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Post-acute coronary syndrome (ACS) patients are at very high cardiovascular risk. Despite current
guidelines strongly recommend to reduce LDL-C levels and initiation of high-intensity statins as early as
possible in patients admitted with an ACS, less than half of ACS patients receive a high intensity statin,
and a high percentage of has LDL-C well above the goal despite therapy. There are multiple reasons for
that, including physician lack of guideline adherence, patient lack of compliance with treatment, and lack
of standardized procedures. Furthermore, although the prevalence of familial hypercholesterolemia is
higher among patients with ACS, this condition remains poorly estimated. To fill these gaps, some Eu-
ropean countries have launched local initiatives for the in-hospital and post-discharge ACS patient lipid
management. It appears that ensuring optimal therapy during hospitalization and dedicated follow-up
protocols results in a significant improvement of lipid levels in these very high risk patients, which
may translate into a reduced risk of recurrent future events.
© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Acute coronary syndromes (ACS) represent one of the major
causes of mortality and morbidity worldwide. Despite guideline
recommendations [1] and the availability of effective pharmaco-
logical therapies, post-ACS patients remain at very high cardio-
vascular (CV) risk [2]. The EUROASPIRE V survey showed that only
~30% ACS patients had LDL-C levels below 1.8 mmol/L (70 mg/dl)
1-year post-discharge [3]. These observations clearly indicate the
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need to optimize the ACS pathway, with a special focus on lipid
management to subsequently decrease the risk of recurrent CV
events. Despite current guidelines strongly recommend LDL-C
levels below 1.4 mmol/L (55 mg/dL) and initiation of high-
intensity statins as early as possible in patients admitted with
an ACS, independently of their LDL-C levels [4], only 25e50% of
ACS patients receive a high intensity statin [5], and a high per-
centage of patients still presents LDL-C far from the goal despite
lipid-lowering therapy (LLT) [6]. Several explanations to these
observations have been identified, including physician lack of
guideline adherence, patient lack of compliance with treatment
and poor tolerance, and lack of standardization in prescription and
follow-up. The ACS EuroPath Survey [7], conducted in seven
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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European countries, showed that lipid management of ACS pa-
tients is overall suboptimal, and that there is a considerable lack of
compliance of physicians with guidelines. Another major obser-
vation arising from this survey is the low detection rate of patients
with familial hypercholesterolemia (FH) [8]. Since the prevalence
of FH among patients hospitalized for ACS is higher than in the
general population (up to 8%) [9], hospitalization of ACS patients
may provide a unique opportunity for FH screening. Awareness of
this disease is crucial in order to recognize FH during the hospi-
talization, and to extend the screening to relatives of the index
patient, who may be unaware of this condition.

These observations raised an essential question: how can post-
ACS lipid management be concretely improved and optimized? In
this paper we present eight European initiatives of in- and post-
hospital ACS lipid management aimed at overcoming the gaps
present in each country, and improving the achievement of rec-
ommended lipid targets by ensuring optimal therapy during hos-
pitalization and dedicated follow-up protocols. We must
acknowledge that such initiatives were all adopted before the
release of new ESC/EAS guidelines [4].
2. The Netherlands: PENELOPE study algorithm helps a large
majority of ACS patients to achieve LDL-C goal within 3
months

