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Abstract

Purpose This study aimed to assess the real-world management of achondroplasia in Italy.

Methods Two online surveys addressed to (1) parents/caregivers of individuals with achondroplasia and (2) Italian clinicians
managing individuals with achondroplasia were conducted to assess real-world perspectives on achondroplasia manage-
ment. Both surveys collected data on either patient or clinician demographics, details on diagnoses and referrals, disease
complications, and views/experiences with limb lengthening surgery.

Results In total, 42 parents/caregivers and 19 clinicians (from 18 hospitals) completed the surveys. According to parents/
caregivers, achondroplasia diagnosis was most commonly made in the third trimester of gestation (55% of respondents),
with a genetic test performed to confirm the diagnosis in all but one case. In contrast, the clinicians indicated that, while
achondroplasia was typically suspected during the prenatal period (78%), diagnosis was more frequently confirmed postna-
tally (72%). Parents/caregivers reported that the greatest impact of achondroplasia-related complications occurred in their
children between the ages of 2-5 years. The most significant complications were otitis, sleep apnoea, stenosis of the foramen
magnum or pressure on the spinal cord, and hearing difficulties. Lengthening surgery had been presented as a treatment
option to 92% of responding parents/caregivers, with 76% of clinicians viewing surgery favourably. Typically, clinicians’
reasons for suggesting limb lengthening surgery were to improve patient quality of life, increase patient autonomy and self-
acceptance, improve trunk-limb disproportion, short stature and walking, and ensure that all possible treatment options had
been presented to the parents/caregivers.

Conclusion This survey provides insight into the real-world management of individuals with achondroplasia in Italy.

Keywords Achondroplasia - Clinician survey - Italy - Patient/caregiver survey - Real-world management

Introduction macrocephaly, midface hypoplasia, frontal bossing,

depressed nasal bridge, short broad hands with a trident

Achondroplasia is a rare genetic disorder, caused by a
recurrent pathogenic variant in the fibroblast growth factor
receptor 3 gene (FGFR3) that results in short limb skeletal
dysplasia [1]. Achondroplasia is the most common form of
disproportionate short stature with an estimated worldwide
birth prevalence of 3.7 to 4.6 cases per 100,000 births [1,
2]. The European Surveillance of Congenital Anomalies
(EUROCAT) network reported a prevalence of achondro-
plasia from the Emilia-Romagna region in Italy for the years
1991 to 2015 of 5.70 per 100,000 births [1].

Individuals with achondroplasia show specific clini-
cal features detectable at birth, including rhizomelia,
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hand configuration, hypoplastic foramen magnum, and a
small skull base [1, 3, 4]. Complications of achondroplasia
affect individuals throughout their lifetime [5]. In infancy,
these complications include gross motor delay, hypotonia,
otitis media, foramen magnum stenosis (which can lead to
sudden death), and sleep apnoea, and in childhood, delayed
motor and speech development, thoracolumbar kyphosis,
genu varum, otitis media, sleep apnoea, obesity, sympto-
matic spinal stenosis, and pain. Many of these childhood
complications persist into adolescence and adulthood [5].
Due to the wide range of complications associated with
achondroplasia, a multidisciplinary team (MDT) is often
involved in ongoing care, although the types of specialties
involved differ between countries [6]. Differences between
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countries also exist in diagnostic methods, patient man-
agement, and the specialty of the lead clinician, and until
2021, there were no universally agreed European recom-
mendations for the management of achondroplasia [6]. The
European consensus on principles for the management of
achondroplasia now provides a basis for the development of
optimal care (Table 1) [1, 6]. An important step in the jour-
ney of many individuals with achondroplasia is limb length-
ening surgery [7]. There are differences in many aspects of
patient management for this procedure, including whether
and when an individual is offered such surgery, as well as
the surgical techniques employed. Here, we report the find-
ings of surveys of parents and caregivers of individuals with
achondroplasia and of clinicians managing individuals with
achondroplasia, which were conducted to understand how
this disorder is currently managed in Italy and to gain insight
into the patient journey.

Methods

We conducted two surveys, one addressed to parents and car-
egivers of individuals with achondroplasia and another one
to clinicians who manage individuals with achondroplasia,
to assess the real-world management of achondroplasia in
Italy from their perspectives.

