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Abstract

Achondroplasia is the most common type of skeletal dysplasia, caused by a recurrent pathogenic variant in the
fibroblast growth factor receptor 3 (FGFR3). The management of achondroplasia is multifaceted, requiring the involve-
ment of multiple specialties across the life course. There are significant unmet needs associated with achondroplasia
and substantial differences in different countries with regard to delivery of care. To address these challenges the
European Achondroplasia Forum (EAF), a network of senior clinicians and orthopaedic surgeons from Europe and the
Middle East representative of the achondroplasia clinical community, came together with the overall aim of improv-
ing patient outcomes. The EAF developed a consensus on guiding principles of management of achondroplasia to
provide a basis for developing optimal care in Europe. All members of the EAF were invited to submit suggestions

for guiding principles of management, which were consolidated and then discussed during a meeting in December
2020. The group voted anonymously on the inclusion of each principle, with the requirement of a 75% majority at
the first vote to pass the principle. A vote on the level of agreement was then held. A total of six guiding principles
were developed, which cover management over the lifetime of a person with achondroplasia. The principles centre
on the lifelong management of achondroplasia by an experienced multidisciplinary team to anticipate and man-

age complications, support independence, and improve quality of life. There is focus on timely referral to a physician
experienced in the management of achondroplasia on suspicion of the condition, shared decision making, the goals
of management, access to adaptive measures to enable those with achondroplasia to access their environment, and
the importance of ongoing monitoring throughout adolescence and adulthood. All principles achieved the 75%
majority required for acceptance at the first vote (range 91-100%) and a high level of agreement (range 8.5-9.6). The
guiding principles of management for achondroplasia provide all healthcare professionals, patient advocacy groups
and policy makers involved in the management of achondroplasia with overarching considerations when developing
health systems to support the management of achondroplasia.
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Background

Achondroplasia is the most common form of skeletal

dysplasia, with an estimated prevalence of 3.72—4.6 per

100,000 births [1, 2]. It is caused by a recurrent patho-
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achondroplasia may include spinal stenosis, thoracolum-
bar kyphosis, genu varum, sleep apnoea, obesity, and oti-
tis media, among others, with compression of the cranial
junction often requiring intervention in early infancy
[5-7].

The multifaceted nature of achondroplasia requires
that many specialties are involved in the ongoing care, an
arrangement that varies between countries. Differences
exist in the lead physician responsible for overall patient
management (paediatric endocrinologists, clinical genet-
icists, surgeons), methods for prenatal diagnosis, use of
limb lengthening, use of MRI scanning in infants, struc-
ture of the multidisciplinary team (MDT), systems of
referral, differing roles of patient support groups, and
guidelines for management (or lack thereof) at country-
and centre-level. With specialists working within their
own field of expertise, there has historically been lim-
ited interaction between specialists in Europe. With the
advent of medical therapy development in achondropla-
sia, specialists in the condition began coming together
through clinical trials and allied Advisory Boards. While
individual specialist groups and scientific societies exist,
and European Reference Networks, such as the European
Reference Network on Rare Bone Diseases (ERN BOND),
bring together experts in rare diseases, there is no forum
specifically dedicated to achondroplasia and representa-
tive of the clinical community who manage it.

Treatment recommendations

Previously, there have been no universally agreed Euro-
pean recommendations for achondroplasia. There have
been published recommendations which include achon-
droplasia in part, such as prenatal evaluation and delivery
of patients with skeletal dysplasia [8], and there is guid-
ance outlined in other areas of the world [9]. Several of
the authors are currently involved in the development of
detailed international recommendations for the manage-
ment of achondroplasia.

The European Achondroplasia Forum

The European Achondroplasia Forum (EAF) came
together to address unmet needs in the management of
achondroplasia across Europe, with the overall aim of
improving patient outcomes. The EAF is a coordinated,
independent network of senior clinicians and orthopae-
dic surgeons from Europe and the Middle East (EUMEA)
representative of the achondroplasia clinical community.
All members of the EAF had contributed to publications
on achondroplasia in recent years and were representa-
tive of the countries in the region and the specialties
involved in achondroplasia management. The goals of the
EAF are to establish and promote collaboration between
leading experts, reflect the variety of specialties involved
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in care, enable cross-country sharing of best practices,
facilitate the uptake of recommendations, and support
the development of educational programmes.

