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Abstract Sections

This contemporary, international, evidence-informed guidance aims to Introduction
achieve the greatest good for the greatest number of people with familial | Methodology
hypercholesterolaemia (FH) across different countries. FH, a family of
monogenic defectsin the hepatic LDL clearance pathway, is a preventable
cause of premature coronary artery disease and death. Worldwide,

35 million people have FH, but most remain undiagnosed or undertreated. ﬁg@ﬁtﬂ:ﬁﬂﬁi‘;ﬁhe
Current FH careis guided by a useful and diverse group of evidence-based

guidelines, with some primarily directed at cholesterol management

and some that are country-specific. However, none of these guidelines
provides acomprehensive overview of FH care thatincludes both the
lifelong components of clinical practice and strategies forimplementation.
Therefore, agroup of international experts systematically developed

this guidance to compile clinical strategies from existing evidence-based
guidelines for the detection (screening, diagnosis, genetic testing and
counselling) and management (risk stratification, treatment of adults or
children with heterozygous or homozygous FH, therapy during pregnancy
and use of apheresis) of patients with FH, update evidence-informed
clinical recommendations, and develop and integrate consensus-based
implementation strategies at the patient, provider and health-care system
levels, with the aim of maximizing the potential benefit for at-risk patients
and their families worldwide.
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Evidence-based guidelines

Introduction

Familial hypercholesterolaemia (FH) isaco-dominant and highly pen-
etrant monogenic disorder that markedly elevates LDL-cholesterol
concentration from birth and, if untreated, leads to premature ath-
erosclerotic cardiovascular disease (ASCVD)' . FH is a tier 1 genomic
condition, meaning thatitis a preventable cause of premature disease
and death owing to ischaemic heart disease®°, with substantial effects
on public health’.

The public healthimportance of FHis also highlighted by an overall
phenotypic frequency in the population of 1in 311 (refs. 4,8). FH may
affect up to35million people worldwide, but only10% are currently diag-
nosed, and >80% of those treated do not achieve recommended LDL-
cholesterol goals®’. The persistent unmet needs in the care of patients
with FH have prompted several clinical practice guidelines'® ™, interna-
tional collaborations**and global calls to action®” . Although new
evidence should inform better standards of care>*, implementation of
guideline recommendationsis generally overlooked” %,

Implementation science offers the best approach for translating
clinicalrecommendationsinto routine practice by overcomingbarriers
toand leveragingenablers ofimproved care, thereby striving to achieve
maximal benefit for the population at risk?>*°. This approach s highly
relevant to the practice of genomics and precision medicine®. There-
fore, we have promoted this methodology to develop implementation
strategies to increase the impact of clinical recommendations on the
care of patients with FH*.

This evidence-informed guidance article provides a systematic
compendium of clinical recommendations, informed by best con-
temporary evidence, for the detection and management of patients
with FH. These recommendations are supplemented with general
and specificimplementation strategies to optimize the deployment
inmodels of care.

Methodology

The full protocolis provided in Supplementary Material 1. Briefly, devel-
opment of the guidance was led by the International Expert Working
Group (IEWG), selected by the board of the International Atheroscle-
rosis Society (IAS) for having diverse expertise in FH (Supplementary
Material1Appendices1and2). The [IEWG defined the scope and focus
of the task, developed the evidence evaluation process, appointed a
writing committee and sought stakeholder involvement. The develop-
ment of the clinical guidance was based on previous guidelines that
had used evidence-informed recommendations and scored highly on
an AGREE-Il assessment®*** (Supplementary Material 1 Appendix 3).

Design of the guidance

The guidance was generically divided into aspects of detection, man-
agementandimplementation. Detection covered screening, diagnosis,
genetic testing and counselling. Management covered risk stratifica-
tion, treatment of adults and children with heterozygous FH (HeFH) or
homozygous FH (HoFH), management of FH during pregnancy, and
use of lipoprotein apheresis. The detection and management sections
included preambiles, clinical recommendations and implementation
recommendations. Clinicalrecommendations were given classes of reco-
mmendation (1=strong, 2 =moderate and 3 = weak) and corresponding
levels of evidence (A = high, B =moderate and C = low)**® (Supplementary
Material 1 Appendix 4). Implementation recommendations were devel-
oped by consensus, based on relevant published works, and were
guided by a framework provided by the Expert Recommendations for
Implementing Change (ERIC)* (Supplementary Material 1Appendix 5).

Detection

Screening

FH meetsall the criteriafor screening for a health-related condition
Thevalue of early detection derives from the premise that the burden
of ASCVD owing to genetically elevated plasma LDL-cholesterol con-
centrations in FH begins at birth and accumulates over time**° and
that initiation of treatment in childhood can cost-effectively prevent
coronary events, improve quality of life and reduce mortality>'>*%*,

Early detection of FH is fundamental to all models of care for
FH>"#42_ Detection strategies include opportunistic, selective, sys-
tematic and universal screening, using phenotypic and genetic testing,
with many of these approaches confirmed as being cost-effective®*,
However, the best approach to detecting FH in primary care remains
uncertain®~*°. Newer methods have been proposed and evaluated,
such as universal screening of children and subsequent child-parent
testing**™*., Universal screeningin the paediatric population has the spe-
cificadvantage of early detection of HoFH, the most severe type of FH',
Populationmodelling and implementation studies show that, toidentify
>90% of the population with FH, combining cascade testing of family
members of affected individuals with some form of universal screening
at younger ages may have the highest potential*****', Genomic-based
population screening has also been proposed*?, but experience is lim-
ited”*. Genomic newborn screening is another option, but remains
underinvestigation®*”’; enhanced identification of HoFH in populations
withagene founder effect will lead to optimal treatment™*'%,

Several barriers to effective screening for FH persist, with imple-
mentation practice remaining amajor challenge>'®**°%-%°, All screening
strategies must confer a net benefit for individuals and populations,
be socially and culturally acceptable, and be undertaken in accord-
ance with the requirements of the relevant jurisdiction®®. Criteria for
effectiveimplementationinclude feasibility, fidelity, adoption, access
and reach, cost-effectiveness and sustainability®>. Implementation of
screening strategies should be underpinned by wide publicawareness,
comprehensive education and training of health-care professionals,
integrated programme management and effective risk-reduction
models of care”. Population and community support, effective govern-
ment health policy and public financing are essential, particularly for
genomic-based screening programmes’®**,

The recommendations onscreening for FH (Table 1) refer to clini-
cal and public health approaches, supplemented by implementation
strategies”***’, These should be integrated with the recommendations
onthe diagnosis of FH*'*",

38,39

Implementation recommendations on screening for FH
General screening

1. Detection and diagnosis of index cases in the community should
ideally use an integrated, patient-centred approach, under-
pinned by a multidisciplinary strategy involving community and
paediatric physicians, obstetric physicians and gynaecologists,
nurses and counsellors.

2. Screening and detection strategies should ideally be centrally
coordinated, enabling testing by all designated requestors, such
as specialist practitioners and genetic counsellors, and linked
to a clinical quality registry, particularly when undertaking
cascade testing of family members.

3. In countries or regions with limited resources, a skilled health-
care professional may lead and coordinate screening and diag-
nostic strategies, preferably in consultation with a specialist
centre and with appropriate training in the care of FH.
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Table 1| Clinical recommendations on screening for familial hypercholesterolaemia

Clinical recommendations Class Level
1. Multiple screening strategies (for example, selective, opportunistic and/or universal) should ideally be used to detect index cases with FH 1 B
2. Age-specific, sex-specific and country-specific LDL-cholesterol concentrations (estimated in plasma or serum) above the corresponding 1 B

95th percentiles for the population should preferably be used to screen for index cases with FH

3. Selective screening should be used to detect index cases among adults with premature ASCVD, mainly coronary artery disease, and a family 1 A
history of premature ASCVD and/or hypercholesterolaemia

4. Opportunistic screening, such as an LDL-cholesterol concentration >4.9 mmol/l (190 mg/dl), should be used to detect cases in the community 1

5. Universal screening using age-specific and sex-specific criteria for LDL-cholesterol concentration should be considered initially to detect 2
children and adolescents with FH, after which the diagnosis should be formally confirmed and reverse cascade testing offered to parents,
as indicated

6. Cascade testing should be offered to all close relatives of an index case with definite FH and be carried out using phenotypic and genetic methods; 1 A
if genetic testing is not feasible, LDL-cholesterol testing (based on appropriate age-specific and gender-specific thresholds) should be used

7. Genome-based population screening of adults may be considered for wider and more accurate detection of FH, but requires careful 3 (¢}
implementation

8. After initial detection of potential index cases, the diagnosis of FH should be formally confirmed using country-specific (or internationally 1 A
accepted) phenotypic criteria and ideally with genetic testing

9. Children with suspected HoFH (for example, with physical stigmata), or at risk of FH (both parents known to have FH), should be tested as early 1 B
as possible (at the newborn stage or by 2 years of age), with measurement of LDL-cholesterol concentrations, followed by genetic confirmation

10. Screening of children at risk of HeFH should be considered using LDL-cholesterol concentrations at or after the age of 5 years, or as early as 2 B
2 years in those with a strong family history of premature ASCVD, with confirmation of the diagnosis genetically, as indicated

11. Non-fasting samples may be considered when screening for FH; the Friedewald equation should be used with caution owing to the 3 B
confounding effect of hypertriglyceridaemia on the estimation of LDL-cholesterol concentration

12. Patients with hypertriglyceridaemia>4.5 mmol/l (>400mg/dl), in whom FH is strongly suspected, should be re-screened for FH with a 1 A
12-h fasting sample and LDL-cholesterol concentration measured using a direct assay

13. In the absence of a direct assay for LDL-cholesterol concentration, the probability of FH should be reconsidered in patients with very severe 2 C
hypertriglyceridaemia after therapeutic lowering of triglyceride concentrations to <4.5mmol/l (<400 mg/dl), or by calculating LDL-cholesterol
using a novel equation, if triglycerides are between 4.5 mmol/l and 10.0 mmol/l (400-850 mg/dl)

14. The effects of cholesterol-lowering medications and acute illness should be accounted for when phenotypically screening for FH; 1 B
LDL-cholesterol concentrations should be adjusted for the use of statins, ezetimibe, PCSK9 inhibitors and other therapies, particularly if a

reliable pretreatment value is unavailable; if the diagnosis of FH is in doubt, LDL-cholesterol measurement should be repeated after full recovery

from acute illness

ASCVD, atherosclerotic cardiovascular disease; FH, familial hypercholesterolaemia; HeFH, heterozygous familial hypercholesterolaemia; HoFH, homozygous familial hypercholesterolaemia;
PCSKQ, proprotein convertase subtilisin/kexin type 9.

4. Digital technologies should be used to search electronic health  Universal screening
recordsto enable systematic detection of index cases, particularly 8. Universalscreening for FH should be integrated into routine popu-

in the community care setting.

. All health-care professionals involved in screening and docu-
mentation of the outcome of testing for FH should be ade-
quately trained and fully aware of the local guidance on data
protection; this training is particularly important in cascade
testing of family members.

Opportunistic screening
6. Opportunistic detection of FH with LDL-cholesterol testing

should be performed by dermatologists (for example, on a lipid
profile before commencing isotretinoin), rheumatologists and
orthopaedic surgeons (for example, for patients having Achilles
xanthomas and tenosynovitis), ophthalmologists and optome-
trists (for example, for patients having premature arcus cornealis,
xanthelasma palpebrarum or planar xanthomas), occupational
physicians (for example, workplace wellness programmes) and
pharmacists (for example, point-of-care testing with a history
thatis suggestive of FH).

Alerts and interpretive comments on laboratory reports of
standard lipid profiles should be used to enable case detection,
emphasizing the need to make a formal diagnosis and referral
for further assessment of FH.

lation health surveillance strategies (for example, health checks
in adults and community health screening programmes) and
prevention procedures (for example, immunization in children).

9. Genetic testing may be considered, if feasible and potentially
implementable, for population screening for FH, provided that
testing also includes other actionable Centers for Disease Con-
trol Tier 1 genetic conditions; the programme should also be
equitable, cost-effective and integrated into a well-structured,
risk-reduction model of care for FH.

10. Patient support and professional organizations should strongly
advocate for health policy to implement universal screening
of FH in paediatric populations; this screening is particularly
relevant to the early detection of HoFH.

See Box 1 for core implementation strategies.

