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Gadolinium-DTPA in the 
Evaluation of Intradural 
Extramedullary Spinal Disease 

153 

Gadolinium-DTPA was used in MR imaging of the spine to determine the ability of a 
contrast agent to increase the detection and characterization of disease in the intradural 
extramedullary space. Although MR imaging, especially with recent technological im
provements, has been shown to be at least competitive with, and often superior to, 
myelography and postmyelography CT in the study of intramedullary and extradural 
disease, its use in the assessment of intradural extramedullary disease has been 
questioned. We selected 12 patients with intradural extramedullary disease as demon
strated by positive CSF cytology and/or myelographic findings and performed MR 
examinations on them before and after administering gadolinium-DTPA (0.1 mmol/kg). 

Gadolinium-DTPA was extremely effective in depicting intradural extramedullary dis
ease of the spine. Small nodules of 3 mm, virtually invisible on noncontrast MR scans, 
enhanced strongly and were easily detected. In addition, leptomeningeal spread of 
tumor along nerve roots was also visualized, sometimes more readily than by myelog
raphy and postmyelography CT. The remarkable sensitivity of gadolinium-DTPA to 
intradural extramedullary disease assures its role in future MR examinations of the 
spine. 

Early researchers in MR imaging soon realized the potential of this new technique 
for evaluating the spine [1-6] . With technological improvements, many reports 
appeared that detailed the effectiveness of MR imaging of the spine. Intramedullary 
disease, including subtle tumors and syrinxes, could be assessed more completely 
and noninvasively than with myelography and postmyelography CT [4, 5, 7-10] . 
Similarly, extradural disease was also well depicted with MR imaging and, again, 
the competitiveness of this new technique with more traditional imaging methods 
was often cited [5, 10, 11]. 

However, there have been very few reports describing the usefulness of MR 
imaging in evaluating disease of the intradural extramedullary space [12 , 13]. Those 
reports that have dealt with MR evaluation of intradural extramedullary disease 
have generally depicted sizable meningiomas and neuromas in the cervical and 
thoracic regions, with secondary displacement of the cord aiding detection of the 
lesion [5, 10,13]. However, even these papers acknowledge the difficulty of seeing 
some lesions, both occasional larger masses and , especially, smaller nodules less 
than 5 mm [10, 13]. 

Because of the problems encountered in MR imaging of intradural extramedullary 
disease, this investigation focused on the use of gadolinium-DTPA as a contrast 
agent that could potentially enhance MR detection of disease that might otherwise 
be only poorly defined or that might not be visualized at all. 

Materials and Methods 

Twelve patients who showed evidence of intradural extramedullary disease were selected 
to participate in a multicenter protocol designed to examine the use of gadolinium-DTPA in 
evaluating suspected spinal tumors . The protocol was carried out under the guidelines of the 
Food and Drug Administration , the Institutional Review Board and Investigational Drug 
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Committee of the Memorial Sloan-Kettering Cancer Center, and the 
commercial developer of the product (Berlex Laboratories, Inc., NJ). 
Fully informed consent was obtained from every patient. The enroll
ment requirements consisted of strong suspicion of spinal tumor, 
based on other previous studies or on clinical grounds. Each patient 
underwent a physical examination and blood chemistry and hematol
ogy analysis before and after the administration of gadolinium, in 
accordance with the guidelines of this phase-III clinical trial. Pregnant 
and nursing women were excluded. 

Of the 12 patients, five had carcinomatous meningitis, three had 
spinal ependymomas with secondary leptomeningeal spread, two 
had drop metastases from a cerebral glioblastoma, one had a thoracic 
meningioma, and one had postoperative arachnoiditis. Four lesions 
were confirmed surgically; six were documented by clinical history, 
positive CSF cytology, and myelographic findings; and two were 
proved by relevant clinical history and myelographic findings. The 
ages of the patients ranged from 19-79 years. There were three 
women and nine men. Eleven of the 12 patients had a previous 
myelogram and postmyelographic CT. Of these 11, eight were eval
uated within 1 week of their MR examination. Three patients, with 
stable disease, were evaluated by myelography and postmyelo
graphic CT within 1 month of MR imaging. Myelography was per
formed from a lumbar approach, using approximately 10 ml of iohexol 
at a concentration of 240 mg I/ml, except in cases of total block, in 
which 4 ml were placed. CT was performed on a high-resolution 
scanner. Contiguous axial 5-mm scans were obtained through the 
regions of tumor within 3 hr of instillation of intrathecal contrast 
material. 

