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Magnetic resonance imaging in patients with
progressive myelopathy following spinal surgery
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SUMMARY Thirty one patients with insidious progressive myelopathy 2 to 8 years following surgery
ofthe cervical spine were subjected to magnetic resonance imaging (MRI). In 15 patients operated on
for vascular malformations or intramedullary tumours, syringomyelia and cystic lesions ofthe spinal
cord were shown. Seven ofthese patients also showed a combination ofa recurrent tumour and spinal
atrophy. Out of 16 patients who had surgery for herniated disc or spinal stenosis of the cervical spine,
four had syringomyelia and 12 had spinal cord atrophy. There was no syringomyelia in the 12 patients
submitted to MRI prior to surgery.

Owing to the high sensitivity of magnetic resonance
and its excellent contrast resolution, MRI clearly
reveals the spinal cord and detects various
intramedullary anomalies, including neoplasms and
syringomyelia.'-7 Distinct margins of the
intramedullary lesion, uniform signal intensity and
isointensity with cerebrospinal fluid (CSF) in a patient
with an expanded cord is consistent with a cystic
lesion, syringomyelia, and the differential diagnosis of
intramedullary tumour can be made with a high degree
of accuracy. Poorly defined margins, inhomogeneity,
and lack ofisointensity with CSF suggest neoplasm. In
cases where intramedullary neoplasm is associated
with a syrinx, MRI may demonstrate features of both
abnormalities.' The differential diagnosis in patients
with myelopathy following spinal surgery is very
difficult, owing to the similar clinical picture in various
conditions such as dural adhesions, recurrent or
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residual intramedullary tumour, residual arterioven-
ous malformation (AVM), recurrent or residual disc,
cord atrophy, or syringomyelia.

Syringomyelia refers to the presence of longitudin-
ally oriented cavities in the spinal cord. When the
cavities extend into the brain stem, the term "syrin-
gobulbia" is applicable. The cavities are surrounded
by glial cells. If an ependymal lining is present, the
lesion is referred to as hydromyelia.'
We present our experience in a group of patients

with progressive postoperative myelopathy, evaluated
byMRI.

Material and methods

Thirty one patients with progressive myelopathy (7 females
and 24 males), age range 11 to 64 years, underwent MRI of
the spine 5 months to 8 years following spinal surgery. In 12
cases intramedullary tumour (nine astrocytoma; three epen-
dymoma) was established by histology. In three other
patients vascular malformation was confirmed by surgery.
The remaining 16 patients were operated on for hemiated
cervical disc or stenosis of the cervical spine (table). Patients
with extramedullary spinal tumours were not included in this
study. Neurological examination prior to surgery revealed:

Table MRIfindings in 31 patients with progressive myelopathyfollowing spinal operation

Syringomyelia Recurrent MRIprior
Total or cyst Atrophy tumour to surgery

Tumour (astrocytoma or ependymoma) 12 12 4 3 7
Vascular malformation (AVM) 3 3 1
Cervical herniated disc or spinal stenosis 16 4 12 4

TOTAL 31 19 16 3 12
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no dissociated sensory loss. Since the clinical symptoms of
the patients were similar, a differential diagnosis between

aX= ,,,recurrent tumour, spinal cord atrophy and syringomyelia
was impossible.
The patients operated on for intramedullary tumour or

'P r r i l _ r AVM developed neurological symptoms 5 to 20 months after
surgery: the remainder becoming symptomatic 15 months to
5 years following surgery. All patients underwent spinal cord
MRI examination. Scans were performed on an Elscint

i i Gyrex S-5000 MRI Scanner, using a superconductive magnet
with 0-5 Tesla field strength. Sagittal slices with 0-5 mm
thickness were performed with T, and T2 sequences using a
time to repeat (TR) at 500,600 and 2000 ms, and time to echo
(TE) of 27, 50 and 100 ms. The acquisition matrix was 256/
Twenty two patients underwent spinal CT or myelography

as well, 17 of whom showed no cystic lesions or spinal cord
atrophy

Rleslts

Syringomyelia was found in all 12 patients operated on
for intramedullary tumour (figs 2, 3). Three of them
had proven recurrent tumour accompanied by a cystic
intramedullary lesion (fig 4). In four other patients

