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Purpose: To examine results of magnetic resonance imaging
(MRI), polysomnograms (PSG), and patient outcomes in patients
with achondroplasia in light of recent screening recommendations
for infants with achondroplasia.

Methods: We reviewed medical records of 49 patients with
achondroplasia followed at our institution between September 1997
and January 2017, including physical exams, MRIs, PSGs (when
available), and surgical histories. Appropriate PSG data were
available for 39 of these patients.

Results: Twenty-seven of 49 patients had cervical cord compres-
sion on MRI, and 20 of those patients required surgery. Central
apnea was detected in 2/23 patients with cervical cord compression
in whom PSG data was available. Physical exam revealed depressed
deep-tendon reflexes in two patients with cord compression and

one patient without cord compression. Besides hypotonia in some,
the neurological exams of these patients were unremarkable.

Conclusions: Cervical cord compression is a common occurrence
in infants with achondroplasia and necessitates surgical interven-
tion in some patients. Physical exam and PSG are poor predictors
of the presence of cord compression or the need for surgery. All
infants with achondroplasia should have MRIs of the craniocervical
junction in the first 6 months of life.
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INTRODUCTION
Achondroplasia (OMIM 100800) is the most common
disproportionate short stature skeletal dysplasia with an
incidence of approximately 1 in 26,000 (ref. 1). Achondroplasia
results in disproportionate short stature, macrocephaly, and
increased rates of obstructive and central sleep apnea as well as
foramen magnum stenosis.2–4 Infants and children under 4
years of age with achondroplasia are at increased risk of sudden
death, and autopsy studies have revealed that sudden death was
frequently attributable to lower brainstem or upper cervical
spinal cord compression.3,5–7 Additionally, infants and young
children have experienced apnea and acute life-threatening
events;6,8–10 hemiparesis, paraparesis, or quadriparesis;9,11 and
new neurological impairment following minor trauma.12

Prior to the application of magnetic resonance imaging (MRI)
to evaluate the craniocervical junction of infants with
achondroplasia, there were no reliable methods to evaluate
infants with achondroplasia to determine who might be at risk
of injury or sudden death. Computed tomography (CT) scans
can accurately measure the size of the foramen magnum but
cannot predict the effect on the spinal cord.13 Somatosensory
evoked potentials (SEPs) proved unreliable for the detection of
cord compression (author’s personal experience).14 As MRI
became available in the 1980s it began to be used to screen

infants for craniocervical compression.15,16 MRI is superior to
CT in the evaluation of the craniocervical junction of patients
with achondroplasia because MRI not only provides compar-
able measurements at the foramen magnum as compared with
CT scans,17 but also provides superior imaging of the brainstem
and cervical cord, including cord compression and T2 signal
changes, and visualizes posterior fossa structures, without
ionizing radiation or exposure to contrast material.15,16 Multiple
authors have recommended MRI screening of the craniocervical
junction for all infants with achondroplasia.10,18,19 In addition,
the American Academy of Pediatrics (AAP) guidelines on
health supervision for children with achondroplasia (first
published in 1995 (ref. 20; updated in 2005 [ref. 21]) recommend
screening all infants with achondroplasia by CT or MRI.21 This
recommendation has been recently challenged,22 and a debate
in the literature has ensued.22–25 We therefore undertook this
review of all patients with achondroplasia treated at our
institution from September 1997 to January 2017 to examine
the results of MRIs and patient outcomes.

MATERIALS AND METHODS
It has been our practice to obtain an MRI of the craniocervical
junction for all patients with achondroplasia within the first
6 months of life, or as soon as possible if they are not seen
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until after 6 months of age. We reviewed the electronic
medical records and/or paper charts for all patients with
achondroplasia first seen in our Skeletal Dysplasia Clinic
between September 1997 and January 2017, for a total of 61
patients. Specifically, for each patient, in addition to
demographic data, we recorded the dates and findings of
the initial physical exams, MRIs, surgeries (if performed), and
polysomnogram (PSG) results. Eight patients were excluded
from our analysis because they were initially followed
elsewhere and we do not have complete medical records
from the outside hospitals available for review. Two patients
were lost to follow-up after the initial visit and so were
excluded. Two additional patients were also excluded because
we did not have records of physical exam findings until 2 to 3
years of age. Eight patients did not have physical exam data
available for review prior to their brain MRI. However, five of
those patients had physical exams within a month of having
an MRI, one patient was seen within 2 months, and two
patients were seen within 3 months of having their initial MRI
and so were included in this analysis. Twelve patients were
therefore excluded in total, leaving 49 patients for our
analysis. Seven additional patients were excluded from the
PSG data because we did not have PSG results available in our
records, and three other patients were excluded from the PSG
data because PSGs were performed after the patients had
posterior fossa decompression surgery, leaving 39 patients
with PSG data available.
This study was exempted by the Institutional Review Board

of the Ann and Robert H. Lurie Children’s Hospital of
Chicago.

