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A pre-meeting workshop on foramen magnum stenosis in children with achondroplasia was held in Salzburg,
Austria at the 9th International Conference on Children's Bone Health (ICCBH) 22-25 June 2019. The screening,
monitoring and surgical approach to foramen magnum stenosis still remains controversial with conflicting
guidance in the literature. The structure of the workshop consisted of lectures, a debate, expert and delegate
discussion and concluded with a research proposal and further next steps. In total, representation by 40 in-
stitutions from 22 different countries that care for approximately 1375 children with achondroplasia, were in

1. Introduction

When working with rare diseases, it is important for centres inter-
nationally, to work collaboratively to develop best practise and to-
gether push the field forward scientifically. This was exemplified by the
level of interest in the achondroplasia foramen magnum workshop held
in Salzburg, Austria at the 9th International Conference on Children's
Bone Heath (ICCBH), 22-25 June 2019. Foramen magnum stenosis
(FMS) in achondroplasia is a recognised cause of child morbidity and
mortality. The screening, monitoring and surgical approach to FMS still
remains controversial.

This workshop was co-organised under the European Reference
Network on Rare Bone Diseases (ERN BOND WG4) program and invited
clinical leads, associated specialists, patient and pharmaceutical com-
panies' representatives. In total, delegates from 40 different institutions
representing 22 countries attended this workshop. These clinicians
collectively looked after approximately 1375 children with achon-
droplasia. The structure of the workshop consisted of opening lectures,
a debate and then a discussion by experts and delegates. The workshop
was concluded with a proposal for a natural history study of FMS and
summary of key steps forward.

* Corresponding author.

2. Lectures

2.1. Pathophysiology of foramen magnum stenosis in achondroplasia and
other skeletal dysplasias

2.1.1. Prof Jiirgen Spranger (Baden Baden, Germany)

The basic defect in all members of the achondroplasia family is an
altered Fibroblast Growth Factor Receptor caused by FGFR3 mutations.
The altered FGFR3 is constitutively activated, signal transduction un-
regulated, and this results in reduced endochondral growth. Insufficient
amounts of bone are formed adjacent to the growth plates explaining
the deficient tubular bone growth and short limb dwarfism character-
izing achondroplasia. Growth plates are special forms of synchondroses
uniting bone ends. Premature fusion of occipital synchondroses has
been found in young children with achondroplasia [1]. However, this
does not explain neonatal FMS. As in tubular bones, reduced chon-
drocyte proliferation seems to be its cause before and during the first
months of life, when the synchondroses of the basicranium are still
open. Defective chondrocyte proliferation and differentiation may
predispose to premature early fusion. Curiously this phenomenon is not
present in tubular bones: Bone age is not constitutively advanced in
children with achondroplasia. Premature osseous fusion occurs in cra-
niosynostosis syndromes leading to smaller than normal and deformed
foramen magnum [2].
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2.2. Radiology of foramen magnum disorders in achondroplasia

2.2.1. Dr. Amaka Offiah (Sheffield, UK)

Synchondroses are the gaps between the various bones of the oc-
ciput (basiocciput, exo-occiput and supraocciput). They are cartilagi-
nous structures that can be identified on imaging. They allow growth
but (unlike the physeal plate) do not contribute directly to growth
between the different bones. They fuse at different ages (posterior in-
traoccipital 2-7y, anterior intraoccipital 3-9y, spheno-occipital
9-15Yy, occipitomastoidal and petro-occipital 20-50y). Calandrelli [1]
showed that in achondroplasia there is premature fusion of the synch-
ondroses which can be seen on T1 weighted images. This group pos-
tulated that this premature fusion causes reduced FM area and me-
dullary compression in some cases.

The FM is small antenatally secondary to the abnormal shape of the
skull. Skull shape abnormalities are caused by hypertrophy of the oc-
cipital rim, overgrowth of the opisthion, abnormal position of the sy-
nochondroses and premature fusion of the synchondroses. The sequelae
are: an obstruction to the flow of CSF, causing emissary vein enlarge-
ment; narrowing of venous channels and FM stenosis. These may lead to
the cord abnormalities — cervical myelopathy and syrinx formation.

