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Abstract

Aim: To investigate whether a hospital-specific opportunity-based composite score (OBCS) was associated with
mortality in 136,392 patients with acute myocardial infarction (AMI) using data from the Myocardial Ischaemia National
Audit Project (MINAP) 2008-2009.

Methods and results: For 199 hospitals a multidimensional hospital OBCS was calculated on the number of times
that aspirin, thienopyridine, angiotensin-converting enzyme inhibitor (ACEi), statin, 3-blocker, and referral for cardiac
rehabilitation was given to individual patients, divided by the overall number of opportunities that hospitals had to give
that care. OBCS and its six components were compared using funnel plots. Associations between OBCS performance and
30-day and 6-month all-cause mortality were quantified using mixed-effects regression analysis. Median hospital OBCS was
95.3% (range 75.8—-100%). By OBCS, 24.1% of hospitals were below funnel plot 99.8% CI, compared to aspirin (I11.1%),
thienopyridine (15.1%), B-blockers (14.7%), ACEi (19.1%), statins (12.1%), and cardiac rehabilitation (17.6%) on discharge.
Mortality (95% CIl) decreased with increasing hospital OBCS quartile at 30 days [QI, 2.25% (2.07-2.43%) vs. Q4, 1.40%
(1.25-1.56%)] and 6 months [QI, 7.93% (7.61-8.25%) vs. Q4, 5.53% (5.22-5.83%)]. Hospital OBCS quartile was inversely
associated with adjusted 30-day and 6-month mortality [OR (95% CIl), 0.87 (0.80—0.94) and 0.92 (0.88—0.96), respectively]
and persisted after adjustment for coronary artery catheterization [0.89 (0.82-0.96) and 0.95 (0.91-0.98), respectively].
Conclusions: Multidimensional hospital OBCS in AMI survivors are high, discriminate hospital performance more
readily than single performance indicators, and significantly inversely predict early and longer-term mortality.
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Introduction

There is increasing demand across a number of developed
countries for better indicators of hospital quality of care for
patients with acute myocardial infarction (AMI). This is
driven, in part, by evidence of substantial inter- and intra-
regional variation in hospital care and outcomes, and by
healthcare policy makers wishing to benchmark standards
of care and to implement quality improvements.!~* In addi-
tion, there are concerns that some measures of perfor-
mance quality may not represent complete pathways of
care and that some show only tenuous associations with
subsequent mortality.>-¢ Importantly, measures of hospital
performance quality should be strongly associated with
healthcare outcomes.”

International guidelines for the management of AMI
highlight multiple optimal standards of care,®!2 yet in
Europe, only indicators of single processes of care are
exploited. An example of this is the determination of call to
balloon time for primary percutaneous coronary interven-
tion (PCI) in patients with ST-elevation myocardial infarc-
tion (STEMI).13:14 Erroneously, single process measures are
sometimes used as surrogates for hospital performance
quality, on the assumption that they reflect the entire
‘patient journey’ for the complete range of AMI sub-
types.'213:15.16 An alternative approach would be to use a
series of single indicators representing each aspect of AMI
care — but an exhaustive number of single indicators would
be necessary. Moreover, single performance indicators only
carry meaning for that indicator and lend no weight to
attainment of other relevant treatments. Furthermore, hos-
pital comparison can only be made on the same indicator
and not the overall performance of the clinical pathway of
care. In contrast, composite performance indicators are
constructed from several components of a clinical pathway
to give a single score summarizing multiple aspects of care,
which thereby allows a more comprehensive comparison of
provider performance.!'”!8 In this study, we aimed to inves-
tigate whether a specific hospital opportunity-based com-
posite score (OBCS) of six care processes reported at the
time of discharge was associated with mortality in 136,392
hospital survivors of AMI using data from the Myocardial
Ischaemia National Audit Project (MINAP) 2008-2009.1°

Methods
Study design

The analyses were based on data from MINAP, a multicen-
tre prospective registry of patients hospitalized in England
and Wales with an acute coronary syndrome.!>!9-2l MINAP
data collection and management has previously been
described.?>2* Each patient case entry offers details of the
‘patient journey’, including the method and timing of
admission, in-patient investigations, treatment, and where
relevant, date of death (from linkage to the National Health

Service Central Register (NHSCR) using a unique National
Health Service (NHS) number).

