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Methods
and results

To use quality indicators to study the management of ST-segment elevation myocardial infarction (STEMI) in different
regions.

Prospective cohort study of STEMI within 24 h of symptom onset (11462 patients, 196 centres, 26 European Society of
Cardiology members, and 3 affiliated countries). The median delay between arrival at a percutaneous cardiovascular inter-
vention (PCI) centre and primary PCl was 40 min (interquartile range 20-74) with 65.8% receiving PCl within guideline rec-
ommendation of 60 min. A third of patients (33.2%) required transfer from their initial hospital to one that could perform
emergency PCl for whom only 27.2% were treated within the quality indicator recommendation of 120 min. Radial access
was used in 56.6% of all primary PCI, but with large geographic variation, from 76.4 to 9.1%. Statins were prescribed at dis-
charge to 98.7% of patients, with little geographic variation. Of patients with a history of heart failure or a documented left
ventricular ejection fraction <40%, 84.0% were discharged on an angiotensin-converting enzyme inhibitor/angiotensin re-
ceptor blocker and 88.7% were discharged on beta-blockers.

Care for STEMI shows wide geographic variation in the receipt of timely primary PCl, and is in contrast with the more uni-
form delivery of guideline-recommended pharmacotherapies at time of hospital discharge.

Graphical Abstract
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IntrOd uction is well recognized, and has been present for decades being documented

In European countries, the incidence of ST-segment elevation myocar-

in previous surveys within the Euro Heart Survey Programme in 2000,
2004,"3 2009, and also in more recent studies.?

dial infarction (STEMI) varies between 43 and 144 per 100000 per
year." In-hospital mortality rates for STEMI are reported to be between
3 and 12%,? and following primary percutaneous cardiovascular inter-
vention (PCI) the 30-day, 1-year, and 5-year all-cause mortality rates
have been reported as 7.9, 11.4, and 23.3% respectively.3 The 2017
European Society of Cardiology (ESC) guidelines for STEMI care®
synthesized the literature that has provided an understanding of ther-
apies and strategies that improve survivorship of patients presenting
with STEMI. It has been shown that adherence to guidelines is asso-
ciated with improved outcomes,”"" yet geographic variation in care

Measuring standards of care is a mechanism by which variation can be
addressed and cardiovascular outcomes improved. To address the se-
cond translational gap between optimal and actual care,”'® the ESC
Acute Cardiovascular Care Association (ACCA, but now renamed
the Association for Acute Cardiovascular Care—ACVC) and
European Society of Cardiology (ESC) have endorsed the development
and use of quality indicators'’ to compare health service provision and
serve as a foundation for quality improvement initiatives. The ESC
Quality Indicators for acute myocardial infarction are split these into se-
ven domains of care proposing 12 main quality indicators and several
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Quality indicators in the European STEMI Registry

secondary indicators. The indicators address organizational measures,
performance measures for reperfusion therapy, in-hospital risk assess-
ment, anti-thrombotic medication during hospitalization, secondary
prevention at discharge, patient satisfaction and counselling at dis-
charge, and outcomes including risk-adjusted mortality. At the time
these quality indicators were described, the latest available European
guidelines were the 2012 ESC STEMI guidelines'® and the 2014 ESC/
EACTS guidelines on myocardial revascularization.'” When the 2017
ESC STEMI guidelines were published those quality indicators pertain-
ing to STEMI were broadly mirrored,* but there were subtle differences
which are described in more detail below. While the main results of this
registry have been published,” in this current analysis, we used some of
these quality indicators to measure and compare the performance of
hospitals across different geographical regions for patients presenting
with STEMI.

Methods

The design and methods of the registry have been published.*'** A brief
summary of the salient features is given in the following sections.

