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ABSTRACT

Introduction: The 2019 European Society of
Cardiology and European Atherosclerosis Soci-
ety (2019 ESC/EAS) guidelines stress the
importance of managing low-density lipopro-
tein cholesterol (LDL-C) after myocardial
infarction (MI) to reduce the risk of cardiovas-
cular events. Information on guideline imple-
mentation is limited. The aim of this survey was
to describe current clinical practice regarding
LDL-C management in the first year post-MI
across Europe, improving understanding of the
role of ESC/EAS guidelines on clinical practice.
Methods: A qualitative web-based cross-sectional
physician survey about the patient pathway and
LDL-C management post-MI was conducted in

360 physicians from France, Italy, Germany, The
Netherlands, Spain, and the UK (n = 60/country)
between December 2019 and June 2020. Second-
ary and primary care physicians (SCPs/PCPs)
described their experiences treating patients post-
MI over the preceding 2 months.
Results: Physicians reported that on average
90.7% of patients not prescribed lipid-lowering
therapy (LLT) before an MI initiated LLT as inpa-
tients; for patients already taking LLT, treatment
was intensified for 64.7% of inpatients post-MI.
SCPs reported prescribing higher-intensity statins
and/or ezetimibe for between 72.3% (Italy) and
88.6% (UK) of patients post-MI. More than 80.0%
of SCPs and 51.2% of PCPs stated that they would
initiate a change in LLT immediately if patients
did not achieve their LDL-C treatment goal by
12 weeks post-MI; 82.0% of SCPs and 55.1% of
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PCPs reported referring to 2019 ESC/EAS guideli-
nes for management of patients post-MI. Barriers
to initiating PCSK9 inhibitors (PCSK9is) included
prior prescription of a maximally tolerated dose of
statin (49.4%) and/or ezetimibe (38.9%), require-
ment to reach threshold LDL-C levels (44.9%),
and pre-authorization requirements (30.4%).
Conclusion: Differences in clinical practice
post-MI were reported across the countries sur-
veyed, including divergence between 2019 ESC/
EAS and local guidelines. Increased use of
innovative medicines to achieve LDL-C goals
should reduce risk of subsequent cardiovascular
events in very high-risk patients post-MI.

Keywords: Dyslipidemia; Guideline; Heart
infarction; Treatment pattern; Physician;
Proprotein convertase 9

Key summary points

The 2019 ESC/EAS guidelines define LDL-
C treatment goals for patients regarded as
at very high risk for cardiovascular events.

Studies of how 2019 ESC/EAS guidelines
impact lipid management practices in
primary and secondary care for post-MI
patients across Europe are limited.

Findings from this physicians’ survey
indicate that lipid management practices
as well as the extent to which primary and
secondary care physicians follow the 2019
ESC/EAS guidelines during the first year
after an MI differ across Europe.

Clinical practice and 2019 ESC/EAS
guidelines were reported to diverge in the
areas of time to lipid measurement, LDL-C
treatment goal, and treatment escalation.

Reasons for following the 2019 ESC/EAS
guidelines included differing national/
regional guidelines, differing target LDL-C
levels, and prescribing restrictions,
highlighting that further effort is required
to intensify management of lipids post-MI
to improve patient cardiovascular
outcomes across Europe.

INTRODUCTION

Cardiovascular disease (CVD) remains the lead-
ing cause of mortality and a major cause of
morbidity, causing 45% of all deaths in Europe
[1], although mortality rates in patients with
acute coronary syndrome have declined in
recent years because of a greater use of early
reperfusion therapy, primary percutaneous
coronary intervention, modern antithrombotic
therapy, and implementation of secondary
prevention [2].

One of the key causal modifiable factors for
atherosclerotic cardiovascular disease (ASCVD)
and severe cardiovascular events, such as
myocardial infarction (MI), is elevated low-
density lipoprotein cholesterol (LDL-C) [3].
Currently, statins are recommended in all
patients with MI, irrespective of cholesterol
concentration at presentation [4]. High-inten-
sity LLT should be started in these patients as
early as possible as this is associated with early
and sustained clinical benefits [5–7].

