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Object Syrinx size and location within the spinal cord may differ based on etiology or associated conditions of the
brain and spine. These differences have not been clearly defined.
Methods All patients with a syrinx were identified from 14,118 patients undergoing brain or cervical spine imaging at
a single institution over an 11-year interval. Syrinx width, length, and location in the spinal cord were recorded. Patients
were grouped according to associated brain and spine conditions including Chiari malformation Type I (CM-I), secondary
CM (2°CM), Chiari malformation Type 0 (CM-0), tethered cord, other closed dysraphism, and spinal tumors. Syringes not
associated with any known brain or spinal cord condition were considered idiopathic. Syrinx characteristics were compared between groups.
Results A total of 271 patients with a syrinx were identified. The most common associated condition was CM-I (occurring in 117 patients [43.2%]), followed by spinal dysraphism (20 [7.4%]), tumor (15 [5.5%]), and tethered cord (13 [4.8%]).
Eighty-three patients (30.6%) did not have any associated condition of the brain or spinal cord and their syringes were
considered idiopathic. Syringes in patients with CM-I were wide (7.8 ± 3.9 mm) compared with idiopathic syringes (3.9 ±
1.0, p < 0.0001) and those associated with tethered cord (4.2 ± 0.9, p < 0.01). When considering CM-I–associated and
idiopathic syringes, the authors found that CM-I–associated syringes were more likely to have their cranial extent in the
cervical spine (88%), compared with idiopathic syringes (43%; p < 0.0001). The combination of syrinx width greater than
5 mm and cranial extent in the cervical spine had 99% specificity (95% CI 0.92–0.99) for CM-I–associated syrinx.
Conclusions Syrinx morphology differs according to syrinx etiology. The combination of width greater than 5 mm
and cranial extent in the cervical spine is highly specific for CM-I–associated syringes. This may have relevance when
determining the clinical significance of syringes in patients with low cerebellar tonsil position.
http://thejns.org/doi/abs/10.3171/2014.12.PEDS14463
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S

yringomyelia is a common reason for neurosurgical
referral. Syringes may be associated with a number
of different brain or spinal cord conditions including Chiari malformation Type I (CM-I), CM secondary to
other intracranial pathology such as craniosynostosis (secondary CM, 2°CM), Chiari malformation Type 0 (CM-0),
tethered cord, other closed dysraphism, trauma, and spinal
tumors.16,24,26,28,30 Some syringes are not associated with
any of these conditions and may be considered idiopathic.3,14,18,19,23
It is well established that large cervical cord syringes in
patients with typical-appearing CM-I are causally linked

in many cases. Decompression of the CM-I leads to a reduction in syrinx size in a significant majority of cases.30
In our view, the causative relationship for CM-I and syrinx
is less certain for small syringes or syringes located more
caudally in the spinal cord. The assignment of causation of
a spinal syrinx to concurrent low position of the cerebellar
tonsils, however, is clinically relevant. Surveys of pediatric
neurosurgeons consistently show that surgeons are more
willing to recommend CM-I decompression when a syrinx
is present, even in the absence of other symptoms of CMI.22,25 In one survey, 28% of pediatric neurosurgeon respondents recommended CM-I decompression in an oth-

Abbreviations CM = Chiari malformation; CM-I = CM Type I; CM-0 = CM Type 0; 2°CM = secondary CM.
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erwise asymptomatic patient with CM-I and a 2-mm-wide
“syrinx,” a substantially higher percentage than those who
would recommend surgery for the same patient without
this finding on spine MRI.25 If the syrinx in this hypothetical asymptomatic patient was 8 mm wide, then 75%
of respondents recommended surgery.25 A more recent
survey confirmed that most pediatric neurosurgeons continue to recommend surgery for otherwise asymptomatic
patients with CM-I and syrinx.22 Because both CM-I and
syringomyelia are not uncommon incidental findings on
imaging, and decompression is frequently recommended
for CM-I patients with syrinx found on MRI, it is important to address whether all such syringes are likely related
to the CM-I, or whether in some cases other forces are at
work that may not necessarily respond to posterior fossa
decompression. Our goal was to analyze syrinx size and
location of syringes associated with CM-I and other brain
and spine conditions as well as idiopathic syringes to better define differences between syrinx types. We hope that
this information will allow clinicians to more accurately
predict the likelihood of a causative or coincidental relationship when evaluating a patient with CM-I and a syrinx.