Study organization and selection of centres
This registry was a joint initiative of the ACCA and the European
Association of Percutaneous Cardiovascular Interventions (EAPCI) under
the umbrella of the EURObservational Research Programme (EORP).
The number of centres in each country varied according to its approximate
size. The choice of centres was made by the National Coordinator of each
country. To maximize representativeness, each category of hospital (with
and without PCI facilities) was selected in proportion to the distribution
of the different types of centres in the individual country. Each centre
was asked to enrol at least 30, and up to 60 consecutive patients presenting
with STEMI in the community within 24 h after symptom onset. The writers
declare that this study complies with the Declaration of Helsinki, that the
locally appointed ethics committee has approved the research protocol
and that informed consent has been obtained from the subjects (or their
legally authorized representative).

Patients

Inclusion criteria were all patients aged >18 years with an initial diagnosis of
STEMI according to the ESC 2012 STEMI guidelines, admitted within 24 h
after symptom onset. Enrolment started on 1 January 2015 and continued
until 31 March 2018. Characteristics of the treating centres were recorded.
For each patient, demographic features, mode of admission, therapeutic
methods, and time delays to reperfusion were documented on an electron-
ic case record form. Risk stratification, adverse events, and medications dur-
ing admission and at discharge were also recorded. Follow up for clinical
events and life status was censored at 1 year.

Quality indicators
While both the quality indicators from the position paper of the ACCA'”
and the quality indicators subsequently set out in the 2017 ESC
Guidelines for the Management of Acute Myocardial Infarction in Patients
Presenting with ST-Segment Elevation® are broadly similar, there are slight
differences. For clarity, the relevant quality indicators as they relate to
STEMI are compared in Table 1, and set alongside the indicators used in
the current analysis. The data set for the registry was established before
publication of either of these suites of quality indicators, and indeed before
the publication of the most recent updated 2020 quality indicators.?
While the ACCA (ACVC) guidelines consider STEMI diagnosis to be
equivalent to first medical contact (FMC), the ESC STEMI guideline Task
Force suggest that the reperfusion strategy clock (time zero) should start
at the time of ‘STEMI diagnosis’ [usually 12-lead electrocardiogram
(ECG)]. It recommends that FMC to STEMI diagnosis should be <10 min.
In measuring the start of primary PCl, ACCA has used arterial access and
the ESC ‘infarct-related artery’ wire crossing. ACCA suggests < 30 min
from diagnosis and FMC to lytic bolus, but the ESC guideline is <10 min
from STEMI diagnosis. If we combine this with the recommended

<10 min from FMC to STEMI diagnosis, this would equate to a <20 min
guideline, compared with ACCA’s <30 min. Other indicators are essentially
the same.

Regions

We divided the cohort into seven regions according to the definition of the
World Health Organization: four European (Northern Europe, Eastern
Europe, Western Europe, and Southern Europe), North Africa, Middle
East, and non-ESC Middle East. In two of these regions, only one country
participated (for North Africa it was Egypt, and for Middle East it was
Israel). Israel shared the data collected for national biennial survey of ACS
ACSIS during March—April, 2016.

Statistics

Categorical data were described using numbers and percentages for
non-missing data, and continuous data were described using medians,
interquartile range (IQR), means, and standard deviations (SDs).
Comparison between groups was performed using the Kruskal-Wallis
test or using Pearson’s x* test or Fisher’s exact test if any expected cell
count was <5. All analyses were conducted using SAS version 9.4, with stat-
istical significance determined at 5%.

Results

From 1 January 2015 to 31 March 2018, 11 462 patients in 196 centres
from 29 countries were enrolled into the registry. The contribution of
each country and baseline demographics have been published.”> The
relative percentage of patients included from each of the regions was
as follows: Northern Europe (2.1%), Western Europe (2.4%), Middle
East (6.6%), North Africa (11.8%), Middle East Affiliated (20.8%),
Southern Europe (22.8%), and Eastern Europe (33.6%). The overall
mean age was 61 years (varying from 55 years in North Africa to 64
years in North Europe), 76.9% males, 26.7% having diabetes, and
45.7% smokers. Overall, 72.2% of patients received PCl, 18.8% thromb-
olysis, and 9.0% no reperfusion therapy. Across the European regions,
primary PCl varied only from 83.2% (eastern) to 97.4% (western).
There were greater differences with other regions with, for example,
Middle East Affiliated countries showing a primary PCI rate of 45.7%
(Figure 1, see Supplementary material online, Table S1).

