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ABSTRACT

Objective To use funnel plots and cumulative funnel plots
to compare in-hospital outcome data for operators
undertaking percutaneous coronary interventions with
predicted results derived from a validated risk score to
allow for early detection of variation in performance.
Design Analysis of prospectively collected data.

Setting Tertiary centre NHS hospital in the north east of
England.

Participants Five cardiologists carrying out percutaneous
coronary interventions between January 2003 and
December 2006.

Main outcome measures In-hospital major adverse
cardiovascular and cerebrovascular events (in-hospital
death, Q wave myocardial infarction, emergency coronary
artery bypass graft surgery, and cerebrovascularaccident)
analysed against the logistic north west quality
improvement programme predicted risk, for each
operator. Results are displayed as funnel plots
summarising overall performance for each operator and
cumulative funnel plots for an individual operator’s
performance on a case series basis.

Results The funnel plots for 5198 patients undergoing
percutaneous coronary interventions showed an average
observed rate for major adverse cardiovascular and
cerebrovascular events of 1.96% overall. This was below
the predicted risk of 2.06% by the logistic north west
quality improvement programme risk score. Rates of in-
hospital major adverse cardiovascular and
cerebrovascularevents forall operators were within the 30
upper controllimit of 2.75% and 20 upperwarning limit of
2.49%.

Conclusion The overall in-hospital major adverse
cardiovascular and cerebrovascular events rates were
under the predicted event rate. In-hospital rates after
percutaneous coronary intervention procedure can be
monitored successfully using funnel and cumulative
funnel plots with 30 control limits to display and publish

each operator's outcomes. The upper warning limit (20
control limit) could be used for internal monitoring. The
main advantage of these charts is their transparency, as
they show observed and predicted events separately. By
this approach individual operators can monitor their own
performance, usingthe predicted risk fortheir patients but
in a way that is compatible with benchmarking to
colleagues, encapsulated by the funnel plot. This
methodology is applicable regardless of variations in
individual operator case volume and case mix.

INTRODUCTION
Demand is growing for specialties to publish outcome
data on their operative procedures. In the United
Kingdom, collection of comparative data at all levels of
health care has been prompted by incidents of failure of
professional self regulation, particularly the Bristol
Royal Infirmary' and Harold Shipman cases.” In 2004,
under the Freedom of Information Act, the Guardian
newspaper published mortality data from 244 named
cardiac surgeons in the UK.’ The data were non-risk
adjusted and from hospital episode statistics, which
contain significant errors. Subsequently the Society for
Cardiothoracic Surgery in Great Britain and Ireland
produced its own outcome data in a risk adjusted
fashion with the approval of its members.* Such an
approach is necessary if inappropriate conclusions and
risk averse behaviour are to be avoided.
Advancement in catheter technology and improved
operator techniques have resulted in the continuous
growth of percutaneous coronary interventions.’®
Outcome analysis and quality control are important
in interventional cardiology.”"' Benchmarking raw
outcome data is difficult and is complicated by
variation in case mix, referral patterns, procedural
techniques, and adjunctive therapy. Need is pressing
for workable risk models for patients undergoing
percutaneous coronary interventions. The north west
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quality improvement programme has provided a
prediction model for major adverse cardiac events
after percutaneous coronary intervention that has been
subject to both internal and external validation.''?

The New York State department of health collects
and reports the number of interventions and patient
mortality statistics for all cardiologists who carry out
percutaneous coronary interventions.'* This allows the
public to make better informed decisions when
choosing a physician or hospital, and provides
physicians and healthcare organisations with compara-
tive data that will serve to improve the quality of health
care. Although comparative performance of UK
cardiac surgeons has been published in the public
arena,'> operator specific data for percutaneous cor-
onary intervention are not yet available.

The task force of the American College of Cardio-
logy and American Heart Association has recently
published recommendations for standards to assess
operator proficiency and institutional programme
quality.’® We address these recommendations and
provide a method to implement them in a UK setting.
We used the north west quality improvement pro-
gramme risk model and then used cumulative funnels
and funnel plots to display the observed major adverse
cardiovascular and cerebrovascular events against the
predicted rate of these events. Comparative perfor-
mance of UK cardiac surgeons has been disseminated
using these plots.'” In cardiology, funnel plots have
been used to interpret the dataset of the myocardial
infarction national audit project (a UK cardiology
dataset that provides specific performance tables)."®
Weaimed to show that operator specific outcomes after
percutaneous coronary intervention can be monitored
successfully using funnel plots and cumulative funnel
plots.