Diagnosis

The most accurate way to diagnose FH is by genetic testing, which
identifies the presence of pathogenic variants that impair LDL recep-
tor function and cause hypercholesterolaemia®®***, However, genetic
testing is currently expensive, not universally available and may not
capture all pathogenic variants>*>~%’, Accordingly, the diagnosis of
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FH often relies on phenotypic criteria alone*. A phenotypic diag-
nosis of FH may be used to ration genetic analyses by selectively
offering testing to potential index cases who are most likely to have
avariant; genetic testing may also be offered to patients for whom
the presence of a variant could influence treatment recommenda-
tions (for example, those with moderately high LDL-cholesterol
levels without clinical indicators of FH). Genetic and phenotypic
testing are important for both assessing and managing patients
Wlth FH2'13'14'16'17.

Standardizing the phenotypic diagnosis of FH is complicated by
the overlap of LDL-cholesterol concentrations between those with
HoFH and those with HeFH and between those with HeFH and those
with polygenic hypercholesterolaemia®*’, Diagnostic accuracy also
depends on variations in genes unrelated to FH that influence LDL-
cholesterol and lipoprotein(a) (Lp(a)) concentrations, as well as on
changes in LDL-cholesterol concentrations owing to age, ancestry,
menopause, coexisting acute and chronic medical conditions and
the environment>*, Adjustment for concurrent treatments that lower
LDL-cholesterol concentrations is also required to make an accurate
phenotypic diagnosis'*,

Inadults, the most widely used clinical diagnostic methods are the
Dutch Lipid Clinic Network and the Simon Broome criteria’; other inter-
nationally used methods are the US (MED-PED or AHA), the Japanese
and the Canadian criteria'®**’® (Supplementary Material 2). However,
with statin therapy, the use of clinical criteria alone is more difficult,
because those treated from an early age tend not to have physical
stigmata, such as tendon xanthomas, and fewer patients will have a
positive family history of premature coronary artery disease’. Machine
learning modelling applied to the diagnosis of FH shows promise” 7>,
but requires further evaluationin clinical practice.

In children, clinical diagnosis relies on elevated LDL-cholesterol
concentrations and a positive family history of premature coronary
artery disease and/or high LDL-cholesterol concentration in at least
one parent™'®"””*, In the absence of genetic testing, the diagnosis of
FH during cascade testing of adults and children relies on measuring
LDL-cholesterol concentrations””,

Box 1

Screening for familial
hypercholesterolaemia

Core implementation strategies:

¢ Integrate screening strategies (selective, opportunistic and

universal)

e Use a patient-centred and multidisciplinary approach, including
general practice
Use digital technologies and search of electronic health records
Deploy alerts and comments on high LDL-cholesterol levels in
laboratory reports
Train and upskill all health-care providers on screening methods
Identify referral pathways for expert evaluation, offering of
genetic testing and risk-reduction treatment
Develop health-care policy and funding for integrated screening
strategies

The clinical diagnosis of HoFH is not as problematic as that of
HeFH, because HoFH presents earlier and has a more pronounced
clinical phenotype'®”*””. However, LDL-cholesterol concentrations
canvary in patients with HoFH according to the type of genetic defect
and cannot alone establish the diagnosis'®**"*”°, Genetically confirmed
HoFH can occur in patients with an LDL-cholesterol concentration
<13 mmol/I (<500 mg/dl), suggesting that a lower diagnostic thresh-
old of <10 mmol/I (<400 mg/dl) should be used clinically?>’*”°, Mak-
ing a phenotypic diagnosis of ‘severe FH’, on the basis of markedly
elevated LDL-cholesterol concentrations and the presence of other
major risk factors for ASCVD or a history of ASCVD, may have prognos-
tic value in adults in the absence of a genetic diagnosis®>®'. The term
‘phenotypic’ HoFH has also been proposed as an operational diagnosis
for patients with the classic phenotype in the absence of detectable
biallelic pathogenic, or likely pathogenic, gene variants'®.

When making a clinical diagnosis of FH, the same recommen-
dations as when screening for FH apply to the measurement of LDL-
cholesterol concentrations in relation to elevated triglyceride levels,
coexistent acute illness and concurrent use of cholesterol-lowering
therapies. High Lp(a)-cholesterol concentration associated with very
high Lp(a) concentrations may also affect the phenotypic diagno-
sis of FH in people with markedly elevated Lp(a) concentrations® 5,
In patients with both phenotypic FH and high Lp(a) concentrations,
correcting LDL-cholesterol for Lp(a)-cholesterol may refine the clinical
diagnosis and avoid unnecessary genetic testing for FH*>%*%5, However,
how best to accurately adjust LDL-cholesterol for Lp(a)-cholesterol
remains unresolved®*,

Recommendations for the diagnosis of FH are provided in Table 2.

Implementation recommendations on the diagnosis of FH

1. Cost-effective pathways for making a diagnosis of FH, including
referrals to specialists, should be seamlessly integrated with all
screening strategies for FH.

2. The diagnosis of FH in children and adolescents should ideally
be made by a paediatrician with training and expertise in lipid-
ology, and with attention to assessing the psychological effect
of the diagnosis on the family and need to follow regulations
on child protection (safeguarding); in those who have difficulty
fasting, a non-fasting blood sample may be considered to make
aclinical diagnosis.

3. All patients diagnosed with HoFH should be referred to a spe-
cialist centre for further physical and psychological assessment
and careful planning of care.

4. Whenever possible, allindex patients with a phenotypic diagno-
sis of FH should be offered genetic testing, especially if cascade
testing is planned.

5. All health-care professionals involved in making a diagnosis of
FH should be aware of the local guidance on data protection.

Genetic testing and counselling: risk notification and cascade
testing

Genetic testing refers to an accredited DNA diagnostic methodology
with validated bioinformatic analyses performed in a certified labo-
ratory that issues clear reporting of results®. Genetic testing in FH
increases the precision of diagnosis and counselling, accuracy of risk
stratification, adherence to treatment, access to special therapies and
cost-effectiveness of cascade testing*****%*°°, The importance of
genetic testing for making a diagnosis of FHis emphasized in two expert
statements’*>, However, genetic testing is currently underutilized in

Nature Reviews Cardiology | Volume 20 | December 2023 | 845-869

848


http://www.nature.com/nrcardio

Evidence-based guidelines

Table 2| Clinical recommendations on diagnosis of familial hypercholesterolaemia

Clinical recommendations

Class Level

1. A diagnosis of HeFH or HoFH should be made, whenever possible, using genetic testing that identifies pathogenic variants (such as in LDLR, 1 A
APOB, PCSK9 or LDLRAPT) that impair the LDL-receptor pathway; such testing is particularly important when phenotypic features are less obvious,

such as in children, and for planning long-term care and cascade testing of family members. Conversely, if the phenotype strongly suggests FH

and a pathogenic or likely pathogenic variant is not detected, FH should not be excluded

2. If genetic testing is not feasible, a clinical diagnosis of FH in adults should be made using country-specific or recognized phenotypic criteria 1 A
(such as the Dutch Lipid Clinic Network, Simon Broome criteria, MED-PED, AHA, Canadian or Japanese criteria) for index cases (Supplementary

Material 2)

3. A phenotypic diagnosis of FH in adults and children requires exclusion of, or correction for secondary causes of, high LDL-cholesterol 1 A
concentrations (Supplementary Material 3); in the absence of an untreated value, LDL-cholesterol concentration should be adjusted for concurrent
use of cholesterol-lowering medication; LDL-cholesterol concentrations should ideally be measured after fasting and on two occasions

4. Use of imaging-based detection of subclinical Achilles tendon xanthomas may be considered to increase the specificity and accuracy of the 3 B

phenotypic diagnosis of FH in adults

5. A clinical diagnosis of FH in children and adolescents should be considered as highly probable in the presence of an untreated LDL-cholesterol

N
ve)

concentration >4.9mmol/l (>190 mg/dl), recorded on at least two occasions (fasting lipid profile, >2 weeks but <3 months apart), and a parental
history of high LDL-cholesterol levels, premature ASCVD or a positive genetic test for FH

6. After exclusion of secondary causes of high LDL-cholesterol levels (Supplementary Material 3), a clinical diagnosis of FH in children and 2 B
adolescents should be considered as probable in the presence of an untreated (a) LDL-cholesterol concentration>4.9mmol/l (190 mg/dl;

recorded on at least two occasions), even in the absence of a parental history of high LDL-cholesterol concentrations or premature ASCVD;

(b) LDL-cholesterol concentration>4.0 mmol/l (>160 mg/dL; recorded on at least two occasions), with a parental history of high LDL-cholesterol

concentrations or premature ASCVD; (c) LDL-cholesterol concentration>3.5mmol/l (>135mg/dL; recorded on at least two occasions), with a

parent having a pathogenic gene variant for FH; (d) LDL-cholesterol concentration (recorded on at least two occasions) exceeding a country-

specific LDL-cholesterol threshold (lower than the above) and a parental history of elevated LDL-cholesterol concentrations or premature ASCVD

7. Phenotypic criteria developed for making a diagnosis of HeFH in adult index cases (such as the Dutch Lipid Clinic Network criteria) should not 1 A

be used in children or adolescents, or when undertaking cascade testing

8. After excluding secondary causes of high LDL-cholesterol levels (Supplementary Material 3), a clinical diagnosis of HoFH (that is, phenotypic 1 C
HoFH) should be made in children and adults with an untreated LDL-cholesterol concentration>10 mmol/l (>400 mg/dL; recorded on two

occasions) in the presence of (a) physical stigmata (tendon or cutaneous xanthomas, arcus cornealis) before the age of 10 years and/or (b)

untreated LDL-cholesterol concentrations consistent with HeFH in both parents; in the absence of genetic testing and a clear history of FH in both

parents, sitosterolaemia and hypercholestanolaemia (cerebrotendinous xanthomatosis) should also be excluded

9. If cascade testing in the family is recommended, the diagnosis of FH in the proband or index case should ideally be confirmed genetically 1

10. The diagnosis of FH during phenotypic cascade testing should be made using age-specific, sex-specific and country-specific LDL-cholesterol 1 A

concentrations, ideally measured after fasting and on two occasions

ASCVD, atherosclerotic cardiovascular disease; FH, familial hypercholesterolaemia; HeFH, heterozygous familial hypercholesterolaemia; HoFH, homozygous familial hypercholesterolaemia;

LDLR, LDL receptor; PCSK9, proprotein convertase subtilisin/kexin type 9.

clinical practice. This underutilization relates to the costs of genetic
tests, inadequate clinical skills in genomic medicine, genetic privacy
policies, concerns about restrictions on life insurance, and undera-
vailability of genetic counselling services>”. These barriers must be
addressed for effective implementation®®>%,

Genetic testing aims to provide precise and personalized infor-
mation that helps clinicians and patients to make informed decisions
about their health care®*®**, Accordingly, genetic testing requires
skilled counselling, a process that includes risk assessment, anticipa-
tory guidance, family-based care and psychological assessment®>5%,
Patient attitudes towards genetic testing for FH are generally positive,
given the minimal negative sequelae®. A pathogenic DNA variant
is often found when FH is suspected clinically®®, but discrepancies
include patients with a variant of uncertain significance or a benign
variant, patients with no detected pathogenic variant because they
have polygenic hypercholesterolaemia or a truly pathogenic variant
hasnot been molecularly identified, and normolipidaemicindividuals
inwhoma pathogenicvariantis found”. These individuals can benefit
from the expertise of a genetic counsellor>***%, More comprehen-
sive genetic testing for pathogenic or likely pathogenic variants will
evidently increase the likelihood of making an accurate diagnosis of
FH®*"8, Genetic testing procedures should be standardized, including

informed consent, pre-test and post-test genetic counselling, classifica-
tion of variants, reporting and return of results, follow-up of family
members for cascade testing, and shared decision-making®>**. Ashared
decision-making framework uniquely combines the clinical expertise
ofthe health-care provider with the preferences of the patient, personal
circumstances, goals, values and beliefs®>%5%,

Cascade testing is the stepwise, systematic testing of at-risk bio-
logical relativesin families with agenetic condition andis strongly reco-
mmended for detecting FH"*""*>>%° Cascade testing is highly efficient
for identifying additional individuals with FH, particularly younger
than the age at diagnosis of the proband®. A proactive approach, based
onfundamental ethical and legal principles, is most cost-effective®**,
Cascadetesting canbe performed genotypically and phenotypically*”,
butidentification of a pathogenic variant (or variants) in the proband
allows targeted testing of at-risk relatives with very high sensitivity
and specificity"***. Cascade genetic testing also identifies relatives
who did not inherit the familial variant (variants) and are, therefore,
highly unlikely to have FH, an outcome with high personal and clinical
utility®>**, Ifindex cases with FH are also known to have a high Lp(a) con-
centration, cascade testing for elevated Lp(a) concentrations should
alsobe considered infirst-degree relatives'’’. Reverse cascade testing
of parents from a child known to have FH is also recommended'’*.
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Effective and ethical risk notification and cascade testing are under-
pinned by pre-test and post-test genetic counselling®®**°, which may
be provided by a health-care professional with expertise in FH and
genetics”. There are multiple barriers and facilitators that should be
addressed to optimize the detection of new cases of FH using cascade
testingz‘),l()lfl()%.