For all MR imaging, a superconductive magnet operating at 1.5 T 
was used. Either a rectangular 18 x 30-cm surface coil or a circular 
12.5-cm surface coil was used. In the cervical and thoracic spines, 
3-mm sagittal sections with an interslice gap of 0.6 mm were ob
tained . In the lumbosacral region , 3- or 5-mm sagittal sections with 
an inters lice gap of 0.6 mm or 1 mm, respectively, were obtained. 
Five-millimeter axial scans with an interslice gap of 1 mm were always 
obtained. The field of view was 24 or 32 cm for sagittal scans and 
16 or 20 cm for axial scans, depending on the region involved. The 
matrix was 256 x 256. Cardiac gating was used in all long TR sagittal 
examinations, except in two cases in which a previous myelogram 
indicated a complete block above the region of interest and in one 
case in which technical difficulties prevented implementation. In the 
cases of block, the virtual absence of CSF pulsations was thought 
to preclude the possibility of significant flow-related artifacts. A res
piratory-ordered, phase-encoding technique was added in eight cases 
to decrease respiratory-induced phase-shift effects. 

Each patient first had a preliminary MR examinqtion without con
trast. This consisted of a T1-weighted sagittal scan, followed by a 
proton-density and T2-weighted sagittal scan, followed by a T1-
weighted axial scan. For T1-weighted sequences, a repetition time 
(TR) of 600 msec and an echo delay (TE) of 20 msec were used. In 
cases that received cardiac gating, the actual TR of the long TR 
sagittal sequence varied with respect to the heart rate. Generally , 
examinations were gated to every other heart beat in order to obtain 
a TR of approximately 1500-2000 msec. Nongated sequences used 
a TR of 2000 msec. Echo delays in all long TR examinations were 
35 and 70 msec. Four excitations were used in all short TR se
quences, while two excitations were used in all long TR sequences. 

After the preliminary sequences were completed, gadolinium-DTPA 
in a concentration of 0.1 mmol/kg was injected intravenously over 
the course of 1 min. Scanning was initiated immediately upon com
pletion of the injection. The same sequences as in the precontrast 
scans were used, and an additional T1-weighted sagittal scan was 
included at the end. For purposes of comparison between pre- and 
postcontrast scans, the patients were advised not to more or change 

position throughout the entire protocol. The scanning time was 
approximately 84 min. The actual length of the examination varied 
from 2V2-3V2 hr. In cases of anxiety or pain, patients were given 
diazepam, either intravenously or by mouth, or morphine sulfate, 
intravenously. The T1 -weighted sagittal scans were obtained at ap
proximately 5 and 65 min after injection. The T2-weighted sagittal 
scan was obtained at approximately 25 min after injection. The T1-
weighted axial scan was obtained at approximately 50 min after 
injection. All times were calculated using the midpoint of the relevant 
sequences. 

After completion of the scanning, the MR images were evaluated 
in two ways: 

1. Intensity measurements were performed on normal and dis
eased tissues. An operator-defined region of interest (ROI) was 
selected with an interactive cursor. In all cases , the ROI was as large 
as possible to cover the representative tissue, without including 
adjacent CSF. At least 10 pixels were used for each ROL In precon
trast examinations, the tumor was often not visualized well on either 
the T1- or T2-weighted scans. In these cases, because the patients 
did not move between scans, the appropriate areas were delineated 
on the basis of the postcontrast scans. Only the largest lesions in 
these cases were used. The transmit attenuation was always main
tained within 0.5 dB between scans. Absolute_signal intensities of th~ 
lesions, the CSF, and the background were measured for all seven 
sequences obtained per patient. The ROI for CSF calculations was 
always placed at approximately the same distance from the surface 
coil as the lesion in order to minimize artifactual variations in the 
intensities resulting from signal drop-off at different distances from 
the center of the coil. Signal intensities for each lesion were measured 
three separate times. Signal intensities for CSF and background were 
measured twice. Values in each category were then averaged to 
calculate the mean. Based on mean signal intensity measurements 
of the lesion and background, the formula 

[lesion (enh) - background (enh)] 
- [lesion (nonenh) - background (nonenh)] 

lesion (nonenh) - background (nonenh) 

was used to determine the percent of enhancement after administra
tion of gadolinium (enh = enhanced, nonenh = nonenhanced). Based 
on mean signal intensity measurements of the lesion and the sur
rounding CSF, the formula 

lesion (enh or nonenh) - background (enh or nonenh) 

CSF (enh or nonenh) - background (enh or nonenh) 

was used to determine a contrast index. The contrast indexes before 
and after gadOlinium were compared. For example, in case 1, the 
mean signal intensities in T1-weighted images were: lesion (enh) 
1240; lesion (nonenh) 1148; background (enh) 1036; background 
(nonenh) 1035; CSF (enh) 1076; and CSF (nonenh) 1082. Using these 
figures , the percent of enhancement was found to be 81 % for T1-
weighted images. The contrast index before gadolinium was 2.40, 
and the contrast index after gadolinium was 5.10. 