METHODS

A detailed database of clinical, procedural, and
angiographic variables has been maintained on all
patients undergoing percutaneous coronary inter-
vention in our unit since 1994. The dataset is based
on the British Cardiovascular Intervention Society
national dataset,'® with several additional data ele-
ments. The prospective acquisition of data is accom-
plished by immediate input from the operators after
each procedure, with additional information and
outcome data being collected and all the data being
validated by a dedicated team of trained nurses. This
data collection is part of a national quality assessment
and quality improvement programme coordinated by
the British Cardiovascular Intervention Society. We
analysed data from 5198 consecutive percutaneous
revascularisation procedures carried out between 1

January 2003 and 31 December 2006.

Study outcomes

Our outcome of interest was major adverse cardio-
vascular and cerebrovascular events, defined as one or
more of: in-hospital death, Q wave myocardial
infarction, emergency coronary artery bypass graft

surgery, and cerebrovascular accident. We defined Q
wave myocardial infarction as a new pathological Q
wave, with creatine kinase levels more than twice the
laboratory upper limit of normal with increased
creatine kinase MB fraction or troponin T. We did
notinclude non-Q wave myocardial infarction because
of difficulties in knowing whether minor changes in
enzyme levels after procedures in the setting of acute
coronary syndromes reflect the tail end of a preproce-
dural event or the procedure itself—this differentiation
requires knowledge of preprocedural changes to
enzyme levels but is not required in the national
dataset. We considered Q wave myocardial infarction
occurring in the context of angioplasty therapy for
acute ST elevation myocardial infarction to be an
outcome of the original coronary event and not a
complication of percutaneous coronary intervention.
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Fig 1| (Top) Cumulative funnel plot displaying observed major
adverse cardiovascular and cerebrovascular events for whole
unit compared with mean predicted events (logistic north west
quality improvement programme model) from 2003-6, with
binomial funnel plot calculated around cumulative mean for
unit’s case series. (Bottom) Funnelplot displaying observed and
predicted major adverse cardiovascular and cerebrovascular
events, with denominator for that percentage (number of cases
for each operator A-E) displayed as a scatter plot and compared
with binomial funnel plot around mean predicted events for all
cases
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Calculation of expected major adverse cardiovascular and
cerebrovascular events

The north west quality improvement programme
model included 9914 consecutive patients undergoing
percutaneous coronary intervention between 1 August
2001 and 31 December 2003 in the north west of
England. The model was internally validated using a
dataset consisting of 1786 patients and has been
externally validated on our dataset.’*’® The model
calculates a patient’s probability of in-hospital major
adverse cardiovascular and cerebrovascular events on
the basis of several risk factors: age 70-79 years, age >
80 years, female sex, cerebrovascular disease, cardio-
genic shock, urgent percutaneous coronary inter-
vention, emergency percutaneous coronary
intervention, left main stem lesion treated, and graft
lesion treated. The calculation of predicted risk of
major adverse cardiovascular and cerebrovascular
events as a percentage is P=odds/(1+odds)x100,
where odds=exp(—5.4959+[0.7048xage70-79 years]
+[1.0106xage >80 years]+[0.4586xfemale sex]
+[0.8618xcerebrovascular disease]+[3.2636xcardio-
genic shock]+[0.4788xurgent percutaneous coronary
intervention]+[1.3625xemergency percutaneous cor-
onary intervention|+[1.6502xleft main stem lesion
treated]+[0.9101xgraft lesion treated].