Ethics

The National Institute for Cardiovascular Outcomes
Research (NICOR) which manages MINAP (ref. NIGB:
ECC 1-06 (d)/2011) has support under section 251 of the
NHS Act 2006. Formal ethical approval was not required
under NHS research governance arrangements for this study.

Cohort

We had access to MINAP data only after patient identity
had been protected. We studied 136,392 patients admitted
between 1 January 2008 and 31 December 2009 who had
survived to discharge from 199 hospitals in England and
Wales and who had a final diagnosis of AMI. The final
diagnosis was determined by local clinicians using the
patients’ presenting history, clinical examination and the
results of inpatient investigations. We used 2 complete
years of data to mitigate any biases due to seasonality.

For each hospital, we calculated a multidimensional
OBCS based on the number of times particular care pro-
cesses were performed (numerator) divided by the number
of chances a provider (hospital) had to give that care
(denominator).!” We constructed a pragmatic score incor-
porating evidence-based therapies applicable to both
patients with STEMI and to those with non ST-elevation
myocardial infarction (NSTEMI).2>26 We included provi-
sion of aspirin, clopidogrel (or other thienopyridine),
B-blocker, angiotensin-converting enzyme inhibitor (ACEi),
HMG CoA reductase enzyme inhibitor (statin), and enrol-
ment in cardiac rehabilitation at the time of discharge from
hospital as the care processes. In line with guidance from
the National Institute for Health and Clinical Excellence
(NICE), the prescription of a B-blocker and/or ACEi was
considered for all patients with an AMI, regardless of the
left ventricular ejection fraction.?’ Furthermore, all patients
were considered for enrolment of cardiac rehabilitation,
including the elderly.

Although the therapies used for the OBCS are instigated
in hospital, it is usually only at discharge from hospital that
all opportunities are realized — we therefore only consid-
ered survivors at the time of discharge to help mitigate
biases associated with in-hospital deaths. Eligible opportu-
nities to provide care (the denominator) excluded those
patients for whom particular interventions were recorded in
MINAP as contra-indicated, not-applicable, or not-indi-
cated or who refused treatment for specific, but not all,
components of the composite.

Hospital performance was categorized according to
quartile of hospital OBCS score (Q1-Q4). To facilitate
comparison, we also quantified the relationship between
unidimensional (single) hospital opportunity-based process
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measures of the same interventions (aspirin, thienopyri-
dine, beta-blocker, ACEi, statin, and cardiac rehabilitation)
and subsequent 30-day and 6-month mortality.

Statistics

The population was described using crude numerical data
(without adjustment for any additional factors) and percent-
ages (for categorical variables), and by medians with inter-
quartile range (IQR) or mean with standard deviation (SD),
depending upon plausibility of normality, for continuous
variables. Visual representation of hospitals’ unidimen-
sional opportunity-based indicators and the hospitals’ mul-
tidimensional OBCS, with respect to the number of
opportunities to provide care, was undertaken using funnel
plots with a binomial distribution and exact 99.8% credible
limits (corresponding to plus or minus 3 SD of the median
overall hospital OBCS).28:2°

