.5 Structural measures
broadly assess resourcing such as hospital facilities and staff charac-
teristics. Structural measures may be useful where there are few or
no process or outcome measures and potentially used to set a min-
imum standard. Process measures describe what is done and how it
is done. These focus on using evidence-based treatment, known to
have a positive effect on patient outcome. More recently, learning
curves and team function in complex interventions have been
studied using human factors and systems engineering methods.
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Outcome measures are perhaps the most intuitive and relevant to
our practice. They may be usefully divided into four groups: func-
tional status, medical outcome, patient satisfaction, and cost.6

The structure, process, and outcome measures of quality are all
necessarily interrelated. Structural measures are valid only when
they affect the ability to deliver a process. For process measures
to be credible, they should be related to improved outcome, and
for outcome measures to be useful, they should be improved by al-
teration of the process.7 Proving a causal link between process and
outcome has been problematic.

Measurement of quality in cardiac
surgery
Cardiac surgery was an early specialty to measure quality of care on
a large scale. Data collection for calculating risk-adjusted mortality
rates in the USA began in 1987.8 Since then, the database has ex-
panded significantly. Current quality measures collected by the So-
ciety of Thoracic Surgeons (STS) in the USA include a composite
score for each provider generated from a variety of process and out-
come measures. Individual measures used to rate quality include
outcomes (risk-adjusted mortality, length of stay, and major morbid-
ity including stroke, new renal failure, re-operation, deep sternal
wound infection, and prolonged intubation), processes [use of in-
ternal mammary artery (IMA) and pre- and postoperative medica-
tion], and one structural measure (participation in the database).9

In the UK, NICOR reports annually, providing data on process mea-
sures (IMA use and mitral repair) and mortality outcomes.10 A more
comprehensive intermittent report comprising similar measures as
for the STS is also produced (with the exception of a composite
quality score).11 The Australia and New Zealand Cardiothoracic So-
ciety Cardiac Surgery Database (ANZSCTS-CSD) reports mortality
and morbidity outcomes, although not all states participate in re-
ports and fewer morbidity outcomes are reported.12 Large cardiac
surgery databases are available in most countries some with linkage
to social security via a unique identifier.

In addition to the above, many providers internally monitor their
own performance.13 Although there is potential for bias, where re-
view is independent and multidisciplinary it may allow for a more
contemporaneous recognition of problems, potentially addressing
concerns before they cause further harm.

Aims
In this article, we carry out a narrative review of the literature to
identify measures of quality in cardiac surgery and evaluate the evi-
dence behind their utility for identifying changes in performance
with respect to time or other providers. We aim to provide an over-
view for the non-expert of the measures available for monitoring
quality of care, as well as providing an evidence-based assessment
of their relative merits.

Methods

Data sources and study selection
The electronic databases MEDLINE, EMBASE, PubMed, Cochrane Cen-
tral Register of Controlled Trials (CENTRAL), Cochrane Database of

Systematic Reviews, Database of Abstracts of Reviews of Effectiveness,
CINAHL, and Web of Science were searched for original published
studies. The most recent search was on 1 November 2015. To maximize
sensitivity of the search strategy and identify all studies, the authors
combined the terms: ‘cardiac surgery’ and ‘quality or outcome or pro-
cess or structure’ as keywords in title or text. Initially, titles and/or ab-
stracts were screened. The reference lists of retrieved articles were
reviewed to identify additional, potentially relevant studies.

Selection criteria
Observational studies examining the use of any quality of care measures
in patients who underwent cardiac surgery were included. Studies pub-
lished in the year 1990 or later were included. Studies that involved
thoracic organ transplantation, forms of mechanical circulatory support,
such as ventricular assist devices or extracorporeal membrane oxygen-
ation, robotic surgery, and those involving percutaneous valve surgery
were excluded. With duplicate studies, those with accumulating sample
sizes or increased lengths of follow-up, only the most recent complete
reports were included. Studies were limited to human subjects and pub-
lished in the English language. Abstracts, case reports, conference pre-
sentations, editorials, and expert opinions were excluded. Articles
focusing solely on quality improvement, rather than quality measure-
ment, were beyond the scope of this review and were also excluded.

Articles were then grouped based on category of assessed measure
and method of assessment.

Discussion

Literature search
The initial searches identified 2175 sources. After initial selection of
articles, a total of 429 articles were identified. Detailed analysis re-
duced this to a total of 51 articles. An additional three articles were
identified using secondary searches and references (Supplementary
material online, Figure S1 and Table S1). Quality measures assessed
are shown in Table 1.

