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Abstract

Background The prospective, multicentre EURECA registry assessed the use of imaging and adoption of the European Society of 
Cardiology (ESC) Guidelines (GL) in patients with chronic coronary syndromes (CCS).

Methods Between May 2019 and March 2020, 5156 patients were recruited in 73 centres from 24 ESC member countries. The adop
tion of GL recommendations was evaluated according to clinical presentation and pre-test probability (PTP) of obstructive 
coronary artery disease (CAD).

* Corresponding authors. Tel: +39 0503152019, Fax: +39 0503152166, Cell: +39 3355857594, Email: dneglia@ftgm.it; Tel: +34 934651200, Email: videlga@gmail.com
† Danilo Neglia and Riccardo Liga are joint first co-authors.
‡ The EURECA Investigators are listed in the Appendix.
© The Author(s) 2022. Published by Oxford University Press on behalf of the European Society of Cardiology. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/article/44/2/142/6855562 by guest on 30 January 2023

https://orcid.org/0000-0003-0016-9538
https://orcid.org/0000-0002-9964-5604
https://orcid.org/0000-0003-3378-1723
https://orcid.org/0000-0001-6863-9546
https://orcid.org/0000-0002-1339-6679
https://orcid.org/0000-0002-3314-9712
https://orcid.org/0000-0001-7133-4401
https://orcid.org/0000-0003-1642-4521
https://orcid.org/0000-0002-4285-9468
https://orcid.org/0000-0002-0963-4793
https://orcid.org/0000-0003-4079-8478
https://orcid.org/0000-0003-2488-0893
https://orcid.org/0000-0002-2764-2869
https://orcid.org/0000-0001-9481-9639
https://orcid.org/0000-0003-3737-8595
https://orcid.org/0000-0002-4271-3741
https://orcid.org/0000-0001-7760-9648
https://orcid.org/0000-0001-5051-8164
https://orcid.org/0000-0003-3829-9426
https://orcid.org/0000-0003-3156-9593
https://orcid.org/0000-0002-3800-765X
https://orcid.org/0000-0001-9419-8019
https://orcid.org/0000-0003-4622-5160
https://orcid.org/0000-0001-7598-8234
https://orcid.org/0000-0001-6122-8533
https://orcid.org/0000-0002-9841-2737
https://doi.org/10.1093/eurheartj/ehac630
mailto:dneglia@ftgm.it
mailto:videlga@gmail.com
https://doi.org/10.1093/eurheartj/ehac640


Use of cardiac imaging in chronic coronary syndromes                                                                                                                                     143

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Results The mean age of the population was 64 ± 11 years, 60% of patients were males, 42% had PTP >15%, 27% had previous CAD, 
and ejection fraction was <50% in 5%. Exercise ECG was performed in 32% of patients, stress imaging as the first choice in 40%, 
and computed tomography coronary angiography (CTCA) in 22%. Invasive coronary angiography (ICA) was the first or down
stream test in 17% and 11%, respectively. Obstructive CAD was documented in 24% of patients, inducible ischaemia in 19%, 
and 13% of patients underwent revascularization. In 44% of patients, the overall diagnostic process did not adopt the GL. In 
these patients, referral to stress imaging (21% vs. 58%; P < 0.001) or CTCA (17% vs. 30%; P < 0.001) was less frequent, while 
exercise ECG (43% vs. 22%; P < 0.001) and ICA (48% vs. 15%; P < 0.001) were more frequently performed. The adoption of 
GL was associated with fewer ICA, higher proportion of diagnosis of obstructive CAD (60% vs. 39%, P < 0.001) and revascu
larization (54% vs. 37%, P < 0.001), higher quality of life, fewer additional testing, and longer times to late revascularization.

Conclusions In patients with CCS, current clinical practice does not adopt GL recommendations on the use of diagnostic tests in a sig
nificant proportion of patients. When the diagnostic approach adopts GL recommendations, invasive procedures are less 
frequently used and the diagnostic yield and therapeutic utility are superior.

Structured Graphical Abstract

The EURECA registry assessed the rate of adoption of the 2019 European Society of Cardiology (ESC) Guideline (GL) recommendations 
for the use of non-invasive and invasive imaging tests in a contemporary large population of 5,156 patients with known or suspected 

A lower proportion of invasive coronary angiographies (ICA) (15% vs 48%) and of revascularizations (8% vs 19%) were performed in the 
56% of patients in whom GL recommendations were adopted as compared to the remaining 44%. In patients managed according to GL, 
ICA more frequently documented obstructive coronary artery disease (CAD) (60% vs 39%) leading to revascularization (54% vs 37%).

is relatively low. The use of imaging tests following the 2019 ESC GL recommendations results in a reduction of invasive procedures,
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In the whole population of patients with chronic coronary syndromes (CCS) enrolled in the EURECA registry, 56% of patients were managed ac
cording to the 2019 European Society of Cardiology (ESC) Guidelines (GL) for the overall diagnostic process. The adoption of GL recommendations 
led to a lower proportion of invasive coronary angiograms (15% vs. 48%) and coronary revascularizations (8% vs. 19%). However, when invasive 
angiograms were performed adopting GL recommendations, 60% showed obstructive coronary artery disease (CAD) (>70% stenosis) and 54% led 
to revascularization as compared with 39% and 37%, respectively, when the diagnostic process did not adopt the GL recommendations.
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Introduction
In the last decades, the prevalence and associated mortality of cardio
vascular disease have been globally declining in Europe, but this trend 
is not homogeneous in all countries1 possibly mirroring the regional 
variability in risk factors and health expenditures.2 Ischaemic heart dis
ease still represents a major cause of death in European countries1 and 
a relevant determinant of healthcare costs. In patients with chronic cor
onary syndromes (CCS), the increasing and variable use of cardiovascu
lar imaging and of invasive procedures in the European Society of 
Cardiology (ESC) member countries3,4 has underlined the need for 
standardization5,6 and has raised concerns on potential inequalities in 
availability and accessibility of resources across countries.7