Study design and study participants

MA Provider, an Italian healthcare consultancy com-
pany, drafted the clinician and parent/caregiver surveys
with support and validation from clinicians. MA Provider
(Italy) contacted hospitals throughout Italy and invited cli-
nicians to complete the clinician survey. The survey was
self-administered by clinicians online. The Italian parent/

Table1 The 2020 European Achondroplasia Forum (EAF) guid-
ing principles for the management of achondroplasia, modified
from ‘The first European consensus on principles of management for

caregiver association ‘Associazione per 1’Informazione e
lo Studio dell’Acondroplasia’ (AISAC, the Italian Asso-
ciation for Achondroplasia Information and Study) made
the parent/caregiver survey available on their website, and
members were asked to complete the form (which was
also self-administered). AISAC ensured the accuracy of
the data collected from parents/caregivers and provided
the data to MA Provider who then analysed the results,
and produced the study report.

Data collected

The parent/caregiver survey collected the following infor-
mation: demographic details; details regarding achon-
droplasia diagnosis and referrals made after diagnosis;
complications of achondroplasia; patient care experience,
including information regarding their treatment centre(s),
which specialist made the diagnosis of achondroplasia,
which specialist was in charge of follow-up, and the rea-
sons for losing contact with the treatment centre; and their
views/experiences with limb lengthening surgery, includ-
ing which physician suggested this treatment option and
when/how/where it was conducted.

The clinician survey collected the following informa-
tion: clinician details (specialty, institution type) and insti-
tution details (type of institution, achondroplasia patient
services, specialists managing individuals with achon-
droplasia); details of clinicians’ patients (ages, compli-
cations); details of the specialities involved in diagnosis,
referrals, and patient follow-up; details of patient follow-
up (frequency of patient visits, reasons for loss to follow-
up); and views on limb lengthening surgery and patient
access to surgery.

achondroplasia’ by Cormier-Daire V et al. published in Orphanet J
Rare Dis 2021;16(1):333 under a Creative Commons Attribution 4.0
International License [6]

Item Guiding principles

1 Achondroplasia is a lifelong disorder 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

2 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 clinician experienced in achondroplasia to discuss the prognosis and management of the disorder

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

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

5 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

6 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

MDT Multidisciplinary team
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Statistical methods

Due to the descriptive nature of this study, no sample size
was determined. MA Provider (Italy) analysed the results
of this survey. Descriptive statistics were used to describe
the survey findings, with categorical variables expressed
as counts and percentages.

Research ethics

All participants gave their informed consent for the col-
lection and use of medical and health information in an
aggregated and anonymised manner for the purposes of
this research only. No parents and caregivers of individuals
with achondroplasia or associated clinicians received any
compensation for participation in the survey. The survey
complied with Italian data protection laws and was con-
ducted in accordance with the Declaration of Helsinki. As
this was not an investigation of clinical outcomes with any
particular intervention, neither ethics committee approval
nor clinical trial registration was required. The research
was conducted by MA Provider (Italy) and funded by
BioMarin.

Results

Between 1 and 7 June 2022, 25 clinicians from a total of 18
hospitals across Italy were invited to participate in this study
(Online Resource 1; Supplementary Table S1), of which 13
were ‘University Hospitals’ (i.e. teaching hospitals). Of the
25 invited clinicians, 19 (76%) completed the survey. At the
time of the survey, a total of 493 individuals with achon-
droplasia were managed in these hospitals. The questions
were not necessarily answered by all respondents; therefore,
sample sizes varied between questions.

Parent/caregiver survey

A total of 42 surveys were received from the AISAC and
reviewed by MA Provider.

Patient demographics

Most individuals with achondroplasia were aged between 2
and 12 years (Table 2). Parents/caregivers of children with
achondroplasia from 14 different Italian regions participated
in the survey, including Lombardy (n=12), Veneto (n=7),
Piemonte (n=6), and Campania (n=4), with two cases each
in Emilia-Romagna, Lazio and Calabria, and one case each

in Liguria, Tuscany, Umbria, Molise, Puglia, Sicily, and
Sardinia.

Diagnosis and referrals

The diagnosis of achondroplasia was most commonly made
prenatally, usually in the third trimester of gestation (55%;
Table 2). A genetic analysis was performed to confirm the
clinical diagnosis of achondroplasia in all but one case
(41/42). A diagnosis of achondroplasia was most likely to be
made by a geneticist (19/42; 45%), followed by a gynaecolo-
gist (12/42; 19%), diagnostic medical sonographer (8/42;
14%), and neonatologist (6/42; 14%).

Most respondents were referred to a specialised centre
for the care of individuals with achondroplasia (i.e. a refer-
ence centre) after diagnosis (20/42; 47%) or were already in
a reference centre at the time of diagnosis (7/42; 17%). The
referral to a reference centre was most frequently done by
a geneticist (8/20; 40%), gynaecologist (5/20; 25%), diag-
nostic medical sonographer (4/20; 20%), or neonatologist
(3/20; 15%).

