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ORIGINAL RESEARCH

Rates of Elective Percutaneous Coronary 
Intervention in England and Wales: Impact 
of COURAGE and ORBITA Trials
Muhammad Rashid , PhD; Chris Stevens , MBChB; Harindra C. Wijeysundera , PhD; Nick Curzen, PhD; 
Chee Wah Khoo, MD; Mohamed Osama Mohamed , PhD; Suleman Aktaa, PhD; Jianhua Wu , PhD; 
Peter F. Ludman, MD; Mamas A. Mamas , DPhil

BACKGROUND: There are limited data about how COURAGE (Clinical Outcomes Utilizing Revascularization and Aggressive 
Drug Evaluation) and ORBITA (Objective Randomized Blinded Investigation With Optimal Medical Therapy of Angioplasty 
in Stable Angina) trials have impacted percutaneous coronary intervention (PCI) practices at regional or national level. We 
evaluated temporal trends in elective PCI rates for stable angina and, specifically, examined the impact of the COURAGE and 
ORBITA trials on PCI practices in England and Wales.

METHODS AND RESULTS: We used national PCI data comprising >1.2 million patients undergoing PCI between January 2006 
and December 2019. Patient demographics, procedural details, and clinical outcomes were analyzed, and temporal trends in 
PCI rates for stable angina were compared before and after the publication of the COURAGE and ORBITA trials. Of 1 245 802 
PCI procedures, 430 248 (34.5%) were performed for stable angina. Over the study period, the number of elective PCI proce-
dures per year (30 823 in 2006 to 34 103 in 2019) and per 100 000 population estimates (50.7 in 2006 to 58.4 in 2019) remained 
stable. The proportion of patients undergoing elective PCI without angina symptoms almost doubled from 5.1% to 9.7%. The 
incidence rate of elective PCI volume after the COURAGE trial, published in 2007, was not different from before the trial was 
published (incidence rate ratio, 1.06 [95% CI, 0.69– 1.62]). It also remained stable after the publication of the ORBITA trial in 
2017 (incidence rate ratio, 0.96 [95% CI, 0.74– 1.23]).

CONCLUSIONS: In this nationwide analysis, rates of elective PCI for stable angina remained stable over 14 years. Publication of 
the COURAGE and ORBITA trials had no impact on elective PCI activity.
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Percutaneous coronary intervention (PCI) is the most 
commonly performed revascularization modality for 
coronary artery disease.1,2 PCI has been shown to 

reduce mortality and reinfarction in patients presenting 
with the acute coronary syndrome.3– 8 However, the role 
of PCI in the management of stable coronary artery dis-
ease has been controversial.1,9,10 Randomized controlled 
trials (RCTs) and subsequent meta- analyses have failed 
to illustrate a statistically significant prognostic benefit of 
PCI in preventing myocardial infarction or cardiovascular 
death in patients with stable coronary artery disease.11– 14

The COURAGE (Clinical Outcomes Utilizing 
Revascularization and Aggressive Drug Evaluation) 
trial, published in 2007, showed no prognostic ben-
efit of PCI over optimal medical therapy in patients 
with stable coronary artery disease.14 Similarly, the 
ORBITA (Objective Randomized Blinded Investigation 
With Optimal Medical Therapy of Angioplasty in Stable 
Angina) trial, published in 2017, demonstrated no sig-
nificant difference in either symptom relief or change 
in exercise capacity.15 RCTs are considered the gold 
standard for scientific quality in contributing to the 
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evidence base for international guideline recommenda-
tions. However, the translation of RCT data into real- life 
practice is often less uniform.16 The impact of the publi-
cation of landmark clinical trials, such as COURAGE or 
ORBITA trial, on subsequent rates of elective PCI and 
the clinical profile of patients treated with PCI has not 
yet been studied at a national level.

Using the BCIS (British Cardiovascular Intervention 
Society) registry from England and Wales, we stud-
ied the temporal trends in rates of elective PCI over 
14 years. We also examined changes in the risk pro-
file of the population and indications for procedures 
undertaken. Finally, we specifically assessed whether 
there were any changes in PCI volume or the risk pro-
file of PCI procedures undertaken nationally following 
the presentation of the COURAGE and ORBITA trials 

and whether any changes in case mix or practice were 
seen within the trial participating centers of the ORBITA 
trial, given that the ORBITA trial was an exclusively UK 
trial.

METHODS
The data underlying this article were provided by a third 
party, including the National Institute of Cardiovascular 
Outcomes Research. Data could be accessed on re-
quest to the third party.