2. The images were carefully evaluated by four neuroradiologists. 
Precontrast MR scans, postcontrast MR scans, and the myelogram 
and postmyelographic CT were individually evaluated in that order 
with reference to possible lesions in the intradural extramedullary 
space. Specifically, observers were asked to report the presence of 
any masses, the number of masses seen, and whether the nerve 
roots were normal. Lesions were scored on a 4-point scale. For 
precontrast scans, evaluation consisted of: 0 = no visualization , 1 = 
equivocal visualization, 2 = definite visualization but poor character
ization and delineation, 3 = good characterization and delineation. 
For postcontrast scans, evaluation consisted of: 0 = no enhance-
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TABLE 1: Comparison of Cases and Results 

Case 
Age Gender 

Diagnosis Myelogram and T1 T1 T1 % T2 T2 T2 % 
No. and Proof CT Nonenhanceda Enhancedb Enhanced Nonenhanceda Enhanced Enhanced 

29 M Ependymoma Thickened 3 81 0 2 48 
(surgical) nerve roots 

and nodules 
2 19 M Leukemia (CSF Negative 0 0 0 0 0 0 

cytology) 
3 28 M Glioblastoma, Lower thoracic 3 79 0 2 31 

drop metas- block , drop 
tases (clinical, metastases, 
myelogram, and thick-
CSF cytology) ened nerve 

roots 
4 71 M Ependymoma Large conus 3 147 3 216 

(surgical) and fi lum le-
sion creating 
total block, 
with multiple 
drop metas-
tases . ? 
thickening of 
nerve roots 

5 23 M Melanoma (clini- Local thickening 0 70 0 28 
cal, myelo- of nerve 
gram, CSF roots and 
cytology) mild thecal 

sac distor-
tion, both vis-
ible only in 
the very dis-
tal sac 

6 60 F Breast carci- Mildly thickened 3 58 0 2 58 
noma (clinical nerve roots 
and myelo- and multiple 
gram) nodules 

7 21 M Ependymoma Irregular conus 3 104 11 
(surgical) lesion with 

total block 
and a few 
nodules 
above and 
below 

8 79 M Meningioma Not available 3 3 127 3 3 17 
(surgical) 

9 57 M Lung carcinoma Mildly thickened 0 3 157 0 0 
(clinical, mye- nerve roots 
logram, CSF and two nod-
cytology) ules 

10 37 F Postoperative Mild distortion 2 2 29 2 0 33 
arachnoiditis of nerve 
(clinical and roots in distal 
myelogram) sac 

11 58 M Lung carcinoma Large nodule at 2 (large 3 (all nod- 130 2 (large 2 (large 42 
(clinical, mye- C2. Multiple nodule) ules) nodule) nodule) 
logram, CSF small nodules o (small o (small 1 (small 
cytology) nodules) nodules) nodules) 

12 45 M Glioblastoma Lumbar block, 0 3 194 0 2 
drop metas- with tumor 
tases (clinical, filling the dis-
myelogram, tal sac 
CSF cytology) 

· 0 = normal , 1 = equivocal findings , 2 = poorly seen lesions with poor characterization and delineation, 3 = well-seen lesions with good 
characterization and delineation 

b 0 = no enhancement, 1 = equivocal enhancement (detected only if the precontrast image is available for side-by-side comparison), 2 = 
definite enhancement, 3 = marked enhancement 

C Could not be computed because of patient movement between nonenhanced and enhanced scans. 
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ment, 1 = equivocal enhancement (detected only if the precontrast 
image was available for side-by-side comparison), 2 = definite en
hancement, 3 = marked enhancement and good delineation of le
sions. 

Results 

The results of the studies are presented in Table 1. 