Most respondents (27/42; 64%) answered that they were
referred to a patient advocacy group (PAG) for support and
contact with other families, while only 38% (16/42) were
referred to a psychological support service (provided either
by the local health authority, a PAG, or the reference cen-
tre for achondroplasia). A total of 27/38 answered yes to
‘have you been informed of the social protections (e.g. civil
disability, employment protection, etc.) that a person with
achondroplasia is eligible for’, most of whom received this
information from either a PAG or other families (in seven
cases each).

Complications

Thirty-nine per cent (15/44) of parents/caregivers reported
the greatest impact of achondroplasia-related complications
was during the ages of 2 to 5 years. The most significant
complications were otitis, sleep apnoea, stenosis of the fora-
men magnum or pressure on the spinal cord, and hearing
difficulties or hearing loss, with the distribution of these
complications differing by age group (Fig. 1).

The reported aspects of achondroplasia that most affected
the child’s quality of life were reduced functional capac-
ity (18/28; 67%), reduced self-acceptance (7/27; 26%), pain
(5/27; 19%), low self-esteem (3/27; 11%), and hypotonia
(1/27; 4%).

Patient care and follow-up
The routine care provided to individuals with achondropla-

sia was generally performed by the reference centre (26/40;
65%), with others receiving routine care by a specialist near
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Table 2 Characteristics and

! ) . Item, n Parent/caregiver Clinician survey
demographlcs of children with survey
achondroplasia reported by the
parents/caregivers and clinicians Age at diagnosis n=42
Prenatal period (2nd trimester) 3 NA
Prenatal period (3rd trimester) 23 NA
Neonatal period, before hospital discharge 8 NA
During first 2 months of life 2 NA
Between 2—6 months of life 5 NA
> 6 months of life 1 NA
Age at time of survey n=42 n=493
0-1 years 1 15
2-5 years 11 93
6-8 years 7 103
9-12 years 15 128
13-16 years 5 73
> 16 years 3 81
Age at time of discussing/being offered lengthening surgery n=34
At diagnosis 11 NA
0-1 years 11 NA
2-5 years 6 NA
6-8 years 4 NA
9-12 years 2 NA
Age at which limb lengthening surgery would be recommended by n=17
clinician
<6 years NA 1
7-8 years NA 3
8-9 years NA 1
9-10 years NA 2
11-13 years NA 3
14-16 years NA 3
Variable NA 3
Can’t answer NA 1
NA Not applicable
100% - 0-1 years (n=1) ®2-5 years (n=11)
90% A W6-8 years (n=7) 9-12 years (n=15)
W13-16 years (n=5) ®>16 years (n=3)
80%
70% 4 67%
5 60% - o 57%
g 50% A
g 43% 43%
& oo 40% 40% e 40%
G 33% 33% 6/15 33%
30% 4 27% 29% | 5/15 1/3
311 | 27 20%
20% 1%
10% A 9% 2/15
o L% 0% 0% 0% 0% 0%
Otitis Sleep apnoea and breathing disorders  Sign of foramen magnum stenosis and Hearing difficulties or hearing loss

cervicomedullary compression
Complications

Fig. 1 Distribution of signs and symptoms by age group
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their place of residence (13/40; 3%); the remaining respond-
ents reported not needing assistance in daily life. Of those
reporting that routine care was provided by a specialist, 6/11
(55%) saw their specialist once a year (Table 3). Specialists
consulted in the last 2 years included orthopaedic surgeons,
physiotherapists, ear, nose, and throat (ENT) specialists,
neurosurgeons, clinical geneticists, and paediatric endocri-
nologists or endocrinologists (Fig. 2).

Most respondents reported that they consulted or con-
tacted the reference centre to manage complications (32/39;
82%), with 7/39 (18%) reporting that they contacted their
specialist; two respondents (5%) reported that no complica-
tions occurred.

Overall, 12/39 (31%) reported visiting the reference cen-
tre once per year, with 10/39 (26%) reporting visiting the

Table 3 Frequency of visits for specialists and reference centres

Specialists® Reference
(n=11) centre®
(n=39)
Frequency of visits, n
More than once per month 1 1
Once per month 0 1
Once every 3 months 1 10
Once every 6 months 1 10
Once per year 6 12
Less than once per year 2 5

211 parents/caregivers said routine care was provided by a specialist;
39 parents/caregivers specified the frequency of visits to a reference
centre, but the responses are not mutually exclusive, nor was it estab-
lished whether the specialists were at a reference centre or at a differ-
ent type of clinical institution

100% 100%
5/5|33

100%

90%

80%

80%

71%

70% 67%]
10/15
57%

417

60%

reference centre once every 6 months and a further 10/39
(26%) visiting once every 3 months; 5/39 (13%) reported vis-
iting the reference centre less than once per year (Table 3).
The frequency of reference centre visits differed by patient
age (Fig. 3).