The 2019 ESC guidelines (GL) for the management of CCS8,9 pro
vided a scientifically updated framework for a more uniform, appropri
ate and effective utilization of imaging in the diagnostic process of 
coronary artery disease (CAD). In particular, due to the decreased 
prevalence of obstructive CAD and significant myocardial ischae
mia,9–11 the GL used updated models for the estimation of the pre-test 
probability (PTP) of obstructive CAD12,13 to guide the use of cardiac 
imaging and more specifically to identify high-risk patients that would 
deserve invasive management strategies. Specific indications for non- 
invasive and/or invasive imaging have been identified for different clinical 
scenarios, particularly relevant in symptomatic patients with or without 
left ventricular dysfunction or previous CAD. Based on the best pos
sible evidence,14–16 GL recommendations are aimed at reducing the in
appropriate use of technologies and potential risks for patients while 
improving outcomes. One of the key factors conditioning effectiveness 
of GL is the degree of their adoption in routine clinical practice, which in 
turn is influenced by the variability of healthcare systems in different 
countries, costs, test availability, local expertise, and preferences.

The EURECA registry was designed as a prospective international 
multicentre registry to assess the adoption of the 2019 ESC GL recom
mendations for the use of non-invasive and invasive imaging tests in a 
contemporary large population of patients with CCS enrolled in ESC 
member or affiliated countries.

Materials and methods
Data collection
Symptomatic patients with known (history of previous CAD) or sus
pected CCS, referred to cardiology outpatient clinics or other labora
tories for diagnostic evaluation, were enrolled consecutively between 
May 2019 and March 2020 in 73 centres from 24 ESC member or af
filiated countries. Participating countries were grouped in five 
European and non-European regions as follows: (i) Northern Europe 
—Finland, Lithuania, Norway, Sweden; (ii) Western Europe—Austria, 
Belgium, France, Netherlands, Switzerland; (iii) Eastern Europe— 
Belarus, Hungary, Poland, Romania, Russian Federation; (iv) Southern 
Europe—Greece, Italy, Portugal, Serbia, Slovenia, Spain, Turkey; and 
(v) non-European—Brazil, Egypt, Singapore.

The inclusion criteria, aiming at enrolling only patients with CCS 
avoiding those with unstable conditions, were the presence of stable 
chest pain (typical, atypical, or non-anginal), dyspnoea or fatigue on ex
ertion, with suspected or known CAD, requiring further evaluation.

The main exclusion criteria were: (i) recent (<6 months) hospitaliza
tion for CAD or heart failure with or without coronary revasculariza
tion; (ii) chest pain in the context of an acute coronary syndrome; (iii) 
severe symptoms such as unstable angina and typical angina at a very 

low level of exercise (or equivalents); (iv) other severe cardiac condi
tions [significant (moderate and severe) valvular heart disease, sustained 
ventricular arrhythmias, sick sinus syndrome or high degree atrioven
tricular block, complex congenital heart disease, acute heart failure]; 
(v) significant comorbidities limiting survival (cancer, chronic debilitating 
conditions); (vi) inability to provide informed consent; and (vii) being 
enrolled or planned to be enrolled in a pharmacological interventional 
clinical trial. The study was performed according to the European 
Union Note for Guidance on Good Clinical Practice CPMP/ECH/ 
135/95 and the Declaration of Helsinki. Local and/or national Ethics 
Committees or Institutional Review Boards approved the registry 
protocol according to local regulations. All patients signed a written in
formed consent to participate in the registry in conjunction with local 
investigators. A central registry-specific database was created by col
lecting pseudonymized data at the European Heart House in France.

Standard management of patients was performed as per routine clin
ical practice, including drug prescriptions and indications to perform 
diagnostic/therapeutic procedures.

Clinical data and quality of life (QoL) information (EQ-5D-5L ques
tionnaire) were collected in all patients. The Visual Analog Scale (VAS) 
self-reported score and the Index Score (using cTTO model) were 
used as synthetic QoL variables. A pre-test probability of obstructive 
CAD was estimated for each patient based on age, sex, and type of 
symptoms according to the updated predictive model included in the 
2019 ESC GL.9,13

Baseline clinical data, QoL information, diagnostic procedures, test 
results, final diagnosis reached after all tests, and early clinical manage
ment decisions (including revascularization procedures and change in 
medical treatment) were collected and registered in the 6 months after 
enrolment. After the completion of the diagnostic work-up and of early 
clinical management, 6-month follow-up data were obtained for each 
participant by outpatient visit or telephone interview, including QoL in
formation, symptoms, additional tests performed, and clinical events.