Recommendations for genetic testing and counselling for FH are
providedin Table 3 and Fig. 1.

Implementation recommendations on genetic testing and
counselling for FH
1. Eligible patients should be referred to a specialized clinic or cen-
tre that offers genetic testing and supporting services; direct-to-
consumer genetic tests are not recommended or appropriate
for clinical use in making a diagnosis of FH.

2. A standardized process for obtaining informed consent for
genetic testing should be used, ensuring:

a. Informed consent considers literacy and level of comprehen-
sion and sociocultural and psychological background of the
patient, includes a lay explanation of risk, addresses the pos-
sible impact of either a positive or negative result and allows
the patient to withdraw consent.

b. Modificationstothe processfor paediatric patients, specifying
appropriate assent be given by a custodial parent or guardian.

3. Sample collection, testing, analyses and reporting of findings
should use a standardized process, as follows:

a. Standardize collection procedures for blood and/or saliva
samples.

b. Carry out testing using a centralized service in a fully
accredited laboratory.

Table 3| Clinical recommendations on genetic testing and counselling for familial hypercholesterolaemia

Clinical recommendations Class Level
1. Genetic testing for FH should be offered to all individuals in whom there is a strong suspicion of FH based on clinical and/or family history 1 B
(for example, phenotypic HoFH, definite or highly probable phenotypic HeFH in an adult, child or adolescent)

2. Genetic testing should be considered in individuals with a probable phenotypic diagnosis of HeFH 2 B
3. Genetic testing may be considered in individuals with a phenotypic diagnosis of possible HeFH, especially when there is incomplete 3 C
information to establish a diagnosis and the genetic result affects clinical management

4. Genetic testing for FH should be carried out using an accredited method in a certified laboratory, using targeted next-generation sequencing 1 A
of all exons and exon-intron boundaries of LDLR, APOB, PCSK9 and LDLRAP1, and the exons in APOB that encode the LDLR ligand-binding region,

as well as analysis for deletions and duplications in LDLR

5. Variants detected by genetic testing should be classified and reported according to contemporary standardized guidelines, for example, those 1 A
of the ACMG, AMP or ClinGen FH Variant Curation Expert Panel

6. If a pathogenic or likely pathogenic variant is not detected, FH should not be excluded, particularly if the clinical phenotype is strongly 1 A
suggestive of FH, because the condition may result from undetected genetic variants

7. Genetic counselling should be offered, before and after genetic testing, to all individuals suspected of having FH 1 B
8. Genetic counselling should at a minimum include obtaining a three-generation family medical history, risk and psychological assessment, 1 A
family-based care, enabling of cascade testing, anticipatory guidance and psychological assessment

9. Pre-conception counselling should be offered to all couples, especially if both partners/parents are known, or suspected, to have FH 1 B
10. Prenatal or pre-implantation genetic testing should be offered if both partners/parents are known to have FH, counselling being particularly 1 ©
important in parents with HeFH who have previously had a child with HoFH

11. Polygenic scores for hypercholesterolaemia may be useful but are not yet fully standardized, so that they should be used with caution when 3 B
assessing the differential diagnosis of FH in clinical practice

12. Cascade genetic testing is highly cost-effective and should be used after a disease-causing variant has been identified in the proband 1 A
or index case

13. Pre-test and post-test genetic counselling should be offered to all at-risk relatives as an integral component of cascade testing 1 A
14. Cascade testing should be undertaken using both phenotypic and genotypic approaches (Fig. 1); if genetic testing is not available, 1 A
a phenotypic approach (that is, a plasma or serum lipid profile, including the LDL-cholesterol concentration) should be used

15. Cascade genetic testing for the specific variant (variants) identified in the proband (that is, known familial variant testing) should initially be 1 A
offered to all first-degree relatives; if first-degree relatives are unavailable, or do not wish to undergo testing, known familial variant testing should

be offered to at-risk second-degree and then third-degree relatives, with sequential extension to the entire family until all at-risk individuals have

been offered testing (Fig. 1)

16. At-risk children should be offered cascade genetic testing at the earliest opportunity (and more than once if not pursued at the first offer) if an 1 A
FH-causing variant has been identified in a parent or other first-degree relative

17. When genetic testing is not feasible, the diagnosis of FH in at-risk relatives should be made phenotypically using age-specific, sex-specificand 1 A
country-specific LDL-cholesterol concentrations (Fig. 1; Supplementary Material 4); clinical tools for diagnosing FH probands (such as the Dutch

Lipid Clinic Network criteria and Simon Broome criteria) are not valid for this purpose. Phenotypic cascade testing should initially be offered to all

first-degree relatives. If first-degree relatives are unavailable, or decline testing, phenotypic testing should next be offered to second-degree and

then third-degree relatives, with sequential extension to the entire family until all at-risk individuals have been offered testing

18. ‘Reverse’ cascade testing (from child to parents) should be offered to parents after a child is identified as a proband with FH, such as after 1 B

making a diagnosis following a clinical presentation or via a universal or newborn screening programme

See Fig. 1 for an algorithm for cascade testing of family members. ACMG, American College of Medical Genetics and Genomics; AMP, Association for Molecular Pathology; ClinGen, Clinical
Genome Resource; FH, familial hypercholesterolaemia; HeFH, heterozygous familial hypercholesterolaemia; HoFH, homozygous familial hypercholesterolaemia; LDLR, LDL receptor; PCSK9,

proprotein convertase subtilisin/kexin type 9.
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Proband or index case
Carrier of a gene variant of known pathogenicity
and/or probable-definite phenotypic FH

|

Discuss risk notification of biological relatives

|

Continueto ——> Counselling of biological relatives
build rapport l

Fig.1| Algorithm for cascade testing of family
members for familial hypercholesterolaemia. Options
include using LDL-cholesterol testing alone or genetic
testing together with LDL-cholesterol testing. FH, familial
hypercholesterolaemia. Adapted with permission from
ref. 17, Elsevier.

{ |

)

No consent-assent No consent-assent Consent-assent
to genetic or to genetic testing to genetic and LDL-cholesterol testing
LDL-cholesterol testing l l

LDL-cholesterol testing Genetic and

LDL-cholesterol testing

FH unlikely FH likely FH variant
or uncertain present

—

Discuss risk notification
of biological relatives

|

Offer appropriate testing to biological
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FH variant
not present

|

FH excluded
Monitor relative if
LDL-cholesterol elevated

C.

d.

Apply validated bioinformatics to interpret results of
genetic testing and establish a process to manage variants
of uncertain significance.

Use a standardized reporting format, with the option of pro-
viding both a hard and an electronic copy of results to the
patient.

4. Return of genetic test results to patients should follow a
standardized process, as follows:

a.

First assess overall literacy and understanding and then
clarify objectives and expectations before discussing results
with the patient.

. Tailor disclosure of results to the level of comprehension of

the patient.

. Gauge patient attitudes towards benefits and threats, con-

sider sociocultural and psychological factors and recognize
their intentions for the future.

. Communicate in everyday, jargon-free language and provide

written and/or pictorial information according to the level of
comprehension of the individual.

. Restrict reporting of variants in general to those with clear

pathogenicor likely pathogenicimpact; refrain fromreporting
results based on benign variants or common polymorphisms.
Variants of uncertain significance may be reported, condi-
tional on communication of the result and its implications
to the patient being undertaken by a genetic counsellor, or
aclinician with expertise in genetics.

5. Follow-up and re-assessment of genetic test results should
involve the following:

a.

Establish a process for patient follow-up regarding questions
or concerns that may arise at a later time.

b. Assess subsequent changes in attitudes, behaviour and
adherence to treatment advice of patients.

c. Carry out regular performance audits to improve the quality
of genetic services.

d. Re-interpret genetic findings regularly, as a collaboration
between the issuing laboratory and a clinician with expertise
in genetics, accounting for new phenotypic findings in the
patient and family and for evolving research knowledge.

6. Diagnostic genetic testing of index cases with suspected FH
should be requested by a specialist clinician skilled in coun-
selling, genomic medicine and the care of patients and fami-
lies with FH. Where indicated (for example, rural centres and
remote regions), diagnostic genetic testing of index cases
may be requested by a general practitioner guided closely by a
specialist clinician.

7. Referral to a professional genetic counselling service should
be considered, whenever feasible, to optimize the counselling
process for all patients and families at risk of FH.

8. Genetictestresults (positive, negative or indeterminant) should
be disclosed by an appropriate health-care provider, such as a
skilled and experienced clinician, including a family doctor, or
certified genetic counsellor.

9. Simple and pragmatic tools for counselling, consenting
and disclosure of genetic information should be developed and
tested to support health-care professionals in providing genetic
testing.

10. Cascade testing of family members should be based on shared
decision-making and a fully informed consenting process;
results should be communicated in a timely manner, with
appropriate risk communication and counselling offered.
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11. Cascade testing should ideally be centrally coordinated by
a well-resourced, dedicated centre. Cascade testing may be
undertaken by a general practitioner with skills in the care of
patients and families with FH, under the guidance of an appro-
priate specialist. The organization of cascade testing may vary
according to differences in health policies across and within
countries at national, state and regional levels.

12. Direct notification of at-risk relatives regarding their risk of
FH should generally be undertaken (or pursued) only with
authorization from the proband or index case.

13. Probands and index cases with FH should be offered tools
and resources by their health-care providers to assist them in
communication about the risk of FH with their relatives.

14. Digital technologies (such as chatbots and social media) should
be used, with due consideration to safety and privacy issues,
to increase the reach, adoption and effectiveness of family
communication about FH and cascade testing of families.

15. Novel family communication tools and programmes (such as
technology including secure web portals, chatbots and direct
contact by a clinician) should be tested for acceptability,
feasibility and effectiveness before implementation.

16. The process of risk notification of at-risk relatives should com-
ply with local legislation and institutional guidelines; risk
notification may be indirect (such as providing a family letter for
the notifier to share with relatives) or direct (such as the clinical
service directly contacting relatives after receiving consent or
authorization from the proband or index case).

17. At-risk relatives should be notified directly without authoriza-
tion from the proband or index case only if there is specific leg-
islative provision for breach of confidentiality; this legislative
provision may vary between countries.

Box 2

Genetic testing and
counselling for familial
hypercholesterolaemia

Core implementation strategies:

e Establish a centre for coordinating cascade testing and
a peer-support group

e Use standardized processes for consenting, testing and
reporting of results

e Ensure the genetic test requestor is skilled in counselling,
genomics and familial hypercholesterolaemia

e Use digital tools and practical resources to facilitate counselling
and risk communication

o Align testing processes with local legislation on privacy and data
protection

e Use shared decision-making and decision support tools to
enable testing

¢ Integrate with other screening strategies and link to local or
national registry

18. Cascade testing should ideally be integrated with all strate-
gies for the detection of index cases and be linked to a national
registry and biobanking facility.

See Box 2 for core implementation strategies.

Management

Risk stratification

FHis commonly considered to be a condition associated with a high
frequency of ASCVD, but the risk is widely heterogeneous"*'°. The
development of ASCVD in FH is driven predominantly by the cumula-
tive burden of LDL-cholesterol concentrations, starting from birth
and increasing with age if untreated"*'°*. The severity of the genetic
defect causing FH determines the progression of ASCVD’°, which is
markedly greater in patients with HoFH than in those with HeFH"*%,
However, the progression of ASCVD varies among individuals with a
given FH-related gene variant, which relates to behavioural, clinical
and other genetic factors>%9819519 Risk stratification can identify
patients who require escalation of treatment and guide the best use
of health-care resources™'*'?”.