The Dutch Network for Cardiovascular Research designed the
PENELOPE study (involving 22 hospitals) in order to determine the
prevalence of very high risk ACS patients not achieving LDL-C
<1.8 mmol/L (<70 mg/dL) despite high intensity LLT. To this end,
a standardized, ESC-guideline based algorithm has been developed
with a 3-month follow-up after the acute phase of a myocardial
infarction (MI) in patients at very high risk for recurrent events. The
algorithm provides stepwise intensification of LLT if LDL-C level
remains >1.8 mmol/L (>70 mg/dL). Very-high risk ACS patients
were included in the PENELOPE study within 6 weeks after the
acute event. As of August 2019, 301 ACS patients were included
(30% of intended inclusion), of whom 203 had completed the 3
month follow up. At the inclusion, 65% of ACS patients had LDL-C
level >1.8 mmol/L (>70 mg/dL) and high intensity statin therapy
was prescribed. After 4 weeks, LDL-C level was measured, and 29%
of the ACS patients still had LDL-C level >1.8 mmol/L, leading to the
addition of ezetimibe to a high intensity statin. The evaluation of
LDL-C level 4 weeks after LLT intensification showed that 10% of
patients still did not achieve the lipid goal. For LDL-C levels
1.8e2.6 mmol/L (70e100 mg/dL), the cardiologist can decide or not
to initiate alirocumab, whereas for LDL-C levels 2.6e3.6 mmol/L
(100e140 mg/dL), the cardiologist should initiate alirocumab, and
for LDL-C >3.6 mmol/L (>140 mg/dL) the cardiologist should
initiate alirocumab at the highest dose. LDL-C level is measured 4
weeks after PCSK9i initiation. In the Netherlands, reimbursement
of PCSK9i is restricted to a subgroup of high-risk patients, who
cannot achieve LDL-C level goal, despite statin-ezetimibe combi-
nation therapy.

Overall, 99% of the very high-risk ACS patients included in the
PENELOPE protocol reached the LDL-C goal 12weeks after the acute
event; among them, ~10% needed PCSK9i treatment. The lipid
therapy management algorithm using a timely stepwise approach
for very high risk ACS patients represented the key solution in this
protocol.
60
3. France: In-hospital algorithm promoting discharge of ACS
patients under dual therapy

A French committee of cardiologists in 2016 developed an al-
gorithm for the lipid management of post-ACS patients aimed at
translating the guideline recommendations into clinical practices,
and based on LDL-C levels and the presence or not of a statin
treatment at admission [10]. The main objective of this protocol is
to optimize the LLT for ACS patients at discharge by implementing
the Consensus Statement on lipid management after an ACS [10].
Secondary objectives are to achieve a better compliance with the
guidelines, assess adherence to this algorithm, and evaluate its ef-
fect on attainment of LDL-C goal in a population of post-ACS pa-
tients. The algorithm was implemented in 2017 in the Cardiology
department of Besançon Hospital and was applied to an observa-
tional study including 270 patients admitted for ACS between
February 2017 and September 2018 [11]. All ACS patients had a
blood test performed during the 1st day post-ACS event. Ezetimibe
was prescribed to statin-naïve patients with LDL-C>100 mg/dL,
patients under statin not at the highest tolerate dose with baseline
LDL-C>70 mg/dL, and patients under statin at the highest tolerated
dose with baseline LDL-C>55 mg/dL. FH screening was performed
in patients presenting with the highest LDL-C levels (>190 mg/dL
for statin-naïve or >130 mg/dL for those under the highest toler-
ated dose of statin). ACS patients were discharged with an LLT
prescription according to the algorithm and a discharge letter
mentioning LDL-C goal; 95% of ACS patients were discharged with
high intensity statin and 65% of ACS patients with ezetimibe in
addition to high intensity statin. Compliance with the algorithm
was higher in patients with a naïve LDL-C >100 mg/dL (134/166
(81%) versus 70/104 (67%), p ¼ 0.003) due to a lower rate of use of
ezetimibe in patients with admission LDL-C <100 mg/dL (40/104
(38%) versus 135/166, (81%), p < 0.001). After 2 months post-ACS
event, 94% of patients had LDL-C<100 mg/dL, and 76% had LDL-
C<70 mg/dL, with 68% being able to achieve a reduction of more
than 50%. Interestingly, 51% of ACS patients had LDL-C<55 mg/dL,
according to the new ESC/EAS guidelines [4]. Mean LDL-C level at 2
months was 57 mg/dL, a value below those reported in post-ACS
registries [3,6].

The application of this algorithm and the systematic use of high-
intensity statin þ ezetimibe increases the early reduction of LDL-C
after an ACS, more patients can achieve LDL-C goals, allows to
reduce statin intensity in case of intolerance, and is cost-effective.

