Get Clarity On Generics = ) mesenws

WATCH VIDEO

Metrizamide CT Myelography in Cervical
Myelopathy and Radiculopathy: Correlation with
Conventional Myelography and Surgical Findings
J. Paul Badami, David Norman, Nicholas M. Barbaro, Christopher
E. Cann, Philip R. Weinstein and David F. Sobel

of August 6, 2025. http://www.gjnr.org/content/6/1/59


http://www.ajnr.org/cgi/adclick/?ad=57975&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fajn1872x240_august2025
http://www.ajnr.org/content/6/1/59

J. Paul Badami'
David Norman
Nicholas M. Barbaro
Christopher E. Cann
Philip R. Weinstein
David F. Sobel

This article appears in the January/February
1985 issue of AJNR and the April 1985 issue of
AJR.

Received March 19, 1984; accepted after revi-
sion July 11, 1984.

Presented at the annual meeting of the American
Society of Neuroradiology, San Francisco, June
1983.

" All authors: Department of Radiology, Univer-
sity of California, San Francisco, CA 94143. Ad-
dress reprint requests to D. Norman.

AJNR 6:59-64, January/February 1985
0195-6108/85/0601-0059 $00.00
© American Roentgen Ray Society

59

Metrizamide CT
Myelography in Cervical
Myelopathy and
Radiculopathy: Correlation with
Conventional Myelography and
Surgical Findings

Conventional myelography, metrizamide computed tomographic (CT) myelography,
and surgical findings were correlated in 30 patients with cervical radiculopathy and/or
myelopathy. In 60% of patients, metrizamide CT myelography provided significant
additional information including better characterization of the abnormality, lateralization
if the conventional myelogram was indeterminate, more definitive demonstration of cord
atrophy, foraminal narrowing not appreciated on myelography, and demonstration of
abnormalities distal to a myelographic block. In no case was a myelographic abnormality
not detected on metrizamide CT myelography. In patients with cervical myelopathy, a
cross-sectional diameter of the cord equaling less than 50% of the subarachnoid space
is predictive of poor patient response to surgical intervention.

Computed tomography (CT) has been widely accepted as an initial radiographic
examination in the evaluation of lumbar radiculopathy [1-3]. The assessment of
spinal pathology in patients with cervical myelopathy and/or radiculopathy has
continued to consist primarily of conventional myelography. While previous studies
have reported CT findings in the abnormal cervical spine [4-15], none have
compared metrizamide myelography with metrizamide CT myelography and cor-
related the observations with surgical findings. This approach permits the devel-
opment of objective criteria for the abnormal cervical metrizamide CT myelogram.
The technigue may in many cases eliminate the necessity for conventional myelog-
raphy.

Materials and Methods

During a 20 month period, 30 patients with cervical myelopathy and/or radiculopathy were
evaluated with conventional myelography followed by metrizamide CT myelography. All
patients subsequently underwent either anterior cervical diskectomy, foraminotomy, or cer-
vical laminectomy. Surgical findings were recorded at the time of surgery, and postoperative
follow-up was from 6 weeks to 14 months.

Conventional myelography was performed via lateral C1-C2 puncture using horizontal
fluoroscopic guidance with the patients prone. Posteroanterior (PA), lateral, swimmer, and
oblique views were obtained. Metrizamide concentration was 240-300 mg |/ml with volumes
of 6-12 ml. CT myelograms (GE 8800) with 5 mm beam collimation and 3 mm slice increments
were obtained with the patient supine 3-4 hr after myelography. The overlapped sections
were contiguous from the C4 to the T1 level. Immediately before scanning, patients were
placed in a prone Trendelenburg position for 3—4 min.

Measurements of spinal cord and subarachnoid space cross-sectional area were performed
utilizing a cursor-trace function and obtaining region-of-interest measurements within the
circumscribed areas. Both CT and conventional myelograms were evaluated by at least two
neuroradiologists working independently and correlated with pre- and postoperative neuro-
logic findings.
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Results