Centre organization (structural measures)
Of the 156 centres providing information, 82.7% (n = 129) were part of
a STEMI network, varying from 38.9% in the Middle East Affiliated, to
100% in Northern Europe (however, note that this information was
not provided by 40 centres). The median number of primary PCls per-
formed each year was 300 (IQR 145-500), which varied from 100 (IQR
100-238) in Middle East Affiliated, to 380 (IQR 300-600) in Eastern
Europe (see Supplementary material online, Table S2). By the nature
of participation in this registry, all did systematically record key times
to reperfusion for quality assessment, as recommended in the quality
indicators.

Performance measures for reperfusion
therapy

The majority of patients included in the registry presented within 12 h
of symptoms (93.7%). Of these, 92.7% received reperfusion therapy
(72.7% by primary PCl and 20.0% by lysis). The proportion of patients
not treated by PCl or lysis varied from 2.5% (West Europe) to 15.1%
(Middle East). The median time between symptom onset and call for
help was 75 min (IQR 30-190), and to FMC 100 min (IQR 50-225).
The shortest time to FMC was seen in North Europe and Middle
East (80 min) and longest in North Africa (120 min).

Details of the regional breakdown of reperfusion treatment, time de-
lays, the type of medical contact, admission mode, and admission site
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Table 1

Comparison of a selection of the Acute Cardiovascular Care Association and European Society of Cardiology

ST-Elevation Myocardial Infarction guideline quality indicators, and those used in the current analysis

Current analysis

Centre organization

Reperfusion

Performance measures for
risk assessment in
hospital

Performance measures for
discharge medication

and counselling

Opportunity-based
composite quality

indicators

Centre should be part of a STEMI network
(with features detailed)

Proportion of STEMI patients reperfused
among eligible (onset of symptoms to
diagnosis<12 h)

Fibrinolysis:
<30 min from diagnosis (FMC) to needle

PPCI: For patients attending in the
pre-hospital setting: No

recommendation

Treated by PPCl and admitted to PCl
centre:
<60 min Door to arterial access for
reperfusion by PCl

For transferred patients:

Door-in-door-out time of <30 min

Time between diagnosis (FMC) and arterial
access time (absolute value) for primary PCI

Proportion of patients having LVEF

assessment

Proportion of patients with AMI discharged
on statins, unless contra-indicated, at
high intensity (defined as Atorvastatin
>40 mg or Rosuvastatin >20 mg)

Proportion of patients with AMI and clinical
evidence of heart failure or a LVEF <
40% who are discharged on
beta-blockers, unless contra-indicated

Proportion of patients with AMI and clinical
evidence of heart failure or a LVEF <
40% who are discharged on ACEI (or
ARBs if intolerant of ACEI) unless
contra-indicated

Proportion of patients with LVEF > 40%
and no evidence of heart failure receiving
at discharge low-dose aspirin and a
P2Y12 inhibitor and high-intensity statins

Same as ACCA

Proportion of STEMI patients arriving in
the first 12 h receiving reperfusion
therapy

For patients attending in the pre-hospital
setting:

<10 min from STEMI diagnosis to lytic
bolus

PPCI: For patients attending in the
pre-hospital setting: <90 min from
STEMI diagnosis to IRA wire crossing for
reperfusion with PCI

For patients admitted to PCl centres
<60 min from STEMI diagnosis to IRA

wire crossing for reperfusion with PCI

For transferred patients:

<30 min door-in-door out for patients
presenting to a non-PCl centre (en
route to a PCl centre)