4. Austria: Standardized identification of high-risk ACS
patients with a 4-month cardiology-led lipid management
follow-up

Major gaps in the management of ACS patients in Austria are
the lack of standardized procedures for lipid management at
discharge, and the fact that only patients with severely reduced
ejection fraction but not with high cholesterol levels are followed-
up at hospital, with the rest of them being managed in the com-
munity, where the first follow-up visit often occurs several
months after the ACS event and lipid management education is
suboptimal. LDL-C target achievement remains around 30%.
PSCK9i are reimbursed in Austria since July 2016 but can be
initiated exclusively by endocrinologists for ACS patients with
LDL-C>100 mg/dL after 3 months of combination therapy (statin
and ezetimibe) or in case of statin intolerance. Thus, a new
initiative aimed at optimizing post-ACS patient pathwaymanaged
by cardiologists to ensure effective management care of very high
CV risk patients has been launched with a lipid centre at the
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Cardiology department (led by 4 dedicated cardiologists with lipid
specialty) for an adequate lipid management of high risk patients
and to ensure the referral from interventional cardiologists to
endocrinologists for PCSK9i initiation.

All ACS patients had a blood test during the first day after the
ACS event; patients were defined at higher risk according to the
following criteria: LDL-C>190 mg/dL or LDL-C>100 mg/dL if under
statin, statin intolerant patients, Lp(a) > 150 nmol/L, age<45 y.
Approximately 10% of ACS patients met these criteria and were
discharged with a standardized discharge letter, an invitation to
rehabilitation centre, a prescription of high dose statinþ ezetimibe,
and an appointment in 2 months. During each consultation, patient
is educated on adherence, therapy maintenance, and intensifica-
tion. If LDL-C >100 mg/dL after 2 months under combination
therapy, the patient is referred to the endocrinologist for PCSK9i
initiation. In addition, DLCN score is calculated for FH screening and
genetic test performed for score>5. Patients referred to the endo-
crinologist for PCSK9i initiation had a second consultation 4
months after the ACS event: PCSK9i was renewed if LDL-C
decreased by 40% or LDL-C<70 mg/dl and, in the case of positive
genetic test for FH, relatives were also screened. About 10% of ACS
patients seen in the cardiology lipid center received a PCSK9i pre-
scription; ~40% of patients were screened for FH and 8% were FH
positive (not only ACS).
5. Belgium: In-hospital protocol for an optimized FH
screening post ACS, the Belgian Familial
Hypercholesterolemia Strategy, BEL-FaHST protocol

In 2017, a consensus panel composed of Belgian cardiologists,
endocrinologists, lipidologists, and cardiogeneticists has created
the BEL-FaHST protocol (the Belgium Familial Hypercholesterole-
mia Strategy) with the main aims of increasing the identification
and management of FH patients following acute admission in cor-
onary care units (which represents an FH-enriched population),
and increasing the opportunity to identify patient relatives having
FH [12]. Herewe present the experience in the Hospital of Jolimont.
Two alert criteria may lead to suspect a possible FH: 1) the onset of
CVD in ACS patients <65y, 2) LDL-C level>190 mg/dL or 130 mg/dL
if under statin therapy. Patients who did not meet these alert
criteria (~90%) were discharged with a prescription of high-
intensity statin (or with addition of ezetimibe if already on high-
intensity statin). ACS patients meeting the alert criteria (~10%) are
also discharged with a prescription of high-intensity statin (com-
bined with ezetimibe where appropriate) and are alerted on the
inherited predisposition to CVD. These high risk patients are invited
to perform a blood test 2 months after ACS event before the
consultation with the FH specialist. During the medical visit
(generally 1e3 months post-ACS event), the DLCN score is calcu-
lated and ezetimibe is added to high intensity statin if LDL-
C>70 mg/dl after at least 4 weeks of LLT. PCSK9i can be initiated by
the FH specialist if LDL-C is persistently >70 mg/dL. During this
phase, the specialist also encourages the patients to promote FH
screening among the relatives. The percentage of ACS patients
visiting a FH specialist doubled with the implementation of the
BEL-FaHST protocol (23.8% of ACS patients visited FH specialists
during the period January 2017eJune 2018 compared to 10.7% in
the period April 2014eDecember 2017). Since 2018, in Belgium, 34
hospitals have implemented the BEL-FaHST protocol in their cor-
onary units.
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6. Italy: The follow-up protocol of the POSTER study: a
support for cardiologists to diagnose FH early after an acute
coronary event

As in many other countries, less than 1% of FH patients are
diagnosed in Italy and the DLCN score is underused in clinical
practice, especially in the cardiology setting. Furthermore, there is a
low rate of patient reaching the LDL-C target after an ACS event
(regardless of the FH status). The POSTER study (Prevalence Of fa-
milial hypercholeSTerolaemia in Italian patients with coronary ar-
tERy disease), which involved 82 Italian centres, was conducted to
determine the FH prevalence among patients experiencing an acute
coronary event, addressing several unmet clinical needs, including
FH prevalence underestimation, insufficient consideration of car-
diologists for LLT, and suboptimal communication between cardi-
ologists and lipidologists.