Outcome measures
Mortality
Mortality is the most widely collected metric. It is a solid, irrefutable,
logical, and important outcome. It is usually but not always adjusted
for patient-level risk factors to allow for difference in provider case
mix. However, despite its widespread use, mortality is not necessar-
ily a good measure of quality, and while a provider with increased
mortality rates may reflect a reduction in quality, the lack of a de-
tectable mortality difference does not exclude a difference in
quality.

Risk adjustment is usually carried out using preoperative patient
variables not under the control of the provider. Estimated risk of
death is calculated using a validated or locally derived risk score cal-
culated using multivariate analysis of large databases (e.g. Euroscore,
AusScore, STS, RACHS score).14 – 16 Outlier status may vary ac-
cording to risk-adjustment model used.17 Using administrative data-
bases (usually set up to determine costs of care and funding models)
is also possible, but these may be prone to missing data.18 While
these scores provide a useful prediction for populations, higher-
risk patients may have exaggerated risk scores, resulting in overesti-
mation of risk of death in this group.19 This may result in a lower
than appropriate risk-adjusted mortality rate. In addition, gaming
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by ‘upcoding’ variables may result in lower than appropriate
risk-adjusted mortality.20 Where surgery and populations are less
standard, such as in adult congenital heart surgery, risk adjustment
becomes more complex and controversial.21 – 23 Similarly, more
rare but important comorbidities (such as severe liver disease)
may not be included.

A quality measure would ideally be able to detect a variation in
provider quality rapidly in order to identify and rectify the cause.
The statistical ability to detect a difference in binary outcome de-
pends on the frequency of the outcome interest (in this case death)
and the total number of tests (the number of surgical procedures).
Dimmick et al. simulated the number of cases required to detect a
mortality in coronary artery bypass grafting surgery of either double
or 1.5 times the benchmark mortality.24 They found a minimum
caseload of 219 cases needed to detect double the mortality, or
744 to detect 1.5 times the mortality. This was based on a mortality
rate of 3.5%. With mortality rates for some procedures now at 1–
2%,12 these numbers would be significantly increased. With a large
case volume required to detect increased mortality, the time to

accrue these cases becomes longer, delaying the detection of cases
markedly. This may be particularly relevant to less commonly per-
formed procedures.25 Cases of worsened quality of care may be
short-lived, and the staff and practices involved may have moved
on before detection and investigation.

Mortality is commonly defined as death while in hospital during
the immediate admission or within 30 days in or out of hospital.26

By these definitions, a patient who is transferred to another hos-
pital, survives 30 days and subsequently dies as an inpatient, would
not be necessarily counted as an operative death. Similarly, pa-
tients readmitted for a complication of surgery who subsequently
die would not necessarily be recorded as operative mortality. This
may have an effect on provider quality ratings.27,28 For this reason,
and others, longer-term mortality outcomes are being included in
registry databases,11 and linkage to national mortality data has
occurred.

Typically, the provider who is assessed is the hospital or individual
cardiac surgeon. More recently, the role of the anaesthetist in car-
diac surgery mortality outcomes has been investigated in the USA
and UK in large datasets. While one major study found a significant
difference between anaesthetist-adjusted mortality rates,29 the
other found that the difference was negligible.30 This may reflect dif-
ferences between UK and US anaesthesia practice or may be a result
of different statistical methodology.

The rate of preventable death compared with risk-adjusted mor-
tality has been investigated, and no correlation was found.31 This
suggests risk-adjusted mortality alone may not be a useful marker
for performance. Finally, survival at all costs should not necessarily
be a goal to aspire to. That is to say, we should consider the possi-
bility and impact of altered quality of life postoperatively as a result
of morbidity and disability.

Morbidity
The occurrence of complications after surgery is an important as-
pect of quality of care and results in increased cost, patient suffering,
and considerable inconvenience. Complications are associated with
reduced long-term survival32 after surgery. In addition, they are like-
ly to contribute towards poorer quality of life, even if survival is not
reduced.33,34 Morbidity may be a more sensitive measure for iden-
tifying outlier units due to a higher incidence and may help in the
early identification of poorly performing providers.35 Similarly to
mortality rates, the adjustment for risk is important in providing a
fair assessment of quality.36 Morbidity measures used to assess qual-
ity should have a proven association with long-term disability and/or
mortality.

