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MR Imaging of
Syringohydromyelia and
Chiari Malformations in
Myelomeningocele Patients
with Scoliosis

The brain and spinal cord were examined with MR imaging in 30 myelomeningocele
patients 3-32 years old to study the prevalence of syringohydromyelia and Chiari
malformations and to correlate these conditions with developmental scoliosis and
spontaneously arrested hydrocephalus. Twelve patients had neurologic deficits above
the level of the myelomeningocele and 10 had spontaneously arrested hydrocephalus.
MR visualized syringohydromyelia in four patients with widened or focally bulging spinal
cords and in eight patients with atrophic spinal cords. All patients had Chiari malfor-
mations, 28 of type Il and two of type I. Syringohydromyelia was not correlated with type
of scoliosis, result of ventriculoperitoneal shunting procedures, radiologic level of the
myelomeningocele, or extent of the Chiari malformation. The two patients with the most
rapid progression of thoracic scoliosis had the most extensive syringohydromyelia and
radiologically low lumbar levels. Neurologic deterioration due to syringohydromyelia and
Chiari malformations is probably more common in myelomeningocele than has been
recognized previously and may cause developmental scoliosis, loss of ambulation,
impaired extremity function, and progressive cranial nerve paralysis.

Scoliosis is a common cause of functional decline in patients with myelomenin-
gocele [1-4] and is present in 50-70% of patients depending on neurologic level
and age [1, 5-7]. During the last 10 years there has been an increasing awareness
that progressive scoliosis in these patients may be caused by factors other than
congenital vertebral anomalies or inadequate neuromuscular control from the back
lesion [8-11]. Some children with myelomeningocele and scoliosis have increasing
neurologic deficiencies characterized by weakness in the extremities, spasticity,
and sensory disturbances at levels above the myelomeningocele [8-13]. The aim
of our study was to use MR to evaluate the prevalence of syringohydromyelia and
Chiari malformations with myelomeningocele and to correlate these conditions with
developmental scoliosis, spontaneously arrested hydrocephalus, and neurologic
deterioration.

Subjects and Methods

Approval for this study was obtained from the Regional Research Ethics Committee of
Karolinska Hospital, Stockholm. Informed consent was obtained before the MR examination
from each patient or from the parents or guardians of each child.

The brain and spinal cord were examined in 30 patients, 15 males and 15 females 3-32
years old (mean, 17 years). All had had previous surgery for myelomeningoceles. The patients
were selected from among 160 retrospectively investigated patients representing the total
population of myelomeningocele patients treated at the Karolinska Hospital in Stockholm and
Orebro Medical Centre Hospital. Referral for MR was on the basis of developmental scoliosis
and/or signs and symptoms suggestive of lesions in the brainstem or spinal cord at levels
above the myelomeningocele and/or spontaneously arrested hydrocephalus.

The spinal cords were also examined in seven normal children 10-15 years old to obtain
criteria for normal morphology of the cord. In addition, the brains of 10 normal volunteers 9-
40 years old were examined.
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MR was performed with a 1.0-T superconducting magnet (Mag-
netom, Siemens) operating at 0.35 T in the first 15 patients and at
0.5 T in the next 15 when examining the skull and cervical region
with the head coil. Surface-coil scans were obtained in 29 of 30
patients and in all volunteers; the thoracic spinal cord was examined
at 0.5 T in all of these cases. One patient was scanned with the body
coil. Multislice sagittal, axial, and in a few patients coronal or angu-
lated scans were obtained using a spin-echo technique with a 300-
msec repetition time and a 35- or 70-msec echo time. For contiguous
imaging of the brainstem, the slice thickness was 10 mm with gaps
of 10 mm, and the examination was repeated with a spatial offset of
10 or 6 mm. To ensure detection of syringohydromyelia, especially in
patients with severe scoliosis and/or small cords, the slice thickness
was 5 mm with gaps of 1 mm. In all patients the gaps were filled by
repeating the examination, giving a 2-mm overlap on sagittal images.
The average examination time was 120 min (range, 45-180 min).

The anteroposterior diameter of the spinal cord was measured at
the C5 and T5 levels on both sagittal and axial images and was
related to measurements from MR images of volunteers and to normal
spinal cord size measurements reported by Nordqvist [14]. The
scoliotic curve was measured by the method of Cobb [15] on frontal
images obtained in the sitting position.

The functional neurologic level was defined as the lowest level on
the best side at which the patient was able to perform an antigravity
(grade 3) movement through the available range of joint motion [3,
16]. The radiologic level was defined as the highest vertebra with
signs of posterior element defects.