Study Setting
Data were acquired from the BCIS registry, details of 
which have been described previously.17 In brief, the 
BCIS registry is a national PCI registry in England and 
Wales that collects data from almost every PCI proce-
dure undertaken in the National Health System for audit, 
public reporting, and research purposes. Data about 
the indication for PCI, clinical and angiographic char-
acteristics, pharmacology, interventional treatment, 
and in- hospital outcomes are collected prospectively 
by the participating centers before being transferred 
to the National Institute of Cardiovascular Outcomes. 
The National Institute of Cardiovascular Outcomes 
has a section 251 approval under the National Health 
System Act 2006, which allows the use of data set for 
medical research and audit purposes without seeking 
patient consent.18,19 All data used in this study were 
anonymized; therefore, institutional review board ap-
proval was not required.

Study Cohort
The study cohort comprises all adults aged ≥18 years 
undergoing PCI between January 1, 2006, and 
December 31, 2019. Procedures with missing data 
about age, sex, indication, in- hospital outcomes, diag-
nostic procedure, or pressure wire only were excluded 
from the analysis. PCI procedures undertaken for acute 
coronary syndrome indication were excluded while 
making group comparisons only (Figure  S1). Given 
that the ORBITA trial was a UK- based study, we fur-
ther stratified individual centers according to whether 
they were recruited into ORBITA trial. All 5 centers that 
participated in the ORBITA trial were categorized into 
ORBITA center trials, and the remaining cohort was 
categorized into non- ORBITA center trial groups for the 
subgroup analysis.

Statistical Analysis
Categorical variables were compared using the 
Pearson χ2 test, whereas continuous or ordinal vari-
ables were compared using the Wilcox rank- sum 
test. For the trend analysis, proportions of stable PCI 

CLINICAL PERSPECTIVE

What Is New?
• This study shows a stable trend in number and 

rates of percutaneous coronary intervention pro-
cedures for elective angina over a 14- year period.

• More important, there were no changes in 
percutaneous coronary intervention practices 
even within trial participating centers of ORBITA 
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With Optimal Medical Therapy of Angioplasty in 
Stable Angina) trial.

What Are the Clinical Implications?
• Our study shows that publications of 2 landmark 

trials did not meaningfully change the rates of 
elective percutaneous coronary intervention 
and that there is a major discordance between 
the case mix of nationally representative cohort 
of patients with stable angina compared with 2 
landmark trials in this field.
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tors associated with these discrepancies and 
to facilitate translation of randomized controlled 
trials into clinical practice.
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procedures were calculated for each month using the 
total number of PCI procedures as the denominator. 
Cochrane Armitage test was used to study statistically 
significant differences in trends. Population estimates 
from the Office of National Statistics were used to 
calculate rates of PCI per 100 000 for each year. The 
incidence rate of PCI volume for stable angina was ex-
amined between periods before and after the publica-
tion of COURAGE and ORBITA trials using the Poisson 
regression model adjusted for temporal trend.

We undertook 4 separate analyses: (1) temporal 
trends nationally on a triennial basis; (2) rates of elective 
PCI before and after the publication of the COURAGE 
trial; (3) rates of elective PCI before and after the pub-
lication of the ORBITA trial; and (4) rates of elective 
PCI before and after ORBITA trial in the 5 centers 
that recruited into the trial. The PCI volume rates were 
calculated per 100 000 population using publicly avail-
able population estimates from the Office of National 
Statistics.20 To minimize the impact of historical bias, 
the COURAGE and ORBITA trial cohorts were limited 
to 12- month period before and after the publication of 
the full trial results. All statistical analyses were per-
formed using Stata 16 MP (College Station, TX).

RESULTS
Temporal Trends

Between January 1, 2006, and December 31, 2019, 
1 245 802 PCI procedures were undertaken in England 
and Wales, of which 430 248 (34.5%) were for stable 
angina (Figure  S1). Overall, the elective PCI volume 
rates per 100 000 population increased from 50.7 in 
2006 to 58.4 in 2019. The number of patients undergo-
ing nonelective PCI increased from 45.9 in 2006 to 99.6 
in 2019 per 100 000 population (Figure S2). The inci-
dence rate of elective PCI volume after the COURAGE 
trial was published in 2007 was not different from be-
fore the trial was published (incidence rate ratio, 1.06 
[95% CI, 0.69– 1.62]). It also remained stable after the 
publication of the ORBITA trial in 2017, as shown in 
Figure 1 (incidence rate ratio, 0.96 [95% CI, 0.74– 1.23]).