Re-exploration for bleeding has been identified as a risk factor for
mortality and other postoperative complications.37,38 Wolfe et al.
have analysed re-exploration using the cumulative sum (CUSUM)
analysis. In this way, they were able to identify an excess event
rate, investigate the event, and rectify the causative factor.39 Re-
exploration rate is routinely monitored by many cardiac databases.

Blood product has been used both as a quality metric and as a tar-
get for quality improvement by some centres.40,41 A targeted reduc-
tion in blood product use was associated with a reduction in other
complications. Risk adjustment and standardization of transfusion
thresholds are likely to be important. A recent large randomized
trial showed that a restrictive transfusion threshold was associated

Table 1 Quality measures

Structural Volume
Staff/skill set

Process Medical treatment:
Perioperative beta-blockers
Antibiotic prophylaxis
Anti-platelet therapy
Lipid-lowering therapy
Discharge beta-blockers
Postoperative glucose

Surgical treatment:
IMA use

Technical performance
Other:

TOE use
Epiaortic ultrasound use

Outcome Mortality
Morbidity:

New renal failure
Deep sternal wound infection
Prolonged perioperative ventilation
Stroke
Reoperation
Reintubation
Transfusion

Length of stay
Readmission rate
Other:

Failure to rescue
Quality of life
MV repair
Cost of care
Inotrope/mechanical support

Other Composite:
STS composite score
ARC

IMA, internal mammary artery; TOE, transoesophageal echocardiography;
STS, Society of Thoracic Surgeons; ARC, acute risk change; MV, mitral valve.
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with an increased risk of death (although no cause–effect relation-
ship could be demonstrated).42

Prolonged mechanical ventilation,33,43 deep sternal wound infec-
tion,34,44 postoperative renal dysfunction,45 and stroke46 are all as-
sociated with short- and long-term mortality, as well as poorer
quality-of-life outcomes. Some centres have also reported continu-
ous monitoring of these complications.47 While there is correlation
between morbidity and mortality (risk adjusted), morbidity appears
to provide additional information over and above mortality alone.48

Length of stay
Length of stay has been suggested as a quality measure. At first
examination, this appears reasonable. Long hospital stays are usually
undesirable for the provider and patient and are associated with
complications49 and costs. Liu et al. reported a prolonged length
of stay (.80th centile) to be a useful measure as a surrogate for
mortality in paediatric cardiac surgery (where procedure numbers
were low);50 however, other investigators have noted poorer cor-
relation with mortality.49 Length of stay may be affected by many
clinical and non-clinical factors, resulting in marked variation be-
tween hospitals. If length of stay is to be used, it should be used in
the context of other important outcome measures.

Readmission rate
Readmission to hospital within 30 days of discharge may be a marker
of quality in surgery and appears to be associated with other quality
measures such as mortality rate, hospital volume, and surgical quality
score.51 However, this is controversial (partly as a result of the affect
this metric has on funding), and some have suggested that variability in
readmission rate in cardiac surgery is attributable to statistical noise.52

In addition, it may be affected by systematic differences between hos-
pitals in recording of data for readmissions to other hospitals.53

Other outcomes
Mitral valve repair versus replacement for isolated P2 prolapse is
used by some organizations as a marker of quality.10 Outcomes
that may be useful as quality markers and have been evaluated in-
clude reintubation,54 unplanned readmission to ICU,55 and cost of
care.56 In addition to these, other outcomes related to quality of
care and preventable death may be measured, for example, new
intra-aortic balloon pump use, postoperative inotropic support,
or postoperative cardiac arrest.57

The overall aim of medical quality improvement programmes is to
get the best possible outcome for the patient. While mortality and
morbidity are clearly important, we need to consider more patient-
centred outcomes.58 Patients are likely to be equally interested in
quality of life as an outcome.59 Effective methods of measuring qual-
ity of life are available60 and are likely to become more important in
quality measurement as outcomes research evolves, although sig-
nificantly increased resources are required to collect these data.