Results
Scoliosis

Twenty-eight patients had developmental scoliosis, one had
scoliosis associated with congenital vertebral anomalies, and
a 4-year-old boy had no scoliosis at all. Twelve patients had
compensatory curves in addition to primary curves. Eighteen
curves were thoracic (mean, 50°, range, 10-99°), 12 were
thoracolumbar (mean, 28°, range, 7-107°), and 13 were
lumbar (mean, 31°, range, 7-95°).
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Normal Anatomy

There was close agreement between sagittal MR measure-
ments of spinal cord size at C5 (mean, 8.6 mm, range, 8.3-9
mm) and T5 (mean, 7.1 mm, range, 7-7.5 mm) and measure-
ments obtained by Nordqvist [14] from autopsies and my-
elograms.

Syringohydromyelia

The spinal cord was clearly seen in all 30 patients. It was
widened or focally bulging in four patients, of normal size in
one, and diminished in 25. Mean sagittal diameter of the
atrophic cords at C5 was 6.2 mm (range, 3-7 mm) and at T5
5.3 mm (range, 2-7 mm). In three patients with myelomenin-
goceles restricted to the sacral region, the central canal was
seen in the conus medullaris, as it was in the youngest
volunteer. Twelve patients had syringohydromyelia, yielding
a prevalence of 40%; the findings in these patients are sum-
marized in Table 1.

In two patients (cases 1 and 2) with enlarged spinal cords,
the cystic area reached from C2 and C5, respectively, to the
conus medullaris (Fig. 1). In one patient (case 4), two small
cysts in enlarged areas of the thoracic spinal cord were
sharply demarcated from the otherwise atrophic cord (Fig. 2).
The fourth patient (case 3), the only one with congenital
scoliosis, had a cyst with widened spinal cord from C4 to the
middorsal region. In all these patients the rostral extension of
the cavities was tapered and in no case located more proximal
than the second cervical vertebral body. Communication of
the cavities with the fourth ventricle could not be seen in any
patient. In the two patients with cavities limited to parts of
the spinal cord, the caudal extent was tapered, and in one of
them the cyst continued in the distally atrophic cord.

Five patients with atrophic spinal cords had narrow central
cavities reaching from the upper thoracic region distally at

TABLE 1: Clinical and Radiologic Findings in Patients with Syringohydromyelia and Myelomeningocele

Neurologic Signs Above Myelomeningocele

Case ) o Gend e HC Shunt Cranial o SCpingI Location of Chiari
No. /9¢ Gender , unt Sensory  Arm Nerve  Scoliosis o9 Syringohydromyelia  Type
Radiol Neurol Loss ~ Weakness p oo (degree) Size
1 13 M L4 B = & + + - TDev(R83 W C2-15 I
2 1 F L4 L3 = + + + + T Dev (L 55) W C5-L5 1l
3 17 M T12 T + + + + - T Con (R 40) W C4-T8 Il
4 32 F L5 L5 SA - + — - T Dev (R 16) W/A T1-T2 Il
TL (L 24) T6-T8
5 16 M L2 L2 - + - + - TLDev(R17) A T5-T6 Il
6 10 F L4 L3 + + = - - TL Dev (L63) A T3-T10 ]
7 25 F L1 T SA - - - - T Dev (L 99) A T1-T12 ]
8 23 F L4 L4 SA - - - - T Dev (R 84) A T4-T12 ]
TL (L 107)
9 13 F s S  + Ext - = - TLDev(R11) A T1-L1 [
10 13 = T12 T - + - - - T Dev (L 28) A C5-T3 ]
TL (R 52)
11 11 M L4 4 = 4% = - - LDev(R10) A C2-C5 [
12 16 M L5 L5 SA - = — - TLDev(R13) A T11-L2 Il

Note.—Radiologic level (radiol) is defined as the highest vertebral arch defect; neurologic level (neurol) is the functional neurologic level [16]; HC = hydrocephalus;
T = thoracic; TL = thoracolumbar; S = sacral; W = widened; A = atrophic; R = right; L = left; Dev = developmental; Con = congenital; SA = spontaneously
arrested; Ext = extirpated ventriculoperitoneal shunt.
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Fig. 1.—Case 1: 13-year-old boy with developmental scoliosis
and syringohydromyelia. Progression of scoliosis over 1 year (A
and B) and extensive cavity (arrows) in spinal cord (C-E). B shows
syrinx to peritoneal shunt.
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least to the lower thoracic region (Fig. 3), while three patients
had similar, less extensive cavities (Table 1).

Chiari Malformations

The prevalence of Chiari malformations was 100%. Two
patients had type | and 28 had type Il (Fig. 4) malformations.
The fourth ventricle, cervicomedullary junction, and cerebellar
ectopia were clearly seen on sagittal images. Although cortical
bone gives no signal, the degree of subarachnoid space

narrowing at the foramen magnum was possible to assess
due to obliteration of the cisterna cerebellomedullaris and the

indentation made on the ectopic cerebellar tissue by the
posterior rim of the foramen magnum.