Abnormalities identified on CT myelography in order of
decreasing frequency were attenuation of the subarachnoid
space (97%), spurring (93%), focal cord flattening (80%),
foraminal encroachment (73%), root sleeve cutoff (66%), cord
rotation (33%), disk herniation (13%), and lateral mass abnor-
mality (3%). Metrizamide CT myelography provided significant
additional information compared with conventional myelogra-
phy in 18 (60%) of the 30 patients studied: (1) better charac-
terization of myelographically demonstrated abnormality in 11
patients (37%); (2) lateralization of abnormalities, the location
of which was indeterminate on conventional myelography, in
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Fig. 1.—29-year-old man with right C6
radiculopathy. A, Lateral myelogram. Min-
imal ventral extradural defect at C5-C6
(arrow). B, Anteroposterior spot film.
Right C6 root sleeve cutoff (arrow). C,
Axial CT myelogram. Normal filling of left
C6 root sleeve (arrowhead) with nonfilling
of right C6 nerve root secondary to soft
(nonossified) lateral disk herniation. Ro-
tation of cord to left with attenuation of
ventral subarachnoid space (arrow). Her-
niated disk was removed via C5-C6 an-
terior diskectomy. Patient had complete
resolution of radiculopathy.

Fig. 2.—37-year-old man with neck
pain radiating into right hand. There was
hypalgesia in C5-C6 and C6-C7 derma-
tomes and loss of right biceps reflex. A,
Lateral myelogram. Large C5-C6 ventral
defect with smaller lesion at C6-C7. B,
Frontal view. Minimal root sleeve changes
at C5-C6 (arrow). C, Axial CT myelogram
at C5-C6. Diffuse central soft disk hernia-
tion with cord deformity. Ventral sub-
arachnoid space is nearly obliterated (ar-
rows) and dorsal space is spared. D, At
C6-C7. Focal spondylotic spurring (ar-
rowhead) on right with compromise of
ventral space. Degree of C6-C7 disease
was not appreciated on conventional
myelogram. Patient underwent anterior
C5-C6 and C6-C7 diskectomy. There
was a soft disk herniation at C5-C6 and
large osteophyte on right at C6-C7. He
had resolution of pain, and some improve-
ment in sensation. Biceps reflex remained
silent.

five patients (17%); (3) more definitive demonstration of cord
atrophy in six (20%), which was not appreciated on conven-
tional myelography in three; (4) foraminal narrowing not ap-
preciated on conventional myelography in 12 (40%); (5) lateral
mass degenerative abnormalities in one (3%); and (6) evalu-
ation of pathology distal to the level of a complete myelo-
graphic block in three (10%). In no case was a myelographi-
cally noted abnormality not detected on metrizamide CT
myelogram. Intentional placement of the patient in a Trende-
lenburg position 4 hr after the cervical myelogram did not
increase the incidence of side effects usually associated with
metrizamide cervical myelography.
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CT Anatomy

Normally the ventral surface of the opacified thecal sac in
the cervical region is separated from the dorsal margin of the
vertebral end-plate by a 1-2 mm space filled by the posterior
longitudinal ligament. Disk herniation is manifested on metri-
zamide CT myelography as either a central or lateral soft-
tissue mass centered at the intervertebral disk level increasing
separation of the thecal sac from the vertebral end-plate (figs.
1 and 2).

Spondylotic spurring is seen as bony overgrowth adjacent

A

Fig. 3.—50-year-old man with neck and right shoulder pain. A, Lateral
myelogram. Double density at C3-C4 level (arrow). There was no evidence of
lateralization on frontal view. B, CT myelogram. Focal spur on right (arrowhead)
with focal obliteration of ventral space. Symptoms improved after removal of
C3-C4 osteophyte via anterior diskectomy.

Fig. 4.—55-year-old man with neck,
right shoulder, and right arm pain. There
was patchy hypalgesia over right shoul-
der. Both biceps reflexes were dimin-
ished, but motor examination was normal.
A, Lateral myelogram. Ventral defects at
C3-C4 through C6 (arrows). B, Frontal
view. Mild increase in transverse cord
dimension at C3-C6 levels, without focal
root sleeve abnormality. C, CT myelo-
gram at C3-C4. Focal spurring at right
uncovertebral joint with foraminal steno-
sis (arrowheads). Lateralization was not
possible with conventional myelography.
D, At C5-C6 level. Diffuse bony eburna-
tion along end-plate. Resultant spinal ste-
nosis diminishes ventral and dorsal sub-
arachnoid space. There is also flattening
of the cord. C4-C5 and C5-C6 anterior
diskectomies were performed with re-
moval of large osteophytes at both levels.
There was postoperative improvement in
pain and sensory deficits.
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to the vertebral end-plate. The posterior protrusion of this
“mass” of bone results in thinning of the posterior longitudinal
ligament. Thus in spondylotic narrowing of the opacified
subarachnoid space, the soft-tissue density between the bone
and thecal sac is reduced in thickness. This contrasts with a
soft disk herniation in which the distance between bone and
thecal sac is increased. This phenomenon occurs either dif-
fusely or focally and either centrally or laterally along the end-
plate (figs. 2 and 3). Of importance is that a laterally located
focal spur may be myelographically occult (fig. 3).