In response to the question ‘how far is it from your home
to the reference centre that follows your child’, 17/39 (44%)
reported a distance of over 200 km.

While 19/40 (48%) respondents answered that their ref-
erence centre remained the same over time, 21/40 (52%)
reported having changed their centre, with 9/20 (45%)
reporting they changed their centre when their child was
aged between 2 and 5 years. Of the 21 respondents who
answered this question, the reasons for changing referral
centres varied, with the most common reason being prob-
lems/dissatisfaction with the centre (n=9), transfer of the
treating clinician (n=3), and that the former centre was not
a reference centre for treatment of achondroplasia (n=3).

When asked what the main reasons for losing contact
with the reference centre or the specialist were, 64% (16/25)
of respondents reported ‘no motivation’, 12% (3/25) reported
that it was because their reference centre was only for pae-
diatric cases, and 8% (2/25) reported that distance to the
reference centre or managing specialist was a factor. Dis-
satisfaction with the centre/specialist, difficulty in contacting
the centre, ‘COVID-19’, and their child experiencing motor
difficulties during the treatment period were each suggested
by 4% (1/25) of respondents.

Lengthening surgery

Lengthening surgery had been presented as a treatment
option to 34/37 respondents (92%), at diagnosis in 11 cases

0-1 years (n=1) ®2-5 years (n=11)

W6-8 years (n=7) 9-12 years (n=15)
W 13-16 years (n=5) ®>16 years (n=3)

71%
5/7
60%
3/5

Patients (%)

50%

40%

30%

20%

10%

0%

36%)
4/11

0%

Orthopaedic surgeon

0% 0%

Physiotherapist

ENT specialist

45%,
B0 B 409%40%
i 2/5

0% 0%

Neurosurgeon

Clinical Specialty

Fig.2 Specialists consulted in the previous 2 years, by age group. ENT ear, nose, and throat

0%

47%
7/15
36%

4/11 33%

13

14%
17

Clinical genetist

33%
29% 5/15
2/7
20%
1/5
9%
1/11
0%
Paediatric endocrinologi
endocrinologist

33%
13

ist or
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100%
100% 1

90% A

80% A

70% A

60% A

50% A

Patients (%)

40% A 36%

33%
30% A
20% A

10% A

27%)

0%
More than once per
month

Once per month

Once every 3 months  Once every 6 months

0-1 years (n=1) ®2-5 years (n=11)

W6-8 years (n=7) 9-12 years (n=15)

W 13-16 years (n=5) ®>16 years (n=3)

60%

43%

33% 33%

29%

No answers

Once per year

Less than once per
year

Frequency of visits

Fig.3 Frequency of visits by age group

and between birth and 1 year of age in a further 11 cases
(Table 2). This option was presented by an orthopaedic
surgeon in 18/33 respondents (55%), with a further eight
(24%) each presented lengthening surgery as an option by
a paediatric endocrinologist/endocrinologist or a clinician
expert in auxology.

In total, 11/37 respondents reported that their child had
undergone lengthening surgery; four had the surgery at
8 years of age, two at 10 years of age, and one each at 6 and
14 years of age (three did not indicate age at surgery). Only
eight respondents specified which limbs were operated on
(lower limbs in all eight cases). The reasons for surgery were
given by eight respondents and included to increase their
child’s autonomy (n=13), because it was requested by the
child (n=2), a desire to increase their child’s height (n=2),
and to eliminate varus deformity (n=2). The reasons given
for not undergoing surgery (n=20) included that the child
was too young (n="7), the child was awaiting surgery (n=6),
the parents were waiting to make a decision (n=2), and that
the surgical procedure would have a great impact on the
child’s and their family’s life (n=2). Lengthening surgery
was performed at a reference centre in 41% (11/27) of cases
and at other centres in the remaining 59% (16/27) of cases.

Improving the patient’s journey

Respondents gave the following suggestions to improve the
patient journey: (1) strengthening psychological support for
families, (2) being managed by MDTs more assiduously,
(3) reducing excessively long waiting times and hospitalisa-
tions, (4) increasing the efficiency of reference centres, (5)
providing more information to families, especially at diag-
nosis; and (6) continuing patient follow-up after the age of
18 years.