Based on learnings from other fields, the EAF felt there
was a need to develop a consensus on guiding principles
of management of achondroplasia. Several members of
the EAF are involved in the development of detailed rec-
ommendations, however, all members agreed that there
is a need for overarching general principles of manage-
ment, regardless of where the person with achondropla-
sia is located.

Scope and purpose of guiding principles

for achondroplasia

The guiding principles are to support healthcare pro-
fessionals, patient advocacy groups, and policy makers
providing services for people with achondroplasia. With
every country managing achondroplasia somewhat dif-
ferently, and the availability of resources varying between
countries, the guiding principles provide overarching
considerations for the management of achondroplasia
that can be applied within all individual systems of man-
agement. The primary aim when developing the guiding
principles was to provide a framework for optimal care
for persons with achondroplasia.

Developing principles of management

in achondroplasia

The EAF gathered a group of 13 senior physicians and
surgeons, representative of the different specialties
involved in achondroplasia management. The group
included two paediatric endocrinologists (KM, MM),
seven clinical geneticists (VC-D, ML, EG-N, MDS, TB-O,
GM, SBdS), two surgeons (SB, ZP), a neuropaediatri-
cian (CL) and a GP specialised in achondroplasia (SF).
There was representation from across the EUMEA region
including clinicians from Belgium, France, Germany,
Italy, Kingdom of Saudi Arabia, Norway, Portugal, Qatar,
Spain, and the UK. The members were all experienced
in the management of achondroplasia and the complica-
tions thereof, and several had experience in developing
recommendations. The European League Against Rheu-
matism (EULAR) standardised operating procedures for
the elaboration, evaluation, dissemination and imple-
mentation of recommendations [10] were consulted to
ensure the process of developing guiding principles was
robust.

All members of the EAF group were invited to submit
suggestions for guiding principles which were collated
and grouped. It was agreed that a target of up to six prin-
ciples was optimal as too many may result in confusion
and lack of implementation [10]. Six draft principles
were developed and for each, the literature was reviewed;
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where no published evidence was available the collective
expert opinion of the members of the EAF was consid-
ered. The members of the EAF met in December 2020
to discuss the proposed guiding principles. Each princi-
ple was presented and scrutinised in detail for content,
support from the literature or collective expert opinion,
and wording. Anonymous live voting ensured all opin-
ions were accounted for. The group agreed to use the
EULAR protocols for acceptance [10]. For a principle to
be accepted, a majority of 75% was needed on the first
vote. Should this not be reached, the text was revised,
with a subsequent ballot requiring a majority of 66% to
accept the principle. If this vote was not successful, fur-
ther amendments were made until a majority of 50% was
reached, or the principle was rejected. Finally, each prin-
ciple was subjected to an anonymous vote on the level of
agreement, with options ranging from 1, no agreement at
all, to 10, strong agreement. The draft of the manuscript
was circulated to all members of the EAF for comment
and approval prior to submission for publication.

Guiding principles for management of achondroplasia

The members of the EAF agreed on six guiding principles
(Table 1) which cover management over the lifetime of a
person with achondroplasia. The first principle highlights
the need for lifelong management by an experienced
MDT, emphasising the importance of close monitoring
during the first 2 years (A). The following principles high-
light the importance of early referral to an experienced
achondroplasia physician following diagnosis either in
utero or after birth (B), the importance of joint decision-
making between the person with achondroplasia and the
clinical team (C), and the primary goals of management
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(D). The final two principles relate to the need for access
to adaptive measures and new treatment options (E), and
the importance of ongoing monitoring by an experienced
MDT throughout adolescence and adulthood, taking
into consideration elements of care particular to these
life stages (F). After scrutiny of wording all principles
achieved the 75% majority required for acceptance at the
first vote (range 91-100%) with high levels of agreement
(range 8.5-9.6).

