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Neurologic sequalae of Noonan syndrome have been postulated
in the literature. A topic of significance is the role of RASopathy in the
shared pathophysiology of Noonan Syndrome and Chiari | malforma-
Email: Kelly.Foote@neurosurgery.ufl.edu tion. In this unique case report, we present a patient with concomitant
Noonan Syndrome and Chiari | with 4th ventricular outflow obstruc-
tion. The case highlights the importance of close clinical suspicion in
this patient population. We utilize the case to delve into intricacies
of the known pathophysiology and encourage ongoing investigation.
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Introduction

The phenotypic spectrum of reported NS-associated abnor-
malities is ever-growing due to the wide-ranging effects of RAS/
MAPK disturbances. One of the most common genetic abnor-
malities in NS is a mutation in the PTPN gene, a part of the RAS/
MAPK pathway, which has also been linked to Chiari | malfor-
mation (CIM) [5,6]. Here we describe a patient presenting with
both NS and Chiari | Malformation (CIM). CIM, defined as her-
niation of the cerebellar tonsils through the foramen magnum,
has become more readily diagnosed due to increasing acces-
sibility of MRI studies [7]. At the University of Florida, out of the
467 patients treated for Chiari malformation and 162 for Noon-
an syndrome (and other congenital disorders of short stature)
since 2015, this is the only patient evaluated who had concur-
rent diagnoses of both. Reports of concurrent NS and CIM are

Noonan syndrome (NS) is a clinically diagnosed disorder
of development affecting approximately 1 in 2000 live births
[1,2]. Congenital abnormalities associated with NS have been
reported in multiple organ systems, the most common of which
include craniofacial and skeletal malformations, cardiopulmo-
nary anomalies, and various coagulopathies [3]. Neurologic
symptoms are relatively uncommon [1]. Noonan syndrome is
classified as a RASopathy as all known etiologic mutations affect
the RAS/MAPK signaling pathway, which regulates cell growth,
differentiation, migration, and repair [4]. Though NS is gener-
ally not life-threatening, especially in the absence of cardiac
defects, investigation into clinical signs and various associated
pathologies is important for early detection and optimal man-
agement.
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also rare in the literature. The first case was reported in 1982
[8], and only six additional cases have been reported since 2001
[9-14]. While an exact pathogenic link between the two syn-
dromes remains to be fully understood, a retrospective cohort
study found that approximately one-quarter of children with
CIM harbor a RAS/MAPK-related mutation [15]. Establishing a
link between RASopathies like NS and CIM may help facilitate
early recognition and diagnostic workup of associated genetic
syndromes for clinicians treating patients with Chiari malforma-
tions. Similarly, such a link may encourage physicians treating
those with NS to begin incorporating surveillance neuroimag-
ing into their standard of practice, especially in patients with
confirmed RASopathies, or neurologic symptoms that could be
consistent with CIM. In this report, we describe the character-
istics, clinical evaluation, and surgical intervention of a patient
with NS and CIM, discuss how this case fits into the existing
literature, and consider how CIM as a feature of NS might be
empirically validated.

Case report

A 22-year-old woman with known NS presented to an out-
side hospital with unrelenting headaches. The headaches be-
came intractable, and she was transferred to our institution
for further management. Other reported symptoms included
balance disturbance, intermittent numbness in her hands, and
neck stiffness that had been ongoing for 3 weeks. She denied
toxic habits and her only other past surgical history was correc-
tion of strabismus. Head computed tomography (CT) was ob-
tained showing CIM and ventriculomegaly. Follow-up magnetic
resonance imaging (MRI) was subsequently obtained (Figure 1).
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Figure 1: MRI imaging showing CIM and ventriculomegaly in pa-

tient with NS.
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After discussion with the patient and family, the patient
elected to proceed with suboccipital craniectomy and expan-
sion duraplasty for Chiari decompression with placement of
an external ventricular drain (EVD). In the operating suite, a
right frontal EVD was placed and the patient was then rotated
into prone position. The case proceeded in the usual fashion
with a midline suboccipital craniectomy, C1 laminectomy, and
a Y-shaped dural opening. The cerebellar tonsils were carefully
elevated to reveal a membrane occluding the 4™ ventricular
outflow at the foramen of Magendie. A generous fenestration
of this membrane resulted in high flow egress of cerebrospinal
fluid. An expansion duroplasty was then completed by sewing
in a watertight, shield-shaped bovine pericardial graft covered
with a thin layer of polyethylene glycol hydrogel and a single

layer of dry gelatin sponge. The wound was closed in layers, and
the patient was transferred to the intensive care unit (ICU).

