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Abstract
In the United Kingdom, a clinical data set is completed for every
patient undergoing coronary intervention and certain structural
interventions, and sent to central servers in the National Institute
for Cardiovascular Outcomes Research (NICOR) on behalf of the
British Cardiovascular Intervention Society (BCIS). These data
are linked to the national mortality register. In addition, data are
obtained about the structure of healthcare provision using an annual
survey. Analyses of these data are provided for different audiences
in several formats. Public reports of individual consultant operator
activity and risk-adjusted outcomes from percutaneous coronary
intervention (PCI) have also been produced annually since 2012.
Transcatheter aortic valve implantation (TAVI) has been per-
formed since 2007. Over 2,000 cases were performed in 2015,
giving a rate of 30 per million population. Complications to dis-
charge have fallen as case mix has changed and technologies
improved. While the mean age has remained about 81 years, the
logistic EuroSCORE of patients treated by TAVI has fallen from
about 22 in 2010 to 18 in 2015. Tracked 30-day mortality was
3.7% in 2014. Left atrial appendage occlusion and patent foramen
ovale (PFO) closure for stroke, and the use of the MitraClip® sys-
tem (Abbott Vascular, Santa Clara, CA, USA) for mitral regurgi-
tation have been funded through a process called “commissioning

through evaluation”.

Introduction

Data regarding adult coronary interventions in the United
Kingdom (UK) have been collected since 1988 at the incep-
tion of the British Cardiovascular Intervention Society (BCIS).
Initially a paper-based system, in 1996 the Department of Health
approved a pilot scheme to attempt to collect data on every percu-
taneous coronary intervention (PCI) procedure electronically, and
send encrypted data to central servers for analysis. By 2000, an
established programme was agreed, and from about 2005 almost
every PCI centre in the UK has participated in this process. Since
2010 these data have been collected by the National Institute for
Cardiovascular Outcomes Research (NICOR) on behalf of BCIS.
For every patient undergoing coronary intervention and those
undergoing certain structural interventional procedures a data set
relating to that patient and procedure is collected and sent in an
encrypted format to central servers in NICOR for analysis'. In
addition, each year a survey is sent to each interventional centre to
gather data about the structure of healthcare provision. Analyses
of these data are provided for different audiences in several for-
mats. Each year an annual overview of activity and outcomes
is provided (all are available for free download from the BCIS
web site www.bcis.org.uk). Public reports of individual consult-
ant operator activity and risk-adjusted outcomes from PCI have
also been provided annually since 2012 and can be accessed in the
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“patient” area on the BCIS web site (Figure 1A). In addition, auto-
mated reports that focus on delays to emergency PCI, overall PCI
activity and risk-adjusted outcomes (Figure 1B) are sent to each

PCI centre on a monthly and quarterly basis. Centres and opera-
tors can create their own reports at any time for any date range via
a professional web portal. These reports are designed to help with

A NICOR

National Audit of Percutaneous Coronary Interventions
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PCI Operator Report

Data from 1st January 2013 to 31st December 2015 inclusive

Consultant Name:
GMC Number

The data completeness provided for this report’s risk adjusted outcomes are con-
sidered to be: ADEQUATE

(BCIS require data completeness levels of greater than 95 percent to allow appropriate analysis of PCl outcome data)
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Figure 1. Two examples of displays of data from the PCI database for different audiences. A) An example of part of the 2016 public report of

a consultant PCI operator: B) A cumulative funnel plot as sent to all UK hospitals every quarter. The observed adverse outcome rates are plotted
as a cumulative running mean for each successive case (dark blue line: Actual), and are compared with “Predicted” adverse rates from

a model’, and the warning limits (2 standard deviations) and control limits (3 standard deviations). LCL: lower control limit; LWL: lower
warning limit; MACCE: major adverse cerebrovascular and cardiovascular events; UCL: upper control limit; UWL: upper warning limit




local data validation and to provide reports that can be used for
professional appraisal and revalidation.