@ Springer

Clinician survey

From the 27 hospital centres contacted, 25 clinicians com-
pleted 19 surveys (six were completed jointly by two cli-
nicians). Paediatrics was the most common specialty par-
ticipating in this survey (Online Resource 1; Supplementary
Fig. S1). As some surveys were completed by more than
one clinician, the sample sizes refer to the number of clini-
cian surveys completed rather than the number of clinicians;
however, for simplicity, the results are referred to as ‘clini-
cians’ instead of the more strictly correct ‘clinician surveys’.

Diagnosis and referrals

The greatest proportion of individuals with achondroplasia
currently managed by the clinicians in this survey were aged
6-8 years (103/493; 21%) or 9-12 years (128/493; 26%);
only 3% (15/493) were infants (0—1 years; Table 2). Achon-
droplasia was suspected during the prenatal period (14/18;
78%) more often than during the postnatal period (4/18;
22%), but the diagnosis was confirmed more frequently in
the postnatal than the prenatal period (13/18 [72%] vs. 5/18
[28%]). Clinicians usually confirmed the clinical diagnosis
with molecular analysis (17/18; 94% of clinicians) of the
FGFR3 gene. Geneticists, neonatologists, and paediatricians
most commonly made the diagnosis of achondroplasia (89%,
67%, 61% of 18 clinicians, respectively), and were the spe-
cialists who most frequently communicated the diagnosis
to the parent/caregiver (83%, 44%, 67% of 18 clinicians,
respectively) [Note: more than one choice of answer was
allowed for these questions; therefore, the percentages did
not add up to 100%]. Since most diagnoses were made at
achondroplasia reference centres, the majority of clinicians
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reported that diagnoses were not followed by referral to a
reference centre (15/18; 83%).

At the clinicians’ hospitals, there were 109 newly diag-
nosed individuals with achondroplasia treated within the last
2 years, of whom 23 were diagnosed after the age of 1 year
and the remainder were diagnosed in the first year (n =29,
aged 3—12 months; n=30, aged < 3 months; n =14, at birth);
there were 13 prenatal diagnoses.

All clinicians reported that the parent/caregiver would be
referred to a PAG, and that this referral was usually handled
by the paediatrician (14/18; 78%).

Complications

The frequency of elective terminations of pregnancy because
of an achondroplasia diagnosis in the 2 years prior to the
survey was reported as ‘never’ by 9/17 (53%), ‘sometimes’
by 7/17 (41%), and ‘often’ by 1/17 (6%) clinicians.

The three most common clinician-reported complica-
tions seen in children with achondroplasia were hypotonia,

(a) 0-1 years
Hypotonia 67%; 12

Foramen magnum stenosis 67%; 12

Spinal curvature (lumbar kyphosis) 67%; 12

Hydrocephalus 56%; 10
Sleep apnoea

Otitis

56%; 10

Conductive or sensory hypoacusis

Other (GERD) [l 6%; 1

5 10 15
Clinicians reporting the complication (n)
(c) 5-10 years

Varus/valgus knee 83%; 15

Dental malocclusion 83%; 15
Obesity/overweight 67%; 12
Sleep apnoea 56%; 10
Conductive or sensory hearing loss

Otitis

39%; 7

22%; 4

Foramen magnum stenosis
Other*

17%; 3
6%; 1

Hypotonia 6%; 1

0 5 10 15 20
Clinicians reporting the complication (n)
(e) >16 years

Obesity/overweight 88%; 14

Myelopathy/radiculopathy 69%; 11
Lumbar spinal stenosis 69%; 11
Varus/valgus knee 63%; 10

Foramen magnum stenosis
Conductive or sensory hearing loss 25%; 4

Other*** 6%; 1

0 5 10 15 20
Clinicians reporting the complication (n)

Fig.4 Clinician-reported common complications in individuals
with achondroplasia aged a 0-1 years, b 2—4 years, ¢ 5-10 years, d
11-15 years, and e >16 years. Complications were not mutually
exclusive; therefore, percentages do not add up to 100%. Eighteen
clinician surveys were included in this analysis. *‘Other’ included

(b) 2-4 years

Other (Respiratory and sleep disorders)

foramen magnum stenosis, and lumbar kyphosis in infancy
(Fig. 4a), varus/valgus knee, sleep apnoea, and lumbar
kyphosis in children aged 2—4 years (Fig. 4b), varus/val-
gus knee, dental malocclusion, and obesity/overweight in
children aged 5-10 years and 11-15 years (Fig. 4c and d),
and varus/valgus knee, lumbar spinal stenosis, myelopa-
thy/radiculopathy, and obesity/overweight in adolescents
aged > 16 years (Fig. 4e).