On post-op day one, her mental status declined and the EVD
flow was noted to be sluggish. Head CT revealed an EVD tract
hemorrhage with intraventricular hematoma (IVH). The Clear
trial protocol was initiated with intraventricular tissue plasmin-
ogen activator (tPA) and a left-sided EVD was placed at bedside
[16]. Clearance of the IVH was ultimately successful, but she
failed a trial of EVD weaning and eventually required placement
of a Ventriculoperitoneal Shunt (VPS). She was discharged to a
rehabilitation center and has since made an excellent neurolog-
ic recovery. At her 2-month follow-up appointment, her head-
aches had significantly improved, the numbness in her hands
had completely resolved, and she has had no further problems
with balance, memory, or concentration. Surveillance head CT
at that time showed resolution of ventriculomegaly, successful
Chiari decompression, and interval right VPS placement (Figure

2).
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Figure 2: CT head showing Chiari Decompression and interval reso-
lution of ventriculomegaly with VP shunt. )

Discussion

NS is a common disorder that presents with varying phe-
notypes and ranging severity. Multiple conditions unrelated
to the diagnostic findings of NS appear to have a much higher
incidence in this population. These include depression, sco-
liosis, chronic back pain, and lymphedema, in addition to CIM
[5]. Additionally, there are reports of CIM in other disorders
of the RAS/MAPK pathway, including LEOPARD syndrome, CFC
syndrome, Costello syndrome, and neurofibromatosis type 1
[14,17-20]. In each of these reports, the incidence of CIM was
less than 50%, but higher than the estimated prevalence in the
general population (less than 1% or approximately 3.5% on ra-
diographic findings) [21]. Due to the relative rarity of concomi-
tant findings, it is challenging to determine if the relationship is
incidental or causal. Thus, it is imperative to continue to report
instances of these syndromes occurring simultaneously in order
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to support investigation, as well as to determine if there are
common features among patients with both these findings. As
genetic testing develops for RASopathy, the role in early diagno-
sis will become more important.

The pathophysiology of CIM is not well understood, but pos-
sible etiologies include genetic mutations and downward pres-
sure from cranial constriction. These features are commonly
found in patients with NS, especially those with significant cra-
niofacial abnormalities [12]. One of the most common genetic
mutations found in NS is a mutation of the PTPN gene, which
tends to affect the face and jaw preferentially [12]. Mutations
of this gene have been found in two patients with diagnoses
of concurrent NS and CIM reported in the literature [13]. The
proposed pathophysiology is alteration in the RAS/MAPK path-
way [13]. There is also a very high incidence of Chiari malforma-
tions found in patients with craniosynostosis, lending possible
support to the supposition that craniofacial abnormalities can
cause progressive elevations in intracranial pressure and subse-
quent downward pressure [22].

Though there is not currently enough data to describe Chiari
| malformation as a common phenotype of Noonan syndrome,
this potential connection is important because patients with
RASopathies as the source of NS may be more susceptible to
CIM. Based on these observations, we suggest that a thorough
neurologic evaluation of persons with NS be performed on a
regular basis and if any suggestive neurologic symptoms or
signs develop, early brain imaging should be obtained in order
to detect CIM prior to the development of significant neurologic
deficits or hydrocephalus. Furthermore, surgical intervention
with suboccipital craniectomy, C1 laminectomy, and duroplasty
has been demonstrated to be a successful treatment for symp-
toms caused by brainstem compression due to Chiari malforma-
tion in patients with Noonan syndrome.
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