Case ascertainment is assessed by comparing declared total
activity in the annual survey with the number of cases uploaded
to the central database. Data completeness is measured with
a focus on key fields required for assessment of risk-adjusted out-
come, and quality is driven up by open reporting of these meas-
ures. There is no external validation of the data submitted, but
a series of logical checks for internal consistency is applied, as
are range checks on values. The accuracy of most outcome data
is therefore dependent on accurate reporting by centres. However,
independent assessment of mortality is provided by linkage to the
mortality register held by the Office of National Statistics (ONS)
(although this applies only to people living in England and Wales,
not Scotland or Northern Ireland). Centres have an opportunity to
validate their data before it is made publicly available.

Demographics and organisation

There are four countries in the United Kingdom. Their population,
the number of PCI centres and activity in the calendar year 2015
are presented in Table 1. TAVI was performed in thirty-three car-
diothoracic surgical centres in the UK (which represents almost
every surgical centre). This includes one centre in Scotland, one
in Northern Ireland, two in Wales and the remainder in England.

Table 1. Activity across the countries of the United Kingdom in the
calendar year 2015.

No. of PCI | No. of PCI

Population No. of PCI
(million) centres centres procedures
(NHS) (private)
England 54.8 86 17 80,268
Wales 3.1 4 1 4,241
Scotland 5.4 6 2 8,769
Northern Ireland 1.9 4,098
TOTAL 65.1 100 20 97,376
NHS: National Health Service; No.: number; PCI: percutaneous coronary
intervention

Coronary interventions

The vast majority of PCI is performed in National Health Service
(NHS) hospitals (98.8% of procedures in 2015). These centres are
reimbursed by central government according to a tariff-based sys-
tem linked to activity and adjusted for case mix. Current tariff lev-
els for PCI are graded according to the number of stents used, and
whether rotational atherectomy, intravascular imaging or pressure
wires were also used during the procedure. In future, it is planned
to include a measure of patient comorbidity.

STRUCTURE

Of the NHS PCI centres, 36% had on-site cardiac surgery, and per-
formed 59% of all the PCI procedures. Sixty-nine provided a pri-
mary PCI service to treat patients presenting with ST-elevation

United Kingdom

myocardial infarction (STEMI) 24/7/365. Ten of these centres had
no accident and emergency (A&E) department on site, and so only
treated patients diagnosed with ST-elevation by the emergency
services, with direct admission to their catheter laboratories. The
others also received patients direct from the emergency services,
but in addition treated patients initially seen in A&E.

In 2015 there were 647 interventional cardiology consultants in
the UK, with an average of 7.5 working in each NHS centre, per-

forming on average 126 cases per annum each.

APPROPRIATENESS

The mean age of patients treated by PCI was approximately
65 years, 74% were male and 21% diabetic. Current smokers rep-
resented 24%, and 26% had had a previous PCI and 8% previous
coronary artery bypass surgery (CABG). Acute coronary syn-
dromes accounted for the majority of activity, 27.3% for STEMI,
and 37.3% for non-ST-elevation myocardial infarction or unstable
angina (NSTEMI or UA), and 32.4% treated for stable symptoms.

The treatment of STEMI changed quite rapidly from thromboly-
sis to primary PCI over the years 2006 to 2011. By 2013, primary
PCI had been established across the country, and the rate of primary
PCI per million population (pmp) levelled off at about 385 by 2015
(varying in different regions from about 300 to 500 pmp). The use
of PCI in patients with out-of-hospital cardiac arrest has been gradu-
ally increasing. Although in 2015 such cases accounted for 1.53%
of all PCI activity, there was marked variation by centre, with these
patients comprising 4% of all PCI procedures in some hospitals.

Coronary anatomy is recorded in the data set by epicardial ter-
ritory, not by lesion. The percentage of patients with one, two or
three epicardial territories subtended by a stenosed artery (steno-
sis >75%) was 68.4%, 22.3% and 8.5%, respectively. However,
77.6% of patients have single, 17.4% double and only 3.4% have
triple epicardial territory intervention during each PCI procedure.
The mean number of lesions treated per PCI is 1.4 and mean num-
ber of vessels 1.26.