Table 1| Preoperative characteristics of patients in percutaneous coronary intervention registry of

James Cook University Hospital

Variables

Age (years):

No (%) in registry (n=5198)

<50 733 (14.1)
50-59 B 1445 (27.8)
60-69 1689 (32.5)
70-79 o 1149 (22.1)
>79 135 (2.6)
Women N 1487 (28.6)
Diabetes - 738 (14.2)
Renal dysfunction N 83 (1.6)
Peripheral vascular disease N 379 (7.3)
Cerebrovascular disease N 296 (5.7)
Previous coronary bypass grafts 338 (6.5)
Extent of vessel disease:
1 3342 (64.3)
2 - 1487 (28.6)
3 B 369 (7.1)
Left main stem »50% N 146 (2.8)
Indication for percutaneous coronary intervention: N
Stable angina 1778 (34.2)
Unstable angina 2521 (48.5)
ST elevation myocardial infarction - 811 (15.6)
Cardiogenic shock N 94 (1.8)
Priority of procedure: N
Elective 1778 (34.2)
Urgent 2459 (47.3)
Emergency - 962 (18.5)

Variables defined according to central cardiac audit database definitions.*®
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Statistical analysis

Funnel plots are based on statistical process control,?**
a set of methods for ongoing improvement of systems,
processes, and outcomes. We present two methods of
display: funnel plots summarising overall performance
and cumulative funnel plots of an individual operator’s
performance on a case series basis.

The mean predicted major adverse cardiovascular
and cerebrovascular events for all casesis displayed asa
percentage. We created a funnel plot using upper and
lower control limits calculated at 3c (calculated
similarly to 99.8% confidence intervals, although
control limits are prediction limits not precision limits)
around the mean predicted major adverse cardio-
vascular and cerebrovascular events, using an exact
binomial method.*’ The mean of the predicted event
rate is recalculated as each additional case is added to
the series. Similarly, the observed event rate is
recalculated as each case is added to the series, creating
a cumulative mean. We also calculated an upper
warning limit (calculated similarly to 95% confidence
intervals) at 26 above the predicted mean. Each
operator is then displayed as a scatter point, showing
the observed rate for major adverse cardiovascular and
cerebrovascular events and the volume of cases for
each operator, against the funnel. The control limits
show how much variation to expect around the
predicted event rate for a given volume of cases. If
the observed event rate for any operator varies more
than this, a special cause is implied. Special cause
variation (also known as assignable cause variation) is
the fluctuation that is caused by unpredictable factors
resulting in a non-random distribution of the data.
Unlike common cause variation (unassignable cause
variation), special causes of variation can be eliminated
by reacting to individual variations and have to be
removed before a process can be improved by tackling
sources of common cause variation. The more cases
that are included, the more precisely the predicted
eventrate “constrains” the observed eventrate. For this
reason the control limits become narrower when the
number of cases done by each operator increases.

Cumulative funnel plots are produced to display the
performance of each individual operator and the whole
unit on a case series basis. In cumulative funnel plots
the funnel shape is produced from the cumulative
mean predicted major adverse cardiovascular and
cerebrovascular events—that is, it is calculated succes-
sively adding each new case. The observed events rate
is also shown cumulatively, with each observed line for
events beginning with 0%. The first event in the series
produces a rise to the percentage of observed events
and is followed by a falling line as the number of cases
increases without an event, until the next event in the
series. This produces a distinctive saw-tooth pattern,
making the number of events and cases transparent
while allowing comparison of rates. The predicted risk
for patients in the series is also clearly displayed and
makes it possible to calculate the number of events that
would be needed to cross the control limits. The right
hand end of the trace for an individual operator’s
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cumulative observed event rate indicates where they
will be positioned on the funnel plot.

The risk adjusted major adverse cardiovascular and
cerebrovascular eventrate is a comparison of observed
to expected numbers of events as a ratio, with
confidence intervals, to reflect errors due to random
sampling. A risk adjusted rate is the event rate that
would be expected for the operators had their patients
been identical to the unit wide mix.?

We also assessed whether the predicted risk of
patients entering the unit is changing, by plotting the
average logistic north west quality improvement
programme score monthly and comparing this with
the overall complication rates for these same periods.

RESULTS

Tables 1 and 2 list the baseline personal, clinical, and
procedural characteristics of patients in the registry of
the James Cook University Hospital, Middlesbrough.
Among the 5198 patients undergoing percutaneous
coronary intervention, 102 had procedural complica-
tions of interest (1.96%). Most patients experienced a
single procedural event (72 deaths, 11 myocardial
infarctions, two strokes, and eight emergency coronary
artery bypass grafting operations) and nine patients
experienced combined outcomes (three emergency
coronary artery bypass grafting and death, four myo-
cardial infarction and death, one myocardial infarction
and coronary artery bypass grafting, and one stroke
and death).