Case reports

Patient 1 was initially seen in our clinic at 3 weeks of life.
Physical exam was consistent with a diagnosis of achondro-
plasia. Neurological exam noted 1+ reflexes and hypotonia
and was otherwise normal. Medical history was unremark-
able. We referred this patient for an MRI of the craniocervical
junction per our normal practice. However, prior to the MRI
being obtained, this patient experienced cardiorespiratory
arrest exactly 8 days after her initial evaluation in our clinic.
The patient was found unresponsive by her mother in her car
seat. The mother started chest compressions prior to the
arrival of emergency services. She was intubated at an outside
hospital and transferred to our hospital. On arrival, she
became appropriately responsive, with no reflexes elicited in
the lower extremities. She was extubated, and an MRI of the
brain was emergently obtained, revealing severe narrowing of
the foramen magnum with complete effacement of the
subarachnoid cerebral spinal fluid (CSF) and severe deformity
in the cervical medullary junction, abnormal cervical cord
T2 signal, and evidence of compressive edema. This patient
underwent posterior fossa decompression with C1 laminect-
omy 5 days later. At the most recent clinical evaluation at
25 months of age this patient was fully recovered and thriving.
Patient 2 was initially seen at 1 month of age and again at

5 months of age. Physical exam was consistent with

achondroplasia. Initial neurological exam was normal and
follow-up exam noted hypotonia but no other neurological
abnormalities. Medical history was unremarkable. Brain MRI
was obtained at 6 months of age and noted severe stenosis at
the foramen magnum with complete effacement of the CSF
signal both anterior and posterior to the foramen magnum as
well as pathologic T2 hyperintensity of the cord at the cervical
medullary junction. Patient was evaluated by neurosurgery a
week later and had posterior fossa decompression with C1
laminectomy 2 weeks after the MRI. Patient was doing well at
her most recent visit at 40 months of age.

RESULTS
Forty-nine patients had MRI examination of the craniocervi-
cal junction, and 27 of these had cord compression. T2 signal
changes in the cord were observed in 11 patients, with one
additional patient developing signal abnormality on repeat
MRI (12 total with signal abnormality). Posterior fossa
decompression surgery was performed in 20 (including the
patient with signal abnormality on repeat MRI) (Table 1).
Surgery was performed on 10/15 patients who had cord
compression but no signal abnormality and 10/12 patients
with compression with signal abnormality.
Initial physical exam findings were reviewed for all 49

patients. Hypotonia was a common finding and was present
in 2 of 11 patients with cord compression and signal
abnormality, 6 of 16 patients with cord compression but no
signal abnormality, and 3 of 22 patients with no signal
abnormality or cord compression. Only 2 of the 27 patients
with cord compression on MRI had an initial neurological
exam that was abnormal for anything but hypotonia; both had
decreased deep-tendon reflexes (DTRs). This was also noted
in one patient who did not have cord compression (Table 1).
PSG results were also reviewed for 39 of our patients,

specifically focusing on clinically significant central apneic
events, defined by standard published criteria as five or more
central apneas and/or hypopneas per hour of sleep.26–28

Central apnea was detected in 2/14 patients with cord
compression and no signal abnormality and none of the nine
patients with signal abnormality. One patient who did not
have cord compression noted on MRI also had central apnea
(Table 1). Desaturations were also tabulated for these patients.
Nine of 13 patients with cord compression but no signal
abnormality had desaturations ≤85%. Six of 10 patients with

Table 1 Findings and treatment of 49 patients with
magnetic resonance image (MRI) examinations

Surgery Neurological abnormality

(excluding hypotonia)

Central

apnea

Cord

compression

(27)

20 2/27 2/23

No

compression

(22)

0 1/22 1/16

ARTICLE SANDERS et al

1
2
3
4
5
6
7
8
9
0
()
:,
;

460 Volume 21 | Number 2 | February 2019 | GENETICS in MEDICINE



signal abnormality had desaturations ≤85%, and 8/16 patients
who had no cord compression had desaturations on PSG
≤85%.
As of January 2017, follow-up data was available for 15/20

patients who underwent surgery (including evaluations by
neurosurgery, genetics, MRI) within the last year. Two
patients were seen within the last 3 years, one patient within
4 years and two patients were seen within the last 10 and 15
years, respectively. For those 29 patients who did not have
posterior fossa decompression, 9 patients were seen in the last
year, 5 patients were evaluated within the last 2 years, 5
patients were seen within the last 5 years, 7 patients have been
seen within the last 10 years, and 3 patients have been seen
within the last 15 years.