Using a linear mixed-effects regression model (with ran-
dom intercepts for each hospital) with binomial distribution
and a log link, we adjusted 30-day and 6-month mortality
for age, systolic blood pressure and heart rate at admission,
elevated troponin concentration, cardiac arrest, and pres-
ence of ST-deviation on the presenting electrocardiogram
— all factors previously known to affect mortality risk fol-
lowing discharge from hospital.’ The random-effect logis-
tic model allows for adjustment for an unobserved
hospital-level component, capturing any hospital factors
that were omitted yet which influenced mortality for all
patients in that hospital. The model was used to quantify
the relationship between hospital OBCS quartile (Q1-Q4)
and mortality, and between unidimensional performance
indicators and mortality. Finally, because there was a differ-
ence in the proportion of patients who underwent coronary
artery catheterization (coronary angiography, acute/elec-
tive PCI) associated with the presence or absence of miss-
ing data for the components of the OBCS, the model was
compared to one adjusted for the occurrence of coronary
artery catheterization. Model outputs were represented by
odds ratios (OR) and 95% confidence intervals (CI). All
analyses were performed using Stata IC version 11.0 (Stat
Corp, Texas, USA).

Results

For this cohort, the mean+SD age was 68.9+13.8 years, and
33.4% were women (Table 1). The proportion of patients
with a previous history of AMI, hypertension, chronic heart
failure, diabetes mellitus, and chronic renal failure was 26.4,
50.4, 5.6, 19.7, and 5.1%, respectively. Rates of use of aspi-
rin, thienopyridine, -blocker, ACEi, statin, and referral for
cardiac rehabilitation on discharge from hospital were 98.4,
96.4, 94.3, 92.6, 97.0, and 89.8%, respectively. For the
cohort, the unadjusted 30-day and 6-month mortality rates
(95% CI) after discharge from hospital were 2.25%

(2.17-2.33%) and 7.20% (10.6—7.34%) respectively. There
were 34,620 (25.4%) patients with missing data for one or
more of the six components of the hospital OBCS. Table 1
shows that there were no substantial differences between
patient characteristics in those with and without complete
hospital OBCS data other than for rates of coronary artery
catheterization and mortality.

Opportunity-based composite scores

The median hospital OBCS was 95.3% (range 75.8—100%)
(Figure 1). The median (IQR) hospital OBCS within each
hospital quartile was: Q1, 91.5% (89.2-93.3%); Q2, 94.5
(94.1-94.9%); Q3, 96.3 (95.6-96.7); Q4, 98.3% (97.7—
98.9%). Figure 2 reveals a wide distribution for hospital
OBCS. There were 48 (24.1%) hospitals below the funnel
plot 99.8% credible limit (inferior outliers), which com-
pared to 22 (11.1%) for aspirin, 30 (15.1%) for thienopyri-
dine, 28 (14.7%) for B-blockers, 38 (19.1%) for ACEi, 24
(12.1%) for statins, and 35 (17.6%) for cardiac rehabilita-
tion on discharge respectively (Figure 3). Of those hospitals
identified as outliers by the hospital OBCS, the proportion
below the 99.8% credible limit as assessed by unidimen-
sional hospital opportunity-based scores was: aspirin 19
(86.4%), thienopyridine 18 (60.0%), B-blocker 23 (82.1%),
ACEi130 (78.9%), statin 21 (87.5%), and cardiac rehabilita-
tion 26 (74.3%). Of those hospitals identified as below the
OBCS 99.8% credible limit, the proportion below the
99.8% credible limit as assessed by 6, 5,4, 3,2, and 1 of the
unidimensional hospital opportunity-based scores was 100,
100, 71.4,91.7, 44.4, and 42.9%, respectively.

Hospital performance and mortality

The median (IQR; range) 30-day and 6-month mortality for
hospitals was 2.02% (1.42-2.72%; 0.0-20.0%) and 7.03%
(5.55-8.29%; 0.0-21.9%). There was a significant inverse
association between hospital OBCS quartile and unadjusted
30-day mortality (95% CI) [Q1, 2.25% (2.07-2.43%) vs.
Q4, 1.40% (1.25-1.56%)] and unadjusted 6-month mortal-
ity [Q1, 7.93% (7.61-8.25%) and Q4, 5.53% (5.22—
5.83%)]. These associations were also present after
adjustment for any confounding differences in baseline
patient characteristics (case-mix). All-cause adjusted mor-
tality at 30 days was QI, 2.30% (2.28-2.33%) vs. Q4,
1.57% (1.56-1.59%) and at 6 months, Q1, 8.23% (8.13—
8.33%) vs. Q4, 6.11% (6.03—6.20%) (Figure 4).