The distribution of treated territories in 2015 for stable clinical
syndromes was the left anterior descending in 43%, right coronary
artery in 28.4%, circumflex in 21.3%, a graft in 2.3% and the left
main stem in 5.1%. In patients treated by primary PCI, the circum-
flex was the culprit in only 16% (compared with 39% for right and
40% left anterior descending), which is in keeping with evidence
that acutely occluded circumflex vessels often do not cause typi-
cal ST-elevation.

As is shown in Tahle 2, about 92% of all procedures used stents,
of which 88.5% were drug-eluting, though this varied among coun-
tries, from 85% in Scotland, to 92% in Northern Ireland. On aver-
age, 1.51 stents are used per case. In spite of an increase in the use
of drug-eluting stents from 55% to 88.5% between 2007 and 2015,
procedures performed for restenosis have remained very stable at
about 5%. Use of bioabsorbable scaffolds is rising but these devices
are still only used in a minority of procedures (860 in 2015).

The use of glycoprotein IIb/Il1a receptor antagonists has fallen to
15.3% for all PCIs, 9.9% for NSTEMI and 39.6% for primary PCI.
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Table 2. PCI activity in the UK from 2010 to 2015.

2010 2011 2012 2013 2014 2015
Radial access, % 51.6 58.6 65.2 71.2 75.3 80.5
Coronary angiography (total), n 231,510 235,376 244,880 244,229 247,363 243,496
PCI (total), n 87,676 88,692 92,445 92,589 96,143 97,376
Primary PCI, n 17,867 21,528 23,770 24,379 25,276 25,051
PCl in stable elective CTO, n 3,718 3,976 4,208 3,875 4,040 4,164
PCl in unprotected LM, n 1,504 1,984 2,373 2,531 2,836 3,120
PCI for in-stent restenosis, % 4.7 4.7 4.6 4.9 4.8 5.1
Average PCI per cathlab, n - - - - - -
Average PCI per operator, n 124 127 131 130 123 126
PCI without stent, % 8 8 7.9 8 8.3 8.2
Total PCI with DEB, n - - - - - -
PCI with stent, % 92 92 92.1 92 91.7 91.8
PCI with DES, % 67.1 71.1 76.2 81.7 85.7 88.5
Total PCI with BRS, n - - - - 485 860
Total FFR (diagnostic only and also during a PCl), n 9,132 10,688 13,762 15,394 16,832 18,371
Total IVUS (diagnostic only and also during a PCI), n 4,326 5,140 6,407 7,618 6,944 7,443
;OI;[’%II)S,Wr?pt laser imaging (diagnostic only and also during 147 256 739 977 1,552 2554
Total rotational atherectomy, n 1,313 1,615 2,111 2,168 2,334 2,178
IABP, % 1.88 1.92 1.83 1.59 1.39 1.39
Impella™ (Abiomed, Aachen, Germany), n 45 66
BRS: bioresorbable scaffold; CTO: chronic total occlusion; DEB: drug-eluting balloon; DES: drug-eluting stent; FFR: fractional flow reserve; IABP:
intra-aortic balloon pump; IVUS: intravascular ultrasound; LM: left main stem; n: number; PCI: percutaneous coronary intervention

Bivalirudin use in primary PCI fell from its peak of 19% in 2013 to
1.8%1n 2015. Ticagrelor use has risen progressively, and in 2015 was
used in 29.9% of NSTEMI and 38.1% of primary PCI procedures.

There is quite a marked variation in the use of adjunctive
technologies by different centres. For example, although Table 2
shows that rotational atherectomy was used on average in 2.2% of
cases, it was as high as 7% in some centres.