Foraminal encroachment by lateral spurring at the unco-
vertebral joints or degenerative hypertrophy of the lateral
masses is readily identified on CT myelograms. Conventional
myelography may show focal root sleeve defect but frequently
is normal (fig. 4). Cord rotation (figs. 1 and 3) is a secondary
manifestation of laterally located extradural masses, whether
hypertrophic bone or soft disk. If such masses occur in or
adjacent to the neural foramen, no root sleeve filling may be
seen. Cord flattening is similarly noted in either central disk
herniation or spurring when the attenuation of the subarach-
noid space is more severe (fig. 4). Mild attenuation of the
subarachnoid space from small ventral spurs is a subtle
finding on CT compared with conventional myelography (fig.
5). This finding is demonstrated by diminution of the subarach-
noid space ventral to the spinal cord with relative preservation
of the dorsal space.

The ratios of the spinal cord cross-sectional area to the
cross-sectional area of the subarachnoid space had prognos-
tic significance in patients with cervical myelopathy secondary
to spondylosis and/or spinal stenosis. In those patients with
a cord-to-subarachnoid space ratio of greater than 50% (six
patients, fig. 6A) (a relatively small subarachnoid space rela-
tive to cord size), a good recovery of function was noted after
surgical decompression. In those with a cord-to-subarachnoid
space ratio of less than 50% (three patients, fig. 6B) (a
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capacious subarachnoid space relative to cord size), no re-
ciovery of function was obtained postoperatively. Thus, se-
vere cord atrophy in the face of spinal stenosis carries a poor
prognosis.

One patient developed recurrent signs postoperatively.
Conventional myelography was essentially normal. CT mye-
lography well demonstrated central decompression of the
spinal canal with residual lateral spurs causing cord compres-
sion (fig. 7).

A B

Fig. 5.—61-year-old patient with pain radiating down right arm into thumb.
There was biceps weakness, and hypesthesia and hypalgesia in C5 and C6
dermatomes. A, Myelogram. Small ventral defect at C4-C5 (arrowhead) and
larger impressions at C3-C4 and C5-C6 levels. B, CT myelogram at C4-C5
shows how CT can reveal subtle compromise of subarachnoid space. Ventral
space attenuated centrally (arrows). Dorsal space is normal. C4-C5 and C5-
C6 diskectomies were performed with removal of osteophytes larger on right
but significant in size bilaterally. There was postoperative improvement in pain
and sensory deficits, with little improvement in biceps weakness.
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In three cases, a complete or nearly complete myelographic
block was encountered. Delayed CT myelograms demonstra-
ted additional significant disease beyond the block not imaged
on conventional myelograms (fig. 8).

Postoperative follow-up revealed clinical improvement in 19
(91%) of 21 patients with radiculopathy. Of the two patients
showing no improvement, one was subsequently diagnosed
as having thoracic outlet syndrome. As was discussed above,
six patients (67%) with myelopathy showed improvement,
while three patients (33%) were unchanged or worse.

Discussion

Patients with signs and symptoms of cervical myelopathy
and/or radiculopathy have traditionally undergone film-screen
cervical myelography in anticipation of definitive surgery
[16]. However, screen-film myelography may be misleading
[11], occasionally failing to demonstrate an abnormality (e.g.,

A B

Fig. 6.—Two elderly patients with cervical myelopathy. Cord is small in both.
A, Spinal canal is narrowed by ventral spur. Cord:subarachnoid space ratio is
23%. Neurologic defect did not improve after surgery. B, Spinal canal narrowing
is secondary to partly ossified herniated disk. Although cord is small and
deformed, cord:subarachnoid space ratio is 72%. Patient showed marked
clinical improvement after cervical laminectomy.