Clinical Characteristics
There were significant temporal trends in the clinical 
characteristics and procedural profile of patients un-
dergoing elective PCI for stable angina during the study 
period. The mean age of patients undergoing elective 
PCI increased from 64.9±10.3 to 66.8±10.7 years. The 
proportion of men (74.8%– 76.9%) and ethnic minori-
ties (15.6%– 19.1%) also increased during the study pe-
riod. The proportion of patients who underwent PCI for 
Canadian Cardiovascular Society (CCS) angina clas-
sification class I almost doubled (5.1%– 9.2%), whereas 
those who underwent PCI for CCS class IV angina 

remained stable (2.7%– 3.1%). Equally, the proportion 
of patients who underwent PCI despite no limitation of 
physical activity (New York Heart Association class I) 
increased (36.9%– 41.7%), with a much higher increase 
(45.9%– 71.4%) in the rates of PCI in the absence of 
ischemia on stress test between 2006 and 2019. The 
frequency of relevant comorbidities, such as diabetes, 
hypercholesterolemia, hypertension, previous acute 
myocardial infarction, and previous PCI, also increased 
over time (P<0.001), as reported in Table 1. Finally, the 
use of adjuvant PCI interventions, such as intracoro-
nary imaging, pressure wire, and rotational atherec-
tomy, increased during the study period.

Table  2 shows the clinical and procedural char-
acteristic changes 12 months before and after the 
COURAGE trial results were published in April 2007. 
Overall, there were no significant differences in the 
baseline demographics, comorbidities, and angio-
graphic characteristics of patients before and after the 
publication of the trial results. The trends were gener-
ally similar to the historical trends, as shown in Table 1. 
However, the proportion of patients undergoing PCI 
for CCS class I angina declined from 5.1% to 4.8% 
after the publication of the COURAGE trial. Patients 
undergoing elective PCI without evidence of ischemia 
on stress test declined from 49.6% to 44.9% after 
the COURAGE trial was published in 2007. The clin-
ical characteristics and procedural profile of patients 
undergoing elective PCI remained similar before and 
after the publication of the ORBITA trial, as reported in 
Table 3. The mean age, race, and sex were similar as 
well as the proportion of patients with CCS class I or 
CCS class IV. There were no significant changes in the 
risk profile, the indication of procedures, preprocedure 
stress testing, or CCS angina classification between 
the ORBITA trial participating centers and non- ORBITA 
trial participating centers.

Subgroup Analysis
Temporal analysis of centers that recruited patients into 
the ORBITA trial from ORBITA trial participating cent-
ers showed similar stable trends in the rates of elective 
PCI volume (4.0 in 2006 to 6.2 in 2019) per 100 000 
population compared with all other PCI centers (47.5 
in 2006 to 52.2 in 2019) in England and Wales during 
the study period (Figure 2). In the sensitivity analysis of 
each participating center in the ORBITA trial, the PCI 
volume remained relatively stable across each center 
during the 12 months before and after 12 months of the 
trial result publication (Figure 3).

DISCUSSION
This analysis of an all- comer, national PCI registry from 
England and Wales shows temporal trends of PCI 
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practice for stable angina over 14 years. Publication 
of the COURAGE trial and, more recently, ORBITA 
trial has shown no significant effect on elective PCI 
practice in England and Wales, with little detectable 
change in the clinical or procedural characteristics of 
patients undergoing these procedures. There were no 
significant changes on elective PCI activity following 
the publication of ORBITA trial, even in the ORBITA trial 
participating centers, despite the ORBITA trial showing 
no benefit of PCI over placebo procedure on angina 
symptoms. We found that almost 1 in 10 patients un-
dergoing PCI for stable angina had no angina symp-
toms, and two- thirds had no evidence of ischemia on 
stress testing, highlighting a significant discordance in 
current clinical practice, guideline recommendations, 
and adoption of major trial results.

A notable finding of our analysis was the lack of 
impact of COURAGE14 and ORBITA15 trials on PCI 
rates for stable angina. It is particularly interesting that 
the rate of elective PCI remained stable even in the 5 
ORBITA trial recruiting centers before and after the trial 

was reported. There are several possible explanations 
for the apparent lack of impact of such landmark trials 
on clinical practice in elective PCI. First, it could be that 
PCI practice in England and Wales was already con-
sistent with the results of the COURAGE and ORBITA 
trials. The United Kingdom has a universal National 
Health System, which is well integrated with primary 
care. Patients with stable coronary disease are likely to 
have benefited from intensive primary prevention and 
optimization of medical therapy.21,22 Nevertheless, the 
fact that a significant proportion of patients undergo-
ing PCI were without angina symptoms would be dis-
cordant with such a hypothesis. The COURAGE and 
ORBITA trials generated much debate about the inva-
sive management of stable angina. In both cases, there 
was a school of thought questioning their relevance to 
routine all- comers practice,1,9 with other studies, such 
as Fractional Flow Reserve versus Angiography for 
Multivessel Evaluation 2, suggesting that PCI in sta-
ble coronary artery disease may reduce longer- term 
acute myocardial infarction.23 This may explain why the 

Figure 1. Temporal trends in rates of elective percutaneous coronary intervention (PCI) volume per 100 000 population for 
stable angina in England and Wales.
COURAGE indicates Clinical Outcomes Utilizing Revascularization and Aggressive Drug Evaluation; IRR, incidence rate ratio; NYHA, 
New York Heart Association; and ORBITA, Objective Randomized Blinded Investigation With Optimal Medical Therapy of Angioplasty 
in Stable Angina.
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Table 1. Temporal Trends in the Baseline Patient Demographics, Procedural Details, and Unadjusted Outcomes