Helpful modalities to evaluate FMS and cord abnormalities include:

Radiographs: These can be useful in screening for C1/2 instability
but not in evaluating FMS.

Ultrasound: This is easily accessible and there is no radiation but is
operator dependent and relies on an open fontanelle. This modality is
particularly useful antenatally and there are normative curves for the
FM. Visualization of the upper spinal cord is limited.

CT: Imaging is very rapid and gives excellent visualization of bone.
It is not user dependant but there is a radiation dose penalty — however
this is very small to the fetus (3.5 mGy, which is well below the ac-
tionable level of 50 mGy). Nevertheless, CT cannot reliably be used
before 30 weeks gestation due to artefact caused by fetal movement. CT
is relatively poor for looking at the spinal cord. Overgrowth of the
opisthion (which may be asymmetrical) is readily demonstrated on CT.

MRI: Like CT, this provides multiplanar views, infants can be fed
and wrapped but older children will need to be sedated or anaes-
thetised. Antenatal MRI can detect FMS although there is limited data
on this. MRI is useful for looking at emissary vein enlargement and
dynamic MRI flexion and extension improves the identification of ef-
facement of the CSF. Furthermore, MRI allows CSF flow rates to be
measured (although the interpretation is not clear). Ventricular index
can be measured for hydrocephalus and cerebral atrophy can be iden-
tified.

Brouwer [3] looked at MRIs in adults aged 13-64y with achon-
droplasia who were asymptomatic. In this study, 6/7 cases with high
cord signal also had thinning of the cord. It is important to note that
these changes are different to the cervical myelopathy that is seen with
younger patients who have narrowing of the FMS, CSF effacement and
kinking of the cord.

A UK group [4] presented the achondroplasia foramen magnum
severity score (AFMSS) in children, a four point scoring system which is
simple to use, no normative data is needed and is not age dependent.
The changes in cord signal that are presented in this scoring system are
not the same as the high signal that is present in adults which is likely to
represent a different pathological entity, suggesting that some mod-
ification of the AFMSS is needed.

Children with FMS also get spinal stenosis and therefore they should
all have their spine imaged. There is narrowing of the interpedicular
distances of the lumbar spine in achondroplasia, which worsens with
age but is not usually present at birth. The shape of the spinal canal is
different and the spinal canal and transverse processes in achon-
droplasia are typically narrow.

Dr. Offiah's recommendations:

1) Image the whole spine with MRI (including flow rate)
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2) Use AFMSS in infants and a modified version in older children.

2.3. Mechanisms for respiratory dysregulation secondary to craniocervical
compression in achondroplasia and related disorders

2.3.1. Dr. Christina Lampe (Giessen, Germary)

In achondroplasia (n = 30) abnormal subcortical somatosensory
evoked potentials indicated high cervical myelopathy [5] with sensi-
tivities of the SEPs were 0.89 for cervical cord compression, 0.92 for
myelomalacia and 1.0 for the clinically symptomatic patients. This was
confirmed by Fornarino S. et al., recently [6]. Similarly, craniocervical
cord compression is a frequent finding and life threatening complica-
tion in mucopolysaccharidosis VI, due to a progressive GAG accumu-
lation in the soft tissues. In our experience a combined score including
neurological examination, somato-sensoric nerve evoked potentials,
SEP and MRI was a good predictor for cervical cord compression. De-
compression surgery was performed in 14/ 31 MPS VI patients with a
combined score significant different from non-operated children
(p < 0.001): 62% of patients improved in total CCJ score, 46% in
neurological examination, 39% in SEP and 27% in MRI. The most
sensitive parameter was the SEP with score 1: prolongation of at least
one of the following interpeak latencies: N9/P13; N9/N13b; N13a/N20.
Score 2: loss of P13 and/or N13b (brainstem). Score 3: loss of N20
(cortical).

A worldwide registry of MPS VI [7] recommended regular follow-up
assessments with a standardized procedure of clinical neurological,
electrophysiological and imaging.