Methods

Following University of Michigan Institutional Review
Board approval, all patients with a syrinx were identified
from a group of 14,118 consecutive patients who underwent brain or cervical spine MRI over an 11-year interval at the University of Michigan. The most frequent indication for imaging was scoliosis, followed by pain and
weakness. Electronic records were reviewed using the
Electronic Medical Record Search Engine (EMERSE)9 to
identify patients with syrinx using the key words “syrinx”,
“syringomyelia”, and “hydromyelia”. Syrinx was defined
as an intramedullary spinal cord cyst that was hypointense on T1-weighted imaging and hyperintense on T2weighted imaging, without contrast enhancement. Syrinx
size and location were recorded. To be included in this
analysis, the syrinx must have measured at least 3 mm in
its maximum dimension on axial imaging. Intramedullary
cavitations measuring less than 3 mm were excluded from
analysis. Syrinx characteristics were recorded, including
cranial and caudal extent and syrinx width. Syrinx level
was evaluated according to the adjacent vertebral body or
disc space, and the cranial and caudal extent of the syrinx
were recorded according to the number of levels from the
foramen magnum.
Patients were divided into 9 groups according to any
associated brain or spinal cord condition (Table 1, Fig.
1). Those patients with cerebellar tonsil position 5 mm or
more below the foramen magnum were assigned to the
CM group. If low tonsil position was thought to be secondary to another associated intracranial condition, such
as brain tumor or craniosynostosis, patients were assigned
to the 2°CM group. All cases of 2°CM in this cohort were
secondary to craniosynostosis. In rare cases, patients were
considered to have CM-0 by the treating physician. These
patients were also considered separately. We considered
the diagnosis of CM-0 in patients with a syrinx who had
evidence of cerebellar tonsil impaction and distortion at
22

the foramen magnum with evidence of CSF flow impairment but did not meet the usual imaging criteria for CM-I
in that the cerebellar tonsil position was less than 5 mm
below the foramen magnum as defined by the basion-opisthion line.4
Associated spinal conditions included closed spinal
dysraphism and simple tethered cord. These were considered as two separate groups—the closed “spinal dysraphism” group included patients with lipomyelomeningocele, diastematomyelia, intradural lipoma not confined
to the filum terminale, myelocystocele, and meningocele,
while the “tethered cord” group included only those patients with low conus position below the L-2 vertebral
body and fatty filum terminale without other features of
closed dysraphism. For this analysis, patients were considered to have simple tethered cord if they were not included
in the other closed dysraphism group and if the treating
physician made a diagnosis of tethered cord. This diagnosis was made on the basis of patient symptoms as well
as the presence of a low-lying conus or a fatty filum. A
conus position below the inferior margin of the L-2 body
is generally considered low-lying at our institution.6 Patients with syringes that were secondary to spinal tumor,
spinal trauma, and other conditions such as infection and
spinal arachnoid cyst were also considered separately. Patients were excluded if there was a history of CM Type II
or open spinal dysraphism. Patients who received surgical
treatment for CM-I prior to their first MRI at our institution were also excluded. Scoliosis was defined as a lateral
Cobb angle of at least 10° on radiography.
Statistical significance calculations were obtained using 2-tailed t-test for continuous variables and Fisher exact test for categorical variables, and p values < 0.05 were
considered significant. Sensitivity and specificity calculations were performed with 95% confidence intervals. Data
were analyzed using StatPlus software (AnalystSoft Inc.).