The cumulative funnel plot for all patients under-
going percutaneous coronary interventions shows that
overall the observed major adverse cardiovascular and
cerebrovascular events rate (1.96%) was less frequent
than the predicted risk of 2.06% using the logistic north
west quality improvement programme model (fig 1).
For the individual operators the overall in-hospital
events rates (fig 1) were within the 3o (equivalent to the
99.8% confidence interval) upper control limit of
2.75% and the 26 upper warning limit of 2.49%. For
example, in an individual operator’s series of 1178
percutaneous coronary interventions (operator E, fig 2)
over three years, the mean predicted risk was 1.78%.
Therefore in this case series of 1178 cases, 21 major
adverse cardiovascular and cerebrovascular events

Table 2| Procedural characteristics in percutaneous coronary intervention registry of James Cook

University Hospital

Variables No (%) of patients in registry
Restenotic lesions 192 (3.7)

American Heart Association type C lesions 1653 (31.8)

Left main stem lesions 88 (1.7)

Graft lesions 151 (2.9)
Thrombus containing lesion* N 717 (13.8)
Multivessel percutaneous coronary intervention N 1128 (21.7)

Chronic occlusion 348 (6.7)

Stent 4964 (95.5)
Glycoprotein lIb/llla use 3909 (75.2)

*Defined as visible filling defect in non-occluded vessel. All other vessels with acute occlusion in emergency
setting are also assumed to contain thrombus.
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would have been expected to occur. The 3o control
limits would be crossed if there were fewer than 10
events (0.81%, the lower control limit) or greater than
39 in-hospital events (3.32%, the upper control limit).
The upper warning limit would be crossed if more than
32 in-hospital events occurred.

Figure 3 displays the funnel plot for 2006 (the
predicted means being recalculated for that year). This
shows observed and expected major adverse cardio-
vascular and cerebrovascular events, together with the
denominator for the percentage (number of cases for
each operator A-E), displayed as a scatter plot and
compared with the binomial funnel plot calculated
around the mean predicted for all cases reported that
year. This funnel shows that all operators had
complication rates similar to the predicted rates.
Operator C, with the highest number of cases, had a
slightly higher than predicted event rate; this operator
has the lowest proportion of very low risk cases
(table 3). After adjustment of the same data for further
risk by the method (observed outcome/expected
outcome)*unit observed outcome?” the results for all
operators are clustered around the mean and are well
below the upper control and warning limits (fig 3).

Case mix has not changed significantly in the unit in
the three year study period, with a predicted risk
(calculated using logistic north west quality improve-
ment programme) of in-hospital major adverse cardio-
vascular and cerebrovascular events for all cases of
1.74% in 2003 and 1.9% in 2006 (fig 4). In addition, no
evidence has been found of a drift in the observed rate
of events over time, although variation around the
mean seems to be less since this method was
introduced.

DISCUSSION

We have presented the outcome data for all inter-
ventional cardiologists carrying out percutaneous
coronary interventions in our centre between 2003
and 2006. We have risk adjusted the outcome data for
percutaneous coronary intervention using the north
west quality improvement programme model."> Mem-
bers of the public can now see the outcomes for these
individual doctors and can be reassured that all are
performing to satisfactory standards. Quarterly inter-
nal monitoring using cumulative funnel plots, together
with annual public reporting using funnel plots, would
be a successful method for displaying operator specific
data in the UK. This provides an opportunity for
interventionalists, as well as referring doctors and
patients, to review overall results on a regular basis.

Strengths and weaknesses

The dataset needed to calculate the predicted risk of
major adverse cardiovascular and cerebrovascular
events according to the north west quality improve-
ment programme is small and feasible to collect. We
have shown that it is a valid model to use for predicting
events, even with modern percutaneous coronary
intervention practice (for example, high rate of
stenting, use of thienopyridines and glycoprotein IIb/
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IIa inhibitors). It is proposed that the north west
quality improvement programme model be used to
calculate the risk adjusted outcome nationally using the
UK national percutaneous coronary intervention audit
dataset coordinated by the British Cardiovascular
Intervention Society."