Imaging protocols
Standard acquisition and interpretation protocols, shared among all 
centres before the initiation of the registry, were used for each diagnos
tic test. The definition of high-risk positive results for each stress im
aging test and computed tomography coronary angiography (CTCA) 
are detailed in Supplementary material online, Figure S1.9,17

Study endpoint
The primary endpoint was the adoption of the 2019 ESC GL recom
mendations in the use of non-invasive and invasive imaging strategies 
for the management of patients with known or suspected CCS.9 The 
criteria used to define adoption are graphically summarized in 
Figure 1. Based on the estimated PTP of obstructive CAD, the ab
sence/presence of known CAD and of left ventricular ejection fraction 
(LVEF) < 50% six scenarios were identified and for each scenario, adop
tion was defined for the choice of the first non-invasive or invasive im
aging test (endpoint a) and for the overall diagnostic process (endpoint 
b), including both the result of the first imaging test and the use of add
itional testing. The adoption of GL recommendations to diagnose CAD 
was defined in each clinical scenario as follows: 

• Scenario 1: No test performed in patients with suspected CAD and 
PTP ≤5%;

• Scenario 2: In patients with suspected CAD and 5%<PTP ≤ 15%, 
non-invasive imaging test (CTCA or stress imaging) performed as 
first test and, if the results of the first test were inconclusive or non- 
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high risk, a second non-invasive imaging test performed leading to 
no further test (in case of negative, inconclusive or non-high risk re
sults of the second test) or to invasive coronary angiography (ICA) 
(in case of positive high risk results of the second test);

• Scenario 3: In patients with suspected CAD and PTP >15%, non- 
invasive imaging test (CTCA or stress imaging) performed as first 
test and, if the results of the first test were inconclusive or non-high 
risk, a second non-invasive imaging test performed leading to no fur
ther test (in case of negative, inconclusive or non-high risk results of 
the second test) or to ICA (in case of positive high risk results of the 
second test);

• Scenario 4: In patients with suspected CAD and LVEF <50%, ICA 
performed as first test;

• Scenario 5: In patients with known CAD and LVEF >50%, non- 
invasive stress imaging performed as first test, followed by ICA in 
case of positive high risk results;

• Scenario 6: In patients with known CAD and LVEF <50%, ICA per
formed as first test.

Furthermore, in patients with suspected CAD and PTP ≤5% or with 
5%<PTP ≤ 15%, exercise ECG results (when performed) were also 
considered as potential modifiers of the clinical likelihood; therefore, 
the adoption of GL recommendations also included performing non- 
invasive imaging tests in those patients with PTP ≤5% and a positive ex
ercise ECG as well as not performing any other test in those patients 
with 5%<PTP ≤ 15% and a negative exercise ECG.

Statistical analyses
Continuous variables were reported as mean ± standard deviation or 
as median and interquartile range (IQR). Among-group comparisons 
were performed using a non-parametric test (Kruskal–Wallis test). 
Categorical variables were reported as counts and percentages. 
Among-group comparisons were performed using a χ2 test or the 
Fisher’s exact test (if any expected cell count was less than five). For 
qualitative variables, with more than two possibilities, the Monte 
Carlo estimates of the exact P-values were used.

A backward multiple logistic regression analysis was used to deter
mine the factors associated with the adoption of ESC GL recommen
dations, including in the models all relevant variables with P <0.05 in 
univariable analysis. Logistic regression analysis for ‘endpoint a’ in
cluded variables related with characteristics of the enrolling centres, 
demographic and clinical characteristics of the patients, including per
formance of exercise ECG, as possible determinants in the choice of 
the first imaging test. Logistic regression analysis for ‘endpoint b’ also 
included variables indicating the use of non-invasive imaging and inva
sive imaging tests (independently whether as first test and independ
ently of test results) in the overall diagnostic process. Specifically, 
different stress imaging modalities were aggregated into a variable de
fined as ‘integrated stress imaging’. Sensitivity analyses in patients 
without previous CAD and in patients who completed the overall 
baseline management (up to final diagnosis and early treatment) be
fore or after the COVID-19 pandemic outbreak in February 2020 
were performed by the same statistical means. A significance level 

Figure 1 Definition of adoption of 2019 ESC GL recommendations for the use of imaging in patients without known CAD (upper panel) or with 
known CAD (lower panel). Criteria to define adoption of GL recommendations in the choice of the first non-invasive or invasive imaging test are iden
tified in the flowchart by red lines. Additional criteria to define the adoption of GL recommendations in the choice of further imaging tests are identified 
in the flowchart by blue lines. In patients without known CAD and PTP ≤5% or 5%<PTP ≤ 15%, exercise ECG (when performed) was considered as 
potential modifier of clinical likelihood (dotted lines). Details on the criteria used in each scenario are fully reported in the methods section. CTCA, 
computed tomography coronary angiography; FFR, fractional flow reserve; ICA, invasive coronary angiography; PTP, pre-test probability of obstructive 
CAD.
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of 0.05 was required for a variable to stay in the model. No interaction 
was tested. A Hosmer and Lemeshow goodness-of-fit test was used 
to verify that the model was optimal. A two-sided P-value <0.05 
was considered statistically significant. All analyses were performed 
using SAS statistical software version 9.4 (SAS Institute, Inc., Cary, 
NC, USA).

Results
Study population
A total of 5156 patients were enrolled in 73 centres from 24 countries. 
The geographical distribution of the EURECA population and of the re
cruiting centres are summarized in Figure 2. Overall, 74% of patients 
were enrolled at university centres and 72% in cardiology or cardiovas
cular departments. The availability of exercise ECG was reported in 
99% of centres, of at least one or two non-invasive stress imaging mo
dalities in 100% and 81%, respectively, of CTCA in 93%, of ICA in 94%, 
and of invasive measurement of fractional flow reserve/instantaneous 
wave-free ratio (FFR/iFR) in 85%.

The mean age of the population was 64 ± 11 years and 60% of pa
tients were men. Typical angina was reported by 26% of patients, atyp
ical angina (or chest pain equivalents) by 56%, and non-anginal chest 
pain by 18%. Only 5% of patients had a PTP of obstructive CAD 
≤5%, while 42% had a PTP >15%. Previous CAD was known in 27%, 
of which 87% had been revascularized. LVEF was <50% in 5% of pa
tients (2% without and 3% with known CAD). The baseline character
istics of the entire population and of patient subgroups, based on the 
absence or presence of previous CAD, values of PTP and of LVEF, 
are summarized in Table 1. In the overall population, hypertension 
(69%) and dyslipidaemia (64%) were the most prevalent risk factors. 
The prevalence of major risk factors progressively increased according 

to PTP values and was highest among patients with LVEF <50% and/or 
with previous CAD.