Results

A total 271 patients (1.9%) with a syrinx at least 3 mm
in maximum axial dimension were identified. CM-I was
the most frequent associated condition (present in 117 patients [43.2%]), followed by spinal dysraphism (20 [7.4%]),
tumor (15 [5.5%]), tethered cord (13 [4.8%]), and 2°CM (13
[4.8%]) (Table 1, Fig. 1). No associated brain or spinal cord
condition was found in 83 patients (30.6%), and syringes
in these patients were considered idiopathic.
Syrinx characteristics differed according to associated condition. In general, syringes associated with CM-I,
2°CM, tumor, and dysraphism were wide compared with
idiopathic syringes (Fig. 2). Syringes in patients with CM-I
had a mean maximum width of 7.8 ± 3.9 mm, similar to
those in patients with CM-0 (8.3 ± 3.7 mm) or 2°CM (7.9
± 3.6 mm). In contrast to CM-I–associated syringes, idiopathic syringes had a mean maximum axial dimension of
only 3.9 ± 1.0 mm (p < 0.0001). Syringes associated with
tethered cord were also narrower than CM-I–associated
syringes (4.2 ± 0.9 mm, p < 0.01). Syringes associated with
spinal dysraphism were wider (5.7 ± 3.0 mm) than idiopathic syringes and syringes associated with simple tethered cord, but narrower than CM-I–associated syringes.
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TABLE 1. Demographic and imaging characteristics of 271 patients with spinal cord syrinx, grouped according to syrinx etiology

Identification of CM-I–associated syrinx

Almost all idiopathic syringes were less than or equal to 5
mm in maximum axial dimension (79 syringes [95.2%]).
In patients with CM-I, only 31.6% of syringes (37 syringes) were 5 mm or less in maximum axial dimension (Figs.
2 and 3).
Syrinx location within the spinal canal also differed
according to associated condition (Fig. 4). Syringes associated with CM-I, CM-0, or 2°CM had a more superior
cranial extent, usually in the cervical spine. Syringes associated with tethered cord and spinal dysraphism were
more likely to have their cranial and caudal extents located more caudally. Idiopathic syringes had an intermediate position within the spinal canal. CM-I–associated
syringes were longer than idiopathic syringes (8.3 ± 5.9
vs 6.6 ± 4.8 levels, respectively; p < 0.05) (Fig. 5). In 12
patients, the syringes were limited to the T-12 segment or
below. Nine of these 12 patients had a tethered cord, and 3
had a normal conus position.
Scoliosis, defined as a Cobb angle of at least 10°, was
found in 144 patients (53.1%). The incidence of scoliosis
did not differ significantly by associated condition, with
the exception that patients with 2°CM were less likely to
have scoliosis (Fig. 6). The mean age at scoliosis diagnosis
was 9.6 ± 4.5 years. Those with spinal dysraphism (7.9 ±
5.2 years) and tethered cord (6.2 ± 5.5 years) were diagnosed with scoliosis at a younger age (Table 1). For idiopathic syrinx, there was a similar number of patients with
and without scoliosis for a given syrinx width. For patients
with CM-I–associated syrinx with narrower widths (<
9 mm), there were similar numbers of patients with and
without scoliosis for a given syrinx width. However, most
CM-I patients with wide syringes (> 9 mm) had scoliosis
(Fig. 7).
We evaluated conus level to rule out occult spinal cord
tethering in patients with idiopathic syrinx, as their width
morphology was similar to those with tethered cord. We
found a normal mean conus position in patients with idiopathic syrinx, in contrast to those with tethered cord and
those with spinal dysraphism (Fig. 8), in whom a low conus position was expected. The mean conus position for
patients with CM-I and syrinx was in the normal range.
When looking at the cranial extent of syringes, we
found that it was in the cervical spine in 88% of patients
with CM-I–associated syringes compared with 43% of patients with idiopathic syringes (p < 0.0001). A small number of patients with CM-I had narrow syringes with cranial extent in the thoracic or lumbar spine, more similar in
morphology to that of an idiopathic syrinx than a typical
CM-I–associated syrinx. Despite these outliers, however,
the combination of syrinx width greater than 5 mm and
cranial extent in the cervical spine had 99% specificity
(95% CI 0.92–0.99) and 64% sensitivity (95% CI 0.55–
0.73) for CM-I–associated syrinx. Conversely, syrinx
width of 5 mm or less and cranial extent in the thoracic or
lumbar spine had 92% specificity (95% CI 0.86–0.96) and
54% sensitivity (95% CI 0.42–0.65) for idiopathic syrinx.
The mean age at the time of syrinx diagnosis, including patients in all groups, was 9.3 ± 5.3 years. Syringes
associated with tethered cord and spinal dysraphism were
diagnosed earlier, with a mean age at the time of diagnosis
of 4.6 ± 4.7 years for tethered cord–associated syrinx, and
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Fig. 1. Number of patients with syrinx according to associated pathology.