Achondroplasia is a lifelong condition requiring lifelong
management by an experienced MDT, led by physicians/
clinicians experienced in achondroplasia management. Close
monitoring during the first 2 years of life is critical

Overall, people with achondroplasia have a normal, or
near normal life expectancy [9], although some sources
indicate mortality related to heart disease between the
ages of 25-35 years is 10 times higher in achondroplasia
than in the general population, and that in these patients,
life expectancy is reduced by 10 years [11]. The complica-
tions of achondroplasia range throughout the life stages,
with different considerations for management during
infancy, childhood, adolescence and adulthood [5, 9,
12-15].

Evidence from the World Health Organisation (WHO)
suggests that people with complex conditions can expe-
rience fragmented care [16], and that continual, coordi-
nated care from trusted physicians can be beneficial for
clinical outcomes [16—18], as well as leading to greater
empowerment and adherence to treatment [16]. The
role of the MDT in achondroplasia is a vital one, given
the range of complications both physical and psychologi-
cal that may occur across the life stages [19]. The MDT

Table 1 The 2020 EAF guiding principles of management for achondroplasia

Item Guiding principle Vote (%) Level of
agreement
(mean; range)
A Achondroplasia is a lifelong condition requiring lifelong management by an experienced MDT, led by physicians/ 92 8.9 (8-10)
clinicians experienced in achondroplasia management. Close monitoring during the first 2 years of life is critical
B When a diagnosis of achondroplasia is made or suspected, either in utero or after birth, the family should be 100 9.3 (8-10)
referred as soon as possible to a physician experienced in achondroplasia to discuss the prognosis and man-
agement of the condition
C Decisions around management should be made in the MDT setting jointly with the person with achondroplasia 100 9.6 (7-10)
and/or their family
D The primary goals of management are to enable anticipation, identification and treatment of problems, provide 100 9.2 (8-10)
education and support to encourage a healthy lifestyle, positive self-esteem and mental health, autonomy and
independence
E Patients should have access to a variety of adaptive measures, support to ensure proper usage and access to 91 8.5 (5-10)
approved treatment options as they become available
F Regular monitoring in adolescence and adulthood should continue under an MDT with expertise in achondro- 100 9.3 (8-10)

plasia management. Care should include genetic counselling, transition to adulthood, psychosexual well-being
and management of pregnancy
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supporting a person with achondroplasia should be expe-
rienced in the condition to enable anticipation of com-
plications and to provide appropriate support [6, 20]. A
lead coordinator within the MDT is necessary to ensure
consistency of care and referral to other members of the
MDT as needed. It was recognised that the specialty of
the lead physician varies in different health systems and
a specific speciality was not proposed, providing the
lead clinician is experienced in the management of the
condition.

Close monitoring during the first 2 years of life is vital.
Unexpected infant death occurs in 2-5% of infants with
achondroplasia [9], and life-threatening events occur in
3.8% of infants within the first year of life [12]. Neuro-
logic and respiratory assessments including sleep stud-
ies and assessment for weakness in the limbs can enable
timely referral and management by an experienced neu-
rosurgical specialist [9]. Complications such as foramen
magnum stenosis must be assessed and treated in early
infancy [5, 21, 22], and anticipatory guidance in the early
years can mitigate against future complications such as
fixed thoracolumbar kyphosis [23, 24], hearing impair-
ment and language disorders [9].

When a diagnosis of achondroplasia is made or suspected,
either in utero or after birth, the family should be

referred as soon as possible to a physician experienced

in achondroplasia to discuss the prognosis and management
of the condition

Misdiagnosis of achondroplasia is common among those
without experience of the condition [25]. While the clini-
cal and radiological features of achondroplasia are rec-
ognisable, approximately 20% of affected individuals are
not identified at birth [26]. Physicians who are not expe-
rienced in the condition lack the knowledge to be able
to counsel families effectively [18]. Accurate and timely
diagnosis of achondroplasia enables effective counselling
from specialists expert in the condition, who can provide
clear and comprehensive information enabling a fam-
ily to make informed decisions. Accurate diagnosis also
facilitates referral to an experienced physician to enable
anticipatory guidance, expectations of the natural history
of the condition, treatment options [8, 9], and the timely
management of complications, particularly those that
occur in early infancy [5, 6, 8]. Referral to patient organi-
sations and psychologists at the point of diagnosis can
also be beneficial [6, 9, 18].