Myelography and Postmyelographic CT 

Four of the 12 patients showed total myelographic block 
with thickened nerve roots and multiple nodules of varying 
sizes in the subarachnoid space at other levels. Four of the 
12 patients were found to have thickened nerve roots and 
small nodules without evidence of block. Two of the 10 
patients had minimal or equivocal thickening of nerve roots 
alone. One of these had mild thecal sac distortion and thick
ening of the nerve roots localized to one aspect of the very 
distal thecal sac. Finally, the last patient had a normal my
elogram and postmyelographic CT but showed evidence of 
leptomeningeal spread of tumor through positive CSF cytol
ogy alone. One patient did not receive a myelogram. 

c 

Precontrast MR-T1-Weighted Images 

Four of the 12 patients showed normal T1-weighted M R 
examinations of the affected region (Fig. 1). Five of the 10 
patients exhibited equivocal MR findings (Figs. 2 and 3). 
These findings included poor visualization of the conus and a 
faint suggestion of heterogeneity in the intensity of the CSF 
signal. One patient had definite but poorly delineated lesions, 
consisting of clumping of nerve roots posteriorly. One patient, 
with a thoracic meningioma, had a well-seen lesion. This lesion 
was clearly intradural extramedullary and deviated the cord , 
although the exact delineation between tumor and cord could 
not be made. The final patient had a large deposit of tumor 
easily visualized; however, multiple smaller nodules were not 
detected. 

Precontrast MR-T2-Weighted Images 

Six of the 12 patients had normal proton-density and T2-
weighted MR examinations (Figs. 4 and 5). Three of the 10 
had equivocal findings, with possible nodules seen (Fig. 3). 
One of the 10 had poorly delineated clumping of nerve roots . 
One of the 10, again the patient with the meningioma, had a 

Fig. 1.-Case 7. 21-year-old man with thoracic 
ependymoma and multiple nodules above and be
low. 

A, T1-weighted sagittal images (TR = 600 msec, 
TE = 20 msec) are normal except for radiation 
changes in vertebral bodies. Even in retrospect, the 
minimal irregularity of cord contour at T1-T2 is dif
ficult to appreciate. 

B, Gadolinium-enhanced T1-weighted sagittal im
ages (TR = 600 msec, TE = 20 msec) clearly show 
a small nodule at T1-T2. 

C and D, Confirmatory myelogram and postmye
logram CT. 
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Fig, 2.-Case 3, 28-year-old man with known cerebral glioblastoma, now presenting with bilateral lower extremity weakness and back pain. Clinical 
diagnosis based on clinical history, myelogram, and positive CSF cytology: drop metastases. 

A, T1-weighted sagittal scan (TR = 600 msec, TE = 20 msec) is negative except for poor definition of conus and proximal nerve roots. In retrospect 
only, very vague nodules may be present in subarachnoid space. 

B, Proton-density and T2-weighted sagittal scans (TR = 2000 msec, TE = 35/70 msec) are also equivocal. There may be a suggestion of high intensity 
near conus. 

C, T1-weighted sagittal scan (TR = 600 msec, TE = 20 msec) after contrast shows enhancing subarachnoid tumor encasing nonenhancing distal spinal 
cord, causing the total block seen on myelogram, In addition, multiple other drop metastases are clearly seen. 

D, Proton-density and T2-weighted sagittal scans (TR = 2000 msec, TE = 35/70 msec) after contrast show that lesions still enhance, due most likely 
to persistent contribution of T1 shortening by the gadolinium, even in this long TR sequence. 

E, Myelogram confirms presence of multiple nodules and total block at level of conus, 

definite lesion . As with the T1-weighted images, the final 
patient again had a well-visualized large tumor mass with 
multiple smaller undetected nodules. 

Of incidental note, one of the patients with equivocal find
ings (case 4) had an additional sagittal sequence performed 
with a TR of 2500. This examination showed the main conus 
lesion more clearly and also revealed one small drop metas
tasis. 

Postcontrast MR 

Marked contrast enhancement was present in nine of 12 
cases (Figs. 1- 5). Nodules of all sizes enhanced prominently 
(Figs. 1-3). Even small drop metastases of 2 or 3 mm were 
easily seen. In the case in which the additional TR sequence 
of 2500 msec showed one small drop metastasis, gadolinium 
enhancement revealed two other drop metastases. In eight 
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G 
Fig. 3.-Case 4. 71-year-old man with pain and mild weakness in right lower extremity. Surgical pathology: ependymoma. 
A, T1-weighted sagittal section (TR = 600 msec, TE = 20 msec) shows normal spinal canal except for lack of clear visualization of conus. No mass is 