Final clinical diagnosis and early 
management
Investigators reported the presence of obstructive CAD as the final 
diagnosis in 24% of patients and of inducible ischaemia in 19% of pa
tients. The relative prevalence of obstructive, non-obstructive CAD, 
inducible ischaemia, and the early management decisions in the over
all population and across subgroups are depicted in Figure 3. The final 
diagnosis of obstructive CAD and of inducible ischaemia, posed after 
all tests, was in line with the predicted prevalence based on increasing 
PTP values, LVEF, and previous CAD. On the other hand, non- 
obstructive CAD was diagnosed in 38% of the entire population, 
without differences across subgroups. Early management included 
coronary revascularization in 13% of patients (percutaneous coron
ary intervention in 11% and coronary artery bypass grafting in 2%) 
and a change in medical treatment (with or without the addition of 
new drugs) in 38% of patients. Either revascularization procedures 
or a change in medical treatment were progressively more frequent 
across subgroups as the prevalence of obstructive CAD and 
ischaemia.

Use of imaging tests in subgroups and test 
results
The use and results of exercise ECG, CTCA, stress imaging, and ICA 
performed in the overall population and in different patient subgroups 
are reported in Table 2. Exercise ECG was performed in 32% of pa
tients, with the highest use in patients with PTP ≤5% (50%), progres
sively decreasing in groups with higher PTP, LVEF <50%, and/or 

Figure 2 Countries participating in the EURECA registry are indicated on the world map and coloured according to the attributed geographical re
gion. EU, European ESC member/affiliated countries; non-EU, non-European ESC member/affiliated countries (Brazil, Singapore) and North Africa 
(Egypt). The percentage distribution of enrolling centres and of enrolled patients per geographical region is reported. Southern Europe includes 
59% of centres and 63% of the whole population. Eastern/Northern/Western Europe together account for 36% of centres and 27% of the whole popu
lation, while non-European regions account for 5% of centres and 10% of the population.
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previous CAD. In 20% of patients, no imaging test (either non-invasive 
or invasive) was performed, with a similar trend across subgroups 
(Figure 4). Among non-invasive imaging tests, CTCA was performed 
in 24% of patients, more frequently in patients with normal left ven
tricular function and without previous CAD, independently of PTP es
timation. Stress imaging was performed in 41% of patients, mainly by 
SPECT or echocardiography (23% and 16%) and its use increased pro
gressively from lower PTP to higher PTP groups, LVEF <50% and/or 
previous CAD. Non-invasive imaging modalities were rarely used as 
additional tests after another imaging exam. ICA was performed in 
29% of patients and in a substantial proportion (17%) as the first im
aging test. It was used in all subgroups and its use increased progressive
ly from lower PTP to higher PTP, LVEF <50%, and/or previous CAD 
(Figure 4). FFR or iFR measurements during ICA were done in a minor
ity of cases (7% of patients).

The proportion of patients with high-risk results, documented by 
each single non-invasive stress imaging modality, ranged between 
0.1% and 6% of the population. It was 9% by all stress imaging mo
dalities combined and 3% by CTCA. The proportion of patients 
with obstructive CAD (>70% stenosis) at ICA was 13% of the 
population and the proportion of patients with abnormal FFR/iFR 
was 0.6%. The prevalence of positive high-risk results of non- 
invasive imaging tests and of obstructive CAD at ICA differed 
across different subgroups generally increasing from patients with 
lower to those with higher PTP, LVEF <50%, or previous CAD 
(Table 2). The number of patients undergoing exercise ECG, 
non-invasive imaging tests and ICA, together with the number of 
non-invasive exams with abnormal or high-risk results and of ICA 
showing obstructive CAD (>70% stenosis), are shown in Figure 5. 
The choice of further testing after the results of the first test in 
the different patient subgroups is summarized in Supplementary 
material online, Figures S2 and S3.

Adoption of ESC guideline 
recommendations and effects on initial 
patient management
The adoption of ESC GL recommendations could not be defined in 
150/5156 patients for ‘endpoint a’ (3%) and in 161/5156 patients for 
‘endpoint b’ (3%) mainly due to scheduled tests not performed for un
specified reasons. The diagnostic process adopted the ESC GL recom
mendations in the choice of the first imaging test in 3144 patients (63%) 
and for the overall diagnostic process in 2783 patients (56%). The pro
portion of patients managed according to the GL recommendations in 
the different patient subgroups tended to decrease along with increas
ing PTP of obstructive CAD or known CAD, with the exception of pa
tients with PTP ≤5% in whom the adoption of GL recommendations 
was lower than the average (see Supplementary material online, 
Figure S4). The univariable and multivariable analyses for predictors of 
adoption of GL recommendations for the overall diagnostic process 
(endpoint b) are reported in Table 3. At univariable analysis, patients 
managed according to the GL recommendations (vs. non-adoption of 
GL recommendations) were less frequently enrolled in cardiology/car
diovascular departments and university centres, were younger and 
more frequently females, had a lower cardiovascular risk profile, a low
er prevalence of typical angina, a lower rate of known CAD (previous 
myocardial infarction and/or coronary revascularization), and under
went less frequently exercise ECG. Patients managed according to 
the GL recommendations (vs. non-adoption of GL recommendations) 
were more frequently referred to stress imaging (58% vs. 21%; P < 
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0.001) or CTCA (30% vs. 17%; P < 0.001), and less frequently to ICA 

(15% vs. 48%; P < 0.001). At multivariable analysis, male sex, older 

age, family history of CAD, dyslipidemia, previous coronary revascular

ization, performing exercise ECG, and referral to ICA were associated 

with a lower likelihood of adoption of GL recommendations, while re
ferral to stress imaging and CTCA were independently associated with 
a higher likelihood of adoption of GL recommendations (Table 3).