2.4. Sleep apnoea and the challenges of respiratory management in infants
with achondroplasia

2.4.1. Dr. Josef Milerad (Stockholm, Sweden)

Ventilatory impairment, as evident by decreased oxygenation or
elevated carbon dioxide levels (but not necessarily total cessation of
breathing movements “apnoea”) is, in our experience, common in
children with achondroplasia. Our data suggest that these breathing
problems ranging from mild to severe may be present in up to 70% of
ACH children. Increased inspiratory resistance possibly due to small
upper airway or asynchrony between inspiratory effort and upper
airway tone was a common cause in our group of patients.
Polysomnography if performed early could offer valuable information
[8,9].

3. Debate: Should all babies with achondroplasia have MRI
screening for FMS?

3.1. Dominic Thompson (Paediatric Neurosurgeon, London, UK)

3.1.1. For the motion ‘All babies with achondroplasia should have MRI
screening for FMS’

Normative data is available that describes the growth of the
foramen in infants and young children with Achondroplasia. The
growth trajectory is not linear, there is a period until 3-5 years when
the foramen is particularly small during which the contents of the
foramen magnum are vulnerable to compression.

Stenosis of the foramen magnum can result in effacement of the CSF
spaces, distortion of the spinal cord and ultimately damage to the
parenchyma of the spinal cord. When compression of the cervicome-
dullary junction occurs this results in spinal cord oedema and ulti-
mately myelomalacia due to axonal loss. Spinal cord oedema can be
detected on T2 weighted MRI sequences.

Studies of adults with Achondroplasia have shown a high pre-
valence of MRI T2 signal change, typically without coexisting stenosis.
It is hypothesised that this represents the legacy of an earlier period of
FMS. The clinical significance of this finding is not currently well de-
scribed and is an area for urgent evaluation.
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Sudden infant death is well recognised in infants with
Achondroplasia; this is likely related to acute respiratory compromise.
Whether or not such acute respiratory events are the direct result of
compression at the foramen magnum remains unproven, however in a
recent consensus statement all experts agreed that FMS contributes to
mortality in infants with achondroplasia [10].

Published clinical experience indicates that many (the majority) of
infants and young children, with MRI proven compression and spinal
cord signal change do not have overt symptoms or clinical signs of
foramen magnum compression (myelopathy, motor regression, bulbar
dysfunction). Furthermore, the results of respiratory sleep studies,
whilst commonly abnormal in this population, have poor correlation
with the degree of foramen magnum stenosis. Electrophysiological
studies too, have been shown to lack the sensitivity to predict critical
foramen magnum stenosis in this high-risk group of young achon-
droplasia patients.

In all other examples of skeletal dysplasia the presence of signal
change with in the spinal cord is considered a serious finding, man-
dating at least neurosurgical review and consideration for treatment.
Indeed the consensus view of Achondroplasia experts is that foramen
magnum decompression is appropriate in the presence of spinal cord
signal changes [10].

Notwithstanding the need for careful patient selection and coun-
selling, the safety of foramen magnum decompression has been con-
firmed in a large number of surgical series.

To justify a screening policy, the disease entity needs to be suffi-
ciently prevalent in the target population, there needs to be a sensitive
and specific test to detect the disease process, and an appropriate
treatment that can benefit natural history needs to be available. These
criteria are satisfied in young patients with Achondroplasia.

In the light of the above, it would seem prudent to offer MRI
screening for children with achondroplasia who are within the at risk
group (< 4 years) for foramen magnum stenosis. A simple MRI grading
is proposed that allows severity of foramen magnum stenosis and its
effect on the neuraxis to be evaluated. Patients found to be at risk can
then be referred for neurosurgical assessment and treatment.

It is acknowledged that a number of questions remain unanswered.
What is the precise natural history of T2 signal change in
Achondroplasia? What are the late implications of this finding? Should
we re-evaluate the prognostic significance of respiratory sleep studies in
detecting critical FMS? These studies have hitherto been used as a
means of identifying central respiratory disturbance in this population;
it is now acknowledged that potentially serious obstructive patterns of
breathing may also have a central aetiology.

It is proposed that MRI Screening in Achondroplasia will not only
benefit individuals, potentially avoiding sudden infant death and
chronic myelopathy, but also provide greater understanding on which
future evidence-based policy can be founded.