Male sex, delayed initiation of cholesterol-lowering therapy, smok-
ing, low HDL-cholesterol concentration, obesity, diabetes mellitus,
hypertension, chronickidney disease and elevated Lp(a) concentration
are all independently predictive of the risk of ASCVD in patients with
FH308198-11 The prevalence of hypertension and diabetes in patients
with FH varies according to the world region and both increase with
age”"™. Two robust risk-prediction equations, based on a wide spec-
trum of predictor variables, have been tested prospectively and may
have clinical value in adults with HeFH'*>'”. However, further valida-
tion of these equations is required in different ancestries and clinical
settings>'°*!"*115_Elevated Lp(a) and LDL-cholesterol concentrations
and the presence of hypertension can also accelerate the develop-
ment and progression of aortic valve disease in patients with FH",
Elevated Lp(a) concentrations are also predictive of the presence of
polyvascular disease in patients with HeFH'". Coexistent illness, such as
coronavirus disease 2019 (COVID-19), increases the risk of myocardial
infarction in patients with FH",

Despite the conventional view that men have a higher incidence
of ASCVD than women®""*", registry data suggest a relatively high
standardized mortality ratio for coronary artery disease in women
with severe FH?. Use of statins and attainment of LDL-cholesterol
goals are less frequent in women than in men with FH'?"'** and inde-
pendently relate to ancestry'”. There is a clear need for improved
assessment of sex-specific risk factors for ASCVD, such as reproductive
history, inwomen with FH'>*"', Improved tools for predicting lifetime
risk of ASCVD in children and younger patients with HeFH are also
required*>"”1?'?_Polygenic risk scores for hypercholesterolaemia
and ASCVD*™' may be valuable in predicting the risk of ASCVD in
patients with FH'*, subject to resolving analytical, interpretive and
risk-communication barriers and the influence of ancestry'*.

Althoughinfrequently encountered in contemporary practice'>,
the presence of tendon xanthomas signifies high cumulative expo-
sure toelevated circulating LDL-cholesterol concentrations and may
indicate a high risk of ASCVD*""**"%¥’_However, imaging of coronary
and carotid arteries provides the most accurate and direct method
to assess ASCVD in patients with FH*"”'”’, In adults, coronary artery
calcification is a good discriminator of the presence of ASCVD"%'*
and increases the predictive value of the SAFEHEART risk equa-
tion in genetically defined patients with FH'*°. Use of CT coronary
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Table 4 | Clinical recommendations on risk stratification in patients with familial hypercholesterolaemia

Clinical recommendations Class Level
1. Routine assessment and stratification of the risk of ASCVD in all patients with FH should be used to develop effective personalized treatment 1 B
plans and guide overall management, aiming to maximize reduction in the risk of cardiovascular events and improve quality of life

2. All patients with FH, including children and adolescents, should be assessed for the presence of heart-healthy behaviours and non-cholesterol 1 B
risk factors (that is, age, sex, smoking, hypertension, diabetes, obesity and mental health conditions) to stratify the risk of ASCVD

3. The use of coronary artery disease polygenic risk scores may be considered for stratifying the risk of ASCVD in patients with HeFH, but their 3 B
value in patient care remains to be established

4. Additional factors particularly relevant to FH that should be assessed to stratify risk include plasma or serum concentrations of LDL-cholesterol 1 A
and lipoprotein(a) at diagnosis, LDL-cholesterol life-years, family history of premature ASCVD (especially in first-degree relatives), tendon

xanthomas (detected clinically or with imaging) and a positive genetic test result if available

5. Female-specific factors (such as reproductive history, duration off statin therapy owing to pregnancy and breast feeding, and age at menopause) 2 B
should be considered when assessing the risk of ASCVD in women with FH

6. Use of FH-specific cardiovascular risk calculators (such as the SAFEHEART risk equation and the FH Risk Score) should be considered to assess 2 B
the risk of ASCVD in adult patients with an established diagnosis of HeFH

7. Cardiovascular risk calculators developed for the general population (such as the Framingham Risk Score, Pooled Cohort Equation, SCORE-2or 1 B
QRISK-3) should not be used in patients with FH

8. In asymptomatic adult patients with HeFH, CACS, CT coronary angiography and carotid ultrasonography may be considered to document the 3 B
presence and extent of atherosclerotic plaque burden and to guide risk assessment, the timing of initial evaluation being dependent on clinical

context and indications

9. Use of FH-specific cardiovascular risk calculators combined with CACS should be considered to risk stratify adult patients with FH treated with 2 B
statins

10. In children and adolescents with HeFH, measurement of carotid intima-media thickness with ultrasonography should not be routinely 2 B
considered for assessing the risk of ASCVD in clinical practice, because extensive technical expertise is required and clinical value is not

established

11. In children and adolescents with HeFH, CACS, CT coronary angiography and current FH risk calculators (such as the SAFEHEART risk equation 1 (¢}
or FH Risk Score) should not be used to assess ASCVD risk

12. In all patients with HoFH, CT coronary angiography (or cardiac catheterization), carotid ultrasonography (or more advanced methods), 1 B

echocardiography and exercise stress testing should be offered, at initial diagnosis and as clinically indicated (for example, because of cardiac
symptoms or a high plague burden at diagnosis), to assess coronary atherosclerosis (particularly high-risk coronary ostial disease), carotid
plagues, atheromatous involvement of the aortic valve (or root), aortic stenosis and inducible myocardial ischaemia, respectively, with the aim
of guiding overall management, including the intensity of the cholesterol-lowering therapy

ASCVD, atherosclerotic cardiovascular disease; CACS, coronary artery calcium scoring; FH, familial hypercholesterolaemia; HeFH, heterozygous familial hypercholesterolaemia;

HoFH, homozygous familial hypercholesterolaemia.

angiography shows promise>”*** but more evidence is required to
establishits value for the management of asymptomatic patients with
HeFH. No data are available to support the use of coronary imaging
at any specific age in adults with HeFH, so the decision is primarily
driven by clinical context and indications. However, on the basis of
community studies of asymptomaticindividuals without FH, cardiac
imaging (including coronary artery calcium scoring) may be useful
in the assessment of adults with HeFH aged <35 years**'*, Carotid
ultrasonography, with measurement of intima-media thickness,
has beenvaluableinresearch studies and is particularly appealingin
children™**¢_ However, the methodology is not universally standard-
ized, and accurate measurement of intima-media thickness requires
considerable technical expertise'”, precluding current routine use
in risk assessment. Because of the extremely high risk of ASCVD in
patients with HoFH, cardiovascularimaging of coronary arteries, the
aortic root and other arterial territories (the aortic arch, descend-
ing aorta and carotid, subclavian, renal and ilio-femoral arteries)
has a crucial role in risk stratification and management of these pat
ients'®77714771% | imited access to cardiovascular imaging modali-
ties might partly account for the worse cardiovascular prognosis of
patients with HoFH from lower-income countries than those from
higher-income countries®.

Recommendations are provided for risk stratification in patients
with FH (Table 4).

Implementation recommendations onrisk stratification of
patients with FH

1. Risk assessment and stratification strategies should be used
to triage patients for referral to other services involved in the
multidisciplinary care of FH (such as apheresis; general practice
support; specialty care in paediatrics, cardiology or diabetes
and nicotine cessation programmes).

2. Clear and salient information in written, diagrammatic and elec-
tronic format that recognizes cultural, psychological, language
andhealthliteracybarriersshouldbedesignedandused,together
with shared decision-making, to communicate the outcome of
risk assessment and stratification, with the aim of developing
personalized treatment plans; recognition of patient-reported
experience measures and provision of psychosocial and social
support are particularly important.

3. Digital health technologies and decision support systems
should be used to facilitate all risk assessment strategies (such
as the use of FH risk equations or ASCVD imaging) and the cor-
responding capabilities and capacity of the workforce caring
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for patients; telehealth services with adequate facilities should
be used to support the risk assessment of patients in rural and
remote regions.

4. All registries should include comprehensive, high-quality data
on ASCVD risk, including assessments using validated risk equa-
tions and cardiovascular imaging, linked to patient outcomes
and used to improve the cost-effectiveness of models of care
for FH.

Treatment

Substantial evidence fromepidemiological data, natural history stud-
ies, clinical trials of cholesterol-lowering treatmentin primary preven-
tion and basic science studies mandates that patients with FH receive
aggressive cholesterol-lowering therapy and lifestyle management
froman early age to maximally reduce the cumulative cholesterol bur-
den®*"%! Mendelian randomization dataalso support that earlier treat-
mentleadstoagreater reductionin ASCVD events by lowering lifetime
exposureto LDL-cholesterol; the estimated number needed to treat for
adolescents with FHto prevent one heart attack is, impressively, two**.

Given the lack of clinical trials, therapeutic goals for LDL-
cholesterol concentrations in adults and children with FH are based
onasynthesis of diverse evidence, including expert opinion>””*, The
established principle of lower LDL-cholesterol goals in those at higher
risk of ASCVD applies. Most patients with HeFH cannot attain very low
absolute concentrations of LDL-cholesterol”*>>5, even whenreceiving
maximal doses of potent statins and ezetimibe, necessitating the addi-
tion of proprotein convertase subtilisin/kexin type 9 (PCSK9)-targeted
therapy as a third-line approach™**°, Treatment inertia also contri-
butesto theinability to achieve LDL-cholesterol goals, emphasizing the
need for greater educationand support for practitioners>*"'°"1°2. Bem-
pedoicacid may have aroleinthe management of FH, given evidence of
longer-termsafety and efficacy, butis approved for use only in adults™.
Potential toxicity of medications needs careful consideration'®*, given
that most adult patients with FH will be receiving two or more drugs
and are, therefore, at risk of drug-drug interactions; judicious moni-
toring of clinical and laboratory safety is required. Statin intolerance
should be investigated and managed according to the established
guidelines' %, Adherence to a healthy lifestyle benefits patients with
FH"°, mandating that guidelines specified for the prevention of ASCVD
in the general population be followed'*"""7**!, Comorbidities, such as
obesity, diabetes, hypertension, psychological conditions and coro-
nary artery disease” should be managed in patients with FHaccording
to the relevant guidelines'®"""", In patients with FH and established
clinical ASCVD, the use of aspirin, colchicine and eicosapentaenoic
acid should beimplemented according to evidence-based guidelines
for secondary prevention of ASCVD"*75,

Primary evidence supporting the treatment of HeFH in children
derives from clinical trials of statins, ezetimibe, colesevelam and PCSK9
inhibitors, with end points related to reductions in LDL-cholesterol
concentration and to safety. Systematic reviews, registry data and
cohort studies have confirmed the efficacy, tolerability and safety of
statins for lowering LDL-cholesterol levels (32% meanreductionin LDL-
cholesterol concentrationin children with HeFH receiving statin ther-
apy between baseline and up to 48 weeks of treatment compared with
placebo'), with increased efficacy for higher doses of more potent
statins’?"'¢, Trials of statins as first-line therapy also show improve-
ments in carotid intima-media thickness'*. The efficacy in lowering
LDL-cholesterol concentrations has also been reported for colesevelam
(12% mean reduction)'®’, ezetimibe (27% mean reduction)'*® and PCSK9

inhibitors (44% meanreduction)®*™'. A systematic review of unbiased
studies showed a small but significant effect of diet in lowering LDL-
cholesterol levels®?. There are new recommendations on how best
to change lifestyle-related behaviour to reduce the risk of ASCVD in
children'*"”*, Poor adherence to treatment'*, inertia to initiation of
treatment among paediatric specialists'® and other barriers'® need
to be addressed. Genetic testing may increase the use of statins in
children'”. A family history of ASCVD and past personal experiences
caninfluence treatment preferences inadolescents and young adults',

Alandmark study of patients with HeFH and statin therapy begin-
ning in youth, with follow up to age 40 years, showed substantially
lower rates of ASCVD and death compared with their affected parents
(1% versus 26% for ASCVD; 0% versus 7% for mortality); the achieved
mean LDL-cholesterol concentration was 4.16 mmol/l (161 mg/dl), and
the long-term safety of treatment was confirmed*. Carotid intima-
media thickness in those treated with statins was similar to that in
unaffected ssiblings, with evidence of adose-response effect*. Longer-
term observational studies (over 3-9 years), combined with clinical
experience, also suggest minimal adverse effects of statins, without
evidence of muscle injury, liver dysfunction orincident diabetes'®' %,