In patients managed according to the GL recommendations (vs. non- 
adoption of GL recommendations), invasive diagnostic and therapeutic 
procedures were less frequently performed (ICA 15% vs. 48% and cor
onary revascularizations 8% vs. 19%, P < 0.001). However, the diagnos
tic yield of ICA was higher, and a higher proportion of ICA led to 
coronary revascularization. For every 100 ICA performed according 
to the GL recommendations, obstructive CAD (>70% stenosis) was 
documented in 60% and revascularization performed in 54% as com
pared with 39% and 37%, when ICA was performed not adopting to 
GL recommendations (P < 0.001) (Structured Graphical Abstract). On 
the other hand, adoption of GL recommendations was associated 
with a less frequent change in medical treatments and/or addition of 
new drugs (30% vs. 45%, P < 0.001).

The univariable and multivariable analysis for predictors of adoption 
of GL recommendations in the choice of the first test (endpoint a) are 
reported in Supplementary material online, Table S1 showing similar re
sults as for the overall diagnostic process.

The results of sensitivity analysis in patients without previous CAD 
(Supplementary material online, Table S2) showed fewer independent 
clinical determinants of non-adoption (male sex, dyslipidemia), the 
same imaging determinants of adoption (stress imaging and CTCA) 
and of non-adoption (referral to ICA) as compared with the analysis 
in the whole population. Performing exercise ECG was still associated 

with non-adoption of GL recommendations at univariable analysis but 
was no more an independent determinant at multivariable analysis.

In patients who completed the whole baseline management after the 
COVID-19 pandemic outbreak (22%), exercise ECG was performed in 
the same proportion as in patients managed before the outbreak (32% 
vs. 32%, ns) with less frequent positive results (15% vs. 25%, P < 0.001), 
stress imaging and CTCA were performed less frequently (38% vs. 42%, 
P = 0.02 and 14% vs. 27%, P < 0.001) with less frequent positive CTCA 
results (2% vs. 4%, P < 0.01). On the other hand, ICA was used more 
frequently as first test (20% vs. 17%, P = 0.01) with non-significantly 
lower positive high risk results (12% vs. 14%, P > 0.05) 
(Supplementary material online, Table S3). The results of the sensitivity 
analyses performed in patients managed after the outbreak showed 
that male sex, previous revascularization, and referral to ICA remained 
independently associated with a lower likelihood of adoption of GL re
commendations while referral to stress imaging and CTCA remained 
independently associated with a higher likelihood of adoption of GL re
commendations. On the other hand, typical angina and hypertension 
were additional determinants of non-adoption of GL recommenda
tions while performing exercise ECG was no more an independent de
terminant of non-adoption of GL recommendations. Sensitivity 
analyses in patients managed before and after the COVID-19 pandem
ic outbreak are reported in Supplementary material online, Tables S4 
and S5.

Adoption of ESC guideline 
recommendations and follow-up
Patients were followed for a median of 172 days (interquartile range 
74 days). Of the 4995 patients in whom adoption or non-adoption of 
GL recommendations for the overall diagnostic process could be 

Figure 3 The final diagnosis of obstructive/non-obstructive/absent CAD (Panel A), of inducible ischaemia (Panel B), as well as the early decision of 
revascularization (Panel C) and/or change in medical treatment (Panel D) are summarized as a percentage of patients of the whole population and 
of subgroups with or without known CAD, further defined by increasing PTP values and LVEF.
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defined, 4262 (85%) completed the follow-up. Major adverse cardio
vascular events (MACE), including cardiac death or non-fatal myo
cardial infarction or coronary revascularization or hospitalization 
for other cardiac reasons (unstable or recurrent angina or heart fail
ure), occurred in 111 patients (2.6%) without significant differences 
between those managed according to the GL recommendations and 
those that were not (2% vs. 3%, ns). There was also no significant dif
ference in the incidence of the single components of MACE. Time to 
MACE was longer in patients managed according to the GL recom
mendations (106 days vs. 86 days, P = 0.036) mainly due to longer 
time to late revascularization (104 days vs. 66 days, P = 0.028) 
(Table 4a). Among QoL parameters, patients managed according 
to the GL recommendations showed a higher self-reported 
VAS score at baseline and even higher at follow-up (74 ± 20 vs. 
72 ± 21, P = 0.003). Additional imaging tests were performed less 
frequently at follow-up in patients managed according to the GL re
commendations as compared with their counterparts (5% vs. 7%, 
P = 0.031) (Table 4b).

Discussion
The present study shows that in a large population of patients enrolled in 
24 European and non-European countries the 2019 ESC GL recommen
dations on the use of cardiac imaging tests for the diagnosis of CCS are 

frequently not adopted. The majority of the EURECA population con
sisted of patients without known CAD history and with an intermediate 
PTP (>5%) of obstructive CAD (66% of the whole population). Among 
these patients, those with a higher clinical likelihood of obstructive CAD 
(i.e. based on cardiovascular risk factors, typical angina, male sex, positive 
exercise ECG) were frequently directly referred to ICA without a previ
ous imaging test, while a number of patients with a high PTP did not 
undergo any imaging test after a negative exercise ECG. On the other 
hand, 2019 ESC GL recommendations on the use of non-invasive im
aging were frequently not adopted in patients with low PTP and a 
negative exercise ECG, for whom there is no indication for non- 
invasive imaging tests, and in patients with reduced LVEF, in whom 
ICA is indicated (Figure 4). Overall, referring patients to exercise 
ECG and ICA as first test were the main drivers of non-adoption 
of GL recommendations. Importantly, the adoption of GL recom
mendations was associated with a lower referral to ICA and a higher 
diagnostic yield of ICA and a higher percentage of ICA leading to re
vascularization procedures.