3.2. Klane K White (Paediatric Orthopaedic Surgeon, Seattle, USA)

3.2.1. Against the motion ‘All babies with achondroplasia should have MRI
screening for FMS’

Infant mortality is higher in children with achondroplasia compared
to the general population. This increased mortality has been historically
attributed to foramen magnum stenosis and resultant cervicomedullary
spinal cord compression and central sleep apnea. As such universal MRI
screening for foramen magnum stenosis has been advocated. Critical
review of the literature would suggest that a causative relationship
between foramen magnum stenosis and increased infant mortality is
weak, and may be more attributable to obstructive apnea. Furthermore,
there are inherent risks associated with the general anesthesia required
to obtain the MRI and there is concern for overtreatment with foramen
magnum decompression and its inherent risks. Foramen magnum ste-
nosis and cervicomedullary compression represent a real health issue
for children with achondroplasia, and when symptomatic, should be
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addressed. Given the risk-benefit profile and the unclear relationship
between cervicomedullary compression and the increased rate of infant
mortality, however, universal screening is not necessary and may in fact
increase morbidity in this population. As such, polysomnography and
careful clinical monitoring are recommended, with selective use of MRI
screening in infants for foramen magnum stenosis and cervicome-
duallry compression.

4. Expert opinion and general discussion

4.1. Expert panel: Ms Inés Alves (Evora, Portugal), Dr Genevéve Baujat
(Paris, France), Dr Philip Kunkel (Hamburg, Germany), Prof Geert Mortier
(Antwerp, Belgium), Dr Louise Tofts (Sydney, Australia), Dr Michael Wright
(Newcastle upon Tyne, UK)

Dr. Tofts pointed out that screening by neurological examination
looks for signs of spinal cord injury and not the FMS. In an abnormal
examination there is already a cord injury so is a late sign of cord da-
mage. In the Paris group, there is a holistic, multidisciplinary approach
using clinical examination, polysomnography and MRI to assess these
children as it is felt that there is no one clinical test which is sufficient.
They have had cases where there has been severe FMS (AFMSS 3-4)
with normal polysomnography and examination.

Another expert expressed that there is no evidence currently that
clinicians are missing a treatable problem in asymptomatic children
without screening. There is no natural history evidence that there is an
adverse outcome in the asymptomatic patients who may have had
spinal cord signal changes.

Delegates pointed out that there is a need for a unified approach to
measurements and imaging. This should include head positioning and
the type of MRI images that should be obtained. It was also pointed out
that any consensus statements that include all specialties that are in-
volved in the pathway and for this topic especially the neurosurgeons.

Ms. Alves (patient representative, ERN BOND ePAG) emphasised
that clinicians should not only be focussing on death as an outcome but
should be looking for optimal health. As the natural history of FMS is
still not fully understood, clinicians and researchers should work to-
gether to come to a consensus of best practise as soon as possible. It is
very distressing and confusing for families that experts have differing
opinions.

Dr. Wright pointed out that in 1997, during the second International
Skeletal Dysplasia Society meeting, the same issues were still being
discussed and there is still no agreed consensus over 20 years later, it is
important for the sake of the families that find some answers. In an
attempt to move forward, it may be that those who do not screen should
start screening with the view that over 5 years we look at the data and
come up with a definitive conclusion.

4.2. Vote results

For the motion: Before 30 and After 30.
Against the motion: Before 13 and After 10.
(Some abstinences both before and after).

4.3. Research study proposal

4.3.1. Prof Klaus Mohnike (Magdeburg, Germary)

Craniocervical cord compression is a frequent finding and life
threatening complication in achondroplasia. BOND-ERN will introduce
a database to capture the natural history, neurological examination,
functional investigations (SEP, sleep lab) and MRI-DICOM studies. All
participants will include all new acho-patients based on the European
RD Registry Infrastructure (ERDRI), at the EU-JRC (Joint Research
Centre). Participants will use open source software (RedCap, OSSE,
etc.) with standardized agreed parameters; meaning data elements of
the registries are defined in the ERDRL.MDR (Metadata Repository).
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Each centre will document regular follow-up assessments with a stan-
dardized procedure of clinical neurological, electrophysiological and
imaging on their own centre-based protected server. i.e. each registry
knows what item the other one collected, whereas the data-owner will
keep data sovereignty. For shared analysis, each centre can deliver de-
identified patient's data to BOND-ERN or for collective publication.
Using this standardized documentation will also help for uploading
data on CPMS.