The POSTER study enrolled 5415 ACS patients approximately one
month after the acute event or a revascularization procedure. Among
them,51%had LDL-C>70 (>1.8mmol/L) aboutonemonthpost-event;
their LLT was adjusted and the DLCN score calculated (using correc-
tion for LDL-C level according to the LLT). The prevalence of probable
or definite FH among these patientswas 5.1% (278 patients). After the
first visit, 74,6% of patients were under statin alone, 25.4% received a
combination therapy (mostly statin þ ezetimibe), and 0.1% were
prescribedwith a PCSK9i. A blood samplewas obtained frompatients
withprobableordefiniteFHto characterize themmoreprecisely from
a genetic point of view. These patients were also referred to a lipid
clinic for a better implementation of lipid lowering therapy and to
start, if needed, a family evaluation.
7. Spain: Follow-up virtual visits ensure timely and
appropriate lipid care according to LDL-C level

According to Euroaspire V [13], about 51% of Spanish ACS patients
have LDL-C>70mg/dL (>1.8mmol/L) 1 year post-discharge. Thismay
be attributed to a delay between the discharge after an ACS and the
first follow-up visit with a cardiologist (ranging between 2 months
and 1 year), as well as to a different “sensitivity” to LDL-C goal be-
tween general practitioners (GPs) and cardiologists. This suggests the
need to standardize LLT prescription during hospitalization and in
post-ACS follow-up to increase the chance of achieving therapeutic
LDL-C goals. The new protocol implemented in Hospital del Mar
aimed at supporting these needs, both by titrating LLT during the
hospitalization (based on naïve LDL-C levels and statin potency) ac-
cording to Masana study [13], and ensuring a close lipid profile
monitoring during the follow-up by means of virtual visits done by
cardiologists who check LDL-C levels and treatment adherence.

During hospitalization, all ACS patients have a blood test per-
formed during the first day post-ACS event and are also screened
for FH using the DLCN score calculation. ACS patients are dis-
charged with a letter for the GP, and an invitation to a rehabilitation
program; 6 weeks post-ACS event, 90% of patients performed blood
test to control LDL-C level before the first virtual visit (phone call):
26% of them had LDL-C >70 mg/dL. If patient was not at maximum
therapy, LLT was intensified, and LDL-C levels measured again after
6 weeks. In the presence of persistent LDL-C>70 mg/dL, patients
were referred to the hospital lipid unit, composed of one cardiol-
ogist and 2 nurses, to ensure the maximum tolerate LLT dose and
collect information needed for the commission to prescribe PCSK9i:
if LDL-C> 100 mg/dL, the commission can decide to initiate PCSK9i.
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In 2018, 90% of ACS patients had LDL-C levels tested 6 weeks post
ACS event; among them, 64% of ACS patients had LDL-C<70 mg/dL
6 weeks post ACS event, versus only 30% in 2015, before protocol
implementation.

8. Sweden: A nurse-led lipid protocol in Cardiac
Rehabilitation to increase the number of post-MI patients at
LDL-C goal

SWEDEHEART is a nationwide registry in which all hospitals in
Sweden enter data on patients with MI, aiming to monitor quality
of care, support evidence-based management in acute and chronic
cardiac disease, and to provide real world data for future research
[14]. Since the introduction of variables monitoring the quality of
care within cardiac rehabilitation (CR) in the registry in 2005, the
proportion of post-MI patients achieving the LDL-C goal
<1.8 mmol/L (70 mg/dL) at 1-year post-MI has greatly increased
(https://www.ucr.uu.se/swedeheart/dokument-sh/arsrapporter-
sh/1-swedeheart-annual-report-2019/download). However, a large
variation in target achievement (40%e75%) is still reported. A new
protocol implemented in 2015 at Skåne University Hospital in
Malm€o aimed at increasing both the post-MI lipid level goal
attainment by standardizing treatment protocols, and also CR the
nurse’s responsibility in lipid management within CR.