Variable Total 2006/2007/2008 2009/2010/2011 2012/2013/2014 2015/2016/2017 2018/2019
P trend 
value

No. of procedures 430 428 86 836 89 087 92 024 98 649 63 652

Age, y 430 428 64.9±10.3 65.6±10.6 66.0±10.8 66.6±10.8 66.8±10.7 <0.001

BMI, kg/m2 257 761 28.6±4.9 28.9±5.1 29.0±5.1 29.0±5.2 29.1±5.1 <0.001

Female sex 104 181 21 925 (25.2) 21 780 (24.4) 21 791 (23.7) 23 351 (23.7) 15 334 (24.1) <0.001

Race <0.001

White 266 704 50 334 (84.4) 59 518 (86.0) 56 952 (82.7) 60 377 (81.8) 39 523 (80.9)

BAME 53 708 9337 (15.6) 9689 (14.0) 11 910 (17.3) 13 446 (18.2) 9326 (19.1)

Left ventricular ejection fraction <0.001

Good (≥50%) 381 156 78 115 (90.0) 77 577 (87.1) 81 714 (88.8) 87 672 (88.9) 56 078 (88.1)

Fair (30%– 49%) 39 919 6909 (8.0) 9633 (10.8) 8485 (9.2) 8732 (8.9) 6160 (9.7)

Poor (≤29%) 9173 1812 (2.1) 1877 (2.1) 1825 (2.0) 2245 (2.3) 1414 (2.2)

CCS angina grade <0.001

No angina 24 772 3606 (5.1) 4084 (5.2) 4824 (5.7) 7136 (8.0) 5122 (9.2)

No limitation of physical activity 38 478 8676 (12.2) 7684 (9.8) 7549 (8.9) 8644 (9.7) 5925 (10.7)

Slight limitation of ordinary activity 164 864 33 172 (46.8) 34 188 (43.7) 36 006 (42.7) 37 501 (42.3) 23 997 (43.2)

Marked limitation of ordinary 
activity

138 711 23 599 (33.3) 29 789 (38.1) 33 645 (39.9) 32 956 (37.2) 18 722 (33.7)

Symptoms at rest or minimal 
activity

11 005 1901 (2.7) 2510 (3.2) 2389 (2.8) 2469 (2.8) 1736 (3.1)

ECG ischemia <0.001

No 193 624 25 455 (45.9) 31 905 (44.2) 43 097 (55.7) 54 758 (65.0) 38 409 (71.4)

On resting ECG 45 922 8167 (14.7) 10 502 (14.6) 10 242 (13.2) 10 577 (12.6) 6434 (12.0)

On stress ECG 76 206 18 710 (33.8) 23 535 (32.6) 17 244 (22.3) 11 703 (13.9) 5014 (9.3)

On perfusion scan 27 145 3078 (5.6) 6167 (8.6) 6795 (8.8) 7168 (8.5) 3937 (7.3)

NYHA dyspnea <0.001

No limitation of physical activity 136 791 24 477 (36.9) 25 421 (33.6) 29 274 (35.7) 35 328 (41.7) 22 291 (41.7)

Slight limitation of ordinary activity 154 967 30 673 (46.3) 34 463 (45.5) 35 595 (43.4) 33 518 (39.6) 20 718 (38.8)

Marked limitation of ordinary 
physical activity

63 927 10 384 (15.7) 14 350 (19.0) 15 655 (19.1) 14 349 (16.9) 9189 (17.2)

Symptoms at rest or minimal 
activity

6368 762 (1.1) 1478 (2.0) 1414 (1.7) 1494 (1.8) 1220 (2.3)

Smoking status <0.001

Nonsmoker 157 929 27 270 (39.5) 31 348 (39.5) 34 623 (41.9) 38 399 (43.5) 26 289 (45.9)

Current smoker 46 834 8998 (13.0) 10 698 (13.5) 10 577 (12.8) 10 223 (11.6) 6338 (11.1)

Ex- smoker 171 655 32 732 (47.4) 37 280 (47.0) 37 384 (45.3) 39 573 (44.9) 24 686 (43.1)

Comorbidities

Prior PCI 151 086 20 495 (25.9) 29 257 (33.7) 34 798 (39.0) 39 827 (41.1) 26 709 (42.7) <0.001

Prior MI 138 424 23 544 (32.4) 28 469 (35.1) 30 688 (35.3) 33 703 (35.1) 22 020 (35.2) <0.001

Diabetes 93 284 15 211 (19.2) 18 558 (21.6) 20 296 (23.2) 23 489 (24.5) 15 730 (25.3) <0.001

Hypertension 251 234 42 418 (55.2) 52 792 (62.1) 55 123 (63.4) 61 220 (64.6) 39 681 (65.3) <0.001

