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Abstract

Purpose Surgical decision-making in Chiari malformation type I (CM-I) patients tends to depend on the presence of neurological
signs and symptoms, syringomyelia, and/or scoliosis, but significant variability exists from center to center. Here, we review the
symptoms of CM-I in children and provide an overview of the differences in opinion regarding surgical indications, preferred
surgical techniques, and measures of outcome.

Methods A review of the literature was performed to identify publications relevant to the surgical management of pediatric CM-I
patients.

Results Most surgeons agree that asymptomatic patients without syringomyelia should not undergo prophylactic surgery, while
symptoms of brainstem compression and/or lower cranial nerve dysfunction warrant surgery. Patients between these extremes,
however, remain controversial, as does selection of the most appropriate surgical technique.

Conclusions The optimal surgical procedure for children with CM-I remains a point of contention, and widespread variability
exists between and within centers.
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Introduction

Chiari malformations comprise a spectrum of hindbrain
anomalies. The most common subtype, Chiari malformation
type I (CM-I), features herniation of the cerebellar tonsils
through the foramen magnum, resulting in alterations of cere-
brospinal fluid (CSF) flow. Affected patients have high rates
of concomitant hydrocephalus, syringomyelia, and/or scolio-
sis [1, 2]. CM-I may arise as an acquired condition, in which
case management is straightforward and consists of treating
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the underlying pathology. Congenital CM-1, however, is sig-
nificantly more controversial and has generated vigorous dis-
cussion regarding its optimal management. Here, we review
the symptoms of CM-I in children and provide an overview of
the differences in opinion among different centers regarding
surgical indications, preferred surgical techniques, and mea-
sures of outcome.

Typical symptoms

Children are frequently diagnosed with CM-I during a head-
ache workup, though the CM-I is often an unrelated, inciden-
tal finding. The headache that is associated with CM-I has
several characteristic features: it is located in the occipital
region, is of short duration, and is exacerbated or reproduced
by a Valsalva maneuver. Other presenting symptoms may in-
clude neck, shoulder, and back pain, motor and sensory
changes in the extremities, and/or difficulty with balance or
coordination. Toe-walking, though typically considered a sign
of tethered cord syndrome, may also be seen in the setting of
CM-I. Additionally, lower cranial nerve deficits resulting in
central sleep apnea and/or dysphagia may be prominent
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features, especially in infants ' 4. Such symptoms may be

severe on presentation, particularly when the diagnosis is de-
layed, and in extreme cases, patients have been referred with
gastrostomy tubes already in place. We have also seen teen-
agers and young adults present with uncontrollable hyperten-
sion or even dysautonomia, which has completely resolved
following posterior fossa decompression. The neurosurgeon
should keep an open mind about atypical presentations related
to CM-I while recognizing that the more atypical the clinical
presentation, the less predictable the outcome from surgery.

Surgical indications

A series of publications spanning from 1991 to 2018 summa-
rize the results of surveys administered to members of the
pediatric section of the American Association of
Neurological Surgeons (AANS), the American Society of
Pediatric Neurosurgeons (ASPN), and the International
Society of Pediatric Neurosurgeons (ISPN) [5-9]. These sur-
veys offer some insight into the ways that different centers
approach patients with CM-I, and how this has evolved over
time.

Symptomatic patients

There is widespread consensus that surgical intervention is
appropriate for severely symptomatic CM-I patients, particu-
larly those with brainstem and/or lower cranial nerve dysfunc-
tion [5]. The AANS survey published in 2000 found that the
vast majority of respondents recommended surgery for pa-
tients with motor or sensory loss, with slightly fewer (but still
over 70%) of the respondents favoring surgery for patients
with progressive pain [6]. “Minimally symptomatic” patients,
such as those with isolated suboccipital headaches, are more
controversial. Over time, however, surgical intervention has
been increasingly embraced—46% of respondents recom-
mended surgery in the ISPN survey published in 2004, com-
pared with 63% in 2018 [7, 9].

Asymptomatic patients

Asymptomatic patients represent another area of consensus.
With increasing numbers of patients undergoing magnetic res-
onance imaging, incidental CM-I is being diagnosed more
frequently in asymptomatic patients, with rates ranging from
0.4 t0 2.4% [10-12]. Few pediatric neurosurgeons (fewer than
10% of respondents in most surveys) recommended prophy-
lactic surgical decompression for asymptomatic CM-I patients
without syringomyelia [5-7, 9]. However, natural history
studies have indicated that approximately 5-10% of asymp-
tomatic patients ultimately become symptomatic and require
surgical intervention [10, 13—15]. Therefore, regular clinical
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follow-up is encouraged, though routine follow-up imaging
remains controversial [15].