Hospital and treatment team characteristics

Most of the hospitals included in this study were reference
centres for achondroplasia (15/19; 79%); of the remaining
hospitals, only one was not located in the same region as the
closest reference centre.

The majority of clinicians (16/18; 89%) confirmed that
their hospital used MDTs to manage individuals with achon-
droplasia. The co-ordinators of these MDTs were usually
paediatricians (13/16; 81%) or geneticists (5/16; 31%). Other
specialities occupying this role included endocrinologists,

89%; 16

Varus/valgus knee
Sleep apnoea
Spinal curvature (lumbar kyphosis)
Otitis

Conductive or sensory hypoacusis
Foramen magnum stenosis
Hypotonia
Language Delay
Obesity/overweight

72%; 13
67%; 12
56%; 10

56%; 10

44%; 8

39%; 7

28%; 5

17%; 3

6%; 1

Hydrocephalus 6%; 1
0 5 10 15 20
Clinicians reporting the complication (n)
(d) 11-15 years
Dental malocclusion 83%; 15
Obesity/overweight 78%; 14
Varus/valgus knee 78%; 14
Lumbar spinal stenosis 44%; 8
Myelopathy/radiculopathy 44%; 8
Conductive or sensory hearing loss 44%; 8
Sleep apnoea 39%; 7
Otitis 17%; 3
Foramen magnum stenosis 17%; 3
Other ** 6%; 1
0 5 10 15 20

Clinicians reporting the complication (n)

lumbar lordosis, social problems, mobility problems, and respiratory
disorders. **‘Other’ included pain, lumbar lordosis, social problems,
quality of life problems, mobility problems, respiratory disorders, and
lower limb pain and fatigue after prolonged effort. GERD gastroe-
sophageal reflux disease
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neonatologists, orthopaedic surgeons, and psychologists
(n=1to 3). Medical specialists included within MDTs were
mainly geneticists, endocrinologists, orthopaedic surgeons,
and neurosurgeons (Online Resource 1; Supplementary Fig.
S2).

Parent/caregiver counselling was most often the respon-
sibility of geneticists (15/18; 83%) and paediatricians (9/18;
50%), although psychologists (5/18; 28%), neonatologists,
and orthopaedic surgeons (1/18 each) could also be involved
(categories of clinician were not mutually exclusive).

Services such as physiotherapy and psychological support
for patients were provided in about two-thirds of hospitals
according to the clinicians surveyed (11/19 [58%] and 12/19
[63%], respectively).

Patient management and follow-up

Individual visits to the hospital decreased in frequency
with increasing age (Online Resource 1; Supplementary
Table S2). Infants (aged 0—1 years) visited the hospital pre-
dominantly every 3 months (12/18 clinicians; 67%), pre-
schoolers (aged 2—4 years) every 6 months (13/18; 72%),
5-10-year olds and 11-15-year olds once per year (9/17
[53%] and 7/16 [44%], respectively) or once every 6 months
(8/17 [47%] and 7/16 [44%], respectively), and adolescents/
adults aged > 16 years once a year (10/15; 67%). Only one
hospital did not offer continuing patient support into late
adolescence; nine hospitals followed individuals with achon-
droplasia up to the age of 16—18 years, and eight into adult-
hood (> 18 years).

The reasons most commonly cited by clinicians for indi-
viduals with achondroplasia being lost to follow-up were
reaching the age of majority (10/18; 56% of clinicians) and
undergoing limb lengthening surgery (6/18; 33%). Other rea-
sons included difficulties for patients to get to the hospital
(4/18; 22%), and ‘other’ (i.e. economic reasons, changing
reference centre, and no need for the patient to visit the hos-
pital) [Note: clinicians could cite more than one reason, i.e.
reasons were not mutually exclusive].

Lengthening surgery

In response to an open-ended question, clinicians’ reasons
for asking parents/caregivers to consider limb lengthening
surgery were to improve the child’s quality of life, increase
their autonomy and self-acceptance, improve trunk-limb dis-
proportions and short stature, improve walking, and inform
families of all available treatment options.