<120 min from STEMI diagnosis to IRA
wire crossing for reperfusion with PCl

Proportion of patients having LVEF

assessed before discharge

Proportion of patients without
contra-indications with a statin (high

intensity) prescribed at discharge

Proportion of patients with LVEF <40% or
clinical evidence of heart failure and
without contra-indications with a
beta-blocker prescribed at discharge

Proportion of patients with LVEF <40% or
clinical evidence of heart failure without
contra-indications with an ACE inhibitor
(or ARB if not tolerated) prescribed at
discharge

Same as ACCA

Is centre part of a STEMI network
(no features detailed)

Proportion of STEMI patients
arriving in the first 12 h receiving
reperfusion therapy

FMC to lytic bolus <30 min

PPCI: For patients attending in the
pre-hospital setting: <90 min from
STEMI diagnosis to IRA wire
crossing for reperfusion with PCI

PCl door to PPCI (absolute value)
and % treated within 60 min

FMC to primary PCI (all) (absolute
value)

FMC to primary PCI (all) < 120 min

Proportion of patients having LVEF

assessed before discharge

Proportion statin at discharge

Proportion of patients with LVEF <
40%, clinical evidence of heart
failure or history of chronic heart
failure with a beta-blocker
prescribed at discharge

Proportion of patients with LVEF <
40% or clinical evidence of heart
failure discharged on an AECI/ARB

Proportion of ALL patients receiving
at discharge aspirin a P2Y12

inhibitor and a statins

Continued
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Table 1 Continued

Same as ACCA

Proportion of patients with LVEF <40%
and/or heart failure receiving at
discharge low-dose aspirin and a P2Y12
inhibitor and high-intensity statins, an
ACE inhibitor (or ARB) and a
beta-blocker

Current analysis

Proportion of patients with LVEF <
40% and/or heart failure receiving
at discharge all of: Aspirin, P2Y12
inhibitor, statins, an ACE/ARB and
a beta-blocker

ACCA, Acute Cardiovascular Care Association; ACEI, angiotensin-converting enzyme inhibitor; AMI, acute myocardial infarction; ARB, angiotensin receptor blocker; ESC, European
Society of Cardiology; FMC, first medical contact; IRA, infarct-related artery; STEMI, ST-elevation myocardial infarction; LVEF, left ventricular ejection fraction; GRACE, Global
Registry of Acute Coronary Events; PCI, percutaneous coronary intervention; PPCI, primary PCI.

>97

Norceh
Pacific s
Ocean

No Data
Rate PMP

Figure 1 Percentage of patients treated by primary percutaneous coronary intervention for ST-elevation myocardial infarction by region.

are given in Table 2. The most frequent FMC was either a medical am-
bulance crew (37.9%) or the staff in an Emergency Department
(41.2%), with 72.8% presenting via medical ambulance in Eastern
Europe, but 2.6% in North Africa where the majority (81.4%) pre-
sented to an Emergency Department. Paramedical ambulance crews
were used most often in West and North Europe (21.9% of FMC for
both), but rarely elsewhere. Just under half of patients self-presented
(44.2%), but this was most common in North Africa and Middle East
Affiliated (86.1 and 78.8%, respectively), and much less common in
West, East, and North Europe (15.2, 11.0, and 15.3%, respectively).
Presentation with an out-of-hospital cardiac arrest was uncommon,
but highest in Middle East (13.2%) and West Europe (8.2%).

For treatment by primary PCl, the overall median time (regardless of
admission route) between FMC and PCl was 95 min (IQR 63.0-163.0),
with only 20.7% being treated in under 60 min, 44.7% under 90 min,
and 61.8% under 120 min. The shortest delays were in North Africa
(43.1% in under 60 min) and the longest North Europe (9.4% in under

60 min; Table 2). Note that FMC to PCl includes the journey time for
patients diagnosed by paramedic crews, but not for those who self
present.