Syringomyelia

Syringomyelia occurs in approximately 50-75% of patients
with CM-1. Although prophylactic surgery is discouraged in
asymptomatic CM-I patients without syringomyelia, surgical
decision-making becomes more complicated when a syrinx is
present. Interestingly, there has been a shift over time. Earlier
surveys found that posterior fossa decompression as a primary
treatment for syringomyelia was controversial, and few pedi-
atric neurosurgeons recommended surgery for asymptomatic
patients unless the syrinx demonstrated radiological progres-
sion [5, 6]. More recent surveys, however, have shown that the
size of the syrinx makes a difference—although a minority
recommended surgery for an asymptomatic patient with a 2-
mm thoracic syrinx, ~75% of respondents would operate on
an asymptomatic patient with an 8-mm syrinx, and this num-
ber increases to ~ 90% if the patient is minimally symptomatic
[7, 9].

The surgery of choice seems to vary by region. Surveys of
American pediatric neurosurgeons have shown an increasing
preference for posterior fossa decompression as a primary
treatment for syringomyelia in CM-I patients [8, 9]. Even
among patients with persistent symptoms attributable to sy-
ringomyelia, some surgeons have advocated a second poste-
rior fossa exploration and decompression, with an emphasis
on removing occlusive arachnoid veils [16]. On the other
hand, international surveys have demonstrated a preference
for syringo-subarachnoid and syringo-pleural shunts, particu-
larly for patients with persistent or progressive syringomyelia
following a posterior fossa decompression [7].

Scoliosis

Scoliosis, defined as a coronal Cobb angle of greater than 10°,
is identified in 25-50% of CM-I patients, and the majority of
cases have an associated syrinx [16, 17]. In patients with
Chiari-related scoliosis, a posterior fossa decompression may
lead to stabilization and potentially improvement of the scoli-
osis, with the severity of the curvature being a significant
predictor of outcome—patients with a curve of 40° or less
are most likely to respond [16, 18, 19]. Additional interven-
tion for scoliosis, such as bracing or surgical correction,
should be delayed until after treatment of the CM-I. Survey
data have indicated that the vast majority of respondents
would perform a suboccipital decompression in a patient with
CM-], a substantial syrinx, a normal-level conus, and progres-
sive scoliosis. Patients without syringomyelia and those with a
low-lying conus are considered more controversial [7, 9].
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Occipitocervical fusion

A subset of CM-I patients have additional radiological find-
ings that include medullary kinking, retroflexion of the
odontoid, an abnormal clival-cervical angle, assimilation of
the atlas, and/or basilar invagination [20]. These have been
described as “complex Chiari malformations,” and unique
treatment algorithms have been proposed for such patients,
depending on (1) the degree of odontoid retroflexion as mea-
sured by the pBC2 distance (the maximum perpendicular dis-
tance from the posterior-superior aspect of the odontoid pro-
cess to the line joining the basion to the posterior-inferior
aspect of the C2 vertebral body) and (2) the clival-cervical
angle. The combination of odontoid retroflexion (pBC2 dis-
tance >9 mm) and a clival-cervical angle less than 125° is
highly predictive of progressive craniocervical kyphosis and
the need for occipitocervical fusion [20, 21]. Of note, patients
with connective tissue disorders such as Ehlers Danlos
Syndrome and Down Syndrome may be at risk for
craniocervical instability both before and after posterior fossa
decompression.

Surgical techniques

The surgical management of children with CM-I should have
several goals, including to (1) relieve brainstem and cervical
spine compression, (2) restore the flow of CSF at the foramen
magnum, (3) alleviate the cranio-spinal pressure differential,
(4) improve symptoms, (5) stabilize or improve syringomye-
lia, when present, and (6) stabilize or improve scoliosis, when
present. At a minimum, surgery tends to involve a bony pos-
terior fossa decompression (PFD) but beyond this, there are
numerous variations and permutations that have been en-
dorsed by different groups. The amount of suboccipital bony
removal varies and is often accompanied by a ClI
laminectomy. The dura may be left intact, scored, or opened,
and some surgeons utilize intraoperative ultrasound or MRI to
determine whether or not to open the dura. If opened, the
arachnoid may be left intact, or an intradural dissection may
be performed with lysis of arachnoid adhesions. Fourth ven-
tricular stenting is performed by some, though plugging of the
obex has fallen out of favor. The cerebellar tonsils are some-
times coagulated or resected. Ultimately, the dura may be left
open, or a posterior fossa decompression and duraplasty
(PFDD) may be performed using various autograft and allo-
graft materials, including bovine, cadaveric, synthetic, peri-
cranial, or fascia lata grafts.