4.3 ± 4.7 years for syringes associated with spinal dysraphism. The mean age at diagnosis of syringes associated
with CM-I was 10.2 ± 4.8 years, and for idiopathic syringes the mean age at diagnosis was 9.8 ± 5.2 years. Syringes
associated with 2°CM were also diagnosed at a young age
(7.1 ± 4.4 years).

Discussion

Spinal syringes may result from several possible etiologies or, in idiopathic cases, may have no discernable etiology at all.10,11 It is well established that CM-I may lead to
syrinx formation.2,5,8,10,20,28,30 Most contemporary reports
have suggested that abnormal flow of CSF at the craniocervical junction leads to syrinx formation.4,5,10,17,20,27,28,31
However, given the relatively common incidence of CM-I
and syrinx found in patients undergoing MRI, it is also
possible that in some cases, a patient with low tonsil position also will have an intramedullary spine cyst for reasons

unrelated to the CM-I. This idea is reinforced by clinical
experience, in that syringes are quite variable in terms of
size and position within the spinal canal. When a patient
with a syrinx also has a CM-I, can we determine how likely it is that the CM-I has actually caused the syrinx? This
determination is clinically important, since the presence
of a syrinx may be used as a justification for CM-I decompression in some cases.1,22,25,26
Since syringes may be caused by multiple associated
conditions or even, for idiopathic syringes, have no known
cause at all, it follows that not all syringes found in patients
with CM-I are necessarily caused by the CM-I. There are
several facts that establish the relationship between CM-I
and syringomyelia. First, syringes occur with significantly
increased frequency in those with CM-I and reliably improves following CM-I decompression.13,28,30 Many groups
have plausibly described how changes in CSF flow at the
foramen magnum can lead to syrinx formation.10,20 We have

Fig. 2. Syrinx width according to associated pathology. Mean maximum width values and SDs are shown. *p < 0.0001, **p < 0.01.
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Fig. 3. Patients with idiopathic and CM-I–associated syrinx grouped according to maximum syrinx width and cranial extent of
syrinx. Figure is available in color online only.