seen. 
B, Proton-density and T2-weighted sagittal sections (TR = 2000 msec, TE = 35/70 msec) show a suggestion of heterogeneity in region of conus. Again, 

no definite mass is seen and no distal lesions are present. 
C, T1-weighted axial section (TR = 600 msec, TE = 20 msec) through distal thecal sac is normal. No abnormality of nerve roots is seen. 
D, T1-weighted sagittal section (TR = 600 msec, TE = 20 msec) after gadolinium administration shows markedly enhancing conus and filum terminale 

lesion. In addition, small nodules are evident below (arrow). 
E, Proton-density and T2-weighted sagittal sections (TR = 2000 msec, TE = 35/70 msec) after gadolinium-DTPA administration show persistent 

hyperintensity of lesion but less contrast, since tumor is now surrounded by high-intensity CSF. 
F, T1-weighted axial section (TR = 600 msec, TE = 20 msec) shows enhancement of all nerve roots. At surgery, leptomeningeal spread of tumor 

coating all the nerve roots was found. 
G, CT myelogram confirms gadolinium MR findings, although nerve roots were not markedly thickened. 
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Fig, 4.-Case 9. 57-year-old man with lung carcinoma and lower extremity weakness. Clinical diagnosis based on clinical history, myelogram, and 
positive CSF cytology: carcinomatous meningitis. 

A and B, Normal T1-weighted sagittal and axial scans (TR = 600 msec, TE = 20 msec) of filum and nerve roots. 
C, Proton-density and T2-weighted sagittal scans (TR = 2000 msec, TE = 35/70 msec) add no further information. 
D and E, Postcontrast T1-weighted sagittal and axial scans (TR = 600 msec, TE = 20 msec) show marked enhancement of all nerve roots. In addition, 

clumping of nerve roots is present. 
F, Postmyelographic CT shows thickening of nerve roots. 

of the nine cases with marked enhancement, the enhance
ment was so striking that comparison with precontrast images 
was not necessary. In the ninth case, comparison was useful 
only to differentiate a small distal sac drop metastasis from 
lumbar epidural fat. In two cases, the myelogram and post
myelographic CT suggested nerve root thickening and the 
contrast-enhanced MR showed an extensive enhancement of 
all the nerve roots (Fig. 4). 

Equivocal contrast enhancement was present in one case 
(case 5). While the myelogram and postmyelographic CT 
suggested thickening of the nerve roots and mild thecal sac 
distortion localized only to the distal lumbar region , the MR 
disclosed enhancement of the nerve roots , visible only in the 
axial plane of section. After contrast, the nerve roots could 
be seen to be clumped to one side of the thecal sac. 

Another patient with distorted and clumped nerve roots 

(case 10) showed definite but not marked enhancement. 
Tethering and distortion of several nerve root groups to form 
CSF loculations was clearly depicted. 

No contrast enhancement was seen in one case (case 2). 
This patient had a negative myelogram and postmyelographic 
CT, with the diagnosis of leptomeningeal spread of tumor 
made only by CSF cytology. However, the MR examination 
was performed on the thoracic spine and not on the lumbar 
spine, where improved delineation of nerve roots may have 
been present. 

Intensity Calculations 

Calculations of percent of enhancement and contrast in
dexes before and after administration of gadolinium-DTPA 
are presented in Table 1 and Figure 6. 
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The results for the percent of enhancement for the T1-
weighted sequences generally followed expected trends. Le
sions that were clearly judged to enhance by the four neuro
radiologists who evaluated the cases also showed marked 
percent of enhancement based on intensity values. The only 
exceptions (cases 5 and 10) both involved very minimal and 
localized nerve root thickening. In the first case, the 70% 
enhancement was thought to be valid but affected only a 
small clump of nerve roots , easily visible only on axial scans. 
Thus, the subjective evaluation of the four neuroradiologists 
was that overall enhancement was only equivocal. In the 
second case, enhancement of nerve roots was present but 
these same nerve roots were also visible without contrast. 
Thus, the percent of enhancement was low. Perhaps the fact 
that this patient had benign postoperative arachnoiditis rather 
than tumor contributed to the low enhancement value. 

c 

Fig. 5.-Case 12. 45-year-old man with cerebral glioblastoma, back 
pain, and decreased strength of lower extremities. Clinical diagnosis based 
on clinical history, myelogram, and positive CSF cytology: drop metas
tases. 

A and B, T1-weighted sagittal and axial scans (TR = 600 msec, TE = 20 
msec) of lumbosacral spine show no lesions within thecal sac. 