Nine of the 17 clinicians viewed surgery on both the
upper and lower limbs favourably; four were in favour
of surgery only on the lower limbs and none only on the
upper limbs; four clinicians viewed surgery unfavour-
ably. The clinicians’ views on the age at which individuals
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should undergo limb lengthening surgery varied among
the 17 respondents: three each suggested 7-8 years of age,
11-13 years, 15-16 years, and ‘variable’, and two sug-
gested 9—-10 years of age (Table 2). Two clinicians sug-
gested <6 years and 8-9 years, respectively.

Accessibility to surgery was determined firstly by ask-
ing clinicians where surgery was conducted relative to their
hospital. Six of 18 (33%) clinicians said their hospital was
the location for the surgery, 7/18 (39%) reported that a cen-
tre in the same region of Italy did the surgeries, and 5/18
(28%) reported that surgery would have to be conducted at
a hospital in another region of Italy. Access to surgery was
also determined by asking whether clinicians perceived the
parent/caregiver’s level of education to be an influencing
factor in the family’s decision for/against limb lengthening
surgery, to which four clinicians agreed, thirteen partially
agreed, and only one said it was not an influencing factor.
Clinicians were also asked if they thought family income
level was an influencing factor in the decision to undergo
surgery, to which 12/18 (67%) said ‘partially’, one said ‘yes’,
and five said ‘no’.

Discussion

Our survey of 42 parents/caregivers of children with achon-
droplasia and of 25 clinicians treating children with achon-
droplasia revealed that the real-world management of indi-
viduals with achondroplasia in Italy is generally consistent
with the 2020 recommendations of the European Achondro-
plasia Forum [6]. Our findings were also generally consistent
with the recommendations of the International Achondro-
plasia Consensus Statement Group [8].

While our clinician survey did not attempt to formally
estimate the incidence and prevalence of paediatric achon-
droplasia, we asked clinicians to report the number of new
diagnoses of achondroplasia at their hospital. A total of
109 new diagnoses were reported, which in our view seems
high, given that the EUROCAT network reported an esti-
mated achondroplasia prevalence of 5.70 per 100,000 births
between 1991 and 2015 in Emilia-Romagna, Italy [1]. This
high rate of new diagnoses could be attributable to parents
taking their child to a different reference centre to get a sec-
ond opinion on a diagnosis, and thus, the same individual
may have been counted twice in our clinician survey.

Early diagnosis is important to allow access to effective
counselling [6], as well as early treatment intervention [8].
According to the parents/caregivers, almost two-thirds of
individuals received a prenatal diagnosis, and all but one
had been diagnosed by 6 months of age. In contrast, only
one-third of clinicians reported confirming a diagnosis in the
prenatal period. The results of the parent/caregiver survey
are consistent with the literature, which generally shows that
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many cases of achondroplasia are diagnosed in early infancy
[4]; however, it is lower than the overall prenatal diagnosis
rate in Europe (65% of patients) [9]. The higher prenatal
diagnosis rate in Europe may be influenced by data from
France and countries other than Italy, as clinicians in these
countries tend to perform diagnostic computed tomography
(CT) scans during pregnancy if achondroplasia is suspected
[10-12], whereas Italian clinicians do not carry out CT scans
during pregnancy. One possible reason for this slight dis-
crepancy between parents/caregivers and clinicians in the
timing of achondroplasia diagnoses may be that parents
think that the first time they were told about the possibility
of their child having achondroplasia was a formal diagnosis;
indeed the high proportion of parents/caregivers reporting
that the diagnosis was made by a healthcare professional
during a prenatal ultrasound examination seems to support
this possibility. Nevertheless, it is reassuring that the clini-
cians surveyed confirmed a diagnosis by genetic analysis in
all but one case, in concordance with recommendations [8].

According to the parents/caregivers, around 40% of them
were required to travel a considerable distance (>200 km)
to access routine care for their child, which may represent
a barrier to adequate care, particularly when close monitor-
ing of children with achondroplasia is recommended [8].
While our survey was not able to directly ascertain whether
the distance required to travel was a reason for the low fre-
quency of visits for some individuals, it is plausible, given
that previous research has highlighted distance to treatment
centres as a barrier to accessing medical care [13]. All par-
ents/caregivers reported that their children had reference
centre visits once every 3 months in their first year of life,
and most (12/18), but not all, clinicians reported the same
frequency for this age group. In our view, this frequency is,
on average, acceptable for close monitoring of children with
achondroplasia.