EURECA is the first registry on the use of cardiovascular imaging in 
CAD including different geographical regions in Europe and some 
non-EU countries with consistently different prevalence and risk 
for CAD,2 as well as different health systems, and use of imaging mo
dalities. Moreover, the registry started shortly after the release of 
2019 GL9 and this allowed the evaluation of the existing gap between 

Figure 5 The number of patients undergoing exercise ECG, non-invasive imaging or invasive exams is reported in the bar graph. Red bars indicate the 
number of patients with an abnormal test (for exercise ECG and for FFR/iFR), high risk test results (for non-invasive imaging modalities) or obstructive 
CAD (>70% stenosis) (for ICA). See Supplementary material online, Figure S1 for definitions. Others, PET or CT perfusion studies.

Figure 4 The percentages of patients who did not perform any imaging test (exercise ECG only) and of patients who underwent invasive coronary 
angiography (ICA), a stress imaging modality or computed tomography coronary angiography (CTCA) as a first test in the whole population and for 
each subgroup is represented. See text for description.
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current clinical practice and GL recommendations as well as the po
tential impact of clinical paths coherent with the new GL on patient 
management.

Population characteristics 
and management
The population characteristics (demographics, risk factors, ongoing treat
ment) mainly resembled those of most recent clinical imaging trials in 
CAD. Nevertheless, only 5% of patients without previous CAD and 
with normal LVEF had a PTP ≤5%, a relatively lower figure than that re
ported in the meta-analysis on which the current GL recommendations 
are based.13 The higher proportion of academic tertiary centers participat
ing in the EURECA registry, to which subjects at relatively higher risk are 
preferentially referred, possibly explain the composition of our population. 

The clinical diagnosis of obstructive CAD and of inducible ischaemia were 
posed in 24% and 19% of the overall population, which compares well 
with the low prevalence reported in other imaging trials.10,15,18–20 The 
prevalence of obstructive CAD (coronary stenosis >70% in at least 
one epicardial vessel) documented on ICA and high-risk ischaemia 
was even lower, in the range of 13% and 9%, respectively. 
Interestingly, these results indirectly confirm, in a multiethnic and het
erogeneous population, the downgrading of PTP estimation of ob
structive CAD prevalence by the new predictive model used in the 
2019 GL.9,12,13 The prevalence of non-obstructive CAD was high 
and was not predicted by the PTP estimation. Revascularization was 
performed only in 13% of all patients but current medical treatment 
was modified in a larger proportion of patients probably driven by 
the recognition of both obstructive and non-obstructive CAD as 
well as of inducible ischaemia by imaging.21,22

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 4a Events at follow-up in patients managed adopting or non-adopting guideline recommendations

(Adoption of GL recommendations defined for the overall diagnostic process, endpoint b)

Variable Whole follow-up 
population

Subgroup adoption 
of GL

Subgroup non-adoption 
of GL 

N = 1748 (41.0%)

P-value

N = 4262 (100%) N = 2514 (59.0%)

Follow-up events

MACE 111/4262 (2.6%) 58/2514 (2.3%) 53/1748 (3.0%) 0.144

Time to MACE (days) 
Missing = 109

96.0 (47.0;147.0) 106.0 (67.0;176.5) 86.0 (32.0;119.0) 0.036

Cardiac death or non-fatal myocardial 
infarction

16/4262 (0.4%) 10/2514 (0.4%) 6/1748 (0.3%) 0.775

Time to cardiac death or non-fatal myocardial 
infarction 
Missing = 16

144.0 (49.5;191.0) 154.0 (106.0;207.0) 89.5 (5.0;164.0) 0.175

Cardiac death 5/4262 (0.1%) 2/2514 (0.1%) 3/1748 (0.2%) 0.406

Time to cardiac death (days) 
Missing = 5

106.0 (52.0;161.0) 133.5 (106.0;161.0) 52.0 (1.0;164.0) 0.564

Non-fatal myocardial infarction 12/4262 (0.3%) 8/2514 (0.3%) 4/1748 (0.2%) 0.771

Time to non-fatal myocardial infarction (days) 
Missing = 12

144.0 (26.0;204.0) 174.0 (94.0;207.5) 66.0 (2.5;154.0) 0.106

Coronary revascularization 59/4262 (1.4%) 35/2514 (1.4%) 24/1748 (1.4%) 0.958

Time to coronary revascularization (days) 
Missing = 59

91.0 (30.0;142.0) 104.0 (41.0;172.0) 65.5 (11.5;99.0) 0.028

Hospitalization for other cardiac reasons 81/4262 (1.9%) 42/2514 (1.7%) 39/1748 (2.2%) 0.187

Time to hospitalization for other cardiac 
reasons (days) 
Missing = 78

97.0 (68.0;134.0) 106.0 (74.0;181.0) 93.0 (59.0;124.0) 0.080

All cause death 12/4262 (0.3%) 8/2514 (0.3%) 4/1748 (0.2%) 0.771

Time to all cause death (days) 
Missing = 12

113.0 (53.5;157.0) 113.0 (61.0;157.0) 93.5 (26.5;149.5) 0.610

Hospitalization for any reason 189/4262 (4.4%) 103/2514 (4.1%) 86/1748 (4.9%) 0.199

Time to hospitalization for any reason (days) 
Missing = 186

107.0 (60.0;165.0) 112.0 (65.0;184.0) 99.5 (59.0;151.0) 0.151

MACE: cardiac death or non-fatal myocardial infarction or coronary revascularization or hospitalization for other cardiac reasons; Hospitalization for other cardiac reasons: hospitalization 
for unstable angina or recurrent angina or heart failure.
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Use of imaging and adoption of GL 
recommendations
Both the 2019 ESC GL on CCS9 and the 2021 ACC/AHA GL for the 
evaluation and diagnosis of chest pain23 recommend performing non- 
invasive imaging tests, either by CTCA or stress imaging, in patients 
with intermediate or high PTP to recognize the individuals that would 
benefit from a more targeted management. In addition, both GL do not 
recommend the performance of unhelpful testing in patients with low 
clinical likelihood of obstructive CAD.