Hypercholesterolemia 265 371 49 194 (64.0) 59 066 (69.4) 57 962 (66.7) 61 639 (65.1) 37 510 (61.8) <0.001

Family history of heart disease 180 105 34 325 (50.6) 39 813 (51.4) 38 616 (47.4) 40 893 (45.8) 26 458 (45.3) <0.001

Renal disease 8985 1475 (2.0) 1834 (2.1) 2126 (2.4) 2107 (2.2) 1443 (2.3) <0.001

Peripheral vascular disease 19 278 3465 (4.5) 4726 (5.6) 4583 (5.3) 4134 (4.4) 2370 (3.9) <0.001

Prior cerebrovascular accident 14 804 2364 (3.1) 3306 (3.9) 3368 (3.9) 3516 (3.7) 2250 (3.7) <0.001

Procedural details

Femoral 160 199 62 539 (76.0) 46 392 (53.4) 29 015 (32.2) 16 167 (16.8) 6086 (9.9) <0.001

Radial 235 032 18 662 (22.7) 37 826 (43.6) 56 074 (62.3) 72 560 (75.5) 49 910 (81.5)

 (Continued)
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publication of these trials has not significantly changed 
the practice, and some operators may not have con-
curred with these trial results. Finally, although there 
are no financial incentives for treating physicians in the 

National Health System driven by volume of proce-
dures undertaken, some patients may have given pref-
erence to invasive management with PCI over optimal 
medical therapy.

Variable Total 2006/2007/2008 2009/2010/2011 2012/2013/2014 2015/2016/2017 2018/2019
P trend 
value

Multiple 21 149 1063 (1.3) 2600 (3.0) 4921 (5.5) 7335 (7.6) 5230 (8.5)

Glycoprotein IIb/IIIa inhibitor 27 450 13 733 (17.8) 6560 (8.0) 3924 (4.6) 2199 (2.4) 1034 (1.9) <0.001

Ticagrelor 20 534 0 (0.0) 7 (<1) 3199 (3.8) 10 316 (11.9) 7012 (13.0) <0.001

Prasugrel 4407 1 (<1) 541 (0.7) 1775 (2.1) 1440 (1.7) 650 (1.2) <0.001

Warfarin 5550 829 (1.2) 1028 (1.3) 1581 (1.9) 1558 (1.8) 554 (1.0) <0.001

IVUS 31 001 2257 (3.2) 4818 (6.5) 6667 (8.3) 9080 (10.3) 8179 (14.3) <0.001

Pressure wire 59 730 3876 (5.6) 9100 (12.4) 13 682 (17.1) 17 831 (20.3) 15 241 (26.7) <0.001

OCT 9325 975 (1.4) 1024 (1.4) 2161 (2.7) 2781 (3.2) 2384 (4.2) <0.001

No. of drug- eluting stents

0 73 975 27 209 (33.8) 21 872 (25.5) 13 264 (15.1) 10 701 (11.3) 929 (12.8) <0.001

1 150 925 28 114 (34.9) 34 519 (40.3) 40 192 (45.8) 44 693 (47.1) 3407 (47.0)

2 81 455 15 527 (19.3) 18 593 (21.7) 21 195 (24.2) 24 301 (25.6) 1839 (25.4)

≥3 49 670 9603 (11.9) 10 756 (12.5) 13 041 (14.9) 15 194 (16.0) 1076 (14.8)

No. of lesions treated

1 241 803 53 232 (63.2) 59 571 (67.4) 60 833 (67.3) 63 286 (65.8) 4881 (65.9) <0.001

2 91 023 21 596 (25.6) 21 381 (24.2) 21 851 (24.2) 24 379 (25.3) 1816 (24.5)

≥3 33 839 9427 (11.2) 7471 (8.4) 7653 (8.5) 8578 (8.9) 710 (9.6)

No. of stents used

0 34 008 6183 (7.4) 8138 (9.3) 8339 (9.3) 10 390 (10.8) 958 (13.1) <0.001

1 177 896 41 227 (49.1) 44 123 (50.3) 44 088 (49.3) 45 068 (46.9) 3390 (46.5)

2 93 942 22 055 (26.3) 22 434 (25.5) 22 839 (25.5) 24 759 (25.8) 1855 (25.4)

≥3 58 651 14 449 (17.2) 13 110 (14.9) 14 161 (15.8) 15 840 (16.5) 1091 (15.0)

No. of vessels treated <0.001

1 322 483 65 459 (76.2) 68 264 (77.7) 69 882 (77.1) 72 409 (75.0) 46 469 (74.9)

2 83 128 17 365 (20.2) 16 480 (18.8) 17 118 (18.9) 19 665 (20.4) 12 500 (20.1)

≥3 17 244 3028 (3.5) 3071 (3.5) 3607 (4.0) 4431 (4.6) 3107 (5.0)