The median delay between arrival at a PCl centre and primary PCI
was 40 min (IQR 20-74) with 65.8% receiving PCl within guideline rec-
ommendation of 60 min. The median times in all four European regions
were rapid, from 30 min (Western Europe) to 36 min (Northern
Europe), but longer in North Africa and Middle East at 50 min, and
slowest in Middle East Affiliated (61 min). This resulted in the percent-
age of patients being treated within quality indicator recommendations
of 60 min ranging from 78.2% in Western Europe to 46.0% in Middle
East Affiliated (see Supplementary material online, Table S3, Figure 2).

For patients attended to in a pre-hospital setting (defined as present-
ing direct to the PCl centre via ambulance/EMS), the median (IQR) time
between first qualifying ECG and PCl was 75 min (IQR 49—108 min),
with 62.5% receiving PCl within guideline recommendation of
90 min. The breakdown by region is presented in Supplementary
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material online, Table S4. While only 5.6% of patients were attended to
pre-hospital in North Africa, they achieved the shortest delays median
40 min (IQR 30-75 min), while in Northern Europe delays were 80 min
(IQR 60-112) with only 56.7% achieving the recommended times.

Athird of patients (33.2%) required transfer from their initial hospital
to one that could perform emergency PCI. For these patients, the me-
dian time from FMC to PCl was 180 min (IQR 111-330 min), meaning
that only 27.2% were treated within the quality indicator recommenda-
tion of 120 min. Performance varied across regions with the best in
Southern Europe (38.1%), and least good in Middle East Affiliated of
9.1% (Figure 3).

For patient treated by thrombolysis, the median time between FMC
and lytic bolus was 60 min (IQR 30-105 min), only 20.2% receiving
therapy within 30 min. The numbers of patients treated by lysis across
the European regions were too few to allow helpful comparisons (for
example with only one case recorded in West Europe).

Performance of primary PCI: technical

aspects

The use of radial artery access and the use of drug-eluting stents during
primary PCl were both promoted from Class lla to Class | level of
Evidence A recommendations in the 2017 guidelines (and though
were not listed in the quality indicators at the time of this study have
subsequently been added to the 2020 quality indicators).?®

Radial access occurred in 56.6% of all primary PCI, but with large re-
gional variation, from 76.4 and 72.0% in Middle East and South Europe,
respectively, to 21.3 and 9.1% in Middle East Affiliated and North Africa,
respectively (see Supplementary material online, Table S5, Figure 4).
Stents were used widely in 91.5% of procedures, and 89.4% or more
in all regions (see Supplementary material online, Table S6), but the
use of drug-eluting stents was more varied. Where a stent was used,

Northern Europe

0% I . I . I . I . I . I . I |

North Africa Middle East Middle East Affiliated

this was a drug-eluting stent overall in 77.5%, but ranged from 59.3%
in Eastern Europe to 98.8% in Western Europe (see Supplementary
material online, Table S7, Figure 5).

Performance measures for risk

assessment in hospital

The proportion of patients with a documented LVEF at discharge was
93.7%, varying from 99.6% in North Europe, to 64.0% in Middle East
(see Supplementary material online, Table S8).

Performance measures for discharge

medication

Key findings are summarized in Figure 6. Dual antiplatelet therapy was
prescribed on discharge in 95.9% of patients. All regions had high levels
of appropriate treatment (see Supplementary material online,
Table S9).

Statins were prescribed to 98.7% of patients. High levels of prescrip-
tion were observed in all regions (see Supplementary material online,
Table S9). The proportion of all patients discharged on a statin and
dual antiplatelet therapy was 95.0%. At discharge the combination of
a statin, dual antiplatelet therapy, beta-blocker, and angiotensin-
converting enzyme inhibitor/angiotensin receptor blocker (ACEI/
ARB), occurred in 74.3% of the primary PCl cohort, and in 69.1% of
those treated by lysis. In total a high percentage (46.7%) of all patients
(4892 of 10477) either had a history of heart failure or a documented
LVEF of <40%. Of these, 84.0% were discharged on an ACEI/ARB
(varying from 78.7 to 97.6%), and 88.7% were discharged on beta-
blockers (varying from 77.2 to 93.9%), with 71.7% discharged on beta-
blockers, ACEI/ARB, statins, and dual antiplatelet therapy (see
Supplementary material online, Table S10).
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Discussion