C, Proton-density and T2-weighted sagittal scans (TR = 2000 msec, TE 
= 35/70 msec) are not definitive. 

D and E, Postcontrast T1-weighted sagittal and axial scans (TR = 600 
msec, TE = 20 msec) show marked enhancement of tumor filling the thecal 
sac, causing a total block that was seen myelographically. 

The results for the percent of enhancement for the T2-
weighted sequences were much more variable than for the 
T1-weighted sequences. In large lesions (case 4), enhance
ment was strong, even in long TR sequences. This persistent 
effect of gadolinium is most likely due to the larger contribution 
of T1 weighting with high field strength magnets, compared 
with low field strength imagers. Further evidence for the 
importance of the T1 effects even in the long TR sequences 
can be derived from the fact that the first echo images usually 
showed the lesions better after administration of gadolinium 
than did the second echo images. Other cases did not show 
enhancement on T2-weighted images, probably because of 
the smaller size of these lesions and the effects of partial 
voluming of surrounding high-intensity CSF. 

The contrast indexes all revealed increased contrast after 
administration of gadolinium (Fig. 6). In cases with an initial 
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Fig. S.-Contrast index of lesion on T1-weighted images before (trian' 
g/e) and 5 min after (circle) administration of gadolinium-DTPA. 

contrast index near 1.0, the lesions were very difficult to see 
on T1-weighted images. Enhancement in these patients re
sulted in visualization of the pathology. However, in several 
cases, the initial contrast index was between 2.0 and 3.5. 
One fact must be stressed here: Although the lesion was 
"apparent" on the noncontrast scan, it was not always distin
guishable as pathologic. For example, in case 9 (Fig . 4) , 
"normal" nerve roots surrounding the filum were seen initially. 
However, only after administration of contrast material could 
the presence of leptomeningeal tumor-confirmed by CSF 
cytology, myelography, and postmyelographic CT -be as
sessed. Thus, contrast allowed both visualization of lesions 
that were otherwise difficult to see and identification of these 
lesions as abnormal. 

Discussion 

Considering the sensitivity of noncontrast MR imaging to 
most disease processes, its frequent failure to adequately 
depict intradural extramedullary disease in the spine is, at 
first, surprising. The reasons are probably multiple. First, the 
relaxation characteristics of these lesions can approach those 
of the surrounding CSF. Intradural extramedullary disease is 
characterized by marked elevations of protein levels in the 
CSF. In addition, subarachnoid spread of tumor is often not 
compact but rather very delicate, feathering along the nerve 
roots and forming a "Iacy pattern" [14] . Because this disease 
process does not create well-defined masses but instead 
amorphous and friable lesions, the spinal cord is often not 
displaced. The high water content of these disease processes 
both lowers the T1 relaxation time and raises the T2 relaxation 
time to resemble those of the proteinaceous CSF. Even 
extensive tumor spread can often be very poorly delineated 
on spinal MR imaging. Possibly for these same reasons, 

meningiomas and neuromas, which tend to form more com
pact tumor masses and are associated with less marked 
elevations of protein in the CSF, are easier to visualize on 
MR than is leptomeningeal tumor spread. However, even in 
these cases, changes in the relaxation times reflect the higher 
water content of this diseased tissue than is found in normal 
tissue. Again, these changes often make it difficult to visualize 
tumors that are surrounded by CSF [10, 13]. 

Second, visualization of edema cannot be used to increase 
sensitivity to detection. Lesions in both the brain and spinal 
cord are often highlighted by the presence of edema, created 
by blood brain barrier breakdown and leakage of water into 
the surrounding parenchyma. Water by itself is a sensitive 
"contrast agent" in MR imaging [15] . Obviously, such a mech
anism cannot operate in the detection of intradural extramed
ullary disease. 

Third, nodules hanging off nerve roots are often very small. 
Partial voluming of already indistinct lesions can totally ob
scure them. In addition, just as nerve roots can shift , so the 
nodules themselves can move with different patient position 
or with CSF pulsation. This movement may degrade the 
delineation of the lesions. Furthermore, comparison of lesions 
in follow-up MR scans can be difficult since the lesions may 
appear in different positions on two consecutive examina
tions. 