Failure to rescue was reported as a measure of quality more than
20 years ago.61 Initial findings suggested that it was a useful measure
that related well to hospital characteristics rather than patient char-
acteristics. More recently, it has been studied in cardiac surgery and
has been suggested to be particularly useful in providing a mechan-
ism for increased mortality in hospitals, and therefore a timeframe
for improvement.62 – 65 Other studies have also used a timeframe

focus for quality measurement, including: ‘phase of care’ mortality
analysis,66 separating events into four different time periods around
surgery and acute risk change (ARC), focusing on the immediate
perioperative period (discussed later).67

Process measures
Medical and surgical treatments that are associated with improved
outcomes should be chosen as process measures.68 This may be dif-
ficult when there are multiple potential measures to choose from.
In addition, evidence may be different for different subsets of surgi-
cal procedures within the same database. In the absence of direct
evidence that a particular set of process measures are ideal for
measuring quality of care, expert opinion is used. Ideally, the mea-
sures should be broadly applicable and have specific, easily docu-
mented and unequivocal contraindications to reduce the impact
of gaming.69 The STS records a variety of measures including
antibiotic administration, perioperative beta-blockade, discharge
beta-blockade, anti-platelet medications at discharge, lipid-lowering
therapy at discharge, and IMA use. The latter five are then used in
the STS composite score.70 Process measures have the advantage
that they do not require risk adjustment.

Further to traditionally used process measures, some additional
measures have been suggested. Technical performance scores
have been assessed for paediatric congenital surgery. They have
been found to be associated with morbidity and mortality but
have not yet been assessed as quality measures.71 The use of post-
operative glucose control as a process quality measure has been re-
jected due to lack of association with outcome.72 Other processes
associated with preventable death may also be used, for example
antibiotic administration, transoesophageal echocardiography, and
epiaortic ultrasound use.57 Further processes such as optimal in-
traoperative management, teamwork, and effective handover may
influence outcome and are potential new process measures.

Structural measures
Case volume is the most commonly assessed structural measure.
The premise is that higher-volume centres will have greater experi-
ence and will therefore perform better, or that referral occurs to
better providers in market-based healthcare. However, the vol-
ume–quality relationship is a controversial one. While some studies
have confirmed a relationship between volume and quality, many
have not.73 – 84 Nursing ratios may be a useful structural measure
and are associated with other quality measures.55 Other pro-
grammes have also included participation in a quality database and
availability of specific resources85 as measures; however, to our
knowledge, the validity of these has not been specifically evaluated.

Composite measures and single metrics
The STS uses a combination of structure, process, and outcome
measures to provide a three-tier rating system.16,70,86,87 A variety
of measures were chosen, rescaled according to variability, and
combined such that all domains contributed towards the overall
score. In this way, they were able to provide a single, easy to under-
stand metric that is capable of rating providers as above, meeting, or
below the national average score. They were also able to improve
on risk-adjusted mortality in discrimination of outlier units.
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The authors of this review formulated and investigated another
measure, the ARC.67 This metric assesses the change in probability
of death from preoperative to postoperative care, using ‘Aus-
Score’,15 and recalibrated APACHE III scores. This score was able
to discriminate between providers where risk-adjusted mortality
could not and was strongly associated with morbidity measures
and adverse intraoperative events.88 This score may be useful in
providing an early warning signal for poor-performing units and a
perioperative focus point for quality improvement.

Statistical methods
Cross-sectional analysis
Funnel plots have traditionally been used to assess for publication
bias in meta-analysis but are also used for institutional comparison.
The ratio of observed to predicted events [commonly deaths repre-
sented via the standardized mortality ratio (SMR)] is plotted against
either the total sample size or against the predicted number of
events. Outcomes for units or providers may than be compared
against the mean or a defined standard. Alert and alarm limits are
then generated based on 95 and 99.8% confidence limits, respect-
ively (Figure 1). Funnel plots avoid unrealistic ranking of units, as
seen in league tables, and provide an effective visual method of as-
sessing for outlier providers. They also allow easy examination of
the case volume in relation to outcome.89 However, to be useful,
appropriate techniques for calculation of exact confidence intervals
are required, particularly for rare binary events such as mortality in
cardiothoracic surgical patients. Both over- and under-dispersion
may occur, with the latter being most commonly observed when
the prediction model is inaccurate. Risk modelling may be improved
by using more complex methodologies that account for clustering of
units or employ multilevel modelling techniques.

Longitudinal analysis
The measures described so far monitor a single or set of rates at a
defined point in time retrospectively. While this may be useful, there
is significant delay between the time of surgery, data acquisition, and

analysis and quality improvement intervention. Techniques for con-
tinuous outcome monitoring may be helpful for local and national
quality improvement programmes.