Severe FH, particularly HoFH, remains difficult to treat’®*%. As a
result of markedly elevated LDL-cholesterol concentrations from con-
ception, patients with severe FH have marked acceleration of ASCVD
and aortic stenosis, impairing quality of life”***°° and leading to prema-
ture death'®*>?°'2% The past three decades have seen major advances
in treatment'%*171¢02%¢ that have led to improvements in ASCVD out-
comes®”. The early use of combination cholesterol-lowering therapies,
including high-intensity statins, ezetimibe and PCSK9-directed thera-
pies (which act mainly by augmenting LDL receptor (LDLR) function),
forms the mainstay of treatment for HoFH'®5¢2°721 byt the response
isdependent onresidual LDLR function. The use of probucol hasbeen
promotedinjapantolower LDL-cholesterol concentrations in patients
with HoFH?"?, With the availability of therapies that work independently
of LDLR function, such as lomitapide (which inhibits microsomal tri-
glyceride transfer protein) and angiopoietin-like protein 3 (ANGPTL3)
inhibitors'®"”*>55 [ower therapeutic goals for LDL-cholesterol are now
achievable. Clinical trials confirm the efficacy of ANGPTL3 inhibitorsin
patients with HoFH?, including children”¢. PCSK9 inhibitors are effec-
tivein patients with residual LDLR function, but longer-term safety data
are required™’. Evinacumab (an ANGPTL3 monoclonal antibody) has
fewer adverse effects than lomitapide, but its long-term efficacy and
safety remain to be confirmed®*?". Lipoprotein apheresis is effective
in treating HoFH?7?* (see specific section discussed subsequently).
The use of lipoprotein apheresis in patients with HoFH before, after or
incombination with the new LDLR-independent therapies will depend
on availability, expertise, costs and patient preference'®. Lipopro-
tein apheresis should, for example, be first used in countries without
access to the new therapies. Emerging therapies for HoFH include
liver-directed gene transfer of LDLR and CRISPR-based gene editing
directed at ANGPTL3 or PCSK9 (refs.221,224,225). Preliminary studies
indicate their potential therapeutic value, but clinical trials of safety
and efficacy are required.

Liver transplantation may be offered as a therapeutic option in
the context of shared decision-making, particularly inyoung patients
with severe HoFH (caused by biallelic null variants) who are refractory
to current therapies and in whom the use of lipoprotein apheresis is
not feasible'®'°*?222¢227 1 jver transplantation can lead to sustained
normalization of LDL-cholesterol concentrations®*>*° and lowering
of Lp(a) concentrations. Regression of coronary atherosclerosis has
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been reported®**, but effects on aortic stenosis are less clear°>!,
Combined liver and heart transplantations from a common donor
should be considered in patients with poor cardiac prognosis**. The
benefits and risks of liver transplantation in patients with HoFH need
to be carefully considered'®?2226:228-234,

The use of cardiovascularimaging modalities has been advocated
for risk stratification and for monitoring of ASCVD during treatment
of patients with FH*'61876.7780147.202235236 CT coronary angiography
has potential clinical utility because it integrates the effect of LDL-
cholesterolburden on ASCVD and can guide therapy, improve patient
adherence and assist in prioritizing cardiac investigations (such as
invasive coronary angiography and exercise stress testing) in adult
patients with HeFH*". However, the precise clinical and economi-
cal value of this approach remains to be demonstrated. As clinical
ASCVD and aortic stenosis are commonin patients with HoFH, the use
of imaging is integral to management protocols”'®1°*17 for escalat-
ing LDL-cholesterol-lowering and other medical treatments and for
considering cardiac interventions, such as aortic valve (or root) and
coronary artery bypass graft surgery.

Insummary, earlier initiation of treatment, improved adherence to
medications, cost minimization and better accesstonoveltherapies are
needed to maximize health outcomes for patients with FH. Treatment
of FH should fundamentally be patient-centred and underpinned by
the core principles of shared decision-making across the continuum
of care*"”'%#2¥240 Recommendations are provided for the treatment of
adults with HeFH (Table 5 and Fig. 2), children with HeFH (Table 6 and
Fig.2) and patients with HoFH (Table 7 and Fig. 3).

Implementation recommendations on the treatment of
patients with FH

1. A personalized treatment plan should be developed for all
patients using shared decision-making, considering age, addi-
tional risk factors for ASCVD, psychological and sociocultural
factors, economic status, barriers to adherence, and personal
and family values and preferences.

2. Clear and salient information (in written, diagrammatic and
electronic format) that addresses age-related, sociocultural,
psychological, language and health literacy barriers should be
designed and used to develop personalized treatment plans.

3. Personalized treatment plans for children and adolescents
should be designed on the basis of shared decision-making with
parents and, in the case of adolescents, using a developmentally
appropriate approach.

4. Care pathways should be clearly defined between general
practice and paediatric centres: well-controlled and lower-
complexity patients should be managed in general practice;
less well-controlled (such as those who are not achieving
LDL-cholesterol goals or who have several cardiovascular risk
factors) and higher-complexity patients (such as those with
HoFH) should be managed in specialist centres, with the option
of shared care with general practice.

5. Children and adolescents with HoFH should ideally be managed
by a multidisciplinary team in centres with paediatric expertise
inlipidology, cardiology and apheresis.

6. Management of children and adolescents should ideally focus
on the nuclear or immediate family, with (at a minimum) annual
reviews in general practice and/or paediatric services to assess
well-being, mental health issues, the safety of medication and
adherence to therapy.

7. Transition of care of adolescents to adult services should be
planned well in advance, and support should be given to facili-
tate and sustain self-management and involvement in shared
management into adulthood.

8. Before prescribing medication and other interventions in chil-
dren or adolescents with FH, clinicians should engage in a
patient-centred and family-centred discussion that uses shared
decision-making and covers risk stratification, expected ASCVD
risk-reduction benefit, potential adverse effects and drug inter-
actions, sociocultural and economic factors, and values and
preferences. At subsequent reviews, clinicians should use, as
clinically indicated, a behavioural counselling approach (such
as the 5A model of assess, advise, agree, assist and arrange)
to address and promote adherence to medication and other
treatments.

9. Multifactorial barriers (for example, those related to patients,
clinicians, drugs, health-care systems and sociocultural, psycho-
logical and financial circumstances) to medication adherence in
adult patients with FH should be systematically identified and
addressed using appropriate resources by all health service
providers; this approach should extend beyond medical care
to include a more holistic approach for meeting the emotional,
psychological and self-management needs of patients.

10.Clinicians, health systems and health-care plans should iden-
tify patients who are not receiving guideline-directed medical
therapy and facilitate the initiation of corresponding treatment
using multifaceted strategies.

11. Multiple interventions for improving adherence to medica-
tion should be used, with appropriate resources, for managing
patients with FH; these interventions should include provision
of free or subsidized medication, thereby ensuring afford-
ability of established drugs and special access to new drugs;
telephone, mobile text, e-mail and calendar reminders; use of
single-pill combination drug therapies; expanded role of allied
health-care provider interventions, such as simplified dosing
by pharmacists and motivational counselling by skilled nurses
and pharmacists, and comprehensive multidisciplinary educa-
tion programmes; patient tools for improving knowledge and
understanding of medication and self-care; decision support
aids to empower patients and improve the patient-provider
relationship; clinical decision support system-based inter-
ventions to improve the quality and safety of prescribing; and
financial incentives and rewards for treatment goals attained.
These strategies should be used in addition to adaptive, com-
plex interventions shown to be effective in the care of other
chronic conditions.

12. Iterative strategies, based on key performance indicators (such
asadherence to treatment guidelines, attainment of therapeutic
goals and patient-reported outcomes and experience measures,
notably quality of life in patients with HoFH), should be used
regularly or as clinically indicated. These approaches should
ideally be part of an audit cycle every 12 months and aim to
improve the reach, effectiveness, adoption, implementation and
sustainability of service delivery. Multifaceted strategies should
be used to improve implementation of treatments.

13. Services for FH should host regular multidisciplinary case
discussions, provide local guidance on the best standards
of treatment and develop strategies for implementing these
recommendations.
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Table 5 | Clinical recommendations on the treatment of adults with heterozygous familial hypercholesterolaemia

Clinical recommendations

Class

Level

1. All patients should be offered advice on cardiovascular risk factors (including smoking, hypertension, obesity, metabolic syndrome and
diabetes mellitus) and counselled on lifestyle modifications (a fat-modified, heart-healthy diet, regular physical exercise, reduction in
psychological stress, moderation in alcohol intake and sleep hygiene)

1

2. In patients whose treatment is stable, non-fasting lipid profiles should be used to monitor treatment, but when making decisions on changing
treatment, a fasting LDL-cholesterol concentration should be used, especially in patients with concomitant hypertriglyceridaemia

1

3. After approximately 50% reduction in LDL-cholesterol concentration, the following treatment goals should be considered according to the
level of ASCVD risk: (a) LDL-cholesterol concentration<2.5mmol/l (<100 mg/dl) in the absence of ASCVD or other major ASCVD risk factors;
(b) LDL-cholesterol concentration <1.8 mmol/l (<70 mg/dl) with imaging evidence of ASCVD alone or other major ASCVD risk factors and (c)
LDL-cholesterol concentration <1.4mmol/L (<55 mg/dl) with clinical ASCVD

4. In patients with a recurrent ASCVD event within 2 years while taking maximally tolerated statin treatment, a lower LDL-cholesterol goal of
<1.0mmol/l (<40 mg/dl) may be considered

5. Use of secondary treatment goals based on non-HDL-cholesterol and apolipoprotein B levels may be considered, particularly in patients with
hypertriglyceridaemia

6. Maximally tolerated high-potency statins (such as atorvastatin, rosuvastatin or pitavastatin) with or without ezetimibe and/or bempedoic acid
(if available), and a fat-modified, heart-healthy diet should initially be used in most patients (for exception, see recommendation 9 below) to
achieve LDL-cholesterol goals

7. If LDL-cholesterol goals are not achieved, plant sterols (stanols) or bile acid sequestrants (such as colesevelam) may be considered as
adjunctive therapies

8. PCSK9-targeted therapy (monoclonal antibodies or a small interfering RNA (inclisiran)) should be added if LDL-cholesterol goals are not
achieved with diet, maximally tolerated statins, ezetimibe, bempedoic acid and other adjunctive therapies

9. In patients with extremely high-risk HeFH (for example, after myocardial infarction or those with multivessel coronary atherosclerosis
or polyvascular disease), the combination of a high-potency statin, ezetimibe and PCSK9-targeted therapy should be considered as
first-line treatment

10. Plasma levels of hepatic aminotransferases, creatine kinase, glucose and creatinine should be measured before starting drug therapy. Plasma
levels of hepatic aminotransferases should be monitored in patients taking statins (particularly with an increased risk of hepatoxicity related to a
history of liver disease, excess alcohol or adverse drug interactions), and plasma levels of creatine kinase should be measured if musculoskeletal
symptoms are reported; plasma levels of glucose or HbA1lc should be monitored if there are risk factors for diabetes

1

11. Provided there are no bleeding contraindications, low-dose aspirin may be considered as a primary prevention measure in asymptomatic
patients at higher risk of ASCVD (those with a marked elevation of lipoprotein(a) concentration, diabetes or adverse findings on cardiovascular
imaging)

12. Cholesterol-lowering drug therapies and other anti-ASCVD treatments should be continued and optimized during acute illness (such as
respiratory infections, including COVID-19), unless their use is specifically contraindicated, as with potential adverse drug interactions and
abnormal liver function

13. Patients with cardiovascular sequelae of COVID-19 should be investigated, assessed and managed according to contemporary
expert guidelines

14. All adult patients, especially those with ASCVD, aged >65 years or at an increased risk of exposure, should be offered SARS-CoV-2, influenza,
pneumococcal and other related vaccines as a preventive measure against respiratory infections and acute ASCVD events, in accordance with
country-specific health policy

1

15. Although CACS is useful in the initial risk assessment in asymptomatic patients before starting cholesterol-lowering medication, CACS should
not be used to monitor the effectiveness of cholesterol-lowering treatment

1

16. In asymptomatic patients, imaging of ASCVD (for example, carotid ultrasonography and CT coronary angiography for the detection of plaques

and stenoses) may be considered for monitoring the effectiveness of cholesterol-lowering treatment

3

See Fig. 2 for a simplified treatment algorithm for heterozygous FH. ASCVD, atherosclerotic cardiovascular disease; CACS, coronary artery calcium scoring; COVID-19, coronavirus disease
2019; FH, familial hypercholesterolaemia; HeFH, heterozygous familial hypercholesterolaemia; PCSK9, proprotein convertase subtilisin/kexin type 9; SARS-CoV-2, severe acute respiratory

syndrome coronavirus 2.