Fourth, well-known technical difficulties often mar interpre
tation of MR spine images. Movement artifact, both respira
tory and cardiac induced, can affect the quality of the most 
carefully performed examination. Even small amplitudes of 
CSF motion can prevent detection of lesions, especially those 
lesions located at the CSF-thecal sac interface [16] . Alter
natively, artifactual causes of inhomogeneity in the subarach
noid space can mimic poorly seen and indistinct lesions. CSF 
flow in the spine is not linear but is usually turbulent , due to 
the effects of arachnoid septations and nerve roots . Areas of 
signal heterogeneity often result. In addition, entry phenom
ena from CSF flow can produce artifacts that may simulate 
lesions in axial scans of the spine. Cardiac gating and respi
ratory-ordered , phase-encoding techniques help to a great 
extent but often do not totally eliminate image degradation 
[17] . Furthermore, cardiac gating is generally not used in the 
lumbosacral spine, in T1-weighted images, or in axial scans. 

A final obstacle to adequate visualization of intradural extra
medullary disease lies in the fact that no consensus has 
emerged regarding the best pulse sequences to detect small 
lesions in this space [10, 12, 13]. In our series, short TR 
sequences were generally more sensitive than long TR se
quences, but this was not always the case. In one case (case 
4), a very heavily T2-weighted sequence with a TR of 2500 
msec was more diagnostic than the routine TR of 2000 msec. 
However, the longer TR lengthened the examination consid
erably. Other authors have advocated the use of intermediate
weighted scans to increase sensitivity [10]. We have used 
repetition times of 1000 and 1500 msec and to date have 
experienced occasional improvement in the detection of small 
intradural extramedullary lesions. However, lesions are still 
difficult to see with these intermediate TRs. 

Although gadolinium-DTPA has proved to be effective in 
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detecting disease in both the head and the spinal cord [18-
21] , it was initially not necessarily clear how successful it 
would be in depicting intradural extramedullary disease. En
hancement with any contrast agent is dependent on both 
blood brain barrier breakdown and an intact blood supply 
[15]. At best, the blood supply to fragile subarachnoid depos
its of tumor must be tenuous. In addition, tumor coating the 
nerve roots is fine and thin and certainly near the lower limits 
of resolution of current MR scanners. Even if enhancement 
occurred, it was unclear that MR would detect these strand
like lesions. 

Given all the above considerations, the efficacy and sensi
tivity of gadolinium-DTPA in depicting even subtle intradural 
extramedullary disease is truly noteworthy. In one case, tumor 
coating the bottom of the thecal sac, difficult to detect by 
traditional techniques, was very apparent after contrast. Even 
in the case of meningioma, well seen without gadolinium, the 
application of contrast allowed better differentiation of tumor 
from cord . In several other cases, marked enhancement of 
tumor spreading along nerve roots was seen when these 
changes were only minimally visible on the myelogram and 
postmyelographic CT. In one case, this visualization enabled 
a revised preoperative diagnosis of ependymoma to be made 
over the original diagnosis, based on traditional techniques, 
of neurofibroma (Fig . 3). Even the case without contrast 
enhancement must be approached with caution. If the MR 
scan had been performed of the lumbar rather than the 
thoracic spine, perhaps nerve root enhancement would have 
been appreciated. Finally, in one case of melanoma, not 
included in this series since the gadolinium was given to 
assess extradural disease and we were not aware of intra
dural extramedullary lesions, two small enhancing nodules 
were inCidentally noted within the thecal sac. At this time, the 
CSF protein was normal and the CSF cytology was negative. 
Retrospective review of the myelogram showed that one 
lesion was poorly seen; the other was not visualized at all. 
However, repeat CSF cytology was positive for leptomenin
geal spread of tumor. 

To date, we have not performed any spine MR studies after 
administering gadolinium to normal patients. However, we 
have noted minimal nerve root enhancement in cases of tumor 
confined to the vertebral bodies without significant thecal sac 
impingement. Therefore, presumably normal nerve roots do 
in our experience show mild increase in signal after contrast 
is given. This fact is not surprising considering that previous 
work in the head with gadolinium has shown enhancement of 
the cranial nerves III-VI in their intracavernous portions [22] . 
The enhancement of normal nerve roots in the thecal sac is 
difficult to see and is apparent only if the precontrast image 
is available for side-by-side comparison with the postcontrast 
image. In subtle cases, such as case 5, the minimal enhance
ment present may be difficult to differentiate from normal 
nerve root enhancement. However, in all the remaining posi
tive cases included in this paper, enhancement was easily 
seen to be more striking than in normal nerve root enhance
ment. In addition, in several patients with leptomeningeal 
disease, gadolinium allowed visualization of abnormal thick
ening of individual nerve roots and clumping of the roots , 

changes that would be pathologic even if questions remained 
regarding the degree of enhancement (Fig. 4). 