The data collection exercise by the British Cardio-
vascular Intervention Society provides prospectively
collected data on which different methods of analysis
can be tested. Quality assessment can then be done
both at the level of each unit and at the level of
individual doctors across the country for all the
hospitals participating in the society’s registry. This
will allow institutions to measure risk adjusted out-
comes and to compare them with national benchmarks
for improving quality of care. One advantage of the
model is that it does not depend on the case volume of
the individual operator. When a difference in case mix,
referral patterns, procedural techniques, or adjunctive
therapy is sufficiently dominant to create a special
cause in the funnel plot for a unit, the individual
operator’s cumulative funnel will show whether the
operator is within the limits for the predicted risk in
their personal case series.

Comparison with other studies

Since 1994 the New York State department of health
has collected and periodically published observed and
risk adjusted patient mortality rates for all the inter-
ventional cardiologists practising coronary angioplasty
in the state."* The New York data, possibly because of
exhaustive validation, are about three years out of date
by the time they are published. Public reporting of
operator specific outcome data may influence doctors
to withhold procedures from patients at higher risk,
even when a doctor believes that the procedure might
be beneficial. The form of analysis depicted in our
study should mitigate against such behaviour in that it
provides risk adjusted data. Using such a risk adjusted
approach, one study has shown how the results of
cardiac surgery have improved over time despite a
higher risk patient profile, providing evidence that
publication of individual results does not necessarily
lead to surgeons avoiding high risk patients and,
moreover, participation in the quality programme
has been associated with better outcomes.?® We have
presented our data in funnel plots and cumulative
funnel plots summarising overall and individual
performance on a case series basis. The routine
publication of these funnel plots on performance
attainments will encourage reflection, analysis of
processes, and subsequent improvements in delivery
of health care.

The expected low complication rate for percuta-
neous coronary interventions presents a statistical
power problem when attempting to compare results
ofindividual operators with different case volumes. For
this reason we used a combined end point of clinically
important outcomes. With a large enough database the
methodology could be used for individual components
of major adverse cardiovascular and cerebrovascular
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Fig 2| Cumulative funnel plots displaying observed major
adverse cardiovascular and cerebrovascular events for each
operator (A-E) compared with mean predicted events (logistic
north west quality improvement programme model) from 2003-
6, with binomial funnel plot calculated around mean for this
unit's case series
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events. Once the end point to be used has been
determined, cumulative funnel plots are completely
transparent in showing the observed events and the
number of cases and events included. They have
acceptable sensitivity to deteriorating performance if
the predicted events are not previously excessively
above that observed. They can be applied to operators
with both ahigh volume and alow volume of cases. The
temporal display allows an analysis of when perfor-
mance might deviate from an acceptable level, which
itself allows for appropriate analysis and corrective
action. A study using similar statistical monitoring
techniques, has shown how an overall impression that
there was a problem with excessive bleeding rates
within a cardiothoracic unit was translated into a
statistical demonstration that the problem was real and
allowed for evaluation of possible reasons and correc-
tive action.?”
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Fig 3| (Top) Funnel plots displaying observed and predicted
major adverse cardiovascular and cerebrovascular events, with
denominator for that percentage (number of cases for each
operator A-E) displayed as a scatter plot and compared with
binomial funnel plot calculated around mean predicted (north
west quality improvement programme model) for all cases
reported in 2006. (Bottom) Additional risk adjusted major
adverse cardiovascular and cerebrovascular events for each
operator in 2006. Risk adjustment=(observed outcome/
expected outcome)xunit observed outcome?*

Sequential probability ratio tests*® have been sug-
gested for monitoring mortality related to cardiac
surgery. These plots (and variants of them, such as
cumulative sum techniques) have the best sensitivity to
changing performance; however, they have two main
disadvantages. The first is their lack of a direct,
transparent display of observed and expected mortal-
ity, combining the two as they do into a single trace.
Secondly, they involve several arbitrary assumptions
—specifically they are designed to detecta doubling (or
other multiple) of the risk and require o and P
(effectively the acceptable true and false positive
rates) to be chosen in advance. The methodology
described here is visually easy to understand, and its
use (especially if fed back to the units by the national
society) will encourage individual departments to
continuously monitor their results and act accordingly.