During the acute phase, LDL-C levels are measured and high-
potency LLT is started; at discharge, patients received documenta-
tion on acute MI management and the planned CR program. As in
the rest of Sweden, all MI patients in Malm€o are registered in the
SWEDEHEART registry during the acute phase, and referral to a 1-
year CR program is automated through the registry.

While the program is multidisciplinary, the patients’ primary
contact is with the CR nurses. The new protocol included the CR
nurses receiving accreditation to prescribe additional blood tests if
needed and the authority to adjust LLT treatment according to
some simple standard steps. Since implementation of the nurse-led
lipid protocol, the number of post-MI patients with LDL-C <
1.8 mmol/L (<70mg/dL) at one year has increased from 54% in 2014
(the year before the protocol implementation) to 82% in 2019
(https://www.ucr.uu.se/swedeheart/dokument-sh/arsrapporter-
sh/1-swedeheart-annual-report-2019/download). Importantly,
58% of post-MI patients in 2019 had LDL-C <1.4 mmol/L (<55 mg/
dL), the new LDL-C goal recommended for this patient category [4].
The protocol is revised annually by introducing new therapies and
adapting treatment goals to those recommended by the ESC/EAS
guidelines.

9. Italy: In-hospital protocol with a standardized discharge
letter leading to an optimized follow-up care by GPs

Rivoli Hospital has defined a new organization aimed at opti-
mizing post-ACS lipid management and increasing the proportion
of patients reaching the LDL-C goal of 70 mg/dL (1.8 mmol/L). The
protocol adopted includes discharging the majority of ACS patients
under high dose statin in combination with ezetimibe, structures
the follow-up visits done by GPs (by providing a discharge letter),
and also supports the referral by the GPs to the hospital for ACS
patients requesting PCSK9i.

During hospitalization, the CV risk of ACS patients is assessed,
including lipid profile with a blood test. ACS patients are discharged
with a small book for the patients containing post-ACS medical
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information, lifestyle advice, and dietary counselling, and a clinical
report for GPs with patient lipid profile after the acute event, the
prescribed LLT (high potency statin in combinationwith ezetimibe),
the LDL-C goal, the lipid level reassessment within one months by
the GP, and the referral of the patient by the GP if LDL-C target is not
reached. One month after the event, LDL-C levels are evaluated,
together with liver function, creatine kinase levels and potential
side effects (myalgia). Patients are referred to the cardiology
department in presence of LDL-C>70 mg/dL, side effects and/or
altered laboratory parameters under standard therapy. A long-term
follow-up visit occurs 6 months to 1 year after the ACS event.
PCSK9i might be prescribed when LDL-C>100 mg/dL in 3 blood
tests after 6 months under maximum tolerated dose of
statin þ ezetimibe. Since the implementation of this protocol in
2016, all ACS patients are discharged with combination therapy,
leading to the increase of ACS patients reaching LDL-C level<70mg/
dL (1.8 mmol/L) at one month post-event and the number of post-
ACS patients treated with a PCSK9i.
10. Conclusions

Post-ACS patients are included in the very-high risk category, for
whom the new ESC/EAS guidelines recommend an LDL-C reduction
of at least 50% and an LDL-C level goal <55 mg/dL [4]. Clinical ev-
idence, in fact, has suggested that LDL-C levels can be reduced well
below the target indicated in the previous guidelines (70 mg/dL for
very-high risk patients), without specific concerns of safety, and
resulting in a greater benefit on cardiovascular outcomes [15e17].
The intensification of lipid-lowering therapy in ACS patients pro-
duces a significant reduction in first cardiovascular events [18e20]
and a more intensive LLT also results in the reduction of total car-
diovascular events in post-ACS patients [21,22]. For this reason, the
new ESC/EAS guidelines have introduced an additional and even
lower LDL-C goal for post-ACS patients who experience a second
event within two years (not necessarily of the same type as the first
event) while taking maximally tolerated statin-based therapy,
suggesting an LDL-C goal of <1.0 mmol/L (<40 mg/dL) [4]. This
recommendation is based on the results of cardiovascular outcome
trials showing that adding a monoclonal antibody targeting PCSK9
on top of maximally tolerated LLT massively and safely reduces
LDL-C levels (well below the previous recommended levels) and
this translates into a significant CV risk reduction [20,23].