For post-MI patients, 2019 European Society
of Cardiology and European Atherosclerosis
Society (ESC/EAS) guidelines recommend tar-
geting LDL-C levels below 1.4 mmol/l (55 mg/
dl) and at least a 50% reduction from baseline
[8]. A lower treatment goal of\1.0 mmol/l
(\40 mg/dl) should be considered for patients
who have a second vascular event within
2 years [5]. Guidelines recommend that very
high-risk patients who do not achieve the rec-
ommended treatment goals, despite maximally
tolerated statin therapy, should be prescribed
supplemental LLT, such as ezetimibe or pro-
protein convertase subtilisin/kexin type 9 inhi-
bitors (PCSK9i) [5, 9]. PCSK9is are capable of
further reducing plasma LDL-C by 55–70%
when used in combination with statins with or
without ezetimibe [1]. PCSK9i use is associated
with improved cardiovascular (CV) outcomes
and a good safety profile [9, 10]. A meta-analysis
of 26 randomized clinical trials including
almost 170,000 participants has shown that
lowering serum LDL-C level is associated with
decreased risk of CV events [11]. While ESC/EAS
guidelines recognize that total CV risk reduc-
tion should be individualized, they point out
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that having treatment goals may facilitate
adherence to therapy as well as patient-physi-
cian communication. The guidelines further
indicate that lowering LDL-C beyond the set
goals may be associated with even lower risk of
CV events [8].

In clinical practice, LDL-C management
remains suboptimal, and target LDL-C levels in
post-MI patients often remain above the treat-
ment goals recommended by the 2019 ESC/EAS
guidelines, despite treatment with statins and/
or ezetimibe [8, 12]. According to the EURO-
ASPIRE V survey (27 countries), 80% of patients
who had experienced acute coronary symptoms
or who required revascularization or coronary
artery bypass surgery were on statins but 71%
had LDL-C C 1.8 mmol/l (C 70 mg/dl), the
2016 ESC/EAS guideline treatment goal appli-
cable when EUROASPIRE V was conducted [12].
The DA VINCI study (18 European countries)
identified that among patients with established
ASCVD, the 2019 ESC/EAS guideline treatment
goal for very high-risk patients (LDL-
C\1.4 mmol/l) was achieved by 18% of
patients, and this proportion increased to 22%
for those patients receiving high-intensity sta-
tins or to 37% for those receiving ezetimibe in
combination with a statin therapy [13].

A structured literature review of lipid man-
agement across Europe in the real-world setting
reviewed 53 real-world observational studies in
high- or very-high-risk patients and observed
that statins were the most common LLT.
Patients without familial hypercholesterolemia
(FH) mostly received high- or moderate-inten-
sity LLT. Patients with FH mostly received high-
intensity LLT. In patients without FH, the pro-
portion of patients receiving ezetimibe was low
overall (1–22%), and use of PCSK9i therapy was
limited as well. LDL-C goal attainment was
suboptimal irrespective of LLT [14].

This cross-sectional survey of primary (PCPs)
and secondary care physicians (SCPs) aimed to
understand the patient pathway and treatment
patterns during the first year post-MI across the
six countries surveyed: France, Germany, Italy,
The Netherlands, Spain, and the UK. The pri-
mary objective of this survey was to understand
the proportion of primary and secondary care
physicians who review or make changes to LLT

in post-MI patients. Secondary objectives were
to determine how practice varied by country or
healthcare setting, characterizing LLT patterns,
improving understanding of lipid management
practices and post-MI patient care. Practices
were compared with recommendations from
the 2019 ESC/EAS guidelines for management
of dyslipidemias. The findings from this survey
are based on the opinions of surveyed physi-
cians, and the data presented are qualitative in
nature.

METHODS

Study Objectives

The primary objectives were to understand the
proportion of primary and secondary care
physicians who reviewed or made changes to
LLT post-MI in the scope European countries.

Secondary objectives were to determine how
practice varied by country or healthcare setting,
identifying where post-MI patients are dis-
charged, estimating rates of LLT review for
patients not achieving LDL-C goals, and char-
acterizing treatment patterns in post-MI
patients. Practices were compared with recom-
mendations from the 2019 ESC/EAS guidelines.

Study Design

The study was a qualitative cross-sectional sur-
vey of primary and secondary care physicians
involved in the management of post-MI
patients in six countries (France, Germany,
Italy, The Netherlands, Spain, the UK) carried
out from December 2019 to June 2020. A strat-
ified sample of 60 physicians was surveyed in
each country. The number of primary and sec-
ondary care physicians varied across countries
to reflect their role in management of post-MI
patients during the first year after the event in
each country (Table 1). A review of literature,
local guidelines, and country-specific guidelines
was conducted to define the survey questions.
Data were then collected using a structured
web-based survey developed using Streiner and
Norman methods [15]. A screener questionnaire
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was used to select physicians who satisfied the
inclusion and exclusion criteria for the survey.

The main body of the questionnaire related
to various aspects of LDL-C management with
some questions specific to one of the physician
types. Two case studies featuring fictitious
patients at very high risk of CV events were
presented: patient A (a 55-year-old female pre-
senting with a first MI, non-smoker, LDL-
C = 250 mg/dl, not taking LLT) and patient B (a
67-year-old male, presenting with MI and
recent history of previous MI, recently quit
smoking, LDL-C = 100 mg/dl, currently on
atorvastatin 80 mg). The case studies contained
a series of questions to collect information on
LLT decisions.