So, hospital OBCS quartile significantly predicted
30-day mortality (OR, 95% CI: 0.87, 0.80-0.94) and
6-month mortality (0.92, 0.88-0.96) with an intuitive
inverse relationship being present (better care associated
with lower mortality). When the model that was fitted to
the data also included coronary artery catheterization, this
inverse relationship persisted and remained statistically
significant (30 days: 0.89, 0.82-0.96) and 6 months: 0.95,
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Figure 2. Funnel plot of multidimensional hospital discharge
opportunity-based composite score (OBCS). Solid line
represents cohort median score; dashed line represents the
99.8% credible limits.

0.91-0.98). Overall, each 1% increase in hospital OBCS
was associated with, on average, a 3% reduction in 30-day
mortality (0.97, 0.95-1.00) and a 2% reduction in 6-month
mortality (0.98, 0.97-0.99).

After making the same adjustments (i.e. including coro-
nary artery catheterization), each unidimensional hospital
opportunity-based score significantly predicted 30-day
mortality (OR, 95% CI: aspirin, 0.55, 0.43—0.71; B-blocker,
0.60, 0.50-0.72; ACEi, 0.62, 0.53-0.73; statins, 0.52, 0.43—
0.63; cardiac rehabilitation, 0.46, 0.40—0.53; thienopyri-
dine, 0.85,0.67—1.08). The only association, not statistically
significant was for thienopyridine and 30-day mortality.
Each unidimensional hospital opportunity-based score was
also significantly associated with 6-month mortality (aspi-
rin, 0.58, 0.50-0.67; B-blocker, 0.61, 0.56-0.68; ACEi,
0.69, 0.63-0.75; statins, 0.54, 0.49-0.60; cardiac rehabilita-
tion, 0.63, 0.58—0.68; thienopyridine, 0.67, 0.59-0.75).

Discussion

Our data indicate that the quality of hospital performance
measured by a composite indicator is significantly associ-
ated with reductions in early and late all-cause mortality.
The multidimensional hospital OBCS adjusted for case-
mix was also associated significantly with substantial dif-
ferences in mortality rates. The significant associations
were evident despite generally very high hospital scores
(even the most poorly performing hospital took 75% of the
opportunities to provide evidence-based care), and after
adjustment for patient characteristics and after modelling
the impact of coronary artery catheterization (and associ-
ated beneficial revascularization procedures). Compared
with unidimensional hospital opportunity-based perfor-
mance measures, such as use of aspirin, thienopyridine,
B-blocker, ACEi, statin, and cardiac rehabilitation on dis-
charge from hospital, the multidimensional hospital OBCS
offered visual recognition of additional hospitals with infe-
rior performance.

In addition to providing better representation of the
quality of care for the AMI hospital pathway, this multidi-
mensional approach clearly shows that a composite hospi-
tal score, derived from a ‘bundle’ of recommended
evidence-based interventions, is a valid and useful indica-
tor of care that is associated with short- and longer-term
outcomes. It is also more sophisticated than simple averag-
ing of the individual elements as an implicit weighting is
introduced to reflect the number of opportunities present.
For example, a hospital with many complex elderly patients
might be disadvantaged if the performance score had not
taken into account treatment contraindications, lack of a
treatment indication, or patient refusal of treatment. In this
way, it also makes allowance for case-mix even without
additional adjustment. The all-or-nothing composite score
is another aggregation method. By virtue of the fact that it
only scores when all stipulated opportunities of care are
realized, it has a greater potential to promote excel-
lence.!73132 One of the drawbacks with this method is that
it decreases the number of available cases for analysis. The
OBCS rewards near-excellent hospital performance, and
historically has been used in preference to other aggrega-
tion methods.33-33