PROCESS
Door- and call-to-device times are assessed for patients being
treated by primary PCI, and data presented both by median delays
and percentage treatment within cut-off recommendations. In
2015, median door-to-device times were 39 minutes, and the per-
centage of patients treated with a PCI centre door-to-device time
less than 90 minutes was 90.5%, and less than 60 minutes 77.8%.
These figures are testament to the hard work and dedication of all
involved with treating these patients, but continued careful moni-
toring will remain in place to help ensure delays remain short.
Treatment delays for patients presenting with NSTEMI are
less favourable. This might reflect pressure on the system created
by the adoption of primary PCI. The median delay to PCI was
59.6 hours in those presenting to a PCI centre, and 80.1 hours
for those admitted to a non-PCI centre and then transferred. This
meant that, overall, only 56.6% of patients were treated within
guideline recommendations of 72 hours.

OUTCOMES

Mortality following PCI is assessed both from data reported by
centres, and, for England and Wales, from the independent mortal-
ity tracking provided via the Office of National Statistics. Data for
2014 are available at the present time. For patients being treated
electively, in-hospital mortality was 0.16%, rising to 0.39% at
30 days (tracked). The in-hospital cerebrovascular accident
(CVA) rate was reported as 0.04%. For those treated in the con-
text of NSTEMI, in-hospital mortality was reported as 0.7%, ris-
ing to a tracked 30-day mortality of 1.4%. In-hospital stroke was
reported at 0.06%. In all patients treated by primary PCI (includ-
ing those with out-of-hospital arrest, and those in shock), in-hos-
pital mortality was reported as 5.3%, rising to 6.9% by tracking at
30 days. CVA was reported in 0.15% of these cases. For patients
in cardiogenic shock, in-hospital mortality was reported as 25.4%,
rising to a tracked 30-day mortality of 42%, and in-hospital CVA
rate of 0.3%.

PUBLIC REPORTING OF INDIVIDUAL PCI OPERATOR
ACTIVITY AND OUTCOMES

Since 2013, individual PCI consultant operator data have been
publicly reported in the UK. These reports are available on the
patient area of the BCIS web site (www.bcis.org.uk), and are mir-
rored on the government’s web site “my NHS”. They describe sev-
eral aspects of each interventional cardiologist’s activity over the



previous three years. These include overall PCI volume, case mix
and radial access rates. In addition, each operator’s risk-adjusted
outcomes are reported. Two different risk adjustment models
are used. For all the UK, the North West Quality Improvement
Programme model is used’. This is based on self-reported major
adverse cardiac and cerebrovascular outcomes (death, myocar-
dial infarction, stroke and need for emergency cardiac surgery).
A disadvantage of this approach is that centres that are not good
at recording such events will appear to perform better than those
who are assiduous at data collection. For this reason, we devel-
oped a new risk model that was based on ONS-tracked 30-day
mortality. This assessment is therefore independent of a centre’s
ability to record post-PCI events, but is currently applicable to
England and Wales only®. The data are presented as observed sur-
vival (or survival free from major adverse cardiovascular or cer-
ebrovascular events), against confidence limits derived from the
models (Figure 1A).

Striking the balance between identifying practice that is in need
of improvement, and incorrectly criticising acceptable outcomes is
difficult, and exacerbated by the multiple comparisons inherent in
this sort of analysis. At present, those who fall outside two stand-
ard deviations are made aware of the finding but this does not enter
the public domain. However, those who fall outside three stand-
ard deviations are publicly identified. There are many reasons why
an operator’s outcomes may differ from that predicted by models,
thus the identification of a “potential” outlier is intended to start
a process of enquiry. The commonest reason for potential outlier
status is an error in the recording of data, or incorrect risk factor
attribution. These and other issues need to be addressed before it
is possible to decide if there might be a genuine problem with an
operator’s outcomes.

Table 3. Structural interventions in the UK from 2010 to 2015.

United Kingdom

While the aim is to increase transparency to patients, commis-
sioners, healthcare professionals and the public, there are poten-
tial disadvantages to public reporting. These issues have been
well rehearsed in the literature, particularly from North America.
A balance must be struck between transparency and the creation
of risk-averse behaviour, which may disadvantage the sickest of
our patients. Most deaths associated with PCI occur in spite of
the PCI rather than because of it. Well calibrated risk models
should take account of the patient’s comorbidity and present-
ing clinical features, and are, for example, good at adjusting for
cardiogenic shock. However, it is recognised that no risk model
currently performs well for patients admitted with out-of-hospi-
tal cardiac arrest who are ventilated before PCI. To avoid risk-
averse behaviour, these patients are excluded from risk-adjusted
public reporting in the UK.