The study was approved by the research
ethics committee of the University of Technol-
ogy, Sydney, Australia, on 7 November 2019
(application no. PRMA4149_2019 UTS HREC ref
no. ETH18-2910). This study was performed in
accordance with the Helsinki Declaration of
1964, and its later amendments. All participants
provided informed consent to participate in the
study.

Study Population and Inclusion Criteria

Primary and secondary care physicians from
each of the scope countries were surveyed. To be
eligible for the survey, the respondents could
be:

Table 1 Respondent distribution and characteristics

SCPs PCPs

Total sample size 233 (64.7%) 127 (35.3%)

Country France 30 (50.0%) 30 (50.0%)

Germany 20a (33.3%) 40b (66.7%)

Italy 45 (75.0%) 15c (25.0%)

The Netherlands 48 (80.0%) 12 (20.0%)

Spain 50 (83.3%) 10 (16.7%)

UK 40 (66.7%) 20 (33.3%)

Principal specialty General cardiology, general practitioner 135 (56.5%) 104 (43.5%)

Interventional cardiology, office-based

cardiologist (SCP), specialist (PCP)

92 (80.0%) 23 (20.0%)

Cardiac rehabilitation 6 (100.0%) N/A

Length of time practicing since

completion of specialist training

3–5 years 32 (62.7%) 19 (37.3%)

6–10 years 79 (76.0%) 25 (24.0%)

More than 10 years 122 (59.5%) 83 (40.5%)

Location University teaching hospital (SCP), urban (PCP) 135 (59.2%) 93 (40.8%)

Community-urban-general hospital (SCP), rural (PCP) 84 (73.0%) 31 (27.0%)

Office-Other (SCP), missing (PCP) 14 (82.4%) 3 (17.6%)

PCP primary care physician, SCP secondary care physician
a10 hospital-based cardiologists, 10 rehabilitation physicians
b20 office-based cardiologists, 20 general practitioners
cIncludes three specialists; PCPs in other countries were general practitioners only
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• SCPs: hospital-based cardiologists or (Ger-
many only) cardiac rehabilitation specialists
(working in a rehabilitation center for C 20%
of their time), practicing for at least 2 years
since completion of specialty training, who
had managed at least 20 patients admitted as
a hospital inpatient with an MI in the
previous 2 months

• PCPs: general practitioners or office-based
cardiologists, practicing for at least 2 years,
who had been involved in the care of at least
four patients with an MI in the previous
year.

Data Collection

For the pilot phase, five respondents for the UK
and three in each of the other countries were
recruited (20 in total), and these responses were
not included in the main dataset. For the main
phase, a total of 360 respondents (60 respon-
dents in each of the scope countries) were
recruited stratified by specialty. This sample size
was calculated at the design stage to be suffi-
cient to address the study objectives with
acceptable precision. The questionnaire was
translated into local languages with two-step
verification; participants completed their
responses in their native language. Responses
were obtained using a structured questionnaire,
administered between December 2019 and June
2020. Descriptive analyses of the main phase
data were conducted overall (for the primary
endpoints) and for each country individually.

Data Validation and Statistical Analyses

The study was descriptive. The questionnaire
included closed questions whenever possible
permitting respondents to answer only within a
pre-specified range of options. Questions with
continuous numerical values had a wide per-
mitted range to ensure that all logical options
were available to the respondents. Values were
immediately checked for plausibility by the
software; the responder was notified if their
response was outside the plausible range and
asked to provide a plausible value. The

respondents were not asked to consult medical
records when completing the questionnaire but
where appropriate were prompted to limit
responses to patients seen over the preceding
2 months. For missing survey data, no imputa-
tion of the data was attempted; statistics were
calculated omitting those data.

Continuous variables were summarized
using the mean and standard deviation as well
as the median and interquartile range to
understand the distribution of results. For cat-
egorical variables, the number and percentage
of respondents were calculated for each cate-
gory. For the primary analyses, the data were
analyzed collectively across all countries. Find-
ings for each scope country were analyzed and
reported separately. Results were summarized
by clinician type and were reported separately
for PCPs and SCPs. Data were analyzed using
SAS� (version 9.4, SAS Institute, Cary, NC,
USA).

RESULTS

Respondent Characteristics

Of 360 physicians surveyed, 233 (64.7%) were
SCPs (cardiologists) and 127 (35.3%) were PCPs
(general practitioners or office-based cardiolo-
gists). Most physicians surveyed had practiced
for [ 10 years, and the majority worked in
teaching hospitals or urban practices. Respon-
dent characteristics are summarized in Table 1.