DISCUSSION
In 1995 and 2005 the AAP recommended that neonates with
achondroplasia have either CT or MRI to evaluate the size of
the foramen magnum (CT) or cervical cord compression
(MRI).20, 21 More recent consensus recommendations,
achieved by a modified Delphi process, recommended that
neuroimaging of infants with achondroplasia be limited to
those exhibiting abnormal clinical findings (history or
physical exam) or polysomnography.22 Based on our clinical
experience, summarized here, we have concluded, as have
others,23 that clinical examination and polysomnography
alone will not identify a significant number of children with
cord compression and/or MRI signal abnormality, and will
leave them at risk for central apnea and sudden death.
The two cases described above illustrate the poor sensitivity

of the physical exam and history alone for identifying patients
with significant cord compression. Patient 1 had only
depressed DTRs on exam yet suffered cardiorespiratory arrest
8 days later due to severe cord compression. Patient 2 had no
findings aside from hypotonia and had severe cord compres-
sion with complete effacement of the CSF signal. PSG was not
obtained prior to the cardiorespiratory event and decompres-
sion surgery for patient 1, but PSG for patient 2 was obtained
7 days prior to the MRI, and the central apnea index (CAI)
was slightly greater than expected for age, but not abnormally
elevated.
Our review of 49 patients followed at our institution over

nearly 20 years identified only 3 patients with abnormal
neurological findings other than hypotonia on physical exam
at their initial visits. Hypotonia was observed in children with
normal MRIs (3/22) as well as in those with abnormal MRIs
(8/27). It is well known to be a common finding in infants
with achondroplasia29,30 and is clearly not predictive of cord
injury. Though a rate of 6% of patients experiencing abnormal
neurological symptoms in this cohort falls below the rates
published by Pauli et al. in their prospective cohort of 53
patients (abnormal reflexes or clonus present in at least 6.5 to
19.1% of patients, respectively; total number of patients
experiencing any abnormal reflex or clonus not provided in
publication),30 Hunter et al. reported only 1.6% of patients
under the age of 2 years with cervical neurological signs.31

Abnormal reflexes or other neurological signs are indeed
worrisome in an infant with achondroplasia; however, we are
concerned that there may be risks associated with cord
compression that have not yet progressed to hyperreflexia and
clonus.
While we agree that “children who are suspected of having

symptomatic [foramen magnum stenosis], based on their
history or physical exam or surveillance sleep study, should
undergo evaluation by MRI,”22 this approach lacks sensitivity:
only 2/27 patients with cord compression had abnormal
neurological examinations other than hypotonia and only 2/
23 patients with cord compression had clinically significant
central apnea. A similar experience regarding PSG results was
reported by White et al. based on their experience with 17
patients and a review of the literature.24 Based on this, these
authors did “not recommend polysomnogram as an adequate
screening tool for the presence of cervicomedullary spinal
cord compression.”24 In total, of the 23 patients with signal
abnormality and/or cord compression where PSG data was
also available, only 2 had concerning clinical findings or PSG
results. Pauli et al. compared PSG desaturations ≤85% in
patients who underwent decompression surgery with patients
who did not, with the desaturations considered as “evidence
for abnormality of central respiratory control.”30 In our
patient cohort, 60% of patients with signal abnormality on
MRI (65% of all patients with cord compression) compared
with 50% of patients with no cord compression had
desaturations that were at or below 85%. Based on our data
low desaturations appear to be a poor predictor of the
presence of cord compression or signal abnormality. We
assert that physical exam findings and history alone are
insufficient screening methods to assess which patients with
achondroplasia require an MRI and which do not.
A paper from 2014 described the experience at one