They may also be automated to minimize resource usage.
The control chart is a method of monitoring outcomes. It aims to

differentiate between ‘common-cause variation’ (predictable vari-
ation as a result of phenomena within the system) and ‘special-cause
variation’ (new, unpredictable variation as a result of a change within
the system). Basic Shewhart control charts are plotted with three
lines, the mean and two control limits either side, usually represent-
ing three standard deviations. Figure 2 shows a basic control chart
using mean cross-clamp times for a single hospital. The chart can
be constructed by calculating the mean and standard deviation of
all points. Points in this instance represent groups but could also re-
present single patients. Points outside the lines suggest special-cause
variation.90 While this technique may be used retrospectively, the
control limits lines could also be used to prospectively monitor per-
formance (with an appreciable false-positive rate). It has been sug-
gested that this method could have identified poor-quality care in
high-profile historical cases.13,90,91

A variety of other formulations of the control chart exist. Al-
though they are more complex, they may be more suitable for
use in the medical context. The CUSUM chart, for example, may
be more sensitive to small changes in the mean than the Shewhart
charts and therefore may more rapidly detect changes in perform-
ance.92 In a CUSUM chart, sequential cases may be plotted on the
x-axis. The change in y-axis value is then dependent on a binary out-
come, for example survival or death. Where patient risk varies, risk
adjustment is important to prevent false alarms and/or detect
changes in performance.93,94 Risk adjustment may be undertaken
for a variety of control charts, including CUSUM charts95

(Figure 3A); visual life-adjusted display (VLAD), also described as ob-
served–expected plot (Figure 3B); and resetting sequential probabil-
ity ratio test (RSPRT) charts (Figure 3C).94,96 – 99 Risk adjustment
alters the change in y-value in response to an outcome. The easiest
of these to understand is the observed–expected plots. Here, a pa-
tient with a preoperative risk of death of 20% would result in a 0.8 unit

Figure 1 Funnel plot showing SMR for 19 different providers
(hospitals in this case). X-axis position is determined by the num-
ber of cases. Six providers lie outside of 95% confidence limits, but
none are outside of 99.8% limits.

Figure 2 The Shewhart control chart showing mean aortic
cross-clamp time for sequential quarters at one hospital. The mid-
dle line represents the overall mean. Outer lines represent three
standard deviations. No point lies outside the line, and the process
remains in control for the duration of the monitoring period.
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increase in the y-axis if they died, and a 0.2 unit reduction in the y-axis
value if they survived. Thus, a rising y-axis value may be the cause for
alarm. The other risk-adjustment techniques operate by similar
means, albeit with more complex statistical processing. The choice
of CUSUM monitoring technique will vary according to the process
being monitored,98 for example, where a reduction in performance is
as important as an increase in performance, the simultaneous
risk-adjusted CUSUM chart may be most suitable (Figure 3A).

Exponentially weighted moving average (EWMA) charts are an-
other technique of control chart monitoring and also include risk
adjustment. Here, a weighted average of sequential observations is
plotted using expected values to calculate control limits (Figure 3D).
EWMA charts have the advantage that they are easier to interpret
than the other forms of control chart.35,100

Control charts have some limitations that are important to recog-
nize. It is possible to build up ‘credit’ such that sequential successes
place a process well below the expected line. There may then be a
reduction in performance, resulting in a rise in y-value, which is not
detected due to the process remaining within control limits. As
such, it is important to monitor trends as well as control limits. In add-
ition, risk adjustment is required. Where the risk-adjustment model is
inaccurate, out-of-control events may occur. The setting of control
limits remains an important consideration, and it may be appropriate
to set narrow control limits, allowing a higher false-positive rate.

Continuous assessment has been increasing in popularity. Con-
trol charts have the advantage that they can be monitored in real
time. As a trend in outcomes is perceived (for example an increase
in deaths), it may be rapidly recognized and investigated. A number
of groups have reported the use of CUSUM, VLAD, and EWMA
charts in local monitoring of outcomes.35,39,47,101 – 103 Multiple dif-
ferent outcomes have been monitored including mortality, morbid-
ity, length of stay, readmission, blood product use, and reoperation.
In many cases, they have been able to detect an area of concern, in-
vestigate the cause, and rectify the problem. Visually, they may be
interpreted relatively easily so that little statistical knowledge is re-
quired to participate in the quality improvement process. As such,
continuous assessment represents a useful technique to maintain
and improve clinical services.