Lipid Management in Primary
and Secondary Care Settings Post-MI

Prescription of LLTs Post-MI in Secondary Care
Secondary care physicians reported that on
average across the six participating countries
90.7% of patients who were not on LLT prior to
having an MI did have LLT initiated during
their hospital stay. This proportion ranged from
87.5% in Spain to 96.4% in The Netherlands
(Fig. 1a). Only 64.7% of patients who were on
LLT prior to having an MI, had their LLT
intensified after the event. Among the surveyed
countries that proportion was lowest in The
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Netherlands (46.5%) and highest in Italy
(73.4%; Fig. 1b).

Cardiac Rehabilitation Post-MI
Physicians reported that between 38.3% (Italy)
and 84.0% (The Netherlands) of patients were
referred to cardiac rehabilitation after an MI
(Fig. 2). Ten percent of Spanish physicians and
15.6% of Italian doctors reported not having
access to cardiac rehabilitation programs, but
overall, physicians across all countries surveyed
reported having access to cardiac rehabilitation
programs without restrictions. In Italy, it was
reported that 78.9% of patients attending

cardiac rehabilitation first attend directly after
discharge from secondary care following their
MI. Across the other surveyed countries patients
were reported to start their rehabilitation pro-
grams on average between 2.0 and 5.8 weeks
after discharge from the hospital.

LDL-C Management Post-MI
Secondary care: SCPs reported an average time
from hospital discharge post-MI until LLT
review ranging from 6.2 weeks in Italy to
10.5 weeks in the UK (Fig. 3). The proportion of
patients that SCPs reported underwent LLT
review in the first 12 weeks post discharge

Fig. 1 Secondary care physician reported rates of LLT
prescribing during inpatient stay post-MI including
(a) LLT initiation for patients not taking LLT at

admission and (b) LLT intensification for patients taking
LLT at admission. LLT lipid-lowering therapy, MI
myocardial infarction, SCP secondary care physician
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following an MI ranged from 48.0% in the UK
to 77.4% in The Netherlands (Fig. 4).

Primary care: Following discharge from sec-
ondary outpatient to primary care, PCPs repor-
ted that they requested assessment of LDL-C
levels for between 58.8% (UK) and 69.0%
(France) of post-MI patients at their first con-
sultation following the discharge. PCPs reported
that they review LLT in the first consultation for
between 46.4% (Italy) and 69.9% (Germany) of
post-MI patients (Fig. 4). Between 8.3% (The

Netherlands) and 36.7% (France) of PCPs
reported requesting assessment of LDL-C levels
for all post-MI patients at first consultation after
the patients were transferred to their care.

Treatment Decisions Reported by Physicians
for Patients Who Did Not Achieve LDL-C
Treatment Goals
More than 80.0% of SCPs in each of the par-
ticipating countries stated that they would ini-
tiate a change in LLT immediately if patients

Fig. 2 Physician-reported proportion of patients post
myocardial infarction referred to cardiac rehabilitation
following discharge from secondary care. LLT lipid-

lowering therapy, MI myocardial infarction, PCP primary
care physician, SCP secondary care physician

Fig. 3 Average number of weeks between discharge post-MI and LLT review reported by SCPs

Adv Ther (2023) 40:233–251 239



did not achieve their LDL-C treatment goal by
12 weeks after an MI, with\20% reporting that
they would delay action. In the UK, 10.0% of
SCPs reported that they would not take further
action to change LLT if LDL-C levels were above
the treatment goal (Fig. 5a).

Among PCPs, an average of 51.2% stated that
they would initiate a change in LLT immedi-
ately if patients did not achieve their LDL-C
treatment goal by 12 weeks post-MI, ranging
from 30.0% in France to 80.0% in Spain. Ger-
many was the only country where 2.6% of PCPs
reported that they would take no action in this
situation. From 20.0% (Spain) to 70.0% (France)
of PCPs reported that they would wait before
changing LLT in these patients (Fig. 5). Treat-
ment decisions reported by physicians for
patients who did not achieve LDL-C treatment
goals

LDL-C Level Treatment Goals
The majority of SCPs from Spain (72.0%), Ger-
many (70.0%), France (66.7%), and Italy
(57.8%) reported using treatment goals recom-
mended by the 2019 ESC/EAS guidelines for
very high-risk patients (1.4 mmol/l and at least
50% from the baseline level). In The Nether-
lands and the UK, more physicians reported
that they targeted an LDL-C level
of\ 1.8 mmol/l or at least a 50% reduction of

the baseline LDL-C level (the LDL-C treatment
goals recommended by 2016 ESC/EAS guideli-
nes; Fig. 6a).

Up to 40.0% of those surveyed in Germany
and Spain reported using the treatment goals to
reduce LDL-C to\ 1.4 mmol/l and by � 50%
from the baseline level. In France, Germany,
Italy, The Netherlands, and Spain, most PCPs
reported that they targeted an LDL-C of
1.8 mmol/l or B 50% reduction of the baseline
LDL-C level. Three-quarters of UK PCPs reported
a range of other treatment goals including 15%
who reported targeting the lower threshold of
1.0 mmol/l associated with multiple cardiac
events (Fig. 6b).