Fig. 7.—49-year-old man after C4-C5
anterior cervical diskectomy and fusion
with recurrent cervical myeloradiculopa-
thy. A, Lateral myelogram. C3-C4 defect
(arrow) and double density at C4-C5 (ar-
rowheads). B, Posteroanterior view. Bi-
lateral C4-C5 root sleeve defects (arrow-
heads). C, CT myelogram. Surgical defect
(small arrowheads). Because of inade-
quate curettage of lateral recesses, resid-
ual spurs (/arge arrowheads) result in con-
tinued stenosis, cord compression, and
persistent symptoms.
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Fig. 8.—72-year-old woman with severe cervical myelopathy. Lateral (A)
and posteroanterior (B) myelograms. Complete block at C3-C4. C, CT myelo-
gram at C3-C4. Ventral spur obliterating ventral subarachnoid space. D, Canal
stenosis is even more marked at C4-C5 level with secondary cord flattening.

foraminal narrowing), failing to characterize the abnormality
(e.g., soft disk versus bony spur), or incompletely evaluating
the entire cervical canal (e.g., high cervical block).

By virtue of its axial projection and broad range of contrast
sensitivity, CT is well suited for evaluation of the bony cervical
spine. The addition of intrathecal contrast material permits
assessment of relative cord size, degree of cord and root
displacement or deformity, and relation of the cord to adjacent
structures.

Metrizamide CT myelography can characterize extradural
abnormalities be they soft, nonossified disks or bony spurs
and facilitates the localization of laterally placed focal spurs,
which is particularly important to surgeons who prefer anterior
cervical diskectomy [16, 17]. Because the surgeons field of
view is limited in this approach, knowledge of the extent of
lateral curettage necessary is paramount. The lateral elements
are better evaluated including foraminal stenosis, which is
usually incompletely examined on conventional myelography.

When a myelographic block is encountered, delayed CT
myelography is informative, because, with time, metrizamide
eventually percolates beyond these lesions allowing exami-
nation of adjacent cervical disk levels that often harbor even
more severe disease. Metrizamide CT myelography, by allow-
ing more accurate delineation of the cord size relative to the
degree of spinal stenosis, may allow more accurate prognos-
tication as to anticipated recovery of function in cervical
myelopathy. In those patients with myelopathy, spinal steno-
sis, and severely atrophic cords with a capacious subarach-
noid space relative to cord size, one expects relatively poor
recovery of function after decompression. In these patients
surgery may, in fact, not be indicated. Metrizamide CT mye-
lography provides this quantitative assessment. It has been

E and F, Similar changes are noted at lower levels with most pronounced canal
and cord compromise at C6-C7. These changes would not have been appre-
ciated without metrizamide CT myelograms.

our experience that scanning without metrizamide in patients
with moderate to severe spondylosis does not allow adequate
differentiation of spinal cord from the surrounding thecal sac,
thus limiting the study’s prognostic value.

Abnormalities demonstated on metrizamide CT myelogra-
phy may be subtle with diminution of the thickness of the
subarachnoid space ventral to the spinal cord being the
earliest sign of impingement on the thecal sac. It is likely that
the ventral subarachnoid space is obliterated earlier than the
dorsal space due to anterior tethering of the spinal cord by
dentate ligaments and nerve roots [13]. It should be noted,
however, that even in severe stenosis with cord compression
and myelographic block, some metrizamide will be seen ven-
tral to the cord on CT. In general ventral abnormalities appear
less marked on CT than on myelography. These abnormalities
probably are accentuated on conventional myelography due
to hyperextension of the patient’s neck along with narrowing
of the canal and forward cord displacement by infolding of
the posterior longitudinal ligament.

With attention to detail, metrizamide CT myelography of
the cervical spine correlates well with conventional cervical
myelography. In many cases it adds significant information
unavailable from the latter. Of course, as with conventional
myelography, clinical correlation is of utmost importance.
Because it can be performed using a low dose of metrizamide
(e.g., 3-5 ml, 170 mg I/ml) instilled via lumbar puncture
followed by immediate scanning, it can be performed with
relatively low morbidity and as an outpatient procedure. It is
worth considering this technique as the primary procedure
with cervical myelopathy and/or radiculopathy. In the future it
should obviate conventional myelography and its attendant
morbidity in many patients.
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