Target vessel for PCI

Graft* 12 809 2920 (3.6) 3012 (3.4) 2722 (3.0) 2626 (2.7) 1529 (2.5) <0.001

LMS* 19 859 2354 (2.9) 3036 (3.5) 4718 (5.2) 6049 (6.3) 3702 (6.1) <0.001

LAD* 212 862 40 299 (49.3) 43 398 (49.5) 45 628 (50.5) 50 299 (52.3) 33 238 (54.6) <0.001

LCX* 107 141 21 970 (26.9) 22 876 (26.1) 22 705 (25.1) 24 483 (25.5) 15 107 (24.8) <0.001

RCA* 146 085 31 104 (38.0) 31 212 (35.6) 30 918 (34.2) 32 322 (33.6) 20 529 (33.7) <0.001

Multiple vessels* 100 967 19 675 (24.1) 19 392 (22.1) 20 847 (23.1) 24 765 (25.8) 16 288 (26.8) <0.001

Chronic total occlusion 44 696 9716 (13.0) 10 998 (13.6) 11 330 (13.5) 11 774 (12.8) 878 (12.0) <0.001

Stent length 300 501 23.3±12.6 24.8±14.4 27.2±16.3 30.1±17.9 31.5±18.1 <0.001

Stent diameter 291 698 3.2±0.5 3.3±0.6 3.3±0.6 3.4±0.6 3.4±0.6 <0.001

Outcomes

In- hospital MACCE 5448 1468 (1.7) 1240 (1.4) 1124 (1.2) 992 (1.0) 624 (1.0) <0.001

In- hospital mortality 503 97 (0.1) 96 (0.1) 91 (0.1) 139 (0.1) 80 (0.1) 0.070

Bleeding complications 1399 359 (0.4) 306 (0.3) 287 (0.3) 300 (0.3) 147 (0.2) <0.001

Data are given as mean±SD or number (percentage). BAME indicates Black, Asian and Minority Ethnic; BMI, body mass index; CCS, Canadian Cardiovascular 
Society; IVUS, intravascular ultrasound; LAD, left anterior descending; LCX, left circumflex artery; LMS, left main stem; MACCE, major adverse cardiac and 
cerebrovascular event; MI, myocardial infarction; NYHA, New York Heart Association; OCT, optical coherence tomography; and PCI, percutaneous coronary 
intervention; and RCA, right coronary artery.

*Not mutually exclusive, cumulative total percentage may be >100%.

Table 1. Continued
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Table 2. Changes in Clinical Characteristics and Procedural Profile 12 months Before and After the Publication of 
COURAGE Trial

Variable Total
Pre- COURAGE trial (March 
2006– March 2007)

Post- COURAGE trial (April 
2007– April 2008) P value

No. of procedures 61 999 30 461 31 538

Age, y 61 999 64.7±10.2 64.9±10.3 0.007

BMI, kg/m2 38 594 28.4±4.8 28.8±4.9 <0.001

Female sex 15 592 7697 (25.3) 7895 (25.0) 0.50

Race 0.004

White 36 597 18 151 (86.7) 18 446 (85.7)

BAME 5870 2793 (13.3) 3077 (14.3)

Left ventricular ejection fraction <0.001

Good (≥50%) 56 126 27 891 (91.6) 28 235 (89.5)

Fair (30%– 49%) 4671 2069 (6.8) 2602 (8.3)

Poor (≤29%) 1202 501 (1.6) 701 (2.2)

CCS angina grade <0.001

No angina 2474 1243 (5.1) 1231 (4.8)

No limitation of physical activity 6253 3087 (12.7) 3166 (12.3)

Slight limitation of ordinary activity 23 631 11 884 (48.8) 11 747 (45.8)

Marked limitation of ordinary activity 16 254 7508 (30.8) 8746 (34.1)

Symptoms at rest or minimal activity 1388 622 (2.6) 766 (3.0)

ECG ischemia <0.001

No 17 890 8770 (49.6) 9120 (44.9)

On resting ECG 5388 2584 (14.6) 2804 (13.8)

On stress ECG 12 768 5567 (31.5) 7201 (35.5)

On perfusion scan 1941 772 (4.4) 1169 (5.8)

NYHA dyspnea 0.99

No limitation of physical activity 17 237 8375 (36.9) 8862 (37.0)

Slight limitation of ordinary activity 21 476 10 454 (46.1) 11 022 (46.0)

Marked limitation of ordinary physical activity 7391 3581 (15.8) 3810 (15.9)

Symptoms at rest or minimal activity 537 260 (1.1) 277 (1.2)

Smoking status <0.001

Nonsmoker 19 132 9159 (40.8) 9973 (38.8)

Current smoker 6169 2908 (12.9) 3261 (12.7)

Ex- smoker 22 854 10 406 (46.3) 12 448 (48.5)