The most common way of intensifying LLT
post-MI reported by SCPs was increasing statin
intensity and/or addition of ezetimibe. This
modification was reported to be suitable for
between 72.3% (Italy) and 88.6% (UK) of post-
MI patients. Use of PCSK9i, with or without
additional modification of the LLT regimen, was
reported to be appropriate for between 9.8% of
patients in the UK and 23.8% of patients in Italy
(Fig. 7). When asked what guidelines are used in
their day-to-day practice, 82.0% of SCPs across
the scope countries stated that they refer to
2019 ESC/EAS guidelines for management of
post-MI patients. Among PCPs, this proportion
was 55.1%. Similarly, 55.1% of PCPs reported
that they consulted national guidelines.

Fig. 4 Lipid management of patients post-MI: physician-reported proportion of patients having lipid levels and LLT
reviewed following discharge post-MI
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Prescribing Decisions Made by Physicians
Reviewing Very High-Risk Fictitious Case
Studies
To evaluate their LDL-C treatment practices, the
physicians were presented with two hypotheti-
cal case studies of very high-risk fictitious
patients. Case study A described a 55-year-old

woman who was presenting with her first MI,
was a non-smoker, had an LDL-C level of
250 mg/dl, and had not been prescribed LLT.
Case study B described a 67-year-old man pre-
senting with an MI and previous history of MI
7 months ago, who had recently quit smoking,
had an LDL-C level of 100 mg/dl, and had been

Fig. 5 Physician-reported treatment decisions if a patient did not reach the LDL-C treatment goal by 12 weeks after
discharge in (a) secondary and (b) primary care. LDL-C low-density lipoprotein cholesterol
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Fig. 6 Physician-reported LDL-C levels considered most
appropriate for post-MI patients. aOther includes: at least
50% reduction of LDL-C level, LDL-C\ 100 mg/dl
(2.6 mmol/l) or at least 50% reduction of LDL-C level;
LDL-C\ 130 mg/dl (3.3 mmol/l) or at least 50% reduc-
tion of LDL-C level; at least 50% reduction in LDL-C

from the level before treatment; LDL-C level as low as
possible with the most intensive lipid-lowering therapy
regimen; 40% reduction in non-HDL from the level before
treatment; other. HDL high-density lipoprotein, LDL-C
low-density lipoprotein cholesterol, MI myocardial
infarction
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prescribed atorvastatin 80 mg. Both fictitious
cases were designed such that it was not possi-
ble to achieve LDL-C treatment goals recom-
mended by the 2019 ESC/EAS guidelines by a
combination of a high-intensity statin and
ezetimibe. In both these situations, the current
guidelines recommend adding a PCSK9i.

For case study A, between 46.7% (Spain) and
76.7% (France) of physicians (SCP and PCP)
reported that they would initiate a statin for
this patient. The proportion of physicians who
selected LLT regimens including PCSK9is ran-
ged from 5.0% in France to 11.7% in the UK. For
case study B, across the countries surveyed,
between 41.7% (The Netherlands) and 73.3%
(Germany) chose to add ezetimibe. The pro-
portion of physicians who selected LLT regi-
mens including PCSK9i ranged from 5.0% in
Germany to 25.1% in the UK.

Barriers to PCSK9i Use
Among the main barriers to prescribing a
PCSK9i identified by the physicians surveyed
were the requirements for a minimum LDL-C

threshold before PCSK9i treatment can be pre-
scribed (44.9%), the requirement for patients to
already be on the maximally tolerated statin
dose (49.4%) or ezetimibe (38.9%), and a
requirement for the patient to be pre-authorized
for the PCSK9i therapy (30.4%) (country-speci-
fic data are provided in Table 2). Physicians were
asked whether PCSK9is were included on their
formulary. For all participating countries, 68.6%
of physicians reported that PCSK9is were
included on their formulary and 31.4% reported
that they were not included. This proportion
varied substantially by the physician’s specialty.
Among SCPs, 84.1% reported that PCSK9i were
included in their formulary, while this propor-
tion among PCPs was only 40.2%. The largest
differences in availability between primary and
secondary care were observed in Spain, The
Netherlands, and the UK. The main barriers to
achieving LDL-C treatment goals more gener-
ally identified by prescribers were adverse
events of LLTs, poor adherence, and lack of
patient education about LDL-C, lifestyle, and
diet changes (Table 2).