Despite the strong evidence from clinical trials, the real world
clinical practice presents several gaps [3,24], with low attainment
of LDL-C goal and inappropriate pharmacological approach being
the major issues during the management of ACS patients. The ini-
tiatives here described show that the application of algorithms/
protocols for the lipid management of post-ACS translating the
guideline recommendations into clinical practices, and including a
stepwise intensification of lipid-lowering therapy based on the
individual response, represents a valuable tool to increase signifi-
cantly the achievement of LDL-C goals recommended to reduce the
CV risk in these patients. Furthermore, this approach may promote
early administration of key drugs, which, in turn, may favour the
adherence to the treatment once the patients are discharged.
Finally, the presence of in-hospital protocols to optimize FH
screening in ACS patients during hospitalization can increase the
chance for an FH diagnosis, with subsequent referral to lipid clinics
for implementation of lipid lowering therapy and to start a family
evaluation.
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Country Initiative Objectives of the Protocol

The Netherlands PENELOPE study algorithm helps a large majority of ACS patients to
achieve LDL-C goal within 3 months

Objective: Establish an algorithm leading to the identification of the
very high risk ACS patients and allowing a stepwise incremental lipid
lowering therapy within 3 months.

France In-hospital algorithm promoting discharge of ACS patients under dual
therapy

Objective: Optimize the LLT for ACS patient at discharge by
implementing “the consensus statement on lipid management after
ACS”
Secondary objectives: 1) achieve better compliance with the
guidelines; 2) assess prescribers’ adherence to this algorithm; 3)
evaluate its impact on LDL-C levels and on attainment of LDL-C goal in a
population of post-ACS patients

Austria Standardized identification of high risk ACS patients with a 4 months
cardiology-led lipid management follow-up in ’LIPIDAMBULANZ’

Objective Optimize post ACS patient pathwaymanaged by cardiologists
to ensure effective management care of higher CV risk patients.

Belgium In-hospital protocol for an optimized FH screening post ACS, the Belgian
Familial Hypercholesterolemia Strategy

Objective Facilitate the detection and management of FH among
patients hospitalized after an ACS event

Italy The follow-up protocol of the POSTER study: a support for cardiologists
to diagnose FH early after a CAD event

Objective Improve FH diagnosis in ACS patients by validating the EAS/
ESC criteria for the diagnosis of FH in Italian population of patients with
a prior coronary event.
Secondary objectives: 1) reinforce the link with the lipidologists; 2)
clarify a protocol for referral from cardiologists to lipidologists

Spain Follow-up virtual visits ensure timely and appropriate lipid care
according to LDL-C level

Objective Support the achievement of the recommended LDL-C goal as
soon as possible in the 6 months post ACS event.
Secondary objectives: 1) implement recommendations into clinical
practices; 2) optimize the titration of LLT during hospitalization; 3)
support the identification of potential FH patients; 4) define a follow-up
algorithm that anticipates the post discharge identification of
uncontrolled patients, their management and follow-up post-ACS

Sweden A nurse-led lipid protocol in cardiac rehabilitation to increase the
number of post-MI patients at LDL-C goal

Objective In order to increase post-MI lipid level goal attainment at
Skåne University Hospital in Malm€o: 1) standardize treatment
protocols; 2) increase the cardiac rehabilitation nurse’s responsibility in
lipid management

Italy In-hospital protocol with a standardized discharge letter leading to an
optimized follow-up care by GPs

Objective Transform the discharge and follow-up protocol by involving
primary care stakeholders in the lipid management for ACS patients.
Secondary objectives: 1) discharge all ACS patients under dual therapy
(statin in combination with ezetimibe) if no contraindication; 2)
develop the link with GPs in order to optimize the follow-up in the
community
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