shown that CM-I–associated syringes are also usually distinct in location and size. We found that CM-I–associated
syringes had a larger mean axial dimension compared with
other types and were more likely to have a cranial extent in
the cervical spine. These findings are consistent with prior
reports of CM-I–associated syringes.10,28 Taken together,
these facts imply that the mechanism of syrinx formation
in CM-I–associated cases is likely to be different than in
syringes of a different morphological appearance. Mean
syrinx length, however, was not useful in differentiating
CM-I–associated syringes from idiopathic syringes.
Thin, idiopathic syringes have a benign natural history and almost certainly have a pathophysiology distinct
from that of CM-I–associated syringes.12,23,26 In general,
idiopathic syringes have a different morphology and location, tending to be narrower than CM-associated syringes
and not as frequently located in the cervical spine.3,12,14,18,23
They are usually asymptomatic, incidental findings, and
in most cases require no treatment.12,14,18,23,26 All patients
in this series had a syrinx width of at least 3 mm. There is
no consensus definition for distinguishing a narrow syrinx
from the very common finding of a dilated central canal
on imaging. Some groups have used a minimum width
threshold of 2 mm for an imaging diagnosis of syrinx; we
used 3 mm width as the inclusion criterion for syrinx in
this analysis.18,21 We prefer the 3-mm definition, since it is
more likely to exclude very thin central spinal fluid collections that blend into the category of dilated central canal.
The threshold of 3 mm allows for a greater focus on MRI
findings that most would consider diagnostic of a syrinx.

Conus level was evaluated, as it has previously been
suggested by others that some patients with CM-I have
a low-lying conus.30–32 We did not find any difference in
conus position in patients with CM-I–associated syrinx
compared with patients with idiopathic syrinx. The fact
that tethered cord syringes are narrow and usually located
caudally in the spine suggests a distinct pathophysiology

Fig. 4. Cranial and caudal extent of syrinx (mean number of levels).
Error bars indicate SDs.
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Fig. 5. Syrinx length (mean number of levels) according to syrinx etiology. Error bars indicate SDs. *p < 0.05.

for this group as well. Nine of the 12 patients with a syrinx
confined to the lowest segments (T-12 or below) had a low
conus position. Three patients with a syrinx at or below
the T-12 level had no evidence of tethered cord, and their
cases may be consistent with a diagnosis of a benign distal
syrinx, although for the purposes of this analysis, we made
no attempt to separate these patients from the idiopathic
syrinx group. Our finding that these syringes tend to be
located caudally in the spinal cord is consistent with the
small series previously reported by Kulwin et al.16 In our
cohort, patients with tethered cord were diagnosed earlier.
Ten of the 22 patients in our series with a cutaneous mark
on the back had a tethered cord. It is possible that this association with cutaneous stigmata led to an earlier mean
age of diagnosis in the group with tethered cord.
Although we may conclude that most syringes in patients with CM-I are caused by the CM-I, it is likely that
a small number of syringes in these patients may be idiopathic or caused by another agent. For the purposes of this
analysis, we treated all syringes in patients with CM-I as

“CM-I–associated syringes.” Nevertheless, there are clearly syringes within this group that do not share the typical
features of the group, either because they are narrow or
because they are inferiorly located or for both reasons. It is
possible that these outliers represent patients who could be
considered to have another syrinx type and coincidentally
low cerebellar tonsil position. Our data support a strong
link between wide, rostrally located syringes and CM-I,
but no such strong link for thin, inferiorly located syringes.
On the basis of these results, when an otherwise asymptomatic patient with CM-I presents with a syrinx that is not
typical for a CM-I-associated syrinx, we would not offer
CM-I decompression in our practice. We would be more
likely to consider prophylactic CM-I decompression for a
patient with a typical wide, cervical CM-I–associated syrinx.
While the pathophysiology for CM-I–associated syrinx
has received much attention,20 less attention has been given to idiopathic syringomyelia. As idiopathic syringes are
clearly different both in their behavior18 and morphology, it

Fig. 6. Fraction of patients with scoliosis according to syrinx etiology, stratified by sex.
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Fig. 7. Syrinx width stratified by scoliosis status for idiopathic (upper) and CM-I–associated (lower) syrinx.