Comorbidities

Prior PCI 14 003 6509 (24.4) 7494 (25.9) <0.001

Prior MI 16 514 7755 (31.1) 8759 (33.0) <0.001

Diabetes 10 565 4771 (18.1) 5794 (19.4) <0.001

Hypertension 29 791 13 518 (53.1) 16 273 (57.1) <0.001

Hypercholesterolemia 34 721 15 693 (61.7) 19 028 (66.8) <0.001

Family history of heart disease 23 660 10 970 (49.5) 12 690 (49.9) 0.35

Renal disease 1007 461 (1.9) 546 (1.9) 0.63

Peripheral vascular disease 2351 1108 (4.4) 1243 (4.4) 0.96

Prior cerebrovascular accident 1555 659 (2.6) 896 (3.1) <0.001

Procedural details

Femoral 45 638 24 030 (82.2) 21 608 (73.7) <0.001

Radial 12 222 4904 (16.8) 7318 (25.0) <0.001

Glycoprotein IIb/IIIa inhibitor 10 256 5689 (21.2) 4567 (16.4) <0.001

Warfarin 578 289 (1.2) 289 (1.2) 0.95

 (Continued)
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The integration of the results of RCTs into clinical 
practice is important. Still, it remains suboptimal be-
cause of the highly selected nature of the trial pop-
ulation, strict inclusion/exclusion criteria, and use of 
surrogate or diverse composite end points that may not 
be relevant to clinical practice.16,24 By contrast, obser-
vational registry data often provide important insights 
into real- world implications of randomized controlled 

trials, clinical practice changes, and physician behav-
ior. There are a dynamic range of factors that can de-
termine how the results of RCTs influence subsequent 
clinical practice. Previous studies evaluating how clin-
ical practice responds to changes in guidelines and 
trial data have found significant variations, such as use 
of thrombus aspiration devices during primary PCI, 
intra- aortic balloon pump in patients with myocardial 

Variable Total
Pre- COURAGE trial (March 
2006– March 2007)

Post- COURAGE trial (April 
2007– April 2008) P value

IVUS 1394 527 (2.1) 867 (3.5) <0.001

Pressure wire 2495 992 (4.0) 1503 (6.1) <0.001

OCT 775 379 (1.5) 396 (1.6) 0.39

No. of drug- eluting stents <0.001

0 19 825 8784 (31.7) 11 041 (38.0)

1 19 656 10 043 (36.2) 9613 (33.1)

2 10 662 5429 (19.6) 5233 (18.0)

≥3 6630 3452 (12.5) 3178 (10.9)

No. of lesions treated <0.001

1 37 633 17 356 (60.7) 20 277 (64.9)

2 15 418 7636 (26.7) 7782 (24.9)

≥3 6827 3624 (12.7) 3203 (10.2)

No. of stents used <0.001

0 4233 1825 (6.2) 2408 (8.0)

1 29 278 14 242 (48.6) 15 036 (49.9)

2 15 577 7806 (26.6) 7771 (25.8)

≥3 10 346 5424 (18.5) 4922 (16.3)

No. of vessels treated <0.001

1 46 690 22 311 (74.3) 24 379 (77.8)

2 12 529 6530 (21.7) 5999 (19.1)

≥3 2159 1196 (4.0) 963 (3.1)

Target vessel for PCI

Graft* 2139 965 (3.5) 1174 (3.9) 0.002

LMS* 1631 781 (2.8) 850 (2.8) 0.72

LAD* 28 507 13 960 (50.0) 14 547 (48.8) 0.002

LCX* 15 659 7784 (27.9) 7875 (26.4) <0.001

RCA* 22 031 10 864 (38.9) 11 167 (37.4) <0.001

Multiple vessels* 14 263 7319 (26.2) 6944 (23.3) <0.001

Chronic total occlusion 6916 3258 (13.4) 3658 (13.1) 0.42

Stent length, mm 43 167 23.0±12.2 23.2±12.7 0.024

Stent diameter, mm 41 779 3.2±0.5 3.2±0.5 <0.001

Outcomes

In- hospital MACCE 1070 559 (1.8) 511 (1.6) 0.04

In- hospital mortality 71 36 (0.1) 35 (0.1) 0.79

Bleeding complications 263 140 (0.5) 123 (0.4) 0.18

Data are given as mean±SD or number (percentage). BAME indicates Black, Asian and Minority Ethnic; BMI, body mass index; CCS, Canadian Cardiovascular 
Society; COURAGE, Clinical Outcomes Utilizing Revascularization and Aggressive Drug Evaluation; IVUS, intravascular ultrasound; LAD, left anterior descending; 
LCX, left circumflex artery; LMS, left main stem; MACCE, major adverse cardiac and cerebrovascular event; MI, myocardial infarction; NYHA, New York Heart 
Association; OCT, optical coherence tomography; PCI, percutaneous coronary intervention; and RCA, right coronary artery.