Investigation of outlier units
Outlier institutions or practitioners may be identified. The response
should use the pyramid of investigation model.104 At the base of the
pyramid is the most common reason for outlier identification, the
data quality. Investigators then progress from the base to the top
of the pyramid as follows, only moving on when each level has
been explored and explained:

(1) Are there data quality issues that explain the variation?
(2) Are there case-mix factors that have resulted in false identifica-

tion of an outlier?
(3) Are there structure or resource factors that may have resulted

in higher mortality or morbidity?
(4) Are there processes of care that may result in higher mortality

or morbidity?
(5) Is there a specific carer or team responsible for higher mortality

or morbidity?

Figure 3 Risk-adjusted control charts showing the same data
for 3000 sequential cardiothoracic procedures. Note: Data are
simulated for demonstration purposes, and such large fluctua-
tions in mortality rate are rarely seen. (A) Risk-adjusted CUSUM
chart adjusting for predicted risk of death. Crossing of the upper
boundary represents a doubling of the risk of death. This hap-
pens twice during the time period. Crossing the lower line re-
presents a halving of the risk of death (with a 1% chance
finding rate). (B) Observed–expected plot for deaths using Aus-
Score score to estimate risk of death. For each death, there is a
change in y-axis value of 1-(risk of death), and for each survival,
there is a change in y-axis value of 0-(risk of death). Thresholds
for alarm and investigation may be set individual institutions.
There are two periods of increased ‘excess deaths’ during the
period. (C) RSPRT adjusting for predicted risk of death. Crossing
the uppermost boundary represents a doubling of the odds of
death (P ¼ 0.01), and crossing the lowermost boundary repre-
sents a halving of the odds of death. (D) EWMA chart showing
EWMA of observed mortality (blue line) vs. EWMA AusScore-
predicted risk of death (grey lines—upper and lower lines re-
present 95% confidence limits, and the middle line represents
mean). Note that mortality exceeds predicted mortality twice
during the period.
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Where structures or processes are identified that may be resulting
in worse outcomes, investigators consider how and whether they
may be modified. Ongoing monitoring during and after the investi-
gation should identify whether the outlier has returned to normal
limits of variation. The responsibility for investigation of the outlier
processes and teams varies according to health system. The outlier
may be initially investigated internally, for example by case-note re-
view for avoidable mortality. Where no improvement is made, the
investigation does not identify areas of improvement, or where
there are significant and multi-sourced concerns, a more compre-
hensive external review may occur.

Limitations
Limitations should be addressed. It is possible that some papers were
not identified by the literature search, and some methodologies have
been missed. However, this should have been avoided by the use of a
thorough literature search plan. It was not possible to complete a
quantitative systematic review to comply with published standards,
such as the Meta-Analysis of Observation Studies in Epidemiology
(MOOSE) guidelines.105 This was in part due to the lack of common
outcomes in assessment of quality measures. In addition, few papers
empirically compared different quality measures, except in compari-
son with mortality. There is no gold standard of quality measurement;
therefore, we had no reference to measure against. This meant that
making quantitative judgements on utility was rarely possible.

Conclusion
Cardiac surgery is arguably the most developed specialty in terms of
measuring and improving quality of care. In this review, we have
described and evaluated the methods of measuring quality of care
in cardiac surgery. Despite the focus on cardiac surgery, many of
these concepts can be applied to other types of surgery or medical
care. The structure, process, and outcome method proposed by
Donebedian so many years ago continues to provide a useful frame-
work to measure quality of care (and it may also aid in efforts to
improve care).

Of the methods that remain unchanged, such as mortality, new
and improved ways of combining measures and adjusting for risk
have been developed and have proliferated. More recently, innova-
tive ways of assessing these outcomes have been instituted, allowing
contemporaneous evaluation of quality. In the context of a quality
culture, and wider limits of certainty, tools such as control charts
provide a real opportunity for rapid quality assessment and im-
provement. Other novel methods, such as failure to rescue and
ARC, may also provide valuable insights into timeframes and con-
texts for improving quality.

We should use a multi-faceted approach to measuring
quality. We should monitor morbidity and mortality measures con-
temporaneously using control chart techniques, with defined and
robust processes in place for investigating out-of-control units. Sim-
ultaneously, we should monitor long-term outcomes at defined in-
tervals, including patient-centred outcomes, such as quality of life
and disability-free survival. Finally, we should continue to investigate
new and innovative ways to measure and identify variation in care

quality and pinpoint the processes that may have contributed to
this variation. In this way, we may not only be able to maintain
and improve the effectiveness of patient care but also the ability
of individuals and populations to access that care.
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Supplementary material is available at European Heart Journal –
Quality of Care and Clinical Outcomes online.
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