The extent of the Chiari Il malformation varied from the
upper margin of C1 to the lower margin of C4. In all patients
with this malformation, the brainstem and the cervicomedul-
lary junction were more or less deformed. The “kinking” of
the medulla was well seen in most patients but sometimes
obscured by the lack of separation between the ectopic
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cerebellar tissue and the spinal cord. In two children 3 and 4
years old, there was a marked indentation on the posterior
part of the brainstem and ectopic cerebellar tissue by the
posterior arch of the atlas.

Hydrocephalus
Seventeen patients had clinically functioning ventriculoper-

itoneal shunts; of these, seven had hydrocephalus and 10
had normal or small ventricles. Seven of these 17 patients
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Fig. 2.—Case 4: 32-year-old woman with syr-
ingohydromyelia. Focally bulging thoracic spinal
cord at T1-T2 on sagittal (A) and axial (B) views
and at T6-T8 (C and D) due to cavities at two
levels.

had syringohydromyelia, in two cases in combination with
hydrocephalus. One patient with a nonfunctional shunt had
severe hydrocephalus, and two patients whose shunts were
removed had moderate hydrocephalus. In nine of 10 patients
with spontaneously arrested hydrocephalus there was a mod-
erate to marked dilatation of the lateral ventricles and severe
compression of the fourth ventricles; all nine had Chiari Il
malformation. The tenth patient had Chiari | malformation and
moderate hydrocephalus. Syringohydromyelia was present in
five of these 13 patients who had never been shunted or had
extirpated or nonfunctional shunts.
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Fig. 3.—Case 6: 10-year-old girl with devel-
opmental scoliosis and syringohydromyelia. Pro-
gression of scoliosis over 8 months (A and B)
and central narrow syrinx in atrophic thoracic
spinal cord on sagittal (C) and axial (D) views.

Discussion

MR of the spinal cord requires proper techniques [17-23].
In patients with scoliosis this is done by examinations in
multiple planes and angulated scans. Detection of small path-
ologic lesions requires thin and contiguous or overlapping

slices. Despite pronounced scoliosis and spinal cord atrophy
it was possible to assess our patients for syringohydromyelia,
but the examination was time-consuming with our current
software and surface-coil technique.

In our study MR revealed syringohydromyelia in four pa-
tients with widened or bulging spinal cords and in eight
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Fig. 4.—Case 10: 13-year-old girl with Chiari Il
malformation and limited syrinx (arrows) in lower
cervical and upper thoracic spinal cord.

patients with atrophic spinal cords. The radiologic level of the
myelomeningocele did not seem to affect the presence of
cysts. This is in accordance with Hall et al. [9], who described
a group of myelomeningocele children with syringohydromy-
elia, neurologic deficiencies, developmental scoliosis, and
spontaneously arrested hydrocephalus. In some of their pa-
tients ventriculoperitoneal shunting resulted in both clinical
and radiologic improvement.

We could not find any correlation between hydrocephalus
and syringohydromyelia. Cavities were present in about the
same proportion both in patients with clinically functioning
shunts and no hydrocephalus and in those who had never
been shunted who had moderate to severe hydrocephalus.
This agrees with Park et al. [11], who reported 17 children
with myelomeningocele, developmental scoliosis, and pro-
gressive neurologic deterioration studied with metrizamide
CT myelography, all of whom had hydromyelia and/or brain-
stem compression.

The discrepancy between the number of syringohydro-
myelic cysts in our patients and the numbers reported by Hall
etal. [9] and Park et al. [11] is probably partly due to different
selection criteria, as their patients had more extensive neu-
rologic deficiencies and functional losses. This is despite
reports that syringohydromyelia is detected by metrizamide
CT myelography in only about 80% of cases [17, 24, 25]. No
reports discuss the critical size a cavity needs to be in order
to be detected by this method [26, 27], and Park et al. [11]
did not comment on this.

The prevalence of syringohydromyelia associated with mye-
lomeningocele is unknown [28]. Based on necropsy studies
of children under 3 years old it is reported to be 20-80% [29-
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32], while Chiari malformations invariably are more common
[29-36]. However, it is impossible to estimate the prevalence
of syringohydromyelia, because, as in the studies of Hall et
al. [9] and Park et al. [11], the subjects were selected from
an unknown population. We found syringohydromyelia in 12
of 30 patients from a population of 160 myelomeningocele
patients, yielding a prevalence of 40%, compared with the
0% prevalence before we used MR.