Certain issues did arise peculiar to contrast use in spinal 
imaging. Especially in the lumbosacral region, extradural fat 
deposits are almost always present. These fat deposits, 
especially in the very distal sac, may be difficult to differentiate 
from enhancement of tumor. Therefore, patient cooperation 
is even more important in contrast MR imaging of the spine 
than it is of the head. Identical sections must be compared 
before and after contrast to rule out lesions near the epidural 
fat. Therefore, if small lesions are a consideration, especially 
in the distal thecal sac, patients should not move between 
scans. Obviously, patient movement precludes the necessary 
comparison. In very ill patients or in pediatric patients, this 
restriction may prove difficult. Interestingly, these same issues 
will most likely arise in gadolinium enhancement of MR im
aging in the vertebral bodies and in the head and neck, in 
which disease is often defined by surrounding fat, whether in 
the marrow or in the subcutaneous tissues. Further research 
will indicate whether the enhancement of disease in these 
regions will actually obscure some lesions. 

An additional issue is raised by the length of the contrast 
MR examinations. Certainly, the time required for these stud
ies was prolonged in order to satisfy the protocol require
ments, such as additional sequences and measurements of 
vital signs. Thus, the length of the examination can undoubt
edly be significantly reduced in the future. In evaluating the 
question of intradural extramedullary disease, T1-weighted 
sagittal scans before and after contrast are most likely suffi
cient, unless subtle subarachnoid spread of tumor is a con
sideration, in which case T1-weighted axial scans may also 
be of help. With this truncated protocol, the examination can 
eventually be limited to at most 40 min of imaging time. Unlike 
imaging of the brain, in which some authors advocate precon
trast T2-weighted images even if gadolinium enhancement is 
used [15], it is doubtful that T2-weighted images in the spine 
will add any information to the enhanced T1-weighted images 
in the evaluation of intradural extramedullary disease. Thus, 
gadolinium-DTPA may indeed help speed patient throughput. 
(However, if intramedullary leSions, such as multiple sclerosis, 
are a consideration, then T2-weighted scans will still be 
required .) 

The unusual characteristics of intradural extramedullary 
disease make it unlikely that "fast scans" will prove of great 
help in future contrast examinations. As repetition times de
crease, residual transverse magnetization increases at the 
time of the next 90° pulse. Conversion of this residual trans
verse magnetization into longitudinal magnetization with the 
subsequent excitation pulse results in greater signal strength 
from protons with long T2 (and , hence, long T2*) relaxation 
times [23]. In fact, gradient echo acquisitions are useful 
precisely because of the high signal generated by CSF [24]. 
However, disease in the intradural extramedullary space may 
actually be obscured by these sequences. Again , the pecu
liarities of intradural extramedullary disease may preclude 
approaches that may be of use in other anatomic regions. 
Relative T1 weighting with gradient echo acquisitions can be 
obtained by increasing the TR and the flip angle, but this 
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approach minimizes the time-saving advantages of "fast 
scans" without providing the signal-to-noise levels of regular 
spin-echo imaging. 

Because of the demonstrated sensitivity of gadolinium
enhanced MR scans to small lesions that might otherwise not 
be detected by MR imaging, the extent of its use in the spine 
may ultimately be determined not by efficacy but by econom
ics. Millions of patients complain of lower back pain, generally 
due to degenerative changes and disk disease. However, 
small neurofibromas and other neoplasms can present very 
similarly, with nonspecific symptoms. Whether gadolinium
DTPA should be used routinely in these patients in order to 
detect the occasional case of spinal tumor will be an interest
ing question for future evaluation. Of incidental note, demand 
for contrast in our series was very strong on the part of the 
referring clinicians when they were shown the results of the 
pre- and postgadolinium studies. Clinical demands, too, may 
playa role in the future use of MR contrast agents. 

In conclusion, gadolinium-DTPA proved extremely effective 
in depicting intradural extramedullary disease of the spine. 
These results are particularly noteworthy in view of the lack 
of visualization of the disease with standard noncontrast MR 
scans. Unlike the situation in the brain, in which some authors 
have suggested that precontrast T2-weighted images may 
be more sensitive than postcontrast T1-weighted images, in 
the evaluation of possible disease in the intradural extramed
ullary space, little room for disagreement exists. Contrast
enhanced MR scans in our study were far superior to studies 
performed without contrast. Because of these facts, the role 
of contrast in MR examinations of the spine seems assured . 
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