Implications

This study will allow internal and external monitoring
of performance and will help inform the public about
outcome data for individual interventional cardio-
logists. The analysis for our unit shows good overall
results, and predicted mean complication rates for
individual operators in this study fell below the 3¢ limit
(upper control) and 2¢ limit (upper warning). The
results compare favourably with national and inter-
national data. We use the funnel plots on our hospital
trust website and use cumulative funnels internally to
monitor observed major adverse cardiovascular and
cerebrovascular events against predicted events for all
our individual operators carrying out percutaneous
coronary interventions. Patients in north east England
will now be able to scrutinise an individual operator’s
outcomes, and this should provide reassurance about
overall quality. Although such plots could theoretically
be used to aid in patient choice of doctors, our own data
suggest that a patient could expect equivalent short
term outcomes from any of the operators. This type of
analysis should be updated regularly, to give ongoing
reassurance to patients. This also has a potential role in
professional revalidation and could be fed into systems
of doctor appraisal. This may require that the process
should be made even more robust by developing
methods for external validation of data quality.

If such a monitoring system showed that the results
for an individual operator (or institution) fell outside
the warning limits, this should trigger a response.
Results outside the upper warning could initiate an
internal review and results outside the upper control
limit could trigger an external audit to determine
opportunities to improve quality of care. Such reviews
should first determine the completeness and accuracy
of data collection and establish the case mix in
comparison with the case mix overall for the unit and
in the national dataset. Risk prediction models are not
perfect, however, and for specific groups of patients can
either overestimate or underestimate risk.'* Moreover,
individual operators or institutions could become
outliers just by chance. One check would be to reassess
the data using a different, but also validated, risk model.

BM]J | ONLINE FIRST | bmj.com



Table 3 |Number (percentage) of cases done by each operator according to north west quality improvement programme model

variables in 2006

Operator

Variable A C D E
Total No 271 271 384 250 289
Age (years): N N N N N

70-79 57 (21) 54 (19.9) 78 (20.3) 59 (23.6) 62 (21.5)

280 B 8(3)  s@®  s@y  7@8 1449
Female 79(29.2) 75(27.7) 105 (27.3) 70 (28) 95 (32.9)
Cerebrovascular disease 10 (3.7) 17 (6.3) 22(5.7) 6 (2.4) 17 (5.9)
Cardiogenic shock 9(3.3) 4 (1.5) 7 (1.8) 4(1.6) 2(0.7)
Type of percutaneous coronary N N N B B
intervention:

Urgent 137 (50.6) 118 (43.5) 175 (45.6) 85 (34) 143 (49.5)

Emergency 60 (22.1) 53(19.6) 77 (20.1) 56 (22.4) 64 (22.1)
Left main stem treated 4 (1.5) 2(0.7) 19 (4.9) 4 (1.6) 4 (1.4)
Graft lesion treated 6(2.2) 10 (3.7) 2(0.5) 4 (1.6) 5(1.7)
Risk level (score*):

Very low (1-5) N 223(82.3) N 230 (84.9) N 300 (78.1) N 208 (83.2) N 230 (79.6)

Low (6-8) 34 (12.5) 34 (12.5) 68 (17.7) 32(12.8) 50(17.3)

Moderate (9-11) 5(1.8) 3(1.1) 8(2.1) 6 (2.4 7 (2.4)

High (12-14) N 0 103 0 B 0

*Score assigned by integer coefficient to each independent variable based roughly on odds estimate in multivariable north west quality improvement

programme model.'?