Fig. 7 Secondary care physician-reported proportion of
patients who receive each treatment option during
treatment intensification. aThis category represents the
combined values reported for the following therapeutic
regimen modifications: increase statin intensity and add

PCSK9i, decrease statin intensity and add PCSK9i; add
ezetimibe and PCSK9i; increase statin intensity with
addition of ezetimibe and PCSK9i; reduce statin intensity
with addition of ezetimibe and PCSK9i
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Table 3 Country-specific PCSK9i reimbursement and treatment initiation requirements for use post-MI

Country Prior treatment specified Prescriber specified Threshold LDL-C level
or restricted use

Administrative
requirements

Francea Maximally tolerated dose of

statin plus ezetimibe

Cardiologists, internist or

diabetologists

LDL-C[ 70 mg/dl

(1.8 mmol/l)

–

Germany Requirement to have

prescribed LLT for

12 months to include

ezetimibe

Adult or pediatric specialist

for cardiology,

nephrology,

endocrinology,

diabetology, angiology,

specialist in ambulances

for lipid metabolism

None Document

demonstration

of clinical

progression

Italy Statin intolerant patients or

those on statins plus

ezetimibe after 6 months

therapy (or 30 days

therapy for patients with

recent MI (within

12 months) and patients

with multiple CV events

(2 ?))

Cardiologists, internal

medicine doctors and in

some regions

endocrinologists and

diabetologists

Secondary prevention

patients: LDL-

C[ 70 mg/dl

(2.6 mmol/l); three

measurements in

6 months over the cut-

off threshold are

required to obtain

PCSK9i reimbursement

Primary prevention

patients with familial

hypercholesterolemia:

LDL-C[ 130 mg/dl

(3.3 mmol/l)

Therapeutic web

registry

Netherlands Prescribed statin and

ezetimibe and a lipid level

measurement

Cardiologists, internists LDL-C[ 70 mg/dl

(1.8 mmol/l)

Pharmacist check

required

Spain Maximally tolerated dose of

statins. Regional

differences: statin baseline

therapy or statin with

ezetimibe

Mainly, hospital

cardiologists and other

hospital specialists

including diabetologist,

cardiologist, lipidologists

LDL-C[ 100 mg/dl

(2.5 mmol/l)

Supervision by

hospital

pharmacy
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DISCUSSION

This study showed that there are differences
across the European countries surveyed in the
management of dyslipidemia and the propor-
tion of physicians who review or make changes
to LLT in post-MI patients. This can be attrib-
uted in part to differing patient pathways and
healthcare systems. However, adherence to
local guidelines, differences in formulary-based
restrictions, and varying interpretations of the
treatment goals post-MI contribute to some of
the differences being reported in practice.

The 2019 ESC/EAS guidelines recommend:
(1) high-intensity statin use to the highest tol-
erated dose required to achieve lipid level goals;
(2) addition of ezetimibe for people not
achieving treatment goals; (3) combination
with PCSK9i for primary and secondary pre-
vention in patients who are at very high risk for
CV events and who are not achieving their
treatment goal on existing treatment regimens
[5]. While LLT is initiated in most patients who
did not have any LLT prior to their MI, lower
rates of intervention are seen in those patients
who were on LLT before their event. From

Table 3 continued

Country Prior treatment specified Prescriber specified Threshold LDL-C level
or restricted use

Administrative
requirements

UK Maximally tolerated LLT Lipid specialists Primary non-familial

hypercholesterolemia or

mixed dyslipidemia:

With high risk of CVDb

LDL-C[ 155 mg/dl

(4.0 mmol/l)

With very high risk of

CVDc LDL-

C[ 135 mg/dl

(3.5 mmol/l)

Primary heterozygous-

familial

hypercholesterolemia:

Without CVD LDL-

C[ 193 mg/dl

(5.0 mmol)

LDL-C[ 135 mg/dl

(3.5 mmol/l)

Prior approval

required:

administrative

requirement

ACS acute coronary syndrome, LDL-C low density lipoprotein cholesterol, LLT lipid-lowering therapy, MI myocardial
infarction, PCSK9i proprotein convertase subtilisin-kexin type 9 inhibitor
aPCSK9is not reimbursed at time of the study
bHigh risk of CVD is defined as a history of any of the following: ACS (such as MI or unstable angina needing
hospitalisation); coronary or other arterial revascularisation procedures; coronary heart disease; ischemic stroke; peripheral
arterial disease
cVery high risk of CVD is defined as recurrent cardiovascular events or cardiovascular events in more than one vascular bed
(that is, polyvascular disease)
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26.6% (Italy) to 45.5% (Germany) of patients
who were on LLT prior to their MI did not have
their LLT regimen intensified after the event.
Although this proportion may include some
patients already at goal LDL-C, EUROASPIRE V
and DA VINCI studies have found that the
majority of ASCVD patients in Europe have
LDL-C levels higher than those recommended
by the ESC/EAS guidelines [13, 16]. There is
potential for improvement in how 2019 ESC/
EAS guidelines are implemented with respect to
LLT intensification and use of the full spectrum
of prescribing options to achieve target LDL-C
levels in post-MI patients.