The optimal surgical procedure for children with CM-I
remains a point of contention, and widespread variability ex-
ists between and within centers. Surveys of members of the
pediatric section of the AANS as well as members of the
ASPN found that the majority of respondents favored opening

of the dura, though the degree of intradural dissection was
controversial. If syringomyelia was present, then respondents
were slightly more likely to recommend intradural dissection
[6, 8]. Interestingly, international surveys of ISPN members
have indicated that although most respondents still favor
opening the dura, bone-only decompressions have increased
in popularity, from 1% of respondents in the early 2000s to ~
16% more recently [7, 9]. In the experience of the senior
author, bone-only decompression may be an effective option
particularly for patients with concomitant genetic syndromes
that result in abnormal bony development and growth at the
craniocervical junction, including achondroplasia, Paget’s dis-
ease, Goldenhaar syndrome, and syndromic craniosynostosis
[22].

Despite the variability in surgical management, supportive
data have been primarily limited to case series [23]. Two re-
cent meta-analyses have compared PFD with PFDD in pedi-
atric patients, with one finding no statistically significant dif-
ference between the two, and the other finding only a mild
benefit of PFDD over PFD (88.1% vs. 72.3%, respectively,
p=0.009), with respect to rates of clinical improvement [24,
25]. Both procedures resulted in similar rates of improvement
of syringomyelia and/or scoliosis, while PFDD was associated
with a higher rate of CSF-related complications. The first pro-
spective, randomized study comparing PFD and PFDD is cur-
rently underway (NCT02669836), organized by the Park-
Reeve Syringomyelia Research Consortium. Subjects must
be less than 21 years of age, have a Chiari 1 malformation
with more than 5 mm of tonsillar herniation, and have a syrinx
between 3 and 6 mm in length. Outcomes related to compli-
cations, syrinx size, and quality of life metrics will be analyzed
and will provide a foundation for evidence-based surgical
decision-making in the future.

Assessing outcomes

The success of surgical intervention is determined by
assessing both clinical and radiological outcomes. Clinical
variables include the presence of suboccipital headaches
and/or neurological deficits. A review of all prior surgical
series of CM-I found that 80% of the series reported subjec-
tive postoperative neurological outcomes—improvement or
resolution, no change, and worsening of the preoperative
neurological status [23]. Improvement or resolution of the
patient’s neurological status was noted in 84% of pediatric
patients, while improvement or resolution of headache was
noted in 88% of patients. Headaches improved more fre-
quently in pediatric patients compared with adults.
Radiological outcomes typically focus on syringomyelia.
Following surgery, syringomyelia improved in 79% of the
pediatric patients in the literature [23].
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In a recent study examining the time to resolution of symp-
toms following PFDD in children with CM-I, 57% of patients
with Valsalva-related headaches had resolution of their symp-
toms by the time they were discharged from the hospital,
while all of the patients in the series were headache-free by
6 months postoperatively. Additionally, among patients with a
syrinx, the syrinx was either “resolved” or “improved” in
65% of patients 3 months postoperatively, and in 79% of
patients by 6 months [26].

Due to the inherent subjectivity in assessing clinical out-
comes following Chiari surgery, the Chicago Chiari Outcome
Scale (CCOS) was developed so that outcomes could be com-
pared more effectively [27]. The scale quantifies postoperative
outcomes in 4 categories: pain, non-pain symptoms, function-
ality, and complications. The score ranges from 4 to 16, with
higher scores denoting more favorable outcomes. Although
the CCOS has some limitations and refinements have been
suggested, it has been externally validated in a pediatric neu-
rosurgical population and may prove useful in comparing out-
comes across studies in the future [28].

Conclusions

Despite decades of experience, the surgical management of
children with CM-I remains highly controversial, with signif-
icant variability from center to center. At either end of the
spectrum, most surgeons agree—namely, that asymptomatic
patients without syringomyelia should not undergo prophylac-
tic surgery, while symptoms of brainstem compression and/or
lower cranial nerve dysfunction warrant surgery. Patients be-
tween these extremes, however, remain controversial, as does
selection of the most appropriate surgical technique. There is
increasing recognition that prospective, high-quality data will
be necessary in order to resolve these differences; the ongoing
randomized trial comparing PFD and PFDD is a good first
step toward achieving this goal.
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