We found that approximately half of the parents/car-
egivers changed their child’s reference centre, of whom
half again did so when their child was aged 2—5 years, with
the principal reason being problems or dissatisfaction with
the centre. While our survey did not capture any further
information regarding specific problems or their source
of dissatisfaction, the possible reasons for this include
a lack of effective treatment for achondroplasia [7, 14],
difficulties in communication, disagreement regarding
clinical decisions, or attrition of healthcare profession-
als experienced in the disease. In our experience, other
potential reasons why an individual with achondroplasia
may change reference centre over the course of follow-
up include reaching the age of majority, family and job
commitments, fatigue, or because individuals with achon-
droplasia feel well and do not think they need a medical
appointment at the centre. Some results from our parent/
caregiver survey support these possibilities, as illustrated

by their responses to being asked how their child’s patient
journey with achondroplasia could be improved: ‘continu-
ing follow-up after the age of 18 years’, ‘reducing exces-
sively long waiting times and hospitalisation’, ‘higher
efficiency of reference centres’, and ‘being followed by
multidisciplinary teams more assiduously’.

An individual with achondroplasia should be managed by
an experienced MDT throughout their life [6, 8]. Our survey
results, although largely from children with achondroplasia,
confirm that MDTs are usually used to manage achondropla-
sia in Italy. The composition of the MDT was variable given
the diverse range of complications experienced by paediat-
ric/adolescent individuals with achondroplasia.

The importance of supporting the individuals with achon-
droplasia and their family’s mental health and providing
education and counselling is recognised in the European and
international guidelines [6, 8]. Our results show that psy-
chologists were less frequently involved in parent/caregiver
counselling than geneticists and paediatricians, even though
two-thirds of the hospitals were reported by clinicians as
being able to provide psychological support services. In
our experience, psychological support is not usually pro-
vided at the reference centre, and psychologists are often not
employed at smaller hospitals where individuals with achon-
droplasia are followed. Parents identified better psychologi-
cal support for families and better provision of information
to families as ways to improve the patient journey.

Our finding that the majority of clinicians reported indi-
viduals with achondroplasia aged over > 16 years having a
visit frequency of once a year is surprisingly high; in our
clinical experience, many of these individuals do not show
up for follow-up appointments by this age, in part because
they will have previously been hospitalised many times and
no longer wish to interact with medical services. Over one-
half of parents/caregivers in our survey reported that they
may lose contact with the reference centre or their specialist
due to ‘no motivation’, possibly reflecting a sense of fatigue
with frequent hospital visits, medical assessments, and pro-
cedures. In general, follow-up of adults with achondropla-
sia can be less frequent (e.g. once every 2 years) than of
children. And in our experience, the patient’s general prac-
titioner would usually provide routine follow-up care dur-
ing adulthood. Our results indirectly support this: specialist
services for adults were not as common as for children since
only 8 of the 18 clinicians surveyed reported that their hospi-
tal continued care into adulthood (> 18 years of age). More
than one-half of the clinicians reported that adolescents were
likely to be lost to follow-up from the reference centre when
they reach the age of majority. Reassuringly, from the par-
ent/caregiver point of view, our results suggest that adoles-
cents aged > 16 years experienced some continuity of care
(frequency of visits was evenly split between less than once
a year, once every 6 months, and once a month).
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Overall, our survey results show that visit frequency is not
standardised within or across age groups, or indeed across
institutions, and that this represents an important unmet
need in the management of individuals with achondroplasia
across Italy. Similarly, we also found that each reference
centre conducts lengthening surgery at different ages. This
is not surprising, given the lack of evidence-based consensus
on this issue [15].

Limitations

Our study has some limitations. We did not include any
formal rating scales or quality of life questionnaires in our
surveys and all data were parent/caregiver- or clinician-
reported and are subject to recall bias. Furthermore, sam-
ple bias may exist as not all reference centres in Italy were
approached to be included in the survey. While our surveys
showed that the age of 25 years was the age at which there
was the greatest impact on the child and their family due to
the complications/comorbidities of achondroplasia (exclud-
ing lengthening surgery), parents could only comment on
their experiences up to the age of their own child at the time
they completed the survey. Further, a substantial propor-
tion of patients had not yet reached adolescence; thus, the
age period of greatest impact could be different if parents
were surveyed again in 10 years’ time, for example. As a
result, our data are limited to the impressions of parents and
caregivers, and we did not collect data from the children
themselves, which may have been possible at least for those
in older age groups. Lastly, the small sample size limits the
generalisability of the results, but does provide a useful start-
ing point in terms of the current state of the patient journey
for individuals with achondroplasia in Italy.

Conclusions

Our survey of those involved in the care of children with
achondroplasia provides important insight into the real-
world management of this disorder in Italy and has the
potential to help improve the management and outcomes of
this rare genetic disorder.
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