Whilst other studies also describe an association between
composite performance indicators and mortality,’>-3° some
do not.®31:36 Our study adds to the literature because it dem-
onstrates a significant association between a more widely
applicable discharge hospital composite indicator and mor-
tality at 30 days and 6 months in survivors of hospitaliza-
tion for both STEMI and NSTEMI. Much of the ecarlier
research from the CRUSADE, GWTG-CAD, and GRACE
registries focused on the association between composite
scores derived from admission and discharge therapies and
in-hospital mortality.’3** To date, their relationship with
30-day mortality has been reported as only ‘modest’ at 6
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Figure 3. Funnel plots of unidimensional hospital opportunity-based score (OBS) for: (A) aspirin at discharge, (B) thienopyridine
at discharge, (C) beta-blockers at discharge, (D) ACEi at discharge, (E) statin at discharge, and (F) cardiac rehabilitation at discharge.
Solid line represents cohort median hospital OBS; dashed line represents the 99.8% credible limits. Light grey circles represent infe-
rior outlying hospitals according to the multidimensional hospital OBS funnel plot.

months and the association at 1 year ‘not clear’.3!:33-36
Furthermore, the all-or-nothing score has not previously
been shown to be strongly associated with mortality.3!-36
To date, a limited number of studies have described the
association between hospital scores for AMI and longer-
term mortality in those surviving to discharge following

hospitalization with AMI.3> Moreover, the previous studies
were limited because those examining in-hospital mortality
excluded deaths within 24 hours of hospitalization and
patients transferred out of the assessing hospital, and
included measures of care at discharge from hospital to
evaluate mortality whilst in hospital.® That is, studies of post
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Figure 4. Bar charts of all-cause mortality rates for hospital survivors of acute myocardial infarction by multidimensional hospital
OBCS quartile: (A) 30-day mortality and (B) 6-month mortality. White bars indicate rates adjusted for age, systolic blood pressure
and heart rate at admission, elevated troponin, cardiac arrest, and presence of ST-deviation on the presenting electrocardiogram,
with random intercepts for each hospital. Grey bars indicate unadjusted rates.Whiskers indicate 95% CI.

discharge mortality performance have included patients
dying in-hospital and used composites derived from dis-
charge medications to serve as surrogates for in-hospital
treatment. In contrast, our study shows a clear inverse rela-
tionship between opportunities to provide evidence-based

therapies at discharge and longer-term mortality in a cohort
of patients who survived hospitalization. Also of interest
within our study is the slightly weaker strength of associa-
tion between hospital performance and 30-day mortality as
compared to 6-month mortality (Figure 4) particularly after
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additional case-mix adjustment. This observation is impor-
tant given that 30-day mortality is more often assessed as a
measure of performance quality — based purely on conveni-
ence. Consequently, the 6-month mortality data described
here, for a very large and inclusive cohort of patients, pro-
vides strong validation for the multidimensional hospital
OBCS assessment proposed.

The results of this study provide evidence to support the
notion of systematic hospital-level evaluation and reporting
of acute coronary syndrome care processes and their qual-
ity. If implemented, this may help healthcare professionals,
commissioners, and policy makers reduce the variation
across healthcare providers in the treatment and outcome
from AMI.237:38 We have shown that funnel plots readily
allow the visualization of variations in hospital perfor-
mance (such as special-cause variation)*® and that there is a
clear association between the fulfilment of opportunities of
AMI care and lower mortality rates. Extending the multidi-
mensional hospital OBCS to include other processes of
care would permit wider representation of the use of evi-
denced-based interventions. However, the need to collect
extra information may limit its usefulness due to a reduced
number of patients with complete data. Our score, a com-
posite of six measures of care, is generalizable, less likely
to be biased by missing data, and reflects the overall jour-
ney of care for patients surviving hospitalization with AMI.
Even after internal (to OBCS) adjustment for number of
actual opportunities, and also external (to OBCS) adjust-
ment for other patient factors and the occurrence of coro-
nary artery catheterization, the predictive value of this
approach was clear (e.g. a 10% increase in hospital OBCS
was associated with over 30% and 20% reductions in
30-day and 6-month mortality, respectively). Moreover, it
is in keeping with other influential studies.??