Structural heart interventions

In 2008, a UK transcatheter aortic valve implantation (TAVI) steer-
ing group was established to encourage a collaborative approach
for the introduction of this technology, with representation from
the professional societies, the Department of Health, regulators
and commissioners. A data set was established and data from
every TAVI procedure in the UK are collected by NICOR to be
analysed centrally. Reports based on these analyses are fed back to
each centre, and also presented annually (available for free down-
load from the BCIS web site www.bcis.org.uk). Details of the UK
experience have been published®. The first cases were performed
in 2007, and this had risen to over 2,000 cases by 2015 (Table 3).
In 2015 the TAVI rate pmp was 30 across the UK, ranging from
22 pmp in Scotland to 51 pmp in Northern Ireland. Complications
to discharge have fallen as case mix has changed and technologies

Structural
Alcohol septal, n 66 77 82 70 66 36
Mitral balloon valvuloplasty, n 121 171 100 84 92 82
MitraClip procedure, n 83 47 63 33 19 86
Other percutaneous mitral valve interventions, n - - - - - -
Aortic balloon valvuloplasty (not during TAVI), n 420 473 495 668 789 817
Total TAVI, n 780 1,039 1,288 1,631 1,872 2,473
Transfemoral TAVI, n 518 719 978 1,185 1,634 2,073
Valve-in-valve percutaneous implantation (aortic position), n 24 43 71 65 84 109
Perivalvular leak closures, n 22 26 67 80 87 6l
Cerebral embolic protection device during TAVI, n - - - 17 18 19
PFO closure (adults), n 974 913 819 698 428 620
ASD closure (adults), n 526 522 554 624 545 545
VSD closure (adult congenital), n 21 13 20 14 30 17
VSD (post MI), n 14 14 19 16 14 16
LAA closure (adults), n 78 91 120 127 130 255
/(;\SfD: tatrial septal defect; LAA: left atrial appendage; PFO: patent foramen ovale; TAVI: transcatheter aortic valve implantation; VSD: ventricular septal
efec
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improved. While mean age has remained about 81 years, the logis-
tic EuroSCORE of patients treated by TAVI has fallen from about
22 in 2010 to just 18 in 2015. Stroke occurred in 1.9% in 2015,
and early mortality has fallen progressively, with tracked 30-day
mortality reaching 3.7% in 2014.

Left atrial appendage occlusion, patent foramen ovale (PFO)
closure for stroke, and the use of the MitraClip system for mitral
regurgitation have been funded through a process called “com-
missioning through evaluation”. Centres in the UK were selected
to perform a certain number of these procedures, with data being
submitted centrally via NICOR. The aim is that these registries
will provide information about the application of these techno-
logies in the UK setting and help guide future commissioning.

Conclusions

There is a long tradition of trying to capture interventional activ-
ity in the UK which has led to the development of sophisticated
data collection mechanisms. These data have provided an impor-
tant set of benchmarks that have allowed activity across the UK
to be explored. The audit process has helped drive up quality
of care, particularly with regard to process issues such as the
speed with which primary PCI can be delivered. Public report-
ing has increased transparency, opening up the data to a wider
audience, particularly our patients. A large number of observa-
tional studies have been published based on the registry data.
These have explored a wide variety of clinical issues relating to
PCI and TAVI. Many challenges remain. We strive to increase
data completeness and quality, and are providing centres with
increasingly sophisticated tools to help with data collection. We
are in the process of implementing a new information technology
infrastructure to collect the national data, and are also develop-
ing interactive data visualisation tools to make the analyses and
reports more accessible and so better suited to our different audi-
ences, including healthcare professionals, commissioners, regu-

lators and patients.
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