14. Paediatric and adult services for FH should participate in a

15. Multidisciplinary preoperative and postoperative care, with

national and international network of FH clinical centres to
share educational, clinical and research experience and develop
a comprehensive and high-quality registry of patients. Real-
world registry data from these collaborations should be regular-
ly used to assess the safety and effectiveness of conventional and
new drug therapies, to advocate for policy change to close treat-
ment gaps, to educate registrants and health-care providers and
to provide a resource of potential participants for clinical trials
of new interventions.

shared decision-making (involving patients and close relatives),
should be prioritized in all management plans for patients with
severe HoFH undergoing liver transplantation; as a fundamental
principle of quality health care, this radical treatment should be
undertaken only in highly experienced paediatric or adult liver
transplantation centres.

16. Thelong-term cardiovascular and lipid outcomes and the complica-

tions of liver transplantation, as well as patient-reported outcome
measures (including mental health issues), should be audited
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Diet and lifestyle
modifications and statin

|

Not at LDL-cholesterol goal

|

Ezetimibe and, in adults,
consider bempedoic acid

|

Not at LDL-cholesterol goal

|

PCSK9-directed therapy?

Fig.2| Treatment algorithm for patients with heterozygous familial
hypercholesterolaemia. PCSK9, proprotein convertase subtilisin/kexin type 9.
?May be considered in children and adolescents with additional risk factors for
atherosclerotic cardiovascular disease, noting limited long-term safety data.

regularly and recorded in a dedicated registry, and this should be
used to promote the best standard of care across all centres.

17. The principles underpinning the concept of rare genetic (or intrac-
table) diseases should be used to seek government funding for
comprehensive care of all patients with HoFH, which may include
developing a dedicated, specialist centre, as well as special access
schemes for new therapies for all patients with HoFH.

See Box 3 for coreimplementation strategies and Fig. 4 for asummary
of recommendations for addressing barriers to adherence.

Pregnancy

Fertility rates are unchanged in women with FH. Safe, effective and
acceptable methods of contraceptionare, therefore, of utmostimpor-
tance in avoiding unplanned pregnancies, especially in women with
HoFH™***', Family planning should be addressed early in both women
and men and should involve LDL-cholesterol testing of the part-
ner and counselling; pre-conception counselling and prenatal and pre-
implantation genetic testing with counselling of couples known to have
FHis particularlyimportant. Pregnancy and lactationinwomenwith FH
resultsinaprolonged exposure to elevated LDL-cholesterol concentra-
tions owingto boththe discontinuation of cholesterol-lowering therapy
and the physiological changes associated with pregnancy itself>**,
This exposure may have effects on the cardiovascular outcomes of
mothers and their progeny'?***,

Women with FH should have pre-conception counselling about the
risks of pregnancy and have their level of ASCVD risk evaluated, with a
full cardiovascular assessment, if clinically indicated***¥. Lifestyle and
non-cholesterol risk factors should be optimized, and management
optionsincluding contraceptionup to and during pregnancy and lacta-
tion should be discussed*******°, Anindividualized approach depend-
ingontheseverity of the disease, extent of hypercholesterolaemiaand
the presence or absence of ASCVD should be adopted, weighing the
risks and benefits of therapies?*®**°. Cumulative loss of years on statin
treatment during pregnancy and breastfeeding may have abearing on
ASCVD outcomes in women with FH'?; early detection and treatment
of FHand judicious family planning advice will minimize this potential
risk. Children born to a parent with HoFH and a parent without FH are
obligate heterozygotes and should be formally diagnosed and offered
treatment by the age of 8 years™'*".

Table 6 | Clinical recommendations on the treatment of children with heterozygous familial hypercholesterolaemia

Clinical recommendations Class Level
1. At diagnosis, all patients should be offered counselling on following a heart-healthy, low saturated fat (<10% of total calories), high-fibre diet 1 B
and correcting all other behavioural risk factors for ASCVD, particularly smoking, lack of exercise, obesity and psychological stress
2. Pharmacological treatment should be offered at age 8-10 years with an LDL-cholesterol concentration >4.9 mmol/l (>190 mg/dl), recorded on 1 B
two occasions with a fasting lipid profile
3. Pharmacological treatment should be considered for those aged 8-10 years with an LDL-cholesterol concentration>4.0 mmol/L (>160 mg/dl), 2 B
recorded on two occasions with a fasting lipid profile, in the presence of multiple ASCVD risk factors or family history of premature ASCVD
4. Initiation of pharmacological treatment at age <8 years may also be considered with an LDL-cholesterol concentration>4.9mmol/L (>190mg/dl), 3 B
recorded on two occasions
5. An LDL-cholesterol goal of <3.5 mmol/l (<135 mg/dl) or approximately 50% reduction may be considered in patients with no additional risk 3 (¢}
factors for ASCVD (for example, diabetes, hypertension, elevated lipoprotein(a) concentration or parental history of ASCVD in the second or third
decade of life); non-fasting blood samples may be used to monitor LDL-cholesterol levels in those receiving stable therapy
6. An LDL-cholesterol goal of <2.5 mmol/l (<100 mg/dl) may be considered in patients with additional risk factors for ASCVD 3
7. To achieve LDL-cholesterol treatment goals, the initial medication of choice should be a statin that is approved in the relevant country 1 A
(or jurisdiction) for use in paediatric patients
8. Other medications that should be considered, in addition to the maximal tolerated and safe dose of a statin, are ezetimibe and bile acid 2 B
sequestrants
9. Use of a PCSK9 inhibitor may be considered according to clinical indications and regulatory approvals, with the caveat of limited evidence 8 B
of long-term safety in children and adolescents
10. Plasma levels of liver enzymes, creatine kinase, glucose and creatinine should be measured before starting statin therapy; plasma levels 1 B
of liver and muscle enzymes and glucose should be monitored as in adults
11. Growth and adherence to lifestyle management and LDL-cholesterol-lowering medication should be monitored annually or as clinically indicated 1 A
12. Adolescent girls should be offered advice on the basis of current recommendations regarding contraception and the use of lipid-lowering 1
medications in pregnancy
See Fig. 2 for a simplified treatment algorithm for heterozygous familial hypercholesterolaemia. ASCVD, atherosclerotic cardiovascular disease; PCSK9, proprotein convertase
subtilisin/kexin type 9.
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Table 7| Clinical recommendations on the treatment of patients with homozygous familial hypercholesterolaemia

Clinical recommendations

Class Level

1. Treatment of patients with HoFH should begin at diagnosis and ideally by the age of 2 years, with counselling on heart-healthy lifestyles, 1 B

psychological support for the family and LDL-cholesterol-lowering medications

2. The following treatment goals should be considered: (a) LDL-cholesterol concentration <2.5mmol/l (<100 mg/dl) in the absence of ASCVD or 2 B
other major risk factors for ASCVD; (b) LDL-cholesterol concentration <1.8 mmol/l (<70 mg/dl) with imaging evidence of ASCVD alone or additional

major risk factors for ASCVD; (c) LDL-cholesterol concentration <1.4mmol/l (<55 mg/dl) with a previous ASCVD event; fasting and non-fasting

blood measurements of LDL-cholesterol concentrations could be used as recommended for patients with HeFH

3. To achieve LDL-cholesterol goals, all currently approved medications (such as high-potency statin, ezetimibe and colesevelam) should be used; 1 B
medications should be used sequentially, starting with a statin with rapid up-titration to maximally tolerated and approved doses, followed within

8 weeks by the addition of ezetimibe and possibly colesevelam if tolerated

4. A PCSK9 inhibitor should be added within a further 8 weeks in patients without biallelic LDLR null mutations and continued only after 1 B
demonstration of an acceptable response (>15% additional reduction in LDL-cholesterol concentration)

5. In the highest-risk patients (for example, those with symptomatic ASCVD or multivessel coronary atherosclerosis), the combination of a 2 B
high-potency statin, ezetimibe and PCSK9-targeted therapy should be strongly considered as first-line treatment

6. Lipoprotein apheresis should be offered, if feasible, at the age of 3 years (and no later than 8 years) when LDL-cholesterol goals are not 1

achieved with a maximally tolerated regimen of cholesterol-lowering medications

7. In patients with markedly elevated LDL-cholesterol concentrations when receiving conventional therapy or with rapidly progressive ASCVD, 2 B
the use of lomitapide (a microsomal triglyceride transfer protein inhibitor) or evinacumab (an angiopoietin-related protein 3 inhibitor) should be
considered, adjunctive to diet and conventional drugs, to lower the LDL-cholesterol concentration further, especially if lipoprotein apheresis is

not available or feasible

8. In patients with rapidly progressive ASCVD, the use of evinacumab may be considered, adjunctive to diet, conventional cholesterol-lowering 3

drugs and lomitapide, to lower the LDL-cholesterol concentration further, especially if lipoprotein apheresis is not available or feasible

9. CT coronary angiography, carotid ultrasonography, echocardiography (including measurement of aortic valve gradients) and exercise stress 1 B
testing should be used, as clinically indicated, to assess the severity and progression of ASCVD, aortic valve (or root) atheromatous involvement
and inducible myocardial ischaemia, as well as to guide overall management and the intensity of LDL-cholesterol lowering treatment

10. Recommendations made above (Tables 5 and 6) for the management of HeFH should be followed concerning control of behavioural and 1 *
non-cholesterol cardiovascular risk factors, blood sampling to monitor cholesterol-lowering therapy, use of aspirin, treatment of FH during acute

illness, use of vaccinations (including for SARS-CoV-2), treatment of cardiovascular sequelae of COVID-19, blood testing protocol for monitoring

drug safety and potential toxicities, assessment of growth in children and pre-pregnancy counselling of adolescent girls

1. Liver transplantation should be considered in patients with HoFH and rapidly progressive ASCVD who do not attain guideline-recommended 2 B
LDL-cholesterol goals when receiving all available treatment, including lipoprotein apheresis (or who cannot tolerate lipoprotein apheresis or do

not have access to suitable lipoprotein apheresis services), and are considered psychologically suitable for this treatment; combined liver and

heart transplantation from a single donor should also be considered in the most severely affected patients

12. Liver transplantation may be considered in patients with HoFH and minimal or stable ASCVD who do not attain an LDL-cholesterol goal of 3

<10mmol/l (<400 mg/dl) when receiving all available LDL-cholesterol-lowering treatments; this situation will typically apply to children and young

adults with severe biallelic null variants in LDLR

See Fig. 3 for a simplified treatment algorithm for homozygous familial hypercholesterolaemia (FH). ASCVD, atherosclerotic cardiovascular disease; COVID-19, coronavirus disease 2019; HeFH,
heterozygous familial hypercholesterolaemia; HoFH, homozygous familial hypercholesterolaemia; LDLR, LDL receptor; PCSK9, proprotein convertase subtilisin/kexin type 9; SARS-CoV-2,
severe acute respiratory syndrome coronavirus 2. *See Tables 5 and 6 for levels of evidence for patients with HeFH pertaining to each of the items listed in recommendation 10.

The need for specific guidelines on the management of dyslipi-
daemia in pregnancy has been emphasized®'. First-generation bile
acid sequestrants have beenused in pregnancy and are not associated
with an increased risk of congenital abnormalities®', but are poorly
tolerated””. Colesevelam, a more selective bile acid sequestrant, is the
best-tolerated agent, but experience in pregnancy is limited. Women
with HoFH at high risk of ASCVD, or with established ASCVD or aortic
valve disease, should be offered weekly or fortnightly lipoprotein
apheresis, if available, during pregnancy*>**. The risks and benefits
of statin and other lipid-lowering therapies during pregnancy should
be discussed™**', and the continued use of statin therapy, or the intro-
duction of statin and other lipid-lowering therapies during the sec-
ond and third trimesters, considered carefully'?>16%24:24263 Ng safety
data are available on the use of bempedoic acid, PCSK9 monoclonal
antibodies, inclisiran, lomitapide or evinacumab in patients with FH
during pregnancy™’. The FDA has acknowledged the net benefits of
statins during pregnancy in women at very high risk of ASCVD***?%,
such as those with HoFH.

Recommendations are provided for the treatment of FH during
pregnancy (Table 8).