In the EURECA registry, most participating centres had access to at 
least two non-invasive stress imaging modalities (81%) and CTCA 
(93%). Despite this, the actual use of non-invasive imaging was lower 
than that recommended by GL and there was no direct relationship 
with the availability of tests. More importantly, while ICA and FFR/iFR 
were similarly available in most centres (94% and 85%), FFR/iFR mea
surements were performed only in one of 13 patients undergoing ICA.

The diagnostic process did not adopt the ESC GL recommendations 
in 44% of patients. The analysis of the major predictors of discrepancy 
between current practice and GL recommendations revealed that the 
main drivers of non-adoption of GL recommendations were the use of 
exercise ECG instead of non-invasive imaging tests and the direct refer
ral of a substantial number of patients to ICA. No imaging use was more 
frequent in patients with lower PTP and lower clinical risk. On the 
other hand, ICA was performed as a first test (i.e. not preceded by non- 
invasive imaging) more frequently in patients with higher PTP and 

perceived risk. Moreover, even when ICA was not associated with 
any other imaging functional test, FFR or iFR (recommended by current 
guidelines) were rarely measured, similarly to other registries.24,25

There are multiple potential explanations for this clinical practice in
cluding easier access and short waiting times for exercise ECG and in
vasive procedures in cardiovascular departments, in some centres and 
countries, as compared with referral of patients to imaging depart
ments which are frequently separated and with longer waiting lists. In 
addition, there is probably a still common understanding that demon
stration of obstructive CAD on ICA and immediate revascularization 
may save time, costs, and may translate into a better outcome particu
larly in patients at higher risk, even though this contrasts with the re
sults of clinical trials.18,26,27 This practice likely resulted in the lower 
diagnostic yield of ICA28 and in the even lower proportion of ICA 
leading to revascularization in patients managed not according to 
GL recommendations.

The use of non-invasive imaging tests was not always in agreement 
with the ESC GL. In 53% of patients with a PTP <5% either CTCA 
(23%) or stress imaging (24%) were performed. This is not in agree
ment with the 2019 GL, but we should consider that most of these pa
tients would have been classified as intermediate risk using the Genders 
model included in the 2013 GL,29 which were possibly still influencing 
clinical practice in the EURECA registry. Moreover, recent studies 
have promoted the use of CTCA as first strategy in patients with sus
pected CCS independently of PTP estimation and even in patients at 
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Table 4b Quality of life, symptoms and additional testing at follow-up in patients managed adopting or non-adopting 
guideline recommendations

(Adoption of GL recommendations defined for the overall diagnostic process, endpoint b)

Variable Whole follow-up 
population

Subgroup adoption 
of GL

Subgroup non-adoption 
of GL 

N = 1748 (41.0%)

P-value

N = 4262 (100%) N = 2514 (59.0%)

Baseline quality of life

Quality of Life Questionnaire—VAS Score 
(self-reported)Missing = 802

70.9 (±19.1) 71.4 (±19.1) 70.3 (±19.0) 0.036

Quality of Life Questionnaire—Index Score (cTTO 
model) 
Missing = 748

0.8 (±0.2) 0.8 (±0.2) 0.8 (±0.2) 0.238

Follow-up quality of life

Quality of Life Questionnaire—VAS Score 
(self-reported)Missing = 1209

72.8 (±20.6) 73.7 (±20.2) 71.6 (±21.0) 0.003

Quality of life Questionnaire—Index Score (cTTO 
model) 
Missing = 1207

0.8 (±0.2) 0.8 (±0.2) 0.8 (±0.2) 0.138

Follow-up change in symptoms

Symptoms unchanged or worsenedMissing = 89 1483/4173 (35.5%) 852/2475 (34.4%) 631/1698 (37.2%) 0.070

Follow-up additional imaging testing

Any additional imaging testing 239/4262 (5.6%) 125/2514 (5.0%) 114/1748 (6.5%) 0.031

Stress imaging 148/4262 (3.5%) 77/2514 (3.1%) 71/1748 (4.1%) 0.080

CTCA 11/4262 (0.3%) 5/2514 (0.2%) 6/1748 (0.3%) 0.375

Invasive coronary angiography 98/4262 (2.3%) 50/2514 (2.0%) 48/1748 (2.7%) 0.105

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/article/44/2/142/6855562 by guest on 30 January 2023



156                                                                                                                                                                                            D. Neglia et al.

very low risk.10,20 On the other hand, CTCA has been used in a sub
stantial proportion of patients with previous CAD and/or revasculariza
tion (13%) in whom current GL do not consider this test the most 
appropriate imaging technique (particularly considering the technical 
challenges that these clinical scenarios pose).9 In addition, in a variable 
proportion (7 to 36%) of patients undergoing a first non-invasive im
aging exam, the subsequent diagnostic process was not coherent 
with the results of the test (see Supplementary material online, 
Figures S2 and S3).