Ab+ ^ m_ _ who underwent the same operation, the syringomyelia
was combined with atrophic changes of the spinal cord
(fig 5). Two of the patients with intramedullary
tumours have been reported on previously.8
The criteria for the diagnosis of a cystic lesion by

MRI were: uniform low signal in short TR/TE, and
homogeneous strong signal on T2 with longer TR/TE;
isointensity with the CSF; smooth well-defined bor-
ders, and no additional heterogenic signal in the cystic
area. The accuracy of the above mentioned criteria

Fig I MRI ofthe cervical spine in a 21 year old male with
mildprogressive quadriparesis prior to surgery. TR =
2000 ms, TE = 30 ms. Intramedullary astrocytoma shown by
diffuse widening of the spinal cord and indistinct borders, high
signal and no isointensity with CSF. No cystic lesions. He -
developed postoperative syringomyelia similar tofig 3.

(1) Mild quadri- or paraparesis in all patients. (2) Paraesth-
esia or hypoaesthesia in 14 patients. (3) Pyramidal signs
(spasticity of the lower extremities with positive Babinski
sign) in 17 patients. (4) Slightly impaired bladder function in
two patients. Clincal improvement was noted in all cases
following surgery.

Prior to operation, 12 patients out of 31 included in the
study underwent spinal MRI examinations, which showed no
cystic intramedullary lesions (fig 1). Patients with cystic
intramedullary tumours were excluded from this study.

Insidiously progressive clinical deterioration occurred in Fig 2 MRI ofupper spinal cord in a 12 year old male with
all 31 patients following surgery. There was para- or intramedullary astrocytoma. Left slice: prior to surgery. TR
quadriparesis, with or without pyramidal signs, in all = 2000 ms, TE = 100 ms. Difuse widening of the spinal
patients. Hypoaesthesia was present in 17 cases. Fascicula- cord and indistinct borders. Strong T2 signal of the cordfrom
tions of truncal or extremity muscles was present in three C, to T2. No cyst. Right slice: same area post surgery. TR =
cases. Two cases had brain stem symptoms, such as hypoaes- 500 ms, TE = 25 ms. Eccentric cystic lesion of the medulla
thesia of the face and fasciculations of the tongue. There was and C,. Smaller cyst at C2-C3 level. Isointensity with CSF.
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Prior to surgery there was no evidence of spinal cord
atrophy or cystic intramedullary lesions in our
subjects. All patients developed slowly progressive
postoperative myelopathy with similar clinical symp-l!d Xtoms. The main clinical presentation was para- or
quadriparesis. Symptoms of dissociated sensory loss
were absent, and syringomyelia was not suspected
prior to MRI. Progression of the myelopathy was
considerably more rapid in patients who underwent

*. surgery for intramedullary tumour or AVM than in
those with herniated disc and spinal stenosis.
The diagnosis of syringomyelia should be made as

early as possible. Severe cystic lesions can be
|*-_associated with mild motor disability, but irreversible

clinical deterioration may occur during the progres-
- sion of the myelopathy.' Draining of the cyst is the

indicated treatment.'01'
It is important to repeat MRI routinely in patients

who have undergone spinal surgery We believe that
X|l.,£.w.%ffi.lj; ,.; .................. } _ ,;~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.

Fig 3 Holocordsyringomyelia 5 months following surgery
for intramedullary ependymoma in a 17 year old male. TR =
500 ms, TE = SO ms.

should be 85%.' Lack of isointensity of the signals
with the CSF, indistinct borders and additional signals
in the cystic area are in favour of a tumour.
Holocord syringomyelia was demonstrated in all

three patients with spinal AVMs 23 to 31 months
following surgery and the phenomenon of transverse
"septa" was observed in these patients (fig 6). There
was an atrophic narrow spinal cord with sharp but
irregular borders in 12 patients who underwent sur-
gery for spinal stenosis or herniated cervical disc (fig
7). In four other patients who underwent similar
surgery, syringomyelia was present in the operated
area (fig 8).