Implementation recommendations on the treatment of FH
during pregnancy

1. Thecareof pregnantwomen with FH should be designed to meet
the needs of local, regional and remote communities; services
should be multidisciplinary, involve the general practitioner
of the patient, and ideally be coordinated by a clinician with
expertise in FH and obstetric medicine.
All women with FH who are planning a pregnancy should ide-
ally be referred for further advice to a specialist centre that pro-
vides a dedicated multidisciplinary service and holistic care.
Such a service should include care of medical conditions (such
asdepression, hypertension and gestational diabetes) and coun-
selling (such as psychological and mental health issues) and take
accountofsociocultural background and preferences and values
of patients.
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Statin and ezetimibe

|

PCSK9-directed therapy

|

Not at LDL-cholesterol goal

|

MTP or ANGPTL3 inhibitor
and/or lipoprotein apheresis?

|

Not at LDL-cholesterol goal

|

Liver transplantation

Fig.3| Treatment algorithm for patients with homozygous familial
hypercholesterolaemia. ANGPTL3, angiopoietin-related protein 3; MTP,
microsomal triglyceride transfer protein; PCSK9, proprotein convertase
subtilisin/kexin type 9.°Depending on availability, preference, expertise and cost.

3. Clear and relevant information (in written, diagrammatic, pic-
torial and electronic formats) that addresses sociocultural,
language and health literacy barriers should be designed and
offered to women during pregnancy-related counselling ses-
sions. This information should include shared decision-making,
choice of contraception, importance of heart-healthy behav-
iours, risks of pregnancy, drug safety and teratogenicity, risk
of ASCVD from cessation of drug therapy, and care during
lactation.

4. Iterative strategies should be used, based on key performance
clinical indicators, such as maternal-reported outcome and
experience measures, fetal outcomes and quality of life of
patients to improve the implementation of care.

5. Existing clinical resources (such as obstetric and gynaecologi-
cal medicine, lipidology, dietetics, nursing, mental health care,
family planning, genetic counselling, imaging facilities, cardio-
logy and diabetes services) should be adapted to provide an
integrated model of care for women with FH planning and
undergoing pregnancy?*>5266.267,

6. A clinical quality registry of pregnant women with FH, linked
to patient-reported and experience measures, should be used to
improve pregnancy and family care.

Lipoprotein apheresis and related pharmacotherapies

Extracorporeal removal of cholesterol-carrying lipoproteins to treat
hyperlipidaemia initially involved plasma exchange. This approach
was subsequently replaced by lipoprotein apheresis using adsorp-
tion, differential filtration or precipitation to selectively remove the
apolipoprotein B-containing lipoproteins — LDL and Lp(a) — from
plasmaorwholeblood?”. Lipoprotein apheresis is a safe and effective
means of treating patients with HoFH on alifelong basis, especially in
combination with statins and ezetimibe. Treating 1.5-2.0 times the
blood or plasma volumes weekly plus optimal cholesterol-lowering
drug therapy reduces interval mean values of LDL-cholesterol by
64-77%%2°, Retrospective surveys of patients with HoFH have
shown that the lower the LDL-cholesterol concentration when receiv-
inglipoprotein apheresis combined with drug treatment, the greater
thereduction in mortality®®>?°*, Effectively lowering LDL-cholesterol

concentrations with lipoprotein apheresis has also been associated
with a reduction in supravalvular aortic stenosis'*® and regression
of tendon xanthomas®*?2, Despite its therapeutic value, for logisti-
cal and economic reasons, lipoprotein apheresis is not universally
available or used'®*,

Lipoprotein apheresis robustly reduces elevated concentra-
tions of both Lp(a) and LDL-cholesterol, unlike all currently available
cholesterol-lowering drugs, and is a safe means of treating children aged
<12years and pregnant women with HoFH””***, However, its use in other
forms of severe hyperlipidaemia, such as statin-refractory HeFH, is
diminishing because of the efficacy of PCSK9 inhibitors??*?*5, The future
use of lipoprotein apheresis in patients with HoFH may also decrease
because of the effectiveness of lomitapide”>***?’° and the ANGPTL3
inhibitor evinacumab?*. However, lipoprotein apheresis will continue
tobethelastresortin patientsineligible for, refractory to orintolerant
of cholesterol-lowering drugs®”’; lipoprotein apheresis might also be the
bestoptionin countries without access to newer pharmacotherapies®.
Liver transplantation was referred to earlier as alast resort for patients
with HoFH who cannot tolerate lipoprotein apheresis and are refrac-
tory toall other therapies™****”2, More studies addressing the experi-
ences and health-related quality of life of patients with HoFH receiving
lipoprotein apheresis are needed”??”>. The following recommenda-
tions (Table 9) are updated from existing guidelines on the role of lipo-
protein apheresis and novel cholesterol-lowering drugs in managing
patients with FH or raised Lp(a) concentrations'>'¢18:6%7780.202.274,275

Implementation recommendations on the treatment of FH by
lipoprotein apheresis
1. All patients being considered for lipoprotein apheresis should
be assessed for physical and psychological suitability for treat-
ment by a specialist with training in lipidology and experiencein
apheresis, supported by other specialists where indicated.

Box 3

Treatment of familial
hypercholesterolaemia

Core implementation strategies:

o Use risk-reduction strategies to triage patients and use cost-
effective therapies and resources
Establish networks of clinical centres to share experience and
education; upskill all health-care providers
Use iterative strategies and key performance indicators to
optimize risk-reduction pathways
Define multidisciplinary care pathways, transitional services
for adolescents and dedicated services for family planning and
women during pregnancy
Develop personalized treatment plans using shared decision-
making, with culturally appropriate clear information
Identify patients not receiving guideline-directed therapy and
facilitate treatment using multifaceted strategies; use advocacy
and peer support
Use multiple and evidence-informed interventions to improve
adherence to medication
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Fig. 4| Barriers to treatment adherence and suggested solutions. Factors related to patients, therapy and health-care systems that can be barriers to treatment
adherence and potential solutions to overcome these barriers. Adapted with permission from ref. 291, Wiley.

. Iflipoprotein apheresis is not available or feasible (for example,
because of alack of resources or in children with HoFH who have
a small blood volume), the use of therapeutic plasma exchange
(which is more widely available) should be considered as an
alternative.

Facilities and resources for apheresis services should be regularly
reviewed and cost analyses submitted to the relevant organization
to obtain adequate financial support for the service.

. Apheresis services should be designed to meet local needs and be
centralized in a dedicated unit, headed by a director who should
be the lead of a multidisciplinary team of accredited personnel.
Existing clinical infrastructure (for example, haemodialysis,
transfusion medicine and vascular surgery services) should be
adapted to improve the availability of lipoprotein apheresis and
to increase the quality of the service.

. Given the varied expertise required to provide a quality apher-
esis service, a coalition of specialties (including lipidology,
cardiology, vascular surgery, paediatrics, mental health care,
nephrology, transfusion medicine, pharmacy and nursing)
should be established; this coalition should hold regular

multidisciplinary case meetings, plan implementation strate-
gies for improving service delivery and develop local guidance
on the best evidence-based standard of care.

7. Key performanceindicators, such as the efficacy, tolerability and
safety of lipoprotein apheresis, as well as the effect on patient-
reported outcomes and experiences (including quality of life)
should be reviewed as clinically indicated and as part of aregular
audit cycle every 12 months.

8. Apheresisunitsshould participateinanational orinternational net-
work of similar centres to share educational, clinical and research
experience and to establish and consolidate a comprehensive
clinical quality registry of patients receiving treatment.

See Box 4 for core implementation strategies.

General strategies for the implementation

of care

Despite the development of several international and country-specific
guidelines for the care of FH, substantial gaps remain in their imple-
mentation into practice**, Accordingly, <10% of the estimated
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35 million people with FH worldwide have been diagnosed, with <1%
of cases identified in most countries®”. Furthermore, many patients
with FH receiving treatment are not attaining LDL-cholesterol
goals, with substantial gapsin the care of those with severe FH or HoFH.
Major knowledge gaps among patients, clinicians and health-care sys-
tems further hinder implementation®?**”’, Actionis required to alter
processes, structures and health-care teams toimprove the organiza-
tionand delivery of care’™?®, Implementation evidence is essential to
effectively manage the changes in health care®?,

Design and assessment of implementation recommendations
The use ofimplementation science toimprove clinical practice guide-
lines has been reviewed previously?*?”’. A five-step process should
be followed?:

1. Define the evidence-based practice or intervention.

2. Choose animplementation theory, model or framework.

3. Assess determinants, barriers, enablers and context in respect

of the practice or intervention.
4. Selectimplementation strategies.
5. Select options for assessing the outcomes of implementation.

Implementation science entails the design of processes, termed
‘implementation strategies’, to overcome barriers to and leverage
enablers of improved care?***', Implementation science is funda-
mentally an operational tool to change practice on the basis of the
best evidence-informed guidance (step 1), such as clinical practice
recommendations provided in this guidance article. Informed by an
appropriate implementation model (step 2) and knowledge of bar-
riers and enablers (step 3), implementation strategies can be used
to implement clinical guidelines. We have used the ERIC taxonomy*

(Supplementary Material 1 Appendix 5) to develop general and specific
implementation recommendations in this guidance (step 4).

The development of new guidance on FH provides an opportunity
toidentify potential strategies that could be used toimplement recom-
mendationsinto policy and practice and research their effect on patient
outcomes®?*, Researching implementation requires the selection of
processes for monitoring and evaluating implementation strategies
(step5)”. Thevalue of tailored implementation strategies forimproving
the care of patients with FH is well supported by several studies®®'*2%-2%¢,

A pathway for the iterative development and implementation of
cardiovascular guidelines to improve their translation into practice
has been recommended™. This guidance article on FH proposes both
clinical and implementation recommendations to enable translation
into policy and practice”*. Local implementation requires an initial
assessment of barriers to and facilitators of change, paired with the
tailoring of strategies to implement a change in practice®. Similar to
clinical quality improvement, successful implementation practice
relies on monitoring, evaluation and ongoing efforts to ensure the
sustainability of changes®. This cyclical and iterative process builds
new evidence for the implementation of future clinical practice reco-
mmendations. The success of implementation in addressing gaps in
clinical practicerelies onimplementing behavioural change at multiple
levels of the adaptive health-care system?**?%%,

General implementation recommendations
1. The design and implementation of health services for FH should
deliver quality care that is patient-centred, safe, effective, efficient,
equitable, well led and integrated, and sustainably resourced.
2. Care and support processes for FH should be widely based
on evidence from public health and prevention and precision

Table 8 | Clinical recommendations on the treatment of familial hypercholesterolaemia during pregnancy

Clinical recommendations Class Level
1. All women with FH who are of child-bearing age, including adolescents, should be educated about the risks of pregnancy; advice on safer and 1 B
preferred methods of contraception, with minimal cardiovascular risk, and the importance of contraception should be reinforced to prevent

unplanned pregnancy

2. Reinforcement and optimization of heart-healthy behaviours, including diet, physical activity and psychological well-being, should be 1 B
prioritized before, during and after pregnancy and breastfeeding

3. Pre-pregnancy counselling should be offered to all women before starting a statin, ezetimibe, PCSK9 inhibitor or other lipid-modifying 1 B
therapies, and this advice should be reinforced as clinically indicated

4. Assessment of ASCVD using imaging (for example, CT angiography for coronary artery disease or echocardiography for aortic stenosis) should 1 B
be offered to women with HoFH or high-risk HeFH before a planned pregnancy

5. Given that LDL-cholesterol and triglyceride concentrations increase during pregnancy, assessment of plasma lipids and lipoprotein levels 2 B
should not routinely be considered, unless the results will be used to change management, as in women with HoFH

6. Bile acid sequestrants should be considered to treat hypercholesterolaemia, ideally 3 months before a planned pregnancy, as well as during 2 B
pregnancy and lactation; routine monitoring for malabsorption of fat-soluble vitamins (particularly vitamin K with an international normalized

ratio) and folate should also be considered

7. Statins and other systemically absorbed cholesterol-lowering drugs should ideally be discontinued 3 months before planned conception and 1 B
during pregnancy and lactation. If a woman with FH becomes pregnant while taking a statin, ezetimibe, a PCSK9 inhibitor or other lipid-modifying

therapies, this treatment should be stopped, and she should be reassured that this therapy is unlikely to harm the fetus

8. In women with HoFH and clinical ASCVD, the continued use of statin therapy should be considered; use of statins, ezetimibe, PCSK9 monoclonal 2 B
antibodies or other lipid-modifying therapies should particularly be considered after the first trimester, especially if the LDL-cholesterol goal is not

achieved and lipoprotein apheresis is not available or feasible

9. Lipoprotein apheresis should be continued or initiated during pregnancy in women with HoFH, especially in those with established ASCVD and 1 B

in whom LDL-cholesterol levels are not at guideline-recommended goal; similar advice applies to women with severe HeFH, including those with

a lipoprotein(a) concentration>125 nmol/l (260 mg/dl)

ASCVD, atherosclerotic cardiovascular disease; FH, familial hypercholesterolaemia; HeFH, heterozygous familial hypercholesterolaemia; HoFH, homozygous familial hypercholesterolaemia;

PCSK9, proprotein convertase subtilisin/kexin type 9.
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medicine; these should be adapted to local, regional and
national needs, guided by contextual barriers and facilitators,
and subjected to regular evaluation.