is possible that their pathophysiology is different. We can
speculate that idiopathic syringes may arise from stretch
on the canal from the denticulate ligaments, with passive
accumulation of fluid in the spinal cord.
The passive formation of thin syrinx cavities resulting
from stretch could theoretically also be applied to those patients with scoliosis, whose spinal cord and ligaments may
be under more tension. Scoliosis is also seen in patients with
CM-I–associated syringes, which, as our data demonstrate,
are typically wider. For the group of patients with syrinx as
a whole, however, we found no relationship between syrinx
width and the degree of scoliosis. It is possible that this lack
of association reflects the fact that scoliosis is associated in
some cases with wide syringes resulting from CM-I, but
that in other cases scoliosis may be associated with thin
syringes that form passively as a result of the curve itself.
We may speculate that the wide CM-I–associated syringes

may be causative for scoliosis but the thin “idiopathic” syringes may in fact form as a result of the curve itself. Since
either syrinx type may be seen in patients with scoliosis,
no association between syrinx width and scoliosis could
be demonstrated in our group as a whole. Nevertheless, it
seems likely that scoliosis remains an important cause or
effect—depending on the syrinx type—of syrinx on imaging in many individuals.
In any cohort of syrinx patients, there is a need to separate those with a dilated central canal from those with thin
syringes. We chose to make this distinction by considering
only those patients with at least 3-mm maximum cavity
dimension on axial imaging. Prior reports on syringomyelia have included patients with cysts as small as 1 mm in
diameter.14,18,23,26 Although our inclusion criterion for the
diagnosis of syrinx rather than dilated central canal was
relatively strict when compared with these prior studies,
J Neurosurg Pediatr Volume 16 • July 2015
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Fig. 8. Conus level for associated pathologies. Mean values are shown with error bars indicating SDs.

we acknowledge that some will undoubtedly consider patients that we have considered to have a thin syrinx to instead harbor a dilated central canal.12 Idiopathic syrinx is
essentially impossible to distinguish from a dilated central
canal on imaging.18 Despite this limitation, it is necessary
to choose an arbitrary minimum diameter for this inclusion criterion. We chose to exclude from analysis those
with a maximum axial dimension of less than 3 mm, since
smaller cavitations are rarely clinically relevant.
There are several other limitations to this retrospective
analysis. All patients in this analysis were selected from a
population undergoing imaging; therefore, selection bias
must be considered in any interpretation of these results.
We recorded conus position without respect to patient age.
We do not expect this to have a meaningful impact on our
conclusions since, in most individuals, the conus position
is not expected to ascend to any significant extent beyond
infancy.7,15,33,34 The categorization of patients with CM-0
deserves mention also, as these patients might otherwise
have been grouped with the idiopathic group. We believe
that CM-0, although very rare, is a distinct entity and
should be considered as a separate diagnostic category.
Only 4 such patients were included in this study, and placing them within the idiopathic group would not substantially change the character of the group if these patients
had been reclassified as having idiopathic syringes. Logically, however, if the syrinx morphology is strongly related
to the pathophysiology of syrinx formation, then the presence of wide cervical syrinx should prompt a search for
cervicomedullary CSF flow interruptions. Our methodology does not allow for any analysis of the natural history
of these lesions from the data presented here. We have previously reported on the natural history of a small group
of patients with CM-I and syrinx that had been selected
for nonoperative management.29 We excluded patients with
open spinal dysraphism. Those with open dysraphism are
unique in that the diagnosis is always well established by
patient history. Furthermore, we believe that the treatment
recommendations made for syringes in this category of
patients are different due to the distinct pathophysiology
28

of patients with open dysraphism. Finally, it must be noted
that although we found associations between various conditions and syrinx size and location, this does not definitely prove causation. Prospective studies will be necessary
to confirm our findings.

Conclusions

Syrinx morphology, including width and location, differs according to syrinx etiology. This suggests a distinct
pathogenesis for syringes with different associated conditions. When considering CM-I and idiopathic syrinx, the
combination of width greater than 5 mm and cranial extent
in the cervical spine is highly specific for CM-I–associated syrinx. Conversely, the combination of width of 5 mm
or less and a cranial extent in the thoracic or lumbar spine
has high specificity for idiopathic syrinx. This finding may
assist with assigning causation when evaluating a patient
with both CM-I and syringomyelia.
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