The effects of adopting the ESC GL recommendations in down
stream management of patients were substantial as demonstrated by 
(i) lower referral to diagnostic ICA (15% vs. 48%); (ii) lower revascular
ization procedures performed (8% vs. 19%); (iii) higher diagnostic yield 
of ICA for obstructive CAD (>70% stenosis) (60% vs. 39%); and (iv) 
higher proportion of ICA leading to coronary revascularization (54% 
vs. 37%).

The MACE rate was 2.6% at a median 172 days of follow-up. 
Cardiac death or non-fatal myocardial infarction occurred in 0.4% 
of patients, potentially translating into a 8% 10-year risk of fatal and 
non-fatal events, which defines a high cardiovascular risk population.2

Other follow-up events included hospitalization for other cardiac rea
sons (2%) and late revascularizations (1%) in line with previous stud
ies.15,20,22 The relatively short follow-up precludes robust conclusions 
about the potential impact of GL-based diagnostic strategies on major 
events. Actually, the MACE rate at 6 months was not different be
tween the patients in whom the diagnostic path adopted the GL re
commendations vs. those in whom the diagnostic path did not 
adopt the GL. On the other hand, the adoption of GL recommenda
tions led to significantly lower rate of invasive procedures at baseline, 
a significantly better patients’ perceived QoL, fewer additional tests, 
and a longer time to late coronary revascularizations at follow-up, 
underscoring potential advantages of an early management adopting 
GL recommendations.

Limitations
Of the 5156 patients enrolled, complete data to evaluate adherence 
were available in 5006 (97%) for ‘endpoint a’ and in 4995 pts (97%) 
for ‘endpoint b’ mainly due to tests scheduled but not performed for 
unspecified intercurrent reasons. The estimation of PTP of obstructive 
CAD, based on reported age, sex, and symptoms, was used to define 
the adoption of the GL recommendations, while clinical likelihood 
could not be estimated, despite the availability of some ‘modifying’ vari
ables. Among these, the results of ECG, when performed, were consid
ered as a potential modifier in patients with PTP ≤5% or with 5%<PTP 
≤ 15%. Nevertheless, the contribution of other modifiers, such as risk 
factors, to the management choices could not be taken into account 
due to the lack a specific algorithm in the GL. Moreover, investigators 
may have used some discretion in interpreting the GL for the use of im
aging in specific patients, but this could not be taken into account in the 
data analysis. The choice of specific paths (i.e. use of ICA without a pre
vious non-invasive imaging test) could have been variably influenced by 
investigators’ and/or patients’ preferences, local habits and availability of 
resources. The analysis of the contribution of these variables was, how
ever, beyond the purposes of the present study. The final diagnosis as
sessment was based on that reported by the investigators evaluating 
the complete diagnostic process based on previously defined general 
criteria, thus the disease categories may not necessarily correspond 
to the specific results of each diagnostic modality. Nevertheless, this 

was an intentional choice to more strictly reflect the clinical judgement, 
which had guided downstream management. Despite the registry in
cluded 73 centres from 24 countries, mainly academic tertiary centers 
have been included and these could not be fully representative of all dai
ly clinical practices. Moreover, some relevant European countries were 
not represented and only three non-European countries were in
cluded. However, patients from all the four major European risk areas 
recently redefined were enrolled.2 Very different health systems were 
also represented in the EURECA registry so that costs and reimburse
ment policy could have affected the diagnostic pathways. As a matter of 
fact, the rate of adoption of GL recommendations was different in dif
ferent geographical areas (see Supplementary material online, 
Figure S5). A specific health-economic and country-specific analysis 
would be needed to address this issue more correctly but it was beyond 
the purposes of the present study. Finally, the enrolment period was 
coincident with the outbreak of the COVID-19 pandemic and 22% 
of the patients were enrolled or had to complete the diagnostic work- 
up after February 2020. The sensitivity analysis performed in patients 
managed after the pandemic outbreak showed some differences in 
management as compared with that before the outbreak, in particular 
with an even lower use of stress imaging and CTCA in favour of ICA as 
first test. The restriction in the use of some imaging modalities (in par
ticular stress tests), as well as the prolongation of the waiting lists, could 
have somewhat conditioned these practices. Regarding dichotomized 
variables included in the univariable and multivariable analyses, patients 
with missing data were not taken into account. The rate of missing data 
was ≤3% for all the variables except for body mass index (10% of pa
tients) and for ‘family history of CAD’ (11% of patients). Body mass in
dex was not included in the multivariable models. Family history of 
CAD was included since it was a significant predictor of adoption of 
GL recommendations while the proportion of missing data was not 
considered as affecting the results.

Conclusions
The EURECA registry confirmed that the prevalence of obstructive 
CAD and of significant ischaemia in a contemporary population of pa
tients with stable chest pain is relatively low (24% and 19%, respective
ly). Importantly, the registry showed that non-obstructive CAD is a 
frequent (38%), underlying pathologic substrate in these patients. 
Furthermore, it demonstrated that in current clinical practice GL re
commendations for the diagnostic process of CCS are still not com
pletely adopted mainly due to a frequent use of exercise ECG and 
ICA without performing any non-invasive anatomical or functional im
aging or functional invasive assessment of CAD. It also evidenced that 
non-adoption of GL recommendations is associated with a higher num
ber of relatively unnecessary ICAs, a lower diagnosis of patients at high 
risk, a higher use of additional testing, and a shorter time to late revas
cularization procedures at follow-up.

Whether a clinical practice that adopts current international GL re
commendations could improve risk stratification in patients with stable 
chest pain and whether this practice would translate into lower costs, 
lesser risk, and more clinical benefits for patients with CCS will deserve 
additional studies.

Supplementary material
Supplementary material is available at European Heart Journal online.
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