Implementation of improvements in the detection and care of
FH should be underpinned by an integrated national choles-
terol awareness campaign targeted at young people, high-risk
individuals and all health-care professionals.

. National and regional centres with expertise in lipidology,
genetics and ASCVD prevention should be established to accept
referrals and give advice, as indicated. All patients with sus-
pected FH should be referred to, or discussed with, a relevant
specialist to plan further management and care; a key priority

is to establish specialized centres for managing patients with
severe FH or HoFH.

General practice and primary care should be actively involved in
the care of all individuals and families with FH and provide sup-
port for screening, diagnosing, managing cholesterol-lowering
therapy and addressing comorbidities; regular review and
evaluation of health and patient-reported outcomes data are
essential.

. Amultidisciplinary team with expertise in caring for individuals

with FH should partner with primary care and include represen-
tation from appropriate specialty disciplines, including mental
health care.

Table 9 | Clinical recommendations on the treatment of familial hypercholesterolaemia by lipoprotein apheresis

Clinical recommendations

Class

Level

1. Lipoprotein apheresis should be undertaken, if feasible, in children (aged >3 years and <8 years) and adults with HoFH who do not achieve
guideline-recommended LDL-cholesterol goals, despite maximally tolerated, combination drug therapy

1

A

2. Lipoprotein apheresis should be undertaken in adults with phenotypic HeFH and progressive ASCVD who do not achieve LDL-cholesterol goals
despite combined treatment with a high-potency statin, ezetimibe and a PCSK9 inhibitor, especially those with a lipoprotein(a) concentration
>125nmol/l (260 mg/dl)

3. Vascular access for lipoprotein apheresis should initially be via peripheral veins, but an arteriovenous fistula may be needed if peripheral
venous access becomes impossible, which may be particularly relevant to children. Central venous catheters are not recommended except in an
emergency or as a temporary measure

4. Onefold to twofold plasma volumes (body weight in kgx0.0451) or blood volumes [plasma volume/(1 - haematocrit)] should be treated
weekly or fortnightly in a specialized setting (a lipid clinic, nephrology unit or blood transfusion centre). Plasma exchange requires a smaller
extracorporeal blood volume than lipoprotein apheresis and is recommended as an alternative in children with a body weight <30kg

5. All diet and drug therapy to lower LDL-cholesterol concentrations should be continued during treatment with lipoprotein apheresis, and
comprehensive psychosocial support should be offered to all patients receiving lipoprotein apheresis

6. Routine full blood counts should be monitored regularly, and iron supplementation initiated if iron-deficiency anaemia develops in patients
with FH receiving long-term lipoprotein apheresis

7. Angiotensin-converting enzyme inhibitors should not be used in patients undergoing lipoprotein apheresis based on apolipoprotein B
adsorption, and angiotensin-receptor blocking agents should be substituted

8. Patients receiving anticoagulants, such as warfarin, will require dose adjustment or discontinuation several days before an apheresis procedure
that uses intravenous heparin, but antiplatelet therapy should be maintained. Direct oral anticoagulants (such as apixaban, dabigatran or
rivaroxaban) need only be stopped on the day of apheresis because of their shorter half-life

9. The cholesterol-lowering efficacy of lipoprotein apheresis should be monitored by measuring acute reductions in LDL-cholesterol and
lipoprotein(a) concentrations (ideally 65-70%) and by calculating the interval mean (C...,.) between consecutive procedures, using the Kroon
formula: C.can=Crin+K(Crax = Crmin), for which C,..., is the pre-procedure value and C., is the post-procedure value. Values for k are 0.65 for LDL-
cholesterol in patients with HoFH and 0.71 for LDL-cholesterol in patients with HeFH receiving statin therapy and undergoing lipoprotein apheresis
at fortnightly intervals. Comparison of interval means with the recommended LDL-cholesterol goals for patients with HoFH should be used to
adjust the volume of blood or plasma to be treated and/or the frequency of lipoprotein apheresis procedures as necessary

10. Because the rate of rebound of plasma lipoprotein(a) levels after lipoprotein apheresis is similar to that of plasma LDL-cholesterol levels in
patients with HeFH, a value for k of 0.71in the Kroon formula should be considered appropriate when estimating the interval (intercycle) mean
concentration of lipoprotein(a); this value may be used to adjust the lipoprotein apheresis regimen to achieve a therapeutic goal of <90nmol/l
(<43 mg/dl) in patients with elevated lipoprotein(a) concentrations

11. In children and adults with HoFH and aortic root or coronary artery disease, the effect of lipoprotein apheresis on disease progression should
be monitored at least annually by echocardiography or coronary angiography, respectively. The latter procedure is also applicable to patients
with HeFH with coronary disease and should be performed as and when indicated

12. Adjunctive therapy with a PCSK9 inhibitor, either evolocumab or alirocumab, should be attempted in all patients with FH before starting or
while receiving lipoprotein apheresis. These therapies will be effective mainly in patients with HeFH and often may replace lipoprotein apheresis.
Injected therapeutic agents should be administered soon after, but not immediately before, a lipoprotein apheresis procedure

13. Adjunctive therapy with lomitapide or evinacumab should be considered in patients with HoFH, particularly in those with progressive ASCVD,
who do not reach guideline-recommended LDL-cholesterol goals while receiving lipoprotein apheresis combined with statin, ezetimibe and

a PCSK9 inhibitor. This adjunctive therapy increases LDL-cholesterol lowering and may reduce the frequency of lipoprotein apheresis and,

if tolerated, sometimes replaces it

14. When lomitapide or evinacumab is first selected in preference to lipoprotein apheresis, adjunctive use of lipoprotein apheresis should be
considered in all patients with HoFH who do not reach guideline-recommended LDL-cholesterol goals

ASCVD, atherosclerotic cardiovascular disease; FH, familial hypercholesterolaemia; HeFH, heterozygous familial hypercholesterolaemia; HoFH, homozygous familial hypercholesterolaemia;

PCSK9, proprotein convertase subtilisin/kexin type 9.
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Box 4

Lipoprotein apheresis for
familial hypercholesterolaemia

Core implementation strategies:

Establish a centralized apheresis unit staffed by accredited
personnel; use advocacy and peer-support groups

Assess suitability for treatment by a specialist; offer plasma
exchange if lipoprotein apheresis is not available

Adapt existing infrastructure to widen the clinical availability

of apheresis; meet local and regional needs of care

Establish regular multidisciplinary meetings involving a coalition
of specialties that contribute to service delivery

Use apheresis-specific key performance indicators and patient
outcome and experience measures to iteratively improve services
Participate in networks to share educational, clinical and
research experiences; establish a comprehensive clinical quality
registry of patients

Models of care should ideally consider the entire family as a
patient unit. Appropriate strategies for paediatric patients to
transition to adult care should be used.

. Individuals with FH should be active participants in their care

and work with their primary care and multidisciplinary team to
discuss care pathways.

Patient-reported outcome and experience measures form the
bedrock of value-based health care and should accordingly be
used to improve implementation practice across the continuum
of care for FH.

10.The implementation of all clinical recommendations for FH

11.

12.

13.

14.

should account, as a priority, for the access to and the accept-
ability of health services for patients and families of diverse
ancestries, including minority groups.

Health services should partner with academic and professional
organizations and foundations to improve teaching, training
and research.

When planning and designing treatment protocols across the
continuum of care for FH, service providers should seek the col-
laboration of another clinical centre that provides excellence of
care and arrange for relevant staff to visit and train there.

All health professionals involved in the care of individuals with
FH, including those at the primary care level, should have appro-
priate accreditation, in addition to ongoing education, training
and skills in lipidology, cardiovascular disease prevention, fam-
ily communication, interpretation of test results, local guidance
on data protection, and genomic medicine. Clinical practice
guidelines for managing FH should be simplified to improve
accessibility and use by all health-care professionals.

Digital technologies (telehealth, adherence applications and
decision support systems in electronic health records) that tar-
get both patients and clinicians should be developed to improve
the precision, accuracy and communication of the detection
and management of FH.

15. Awareness, advocacy and educational campaigns including
social media, website banner advertisements, billboards and/or
celebrity endorsements should be conducted to increase public
awareness of FH and the importance of genetic testing.

16. Advocacy and peer groups of patients, family members and
other stakeholders should be established to support patients
with FH and their care, particularly across different sociocultural
communities, levels of health literacy and economic circum-
stances; advocacy for patients with HoFH is crucial for ensuring
that health policy addresses all aspects of the care of this most
severe form of FH (Supplementary Material 5).

17. Sustainable financing and sharing of existing resources should
be used, enabled by key opinion leaders and stakeholder
organizations, to deliver an impactful and cost-effective clinical
service.

18. The national coding systems for FH should be used in primary
and specialist care to improve the precision of data acquisi-
tionand linkage and their use for audit, researchand development
of health policy.

19. A national registry for FH should be established and used for
linking patient outcomes, raising awareness, improving advo-
cacy efforts and iteratively auditing key performance indicators,
and for international collaborations for improving care.

20.Comprehensive research strategies and programmes, based
on the core principles of implementation science, should be
developed for evaluating and improving all models of care
for FH. This process should focus on the acceptability, adoption,
appropriateness, cost, feasibility, fidelity and sustainability of
all interventions.

See Box 5 for core general implementation strategies.

Conclusions

Updating models of care meets international calls to action on FH***%,
This guidance aims to provide comprehensive recommendations for
providing the best clinical care for the greatest number of people

Box 5

Core implementation strategies

¢ Adapt and integrate models of care to local, regional and

national needs; develop referral centres of expertise

Integrate general practitioners with multidisciplinary teams;

train and accredit health-care providers in essential skills

Use shared decision-making for management and patient-

reported outcome and experience measures to improve

services

e Promote academic-service partnerships, share existing

resources and ensure sustainable funding

Establish a national cholesterol awareness campaign; use

advocacy and peer-support groups to improve care

Use digital health technologies, registries and national coding

systems to improve care

¢ Promote implementation science; develop integrated health-
care systems and health policy
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with FH worldwide. The recommendations inform both broad and
narrow areas of practice across the continuum of care*". Strong recom-
mendations, mostly informed by high-quality evidence, as well as
by common sense, should be followed as best practice, whereas the
weaker recommendations are optional and provide a basis for further
research>'®72¢2% (for references supporting recommendations, see
Supplementary Material 6). Because of economic, political, cultural
and social differences among countries, the recommendations we
make might not be universally applicable or adopted.

Nevertheless, exponential growth in new knowledge on the
diagnosis and effective therapies for FH? has set a precedence for
countries to aspire to developing high-quality, integrated health-
care systems for FH****"%, A challenge for health-care organiza-
tions is adapting to the demands of the complexities of changes
required’. Implementation science provides the best methodology
to address this challenge and was, therefore, used to support the
clinical recommendations?%3%2%,

However, evaluating implementation practice, including patient-
reported outcomes and experiences, is an ongoing challenge for
evolving models of care for patients with FH*****"**°, Beyond obser-
vational investigations, future implementation research on FH
shouldinvolveinterventional studies, ideally based on randomized,
stepped-wedge, hybrid, counterbalanced and adaptive designs**"*?*",
Researchers should make particular efforts to include subjects from
diverse socioeconomic strata, ancestries and geographical location.
These studies would increase generalizability and allow replication of
findings across different real-world settings. The development and
utilization of integrated care systems toimprove the health outcomes
of all patients with FH remains a global challenge forimplementation
programmes®°.

Published online: 15 June 2023
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