Decisions around management should be made in the MDT
setting jointly with the person with achondroplasia and/

or their family

Shared decision making is understood to be a human
right [27], however, there is evidence that in addition it
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can improve decision quality and create significant health
benefits such as increased patient satisfaction, confi-
dence, and clinical outcomes [16, 17, 28]. Members of
the EAF agreed that this principle is already widely prac-
tised by the clinical community. The wording was closely
analysed to ensure emphasis on the wider MDT involve-
ment in the decision-making process. Each decision is
multifactorial and must include all relevant members
of the MDT. For example, a decision to undergo ortho-
paedic surgery, such as limb lengthening, will require
input from the person with achondroplasia, their family,
the lead physician managing overall care, the surgeon, a
physiotherapist, and an occupational therapist. The psy-
chosocial aspects should also be addressed. Importance
was also placed on the involvement of the person with
achondroplasia and their family in the decision-making
process. While physicians are expert in the condition,
parents are expert in their child’s care; support and con-
sultation with the family is a vital step in shared decision-
making [18]. The panel felt consideration should also be
given to the age at which a child can provide informed
consent for procedures. Their opinions should be consid-
ered, particularly when the parents may disagree on the
best option for management.

The primary goals of management are to enable
anticipation, identification and treatment of problems,
provide education and support to encourage a healthy
lifestyle, positive self-esteem and mental health, autonomy
and independence

The purpose of this principle was to encapsulate the key
aspects of overall achondroplasia care. The anticipation
of problems was considered an important inclusion as
regular monitoring and identification of problems ena-
bles timely management [5, 6, 29]. Education and antici-
patory guidance are essential elements of care to enable
physical, practical, and emotional support for the person
with achondroplasia and their family whether at home,
school or at work [9, 29, 30]. The importance of encour-
aging a healthy lifestyle was included in this principle
because obesity can be a problem in achondroplasia;
this can be of particular concern during adolescence as
people develop greater autonomy over their own lifestyle
choices. Education, MDT monitoring and support for
healthy eating and lifestyle can ameliorate the effects of
weight gain in later years, and can help to support posi-
tive self-esteem [6, 9, 31] and body positivity, which is
associated with better mental health status [32]. Positive
self-esteem can also be promoted through independ-
ent living [6], inclusion in social and working environ-
ments, and the development of life and career goals [9,
33]. Access to psychological support should be an option
throughout the life of a person with achondroplasia,
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particularly during times of upheaval, including starting
school, during adolescence and at times of family crisis
such as divorce of the parents [6].

Quality of life is an important consideration through-
out the life of a person with achondroplasia, with both
children and adults experiencing a lower quality of life
physically, emotionally and socially [14, 34, 35]. Adults
with achondroplasia are likely to have an impaired quality
of life as they age, due to limitations in physical function-
ing [14, 19, 36]. Lower mental well-being is also prevalent
in adults with achondroplasia, with 56% of respondents
with achondroplasia in one study diagnosed with a men-
tal illness such as anxiety or depression [19]. Parents of
a child with achondroplasia may also have a reduced
quality of life and may report their child to have a lower
quality of life [32]. Appropriate support for parents and
families of a person with achondroplasia is necessary and
may in turn enable them to provide strength and support
to the child when facing the challenges of achondroplasia
in their daily lives [32]. The impact of achondroplasia on
quality of life in children, adults, and their families high-
lights the need for continued monitoring throughout the
life stages by an experienced MDT and for mental health
care to be prioritised [7, 19].

The wording of ‘autonomy’ and ‘independence’ was dis-
cussed at length, with EAF members agreeing that both
were relevant and important to include, with ‘autonomy’
described as relating to decision-making and ‘independ-
ence’ as the ability to live and function practically by
oneself.

Patients should have access to a variety of adaptive
measures, support to ensure proper usage and access

to approved treatment options as they become available
Improving aspects of daily living for people with achon-
droplasia can benefit their well-being and quality of life.
Children with achondroplasia may find some activities
of daily life challenging due to musculoskeletal impair-
ments which can prohibit full physical functioning [37],
and some may require assistance with self-care such as
toileting, dressing, and bathing for longer than children
of average stature. Adults’ physical and mental well-being
have been shown to be impacted by their physical limita-
tions [14, 36]. Different adaptive needs will be apparent
at all ages [5, 9]. Measures that may help a person with
achondroplasia to access their environment may include
adaptations to the home, toys, clothing, as well as to
school or work environments, and to enable driving [6].
Physiotherapists, occupational therapists and surgeons
will play an important role in supporting adaptations
for people with achondroplasia. “Treatment options’
refers not only to medications, but also to advances in
other areas. With new medical therapies on the horizon,
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timely access will be important to widen the options for
management.