The relation between syringohydromyelia and develop-
mental scoliosis in myelodysplastic patients is also unclear. It
has been demonstrated that CSF flow into the spinal cord
serves as a mechanism for compensation of hydrocephalus
[9, 37], and Hall et al. [9] suggested that syringohydromyelia
may be one cause of developmental scoliosis in patients
without ventriculoperitoneal shunts. There is an established
relation between scoliosis and syringohydromyelia in patients
without myelomeningocele [38-44]. Scoliosis is probably
caused by cavities in the spinal cord affecting lower motor
neuron cells in the gray matter of the anterior horns, which
innervate the muscles of the trunk [38, 43].

The two patients with the most rapid progression of tho-
racic scoliosis had low lumbar radiologic levels, widened
spinal cords, and the most extensive syringohydromyelia.
Scoliotic curves in this location and of this magnitude are
normally absent in children of the same age with correspond-
ing low lumbar levels. In one of these patients a syrinx to
peritoneal shunt inserted to decompress the cavity failed to
prevent progression of scoliosis (Fig. 1), probably due to
spinal cord damage by the extensive cyst. This agrees with
Hall et al. [9], who explained progression of scoliosis after
ventriculoperitoneal shunting procedures in some of their
patients by the possibility that the cyst had become inde-
pendent of the ventricles when a critical size had been
reached. A third patient with syringohydromyelia in an atrophic
spinal cord also showed rapid progression of scoliosis (Fig.
3). These findings indicate that syringohydromyelia may con-
tribute to the development of scoliosis in myelomeningocele,
as was suggested by Hall et al. [9]. Park et al. [11] found that
decompression of the hindbrain in combination with the obex
plugging procedure led to resolution of spasticity and increase
in motor strength, but they did not comment on the effect of
their treatment on scoliosis.

In all four patients with widening or bulging of the spinal
cord due to syringohydromyelia there was good clinical cor-
relation between the extent of the cavities and the neurologic
deficits. They were all characterized by sensory losses, and
three of them exhibited upper extremity weakness and atro-
phy in muscles above the myelomeningocele. This contrasts
with the eight patients with syringohydromyelia in atrophic
spinal cords. Only one of them had neurologic deficiencies,
which were characterized by spastic paresis of the upper
extremities, probably caused by brainstem compression in
the foramen magnum. The fact that acquired neurologic def-
icits were found mainly in patients with large cavities in
widened cords suggests that syringohydromyelia in myelo-
meningocele patients may be caused by a slow widening of
the central canal, perhaps due to compensation of hydro-
cephalus.
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The Chiari malformations were mainly of type Il [29-31, 35,
36, 45] and were invariably present, compared with a 46%
prevalence before MR was used. In three patients severe
compression and indentation of the brainstem by the posterior
rim of the foramen magnum and the posterior arch of the
atlas caused spastic paresis of the extremities. Another two
patients developed multiple cranial nerve deficiencies due to
brainstem compression or deformation. All five patients had
the Chiari Il malformation. However, a recent investigation
[46] with MR imaging of the Chiari | malformation without
myelomeningocele [47, 48] indicates that Chiari | changes are
similar to those of Chiari Il, but to a lesser degree. There is
other evidence that the Chiari Il deformity is only a severe
form of the type | variety [35, 49]. The suggestion that
development of cysts in the spinal cord is correlated to the
degree of caudal movement of the brainstem and the cere-
bellar tissue [36] could not be confirmed, perhaps due to
atrophy of the cerebellar spur in older patients.

All our patients had Chiari malformations, and many of them
also had eye-movement disorders caused by brainstem le-
sions discovered clinically and by neurophysiologic investi-
gations. It has been suggested that scoliosis might develop
as a consequence of disturbance of the central mechanism
of the postural reflexes in the brainstem [50, 51]. Because of
the back lesion, all our patients had poor postural reflexes
from levels below the myelomeningocele. The combination of
disturbed feedback and Chiari malformations with deforma-
tion and compression of the brainstem may also contribute
to scoliosis in myelomeningocele patients besides syringohy-
dromyelia.

In conclusion, our experience with MR imaging of the brain
and spinal cord in myelomeningocele indicates that syringo-
hydromyelia and Chiari malformations probably are more com-
mon than has been recognized. These conditions may cause
developmental scoliosis, loss of ambulation, impaired extrem-
ity function, and cranial nerve paralysis. MR allows a nonin-
vasive analysis of these lesions, even in patients with severe
scoliosis. Myelomeningocele patients with rapidly progressing
scoliosis, or with high scoliosis in association with low neu-
rologic or radiologic levels, should be examined with MR of
the brainstem and spinal cord to search for these lesions, as
should patients with acquired neurologic deficits above the
myelomeningocele.
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