Physician-estimated referral rates of post-MI
patients to cardiac rehabilitation varied widely
across the six countries surveyed (from 38.3% in
Italy to 84.0% in The Netherlands). The process
surrounding discharge to primary care or to a
cardiac rehabilitation program is often unclear,
and the management protocols for post-MI
follow-up are not clearly defined [17–19]. The
low levels of referral to cardiac rehabilitation
reported for some countries may reflect that not
all post-MI patients are considered for rehabili-
tation in every country, with selection for
rehabilitation reflecting the severity or type of
the MI (ST-elevation vs. non-ST-elevation MIs).
Higher levels of referral to cardiac rehabilitation
in the UK may reflect that this is a quality
standard for secondary prevention after an MI,
against which primary care organizations can be
assessed. In some countries, such as France,
guidelines are available that cover the care
pathway from admission to rehabilitation, but
implementation is often variable [20]. This
means that the opportunity to optimize LDL-C
management may often be missed. Improved
care transition between clinicians and physi-
cians involved in early outpatient follow-up
post-MI is required.

In primary care, few physicians reported
reviewing LLT or requesting LDL-C level checks
on the first consultation post-MI. Following
discharge, many patients do not have their LLT
reviewed by SCPs within 12 weeks post-MI (up
to 52.0% of patients in the UK, Fig. 4). This
variation may be in part due to differences in
healthcare systems across the surveyed coun-
tries. In Spain, most post-MI patients remain in

the care of SCPs for [ 12 weeks following dis-
charge. In The Netherlands, SCPs care for the
patient for 1 year post-MI, and PCPs do not see
these patients during that period. In France,
both SCPs and PCPs manage post-MI patients.
In the UK, NICE guidelines for secondary pre-
vention recommend that physicians measure
lipids at admission and at 3 months after the
start of high-intensity statin treatment. Physi-
cians in the UK often refer to the NICE guide-
lines and review the LLT at 3 months and not at
12 weeks as it is recommended by the ESC/EAS
guidelines. Further country-specific observa-
tions include that Spanish physicians more
commonly reported targeting LDL-C levels rec-
ommended by 2019 ESC/EAS guidelines and
demonstrated proactive LLT management
overall. Physicians across the countries surveyed
cited adverse events, poor adherence, and lack
of patient education about LDL-C as barriers to
achieving LDL-C treatment goals. Recent stud-
ies have indicated that the true frequency of
adverse events caused by LLT may be lower than
that reported because of the perception that this
drug class is associated with adverse events [21].

The reported target LDL-C treatment goal
varied substantially by country and physicians’
specialty and often diverged from the treatment
goal recommended by 2019 ESC/EAS guidelines
[8]. Not surprisingly, the proportion of physi-
cians who were targeting the LDL-C treatment
goal recommended by the current guidelines
was higher among SCPs as they were specialist
cardiologists. But even among SCPs the varia-
tion across countries was apparent: while[57%
of SCPs in Germany, Spain, France, and Italy
targeted the LDL-C treatment goal recom-
mended by 2019 ESC/EAS guidelines in their
practice, only 10.4% of Dutch and 27.5% of UK
SCPs targeted this goal. The proportions of PCPs
who targeted the LDL-C goals recommended by
the most recent guidelines were much lower
and never exceeded 40.0% (reported in Ger-
many and Spain). Substantial proportions of
physicians, both SCPs and PCPs, were still tar-
geting the LDL-C treatment goals recom-
mended by 2016 ESC/EAS guidelines, which
were outdated at the time of the survey. It is
worth noting, however, that the 2019 guideli-
nes had come out only a few months before the
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survey began, and many physicians probably
did not have sufficient time to adopt them in
their practice. Another reason for the variability
observed may be that in some countries the
physicians refer to local guidelines, which are
not always harmonized with the most recent
ESC/EAS guidelines.

SCPs in each of the surveyed countries
reported that the appropriate way to intensify
LLT in more than half of their post-MI patients
who have not reached LDL-C treatment goals
was to increase statin intensity with or without
addition of ezetimibe. This is aligned with the
recommendations of the 2019 ESC/EAS guide-
lines. However, the guidelines make further
recommendations to consider PCSK9is for
patients who need further LLT intensification.
The physicians estimated that adding a PCSK9is
would be appropriate in no more than 17.2% of
their post-MI patients. The results observed by
EUROASPIRE IV and DA VINCI studies suggest
that a far greater proportion of post-MI patients
would benefit from adding a PCSK9i [12, 13].