Regular monitoring in adolescence and adulthood should
continue under an MDT with expertise in achondroplasia
management. Care should include genetic counselling,
transition to adulthood, psychosexual well-being

and management of pregnancy

Coordinated care from an experienced MDT is neces-
sary throughout the life of a person with achondroplasia,
with complications such as cardiovascular conditions,
obesity, sleep apnoea, hearing loss, lumbosacral spinal
stenosis, pain, and mental health predominant during
adolescence and adulthood [5, 9, 13, 14]. Regular moni-
toring can enable timely intervention. Similar to the
MDT in the paediatric setting, a primary coordinator is
needed in adulthood to ensure continuity of care. The
specialty of the lead physician may vary, but they must be
experienced in the management of achondroplasia. The
inclusion of transition to adulthood in this principle is an
important one, both in a practical sense of how the per-
son with achondroplasia continues to access coordinated
care as an adult, but also to address psychosocial well-
being and quality of life in adulthood [19].

Pain is an under-diagnosed and under-treated aspect
of achondroplasia [38], with prevalence of pain docu-
mented in up to 74.5% of adults, however, few visit a
pain specialist for support [14]. Chronic pain, that may
begin in childhood [9], has been shown to be associated
with poor physical function [36, 38], which may result
in diminished daily functioning and may impact qual-
ity of life. Gait evaluation and subsequent management
in childhood can address activity-induced pain [5]. Pain
management will be an important factor in the routine
monitoring of persons with achondroplasia throughout
adolescence and adulthood, particularly as increasing age
and decreased ambulation are associated with chronic
pain [36, 38].

Focus on a healthy weight and lifestyle is very impor-
tant during adolescence and adulthood to mitigate
potential future complications [6, 9]. Genetic counselling
during adolescence is important to encourage under-
standing of the genetic nature of the condition and the
chances of passing the condition on to any future fam-
ily [8, 9]. Emphasis was placed on the ‘psychosexual
well-being’ of persons with achondroplasia, with the
wording carefully chosen to encompass all aspects of
relationships, gender, sexual health and sexual orienta-
tion. ‘Management of pregnancy’ in this principle refers
to pregnancy, potential pregnancy and obstetric delivery
for women with achondroplasia; thorough evaluation
and careful management during pregnancy and delivery
is necessary [8].
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Conclusions

The guiding principles of management for achondro-
plasia provide all healthcare professionals, patient
advocacy groups and policy makers involved in the
management of achondroplasia with overarching con-
siderations that can be implemented in any healthcare
system. The methodology was developed with specific
focus on achondroplasia management and the sen-
ior physicians and surgeons involved in the process
were all experienced in achondroplasia. Although the
breadth of the principles may be applicable within
other skeletal dysplasias or congenital genetic condi-
tions, this was not a consideration during the develop-
ment and implementation of the methods and literature
search. The guiding principles were developed in line
with the goals of the EAF to establish and promote col-
laboration and enable cross-country sharing of best
practices within the European and Middle East region
which its members represent. The principles have been
developed as a basis for optimal care of achondropla-
sia that can be applied in conjunction with more spe-
cific recommendations provided at regional, country or
centre level. Communication and dissemination of the
guiding principles of management within the achon-
droplasia community is an important step in the aim to
improve overall patient care. It is important that there
is ongoing collaboration with the wider achondroplasia
clinical community to scrutinise in greater detail indi-
vidual aspects of care including, among others, prena-
tal diagnosis and referral, transition to adult services,
surgical and neurosurgical considerations. Further pub-
lications with detailed, consensus-based recommenda-
tions on key aspects of care are planned. The collective
experience of the wider clinical community will be
needed to develop more detailed recommendations.
The principles of management for achondroplasia will
be reviewed in 3 to 4 years, or when there are devel-
opments in the field that may change clinical practice,
such as the availability of new treatment options.
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