We found that unidimensional hospital opportunity-
based performance measures also significantly predicted
mortality. However, we believe their use is of more limited
value for a number of reasons. First, they discriminate less
well with regard to performance outliers — in our cohort,
attainment rates were very high and so fewer hospitals
demonstrated significant variation in these measures.
Furthermore, unidimensional indicators demonstrated less
consistency because most outliers were only identified by
one of the six unidimensional opportunity-based scores and
just four hospitals were indicated by each of the six unidi-
mensional components. In contrast, the OBCS identified
most hospitals with more than one unidimensional opportu-
nity-based score as an outlier. This last fact also suggests
that a more comprehensive list of indicators (i.e. more than
the six utilized) would add limited additional predictive
value.!”!18 Importantly, isolated/unidimensional measures
of performance do not, by design, represent the wider
aspects of AMI care. Despite this limitation, they are often
used by healthcare commissioners and policy makers as a
reflection of acute hospital care and once a single care

process becomes the dominant (or only) metric by which
‘high-quality care’ is defined, there is a greater incentive to
‘game’ or misrepresent the performance.!3-36

A number of concerns with the use of composite perfor-
mance indicators have been raised. These include: (1) the
potential for loss of detailed performance information; (2) a
lack of actionable data to allow targeting of practice; (3)
concerns about transparency of composite methodology;
and (4) the reliability of hospital ranking.!740 In this study
we were careful to describe the steps used to derive the
multidimensional hospital OBCS so that others may apply
this method. Just as single performance measures have the
potential for overall performance resolution to be lost,
composite indicators may also be seen to have limited reso-
lution concerning very detailed aspects of care. A careful
compromise between the evaluation of finite and fuller
aspects of care is therefore necessary in the design and
implementation of hospital performance indicators. This
study shows, however, that the visual discriminative ability
of some single processes of care (e.g. aspirin and statins at
discharge) is inferior to that of composites of care.
Furthermore, presenting data in funnel plots overcomes
concerns of ranking into ‘best’ and ‘worst” hospital .33 We
also compared the multidimensional hospital OBCS with
unidimensional opportunity-based scores by overall hospi-
tal median performance benchmark. It is important to rec-
ognize, nonetheless, that setting different benchmarks may
alter the identification of inferior performance. To help
counter this, we set the funnel plot credible limits of the
overall hospital median to 99.8%.

In this study we used complete cases to construct the
OBCS and relied on the accuracy of that data. The sensitiv-
ity analyses found few differences in patient characteristics
between those with and without missing data, and the mod-
elling of coronary artery catheterization did not alter the
direction of the results. Even so, compared with the single
opportunity-based scores, the multidimensional hospital
OBCS excluded more cases due to the presence of missing
data, which may have biased the results. We did not include
criteria for emergency therapies for AMI (such as timely
reperfusion for STEMI) in the multidimensional hospital
OBCS. This is because in England and Wales, primary PCI
is delivered only at dedicated PCl-capable centres often
within a cardiovascular network of many hospitals, and
therefore a hospital-level analysis may not reflect actual
care. The aim of this study was to develop and investigate a
composite indicator of performance applicable to all hospi-
tals caring for patients with AMI.

Conclusion

Multidimensional hospital OBCS in survivors of AMI are
high, discriminate hospital performance more readily than
single opportunity-based performance indicators, and
inversely predict early and longer-term mortality. The
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results of this study provide evidence to support systematic
hospital-level quality evaluation and objective reporting of
AMI care so as to identify examples of best practice to be
emulated by other aspiring hospitals.
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