A conservative approach towards intensive
LDL-C lowering was observed in the LDL-C
management decisions selected for the fictitious
MI cases. Both fictitious cases were designed
such that it was not probable that their LDL-C
would be brought below the treatment goals
recommended by 2019 ESC/EAS guidelines
using a combination of high-intensity statins
and ezetimibe. The combination of these two
medications was, however, sufficient to bring
LDL-C in these fictitious cases below the treat-
ment goals recommended by the 2016 guide-
lines. In each of the participating countries,
11% of physicians or fewer chose to use a
PCSK9i for case study A, and fewer than 25%
chose this treatment option for case study B.
Most physicians chose to initiate a statin in case
study A, and to add ezetimibe to case study B, a
patient already being treated with a high-in-
tensity statin. Hypotheses for why physicians
selected these treatment options include: (1)
physicians may have not considered use of
PCSK9is because of concerns related to their
reimbursement criteria; (2) physicians may not
have been familiar with the new guidelines and
may have been following the 2016 ESC/EAS
guidelines or their local guidelines; (3)

physicians may have selected the next step in
the LLT intensification pathway, with the
intention to observe the effect and subse-
quently evaluate whether further LDL-C lower-
ing is necessary. The 2019 ESC/EAS guidelines
recommend that in patients at very high risk of
cardiovascular events, LDL-C should be lowered
as quickly as possible with high-intensity LLT
necessary to bring the LDL-C under the recom-
mended treatment goal. Use of PCSK9is where
appropriate may result in patients avoiding
unnecessary risk of further cardiovascular
events associated with sustained high LDL-C
levels.

PCSK9i therapies as a second-line treatment
have been found to be very effective at reducing
LDL-C. Physicians reported that multiple barri-
ers hinder initiation of treatment with PCSK9is
in patients who need this therapy. The
requirements for patients to have been treated
with the maximally tolerated dose of statin, to
have been prescribed ezetimibe, and the appli-
cation of a minimum LDL-C threshold (in some
countries multiple tests above the threshold are
required) for the patient to qualify for a PCSK9i
therapy were among the most common barriers
reported (Table 3). These requirements delay
the recommended treatment of patients with
LDL-C above the threshold recommended by
the guidelines.

The 2021 ESC guidelines on cardiovascular
disease prevention in clinical practice focus on
achieving LDL-C levels as close as possible to
treatment goals, approaching treatment inten-
sification in a stepwise manner to help physi-
cians and patients pursue treatment goals in a
way that fits patient profiles and preferences.
For patients at very high risk the physician can
proceed directly to treatment escalation to
achieve the low LDL-C target of\1.4 mmol/l
(55 mg/dl) [22].

The strengths of this study include that it
evaluated treatment practices across both PCPs
and SCPs in six European countries, covering a
broad range of treatment decisions. The data
were collected consistently across all countries,
allowing comparison of the results across the
countries. The study was robust, with minimal
missing data. An inherent limitation of this
survey is that physicians were not asked to
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consult medical records; therefore, the answers
physicians provide about their practice are
based on recall and therefore cannot be inde-
pendently validated. Steps were taken to miti-
gate the recall bias: the physicians were asked to
limit their responses to reflect the previous
2 months. Physicians may feel obliged to report
treatment procedures based on what is recom-
mended in clinical guidelines; therefore, the full
extent of potential variance between what
should happen and what does happen may not
be detected. To reduce this potential informa-
tion bias, the survey restricted reference to
guidelines. The sampling process was based on
the panel held by the recruitment agency and,
against that list, a set of screening criteria was
applied with the aim to recruit physicians with
experience of the post-MI patient pathway. This
creates a potential selection bias, as the physi-
cians who choose to be on these panels may not
be representative of all physicians. For example,
physicians in senior positions or involved in
administration, research, or teaching may be
less likely to participate because of their busy
schedule. However, the physician panels used
to recruit participants have been used in previ-
ous studies and include many physicians, which
should limit the impact of any potential bias
arising from the selection of physicians. No
cardiac rehabilitation specialist was recruited
from France, which is a limitation of this study.

CONCLUSIONS

Our results show that there is substantial vari-
ation in patient pathways and LDL-C manage-
ment across six major European countries,
which leads to inconsistencies in medical care
of post-MI patients. It takes time for harmo-
nization of local guidelines to adopt changes in
ESC/EAS guidelines for management of hyper-
lipidemia. This, in combination with multiple
administrative barriers, hinders prescription of
innovative and highly effective lipid-lowering
drugs, substantially reducing physicians’ ability
to lower LDL-C in post-MI patients below the
recommended treatment goals and leaving
patients at excess risk of subsequent cardiovas-
cular events. Steps towards elimination of

administrative barriers enabling quicker inten-
sification of LLT, optimization of LDL-C man-
agement pathways, and harmonization of local
guidelines for treatment of hyperlipidemia
would benefit post-MI patients in Europe.
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