*Not mutually exclusive, cumulative total percentage may be >100%.

Table 2. (Continued)
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infarction, and other interventional therapies.25– 27 In the 
present study, we leveraged data from a national PCI 
registry of a universal health care system to study tem-
poral changes in clinical practice and found no mean-
ingful impact of randomized controlled trials, such as 
COURAGE and ORBITA trials, on elective PCI practice 
in the United Kingdom.

Several studies have evaluated the trends in the 
total PCI volume, reporting significant variations in PCI 
rates over the past decade,28– 32 although they have not 
studied these changes in relation to publication of land-
mark trials. An analysis of 26 388 patients undergoing 
PCI from the Northern New England Cardiovascular 
Disease PCI registry found that elective PCI rates 
for stable angina declined from 20.9% to 16.1% be-
tween 2006 and 2009.32 Kataruka et al analyzed all 
PCI procedures performed in nonfederal hospitals in 
Washington State between 2005 and 2017, showing 
an overall increase of 20.0%, with a 30.3% increase 
in elective PCI.33 More recently, a binational compara-
tive analysis from Japan and the United States showed 
similar variations in PCI practice, where increased non-
elective PCI procedures mainly drove an increase in 
PCI volume in the United States.31 In contrast, higher 

rates of PCI volume in Japan were primarily driven by 
increased elective PCI. The present study from a na-
tional unified health care system demonstrates an over-
all stable trend in elective PCI volume and an increased 
PCI volume for nonelective indications. Interestingly, 
the temporal trends of elective PCI remained stable 
both in terms of absolute numbers and the number of 
PCI procedures per 100 000 population.

The role of PCI in the treatment of stable angina 
above and beyond optimal medical therapy is con-
tentious, with data from contemporary studies failing 
to demonstrate any mortality advantage,11,13,14 despite 
a subgroup analysis of the COURAGE trial showing 
that the addition of PCI to optimal medical therapy 
is associated with a significant reduction in ischemia 
burden.34 Consequently, current guidelines and ex-
pert consensus advocate offering PCI only to patients 
who continue to experience angina despite optimal 
medical therapy.35,36 Counterintuitively, we observed 
a significant increase in the proportion of patients 
undergoing PCI without angina symptoms in the 
present analysis. Furthermore, almost two- thirds of 
patients had no objective evidence of ischemia. Data 
from 500 154 PCI procedures from NCDR (National 

Figure 2. Temporal trends in percutaneous coronary intervention volume for stable angina in ORBITA (Objective 
Randomized Blinded Investigation With Optimal Medical Therapy of Angioplasty in Stable Angina) trial vs non- ORBITA trial 
centers in England and Wales. 
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Cardiovascular Data Registry) between 2009 and 
2010 showed that nearly 12% of procedures were 
inappropriate.37 Patient preference for PCI over con-
tinued medical therapy and a lack of clear consen-
sus among operators about appropriate use of PCI 
for treatment of stable angina may be responsible for 
these observations.38,39

Our analysis has certain limitations. First, the BCIS 
registry does not capture pharmacological treatment 
of stable angina in the form of antianginal medica-
tions. Therefore, we were not able to assess whether 
patients were on optimal medical therapy before un-
dergoing PCI. The BCIS registry database also lacks 
specific information about the noninvasive assessment 
of patients before PCI. Also, we did not have informa-
tion about the improvement in symptoms or functional 
status after procedure, which would have allowed a 
more accurate assessment of translation of ORBITA 
trial results in clinical practice.

CONCLUSIONS
In this large national registry capturing almost all PCIs 
performed in England and Wales over 14 years, an 
increase in overall PCI volume was accompanied by 
stable trends in elective PCI rates. We were unable 
to detect any significant impact of the COURAGE or 
ORBITA trial on elective PCI activity nationally or even 
within the trial participating centers of the ORBITA trial. 

However, despite increasing case complexity, there 
was commensurate growth in PCI practice in low- risk 
cohort without angina symptoms, exertional dyspnea, 
or evidence of ischemia on ECG.
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Figure S1. Study Cohort Selection  

 

 
Total number of records in BCIS from 1st 

January 2006 to 31st March 2020 inclusive. 

n = 1,245,802 

Total number of stable angina patients from 1st 
January 2006 to 31st December 2019 inclusive. 

n=430,248 

Records excluded from analysis 

• Age information missing (n=518) 
• Death outcome data missing 

(n=48,960) 
• Sex information missing (n=2,820) 
• Indication data missing (n=104) 
• Indication NSTEMI, STEMI, or stent 

thrombosis (n=755,845) 
• Urgency recorded as urgent or 

emergency (n=7,307) 
 



Figure S2. Temporal Trends on PCI volume for stable angina in England Wales between 1st Janaury 2006 to 31st December 2019 
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