4.4. Final remarks on the workshop: handling of foramen magnum stenosis
in achondroplasia

4.4.1. Dr. Lars Hagends (Stockholm, Sweden)

Collectively, the participants have together experience of taking
care of > 1000 children with achondroplasia. This creates an ideal si-
tuation for a possible randomized controlled study (RCT) that evaluates
different attitudes toward investigation and handling of foramen
magnum stenosis (FMS) potentially affecting medullar integrity.
Questions at hand for such a study include the correlation between
degree of stenosis and respiratory problems as well as deviant neu-
rology or accelerating head circumference. Also the long-term con-
sequences of a kinked medulla or absence of liquor pulsation at foramen
magnum level with regard to gliosis or syrinx need to be investigated.
The possible correlation between head circumference development and
jugular foramina congestion of venous outlet from the skull is also of
interest.

Yet it could be hard to get unbiased acceptance for an RCT due to
possible increased risks at sedation of the infant and young child having
decreased ability to compensate for insufficient respiration due to di-
minished upper airways and muscular hypotonia and also safety issues
at manipulating head position when there is no muscle control. Further,
randomized decisions regarding neurosurgical procedures at similar
degrees of stenosis may need long time postsurgical observations before
evidence based decisions could be made.

Systematic information on spontaneous development of foramen
magnum size and medullar affection when significant stenosis is de-
tected early in infancy is lacking and needs to be investigated.

Despite the large number of individuals and a relatively homo-
geneous phenotype reported experience in handling the principally
constant FMS in achondroplasia is very restricted and probably limited
to severe cases. Neuroradiological evaluation, a prerequisite for deci-
sions seems to be largely absent.

Contributing to the difficulty of recognizing pathological neurology
is that the majority of infants and young children with achondroplasia
have significant muscular hypotonia with decreased deep tendon re-
flexes.

A majority of infants with achondroplasia have disordered
breathing with desaturations, hypopnea and apnea, with no clear as-
sociation to medullar compression or T2 MR signal changes.

A generally accepted scoring system for degree of medullary im-
pingement in FMS is a necessary prerequisite for comparing clinical
routines and studies in achondroplasia. Similarly needed is a generally
accepted scoring system for respiration pathology.

Lastly, exploring the neurological and respiratory situation together
with neuroradiological status in a large cohort of unselected adult in-
dividuals with achondroplasia might give some answers regarding
handling of infants and children with achondroplasia.

5. Conclusions

It is clear that the effect of the genetic mutation in FGFR3 is re-
sponsible for significant morbidity that results in narrowing of the
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spinal canal both the base of the skull and the spine. There was wide
agreement that when this results in symptomatic spinal cord com-
pression at the foramen magnum, neurosurgical management with de-
compression is indicated.

Screening methods to prevent of this complication however re-
mained controversial and underpinned by the lack of natural history
data in asymptomatic patients with spinal cord changes. In the best
interests of patients and to minimise harm, arguments both for and
against screening all babies with MRI were eloquently proposed.

Positive outcomes of the workshop included increased awareness
and understanding of FMS in achondroplasia, a high level of global
engagement and going forward, a willingness to participate in studies to
address some of the deficits in knowledge. There was wide agreement
for a unified MRI scanning guideline so that we can share similar data.

A newer development in our role of working with rare bone disease
has included advising pharmaceutical companies of important clinical
outcomes. Whilst an accessible and measurable outcome is growth,
morbidities in achondroplasia such as spinal cord compression, may
have far greater implications for development, mobility and quality of
life than short stature in itself. International, cross specialty, colla-
borative working is essential to improve the care of patients in rare
disease. This current time is especially important, as there are rapid
advances in pharmacological interventions for children with achon-
droplasia.

We are very grateful for the generous sponsorship of the pharma-
ceutical companies, Ascendis, BioMarin and QED Therapeutics and to
the ICCBH Steering Group for facilitating the organisation and enabling
this workshop to take place.
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