Discussion Fig 4 MRI ofa 17 year oldfemale 14 months post surgery
for intramedullary ependymoma C4-C, andprogressive
quadriparesis. TR = 500 ms TE = 25 ms. Narrow spinal

MRI is the procedure of choice for demonstration of cord at level C,-C6 compatible with atrophy and a small
spinal cord lesions, including spinal cord atrophy, intramedullary cyst (arrow) Syringomyelia below the
cystic intramedullary lesions, and tumours. atrophic area.
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|l l_tfxphyfollowing surgery for intramedullary tumour
*|1_ll (table). It was always combined with cystic spinal

dilatation which was demonstrated on a different level.
*The MRI signs of spinal cord atrophy are a narrow

spinal cord with well defined but irregular borders in
the operated area. Patients operated on for disc disease
or spinal stenosis developed spinal pathology more
slowly than those operated on for intramedullary
tumour or AVM. They became symptomatic 15
months to 5 years following surgery. Surgery

...._|l_B. # _ improved the clinical condition in all ofthem and they
were asymptomatic in the early postoperative period.
Persistent spinal cord lesion prior to surgery was
clinically excluded in 12 patients; in the remaining four
patients preoperative MRI examination demonstrated
normal spinal cord (fig 9).
The clinical material at our disposal was insufficient

to draw any conclusions regarding the dependency of

Fig 5 Recurrent intramedullary astrocytoma in a 27 year
old male with progressive spastic quadriparesis, 17 months
post surgery. TR = 2000 ns, TE = 27 is. Widened spinal
cord with indistinct borders and no isointensity with CSF. A
cyst at C,-T1.

early intramedullary cystic lesions may be revealed by
MRI prior to the onset of myelopathy. We consider
that at the early postoperative stage the spinal cord
cyst might be asymptomatic. Patients operated on for
intramedullary tumour orAVM became symptomatic
5 to 20 months following surgery. The cystic
intramedullary lesions of these patients were probably
asymptomatic 1 or 2 months prior to MRI. We
therefore recommend that follow-up MRI at 3 month
intervals should be the rule for patients operated on
for intramedullary tumours and AVMs of the spine.

Syringomyelia following surgery of spinal AVM has
been reported.'" All three of our patients with this Fig 6 Slowly progressive paraparesis in a27 year oldfemale
condition had holocord cystic enlargement with operated onfor A VM 2S months before. TR = 2000 ins, TE
transverse septa (fig 6). The septa are consistent with = 27 is. Severe syringomyelia. Note the transverse "septa"
saccular spinal dilatation.' Less typical was the atro- (arrows).
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development of the intramedullary cyst. CSF pulsa-
tions into the central canal associated with lack of
drainage through the Virchow-Robin perivascular
spaces probably result in the cystic enlargement. The
perivascular spaces of the perforating vessels may be
blocked by bleeding or postoperative arachnoid
adhesions or abnormal vessels.813 No pre-operative
reason for syringomyelia, such as pathology in the
floor ofthe fourth ventricle with herniation, was found
in our cases.
The development of cystic intramedullary lesions or

spinal cord atrophy may occur in patients following
surgery of intradural or epidural mass lesions and in
those conditions when postoperative myelopathy is
suspected, MRI offers a definitive diagnosis.
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Fig 9 MRI ofcervical spine prior to surgery ofa 56 year
old male. Posterior herniation ofthe intervertebral discs at
levels C3-C4 and C5-C6 with pressure on the spinal cord
(arrows). No atrophy is present. Four years after surgery,
spinal cord atrophy appeared (seefig 7).
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