This international study of 11462 patients presenting with STEMI has
shown wide geographic variation in clinical practice. This was more evi-
dent for the receipt of timely primary PCl than the use of
guideline-recommended pharmacotherapies at the time of hospital dis-
charge. The ESC quality indicators for AMI have facilitated a compari-
son of the performance of centres to reveal marked contrasts and
identify areas where care for patients with STEMI could be improved.
Primary PCl is the dominant reperfusion strategy but appears
under-utilized in the Middle East Affiliated countries. The proportion
of patients who presented within 12 h of symptoms who received
reperfusion therapy was high in all regions, but the way in which
patients presented was quite varied and will determine the optimal
ways to organize downstream care. For example, patients use ambu-
lances much more frequently in Europe than in African countries.
Time delays to reperfusion therapy were also quite varied, but in all re-
gions, it was particularly long for patients being transferred from a
non-PCl to a PCI centre. This applied to a third of all cases with only
27.2% treated within 120 min of FMC. There are many logistic hurdles
to overcome to ensure that all patients with STEMI are taken directly to
a PCl centre, rather than a hospital that cannot provide this treatment,
but these data suggest that this could have a substantial impact on the
quality of care received by a large number of patients. VWhere logistic
difficulties prevent timely primary PCI, thrombolysis is still an option,
but this registry suggests there is much room for improvement, with
only 20.2% receiving lytic bolus within 30 min.

Once PCl was performed, stent use was high, but the use of
drug-eluting stents was varied, and this may relate to cost constraints.
However, there is evidence of both cost saving and improved survival
with radial artery access, yet there was marked geographical variation
in the use of radial access, suggesting that education opportunities exist
to improve the quality of patient care, particularly in North Africa.

While almost every patient had their LVEF measured before dis-
charge in North Europe, this occurred less frequently in the Middle
East. However, there appeared to be high compliance with guidelines
in all geographical regions when assessing discharge medication.
Patients with contra-indications or side-effects to ACEI/ARB or beta-
blockers were not excluded, so to find 84.0 and 88.7% discharged on
these agents, respectively, suggests high standards of care.

Limitations

Despite the large number of patients included, the representativeness
of the patient population for Europe was somewhat limited. The na-
tional sites were selected by the National Societies of Cardiology
with the aim of providing a representative sample within the given
country. However, since participation was voluntary, a selection bias
with participation of ‘better’ centres cannot be excluded and therefore
the reality might be less favourable. Although centres were asked to en-
rol consecutive patients, the requirement of informed consent might
mean bias against inclusion of patients who were most unwell and
from disadvantaged socioeconomic groups. The larger European coun-
tries such as France and the UK did not participate, and Germany only
enrolled a small number of patients. For some data points (particularly
relating to time delays from FMC), the amount of missing data was high,
limiting the accuracy of conclusions of these results.

Actions to be taken

This international assessment of the treatment of patients presenting
with STEMI has shown wide variations in practice and revealed oppor-
tunities to improve care that vary according to country and geograph-
ical region. Increased use of primary PCl requires infrastructural
changes, as do strategies to reduce patients requiring inter-hospital
transfer to receive primary PCl. The development of improved patient

pathways and STEMI networks is recommended where quality indica-
tor targets are not being achieved. The use of appropriate medical ther-
apy appears to be good, but there was marked regional variation in the
use of radial artery access. Radial access can reduce cost and improve
outcomes, and training and education to increase rates should be
encouraged.

Supplementary material

Supplementary material is available at European Heart Journal: Acute
Cardiovascular Care online.
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