Yearly monitoring of the previous three years’ data
may also provide reassurances. The funnel plots
provide summary data for a predetermined period
(or for a predetermined number of cases) whereas the
cumulative funnel plots can be used continuously, thus
reflecting contemporary activity. Should there still be a
concern about results after evaluating data quality and
case mix then changes aimed at improving outcomes
could be proposed. Such changes might include a
review of case selection or techniques, “buddying-up”
with colleagues in specific cases, or retraining. It has
been shown that participation in such audit processes
improves the quality of data collection, but, more
importantly, it can improve patient care without
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Fig4| Monthly observed and predicted major adverse cardiovascular and cerebrovascular events
in James Cook University Hospital
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resulting in risk averse behaviour on the part of
individual operators or institutions.*

If this model is universally adopted by all centres
carrying out percutaneous coronary interventions, this
would allow a well structured benchmarking system in
which the public could have full confidence. A system
that could activate internal and external reviews would
provide an appropriate response to deal with variations
in practice. Equally, for most clinicians, attainment of
results within these confidence limits would provide
them with a mark of excellence and a track record of
results recognised as being equivalent to the high
standards seen nationally. To be accepted by the
profession, such a system must persuade those under-
taking high risk cases that their case mix is catered for
by the risk model and that the system is primarily about
quality improvement rather than seeking just to
identify poor operators. We recommend that this
methodology, which accommodates these concerns,
be considered by the national society. Given that
nearly all units in the UK collect data on their patients
through the central cardiac audit database,' this
service could be provided to all units through its
central administration, thus avoiding replication of
effort.

We believe that cumulative funnel plots have
acceptable sensitivity to poor performance using 3o
(the widely accepted best practice in statistical process
control) rather than 2c or lower (for example, 90%
limits). Using a tighter upper control limit than 3o
would increase the risk of a false positive and this is not
justified if this methodis to be applied to alarge number
of operators across the UK where an unjust examina-
tion of an individual operator would become too
probable. These 26 warning limits and 3¢ upper
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Comparative performance of UK cardiac surgeons has been published inthe public arena; data
on operator specific percutaneous coronary interventions (PCls) are not yet available in the UK

The north west quality improvement programme (NWQIP) has provided a prediction model for
majoradverse cardiac events after PCl, and has been subject tointernaland externalvalidation

WHAT THIS STUDY ADDS

The NWQIP model can be used to compare actual with predicted outcomes for operators doing
PCls; the data can be displayed using cumulative plots and funnel plots

Monthly or quarterly internal monitoring using cumulative funnel plots, together with annual
public reporting using funnel plots would be a useful method for displaying operator specific
data on PCls

This study will allow internal and external monitoring of performance and will help inform the
public about outcome data for individual interventional institutions or cardiologists
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control limits have been successfully implemented by
the Society for Cardiothoracic Surgery, allowing
widespread acceptance of the national publication of
risk adjusted mortality in adult cardiac surgery.*

Limitations

As with all performance measurement and analysis
methods, funnel charts produced using statistical
process control may produce both false negative results
and false positive results. Performing within limits does
not guarantee that a unit may not be underperforming
although this may be too slight to be detected or
masked by other factors. Being outside a control limit is
not always abnormal (special cause) either, even when
set at 3o, equivalent to 99.8% confidence intervals.
Despite such false negative results and false positive
results, detecting a “special cause” encourages further
investigation at the level of the individual operator.
Similarly, funnel plots help prevent investigation of an
outcome resulting from common cause variation as if it
were a special cause phenomenon. Such plots are more
meaningful and useful than league tables.

It is possible that outcomes after percutaneous
coronary intervention improve and the risk model
may therefore become less accurate over time. With a
large central database that combines data from a large
number of units, the risk model could be periodically
re-evaluated so that the concept of benchmarking is not
lost.

It would be important to interpret a new operator’s
early experience appropriately. The concept of learn-
ing curves should be acknowledged. This is implicit in
the methodology described because with low numbers
of procedures the confidence intervals are wide.
Nevertheless, should the results fall outside the control
limits, this should trigger some form of response, such
as buddying-up with a more senior operator for a
predefined number of cases.

Conclusion

Our operators’ in-hospital major adverse cardio-
vascular and cerebrovascular events rates were lower
than the predicted event rate. In-hospital rates after

percutaneous coronary intervention can be monitored
successfully using funnel plots and cumulative funnel
plots with 36 control limits to display and publish each
operator’s outcomes. The upper warning limit (20
control limit) could be used for internal monitoring.
The main advantage of these charts is their transpar-
ency, as they show observed and predicted events
separately. By this approach individual operators can
monitor their own performance, using the predicted
risk for their patients in a way that allows benchmark-
ing against colleagues. The methodology allows
scrutiny of outcomes regardless of variations in
individual operator case volume.
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