institution using dynamic MRI of the cervicomedullary
junction with cinema CSF flow studies in symptomatic
children with achondroplasia.32 The authors note that in 4/
29 (13.7%) patients who underwent imaging, cervical cord
compression with CSF obliteration was only evident on
flexion–extension studies and had not been seen on the MRIs
performed in neutral position. This paper raises the question
as to whether MRIs done at resting position might be missing
some patients with cord compression. This publication
presents dynamic MRI findings on patients who are already
symptomatic. Because our goal is to screen patients and
prevent symptoms before children become symptomatic, we
might question whether this should be incorporated into
screening. At this time we do not know if cord compression in
flexion–extension position is present as an early sign, or is one
that develops too late to be useful. This could be an area of
future research.
In our patient cohort, 40.8% of patients underwent cervical

junction decompression surgery, which is higher than many
published rates of decompression surgery amongst patients
with achondroplasia (4.5% [ref. 33], 6.8% [ref. 31], 9.4% [ref.
30], 16% [ref. 34], 25.9% [ref. 35]) but still remains consistent
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with the high end of the range reported by some centers
(34.6% [ref. 13], 36.4% [ref. 18], 42.2% [ref. 36]). Because
of the risk not only of sudden death, reported to range from
0.5 to 7.5% (refs. 5,6,30,33,37), but also due to the increased risk
of additional neurological complications previously dis-
cussed,9,11,30 our center has a low threshold for referring
patients for neurosurgical evaluation following an abnormal
MRI. Our intent is not only to prevent death related to cord
compression in these patients (our decompression rate is
approximately 5 to 15 times higher than most published
mortality rates), but also to prevent long-term neurological
sequelae related to cord compression, which may not always
resolve following decompression surgery.30 Because physical
exam and PSG are not consistent predictors of how the
cervical cord may be affected in an infant with achondroplasia
and who may suffer death or other neurological complica-
tions, we believe MRI is a necessary tool in the evaluation of
children with achondroplasia. Our practice of screening
infants by 6 months of age is based on historic discussions
with experts in skeletal dysplasias, as well as our experience
that some infants (such as patients 1 and 2 in our case
examples) may suffer from cord compression much earlier
than 12 months of age. If the initial MRI is normal, we
rescreen all our patients again at 2 years of age, or sooner
should additional concerns warrant earlier rescreening. For
the patients who ultimately underwent surgery at our
institution, there were no predefined criteria used to
determine which patients required surgical intervention, and
the decision was made by each respective neurosurgeon.
However, all patients did undergo a neurosurgical evaluation
prior to surgery, which included a physical exam, review of
the MRI, and review of other assessments if available.
Furthermore, while we did not review this specifically in this
manuscript, not all patients had surgery immediately follow-
ing their initial neurosurgery evaluation. In some cases, the
neurosurgeon requested additional testing, follow-up MRIs,
or other follow-up evaluations prior to recommending
decompression surgery. Decompression surgeries were per-
formed by four different neurosurgeons in this cohort.
While CT allows for measurement of the size of the

foramen magnum and comparison with published standards
for infants with achondroplasia38 without the need for
sedation, CT is unable to demonstrate the impact of stenosis
on the cervical spinal cord, which we believe is the advantage
of MRI over CT, and which has greater clinical significance
for the patient. MRI is not without risks, due to the need for
sedation or general anesthesia in infants and children who
undergo MRIs. In a retrospective study out of the Netherlands
examining 14,300 children undergoing anesthesia for any
reason, complications occurred in less than 2.6% of patients in
the group that included anesthesia for MRI (which also
included gastrointestinal and bronchoscopic procedures),39

and a review by Callahan et al. of anesthesia used in infants
and children noted a risk of around 1/10,000 for major
morbidity and a 1% risk of a complication necessitating
airway management.40 In experienced centers with anesthesia

administered by a pediatric anesthesiologist and appropriate
monitoring, we believe the risks should be very low.
Young children with achondroplasia are at risk for cervical

cord injury and sudden death because of foramen magnum
stenosis and cord compression. Prior to the use of MRI to
screen patients with achondroplasia for cord compression,
sudden death was a small but significant concern for patients,
and physicians were limited in the tools available to them to
discern who might be at risk. Our data demonstrate that MRI
identifies many children with cervical cord compression
whose clinical findings and PSG are not worrisome. We
recommend that both MRI and PSG be obtained before the
age of 6 months in children with achondroplasia, or when the
child is first evaluated. If the initial MRI is normal, we
recommend repeating the MRI at 2 years of age. Although
sedation or general anesthesia is required for MRI at this age,
it can be safely performed in centers experienced in the care of
young children.
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