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Postoperative Evaluation for Disseminated
Medulloblastoma Involving the Spine: Contrast-enhanced
MR Findings, CSF Cytologic Analysis, Timing of Disease

Occurrence, and Patient Outcomes

Steven P. Meyers, Sarah L. Wildenhain, Ja-Kwei Chang, Eric C. Bourekas, Paul F. Beattie, David N. Korones,
Denise Davis, Ian F. Pollack, and Robert A. Zimmerman

BACKGROUND AND PURPOSE: Postoperative MR imaging is routinely performed for stag-
ing of medulloblastoma because of frequent tumor dissemination along CSF pathways. The
goals of this study were to: 1) determine the timing of disease occurrence and contrast-enhanced
MR imaging features of disseminated medulloblastoma involving the spine and their relation-
ship to patient outcomes; and 2) compare the diagnostic accuracy of MR imaging findings with
CSF cytologic analysis.

METHODS: Medical records, pathologic reports, and unenhanced and contrast-enhanced
postoperative MR images of the spine and head from 112 patients who had resection of me-
dulloblastoma were retrospectively reviewed. MR images of the spine were evaluated for ab-
normal contrast enhancement in the meninges and vertebral bone marrow. MR images of the
head were evaluated for recurrent or residual intracranial tumor. Imaging data were correlated
with available CSF cytologic results and patient outcomes.

RESULTS: Twelve patients (11%) had tumor within the spinal leptomeninges depicted
on MR images at the time of diagnosis. Twenty-five patients (22%) had disseminated disease
in the spine (leptomeninges, n 5 22; vertebral marrow, n 5 1; or both locations, n 5 2)
on MR images 2 months to 5.5 years (mean, 2 years) after initial surgery and earlier neg-
ative imaging examinations. Eleven other patients (10%) had recurrent intracranial me-
dulloblastoma without spinal involvement seen with MR imaging. Spinal MR imaging had
a sensitivity of 83% in the detection of disseminated tumor, whereas contemporaneous CSF
cytologic analysis had a sensitivity of 60%. The sensitivity of CSF cytologic analysis in-
creased to 78% with acquisition of multiple subsequent samples, although diagnosis would
have been delayed by more than 6 months compared with diagnosis by spinal MR imaging
in six patients. Spinal MR imaging was found to have greater overall diagnostic accuracy
than CSF cytologic analysis in the early detection of disseminated tumor (P 5 .03). Spinal
MR imaging confirmed disseminated tumor when contemporaneous CSF cytologic findings
were negative in 13 patients, whereas the opposite situation occurred in only two patients.
False-positive results for spinal MR imaging and CSF cytologic analysis occurred when
these examinations were obtained earlier than 2 weeks after surgery. The 5-year survival
probability for patients with spinal tumor was 0.24 6 0.08 versus 0.68 6 0.05 for the entire
study group.
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CONCLUSION: Spinal MR imaging was found to have greater diagnostic accuracy than
CSF cytologic analysis in the early detection of disseminated medulloblastoma. CSF cytologic
analysis infrequently confirmed disseminated tumor when spinal MR imaging results were
negative. Delaying spinal MR imaging and CSF cytologic analysis by more than 2 weeks after
surgery can reduce false-positive results for both methods. The presence of disseminated me-
dulloblastoma in the spine seen with MR imaging is associated with a poor prognosis.

Medulloblastomas are primitive neuroectodermal
tumors that occur in the posterior cranial fossa and
represent approximately 25% of all intracranial
neoplasms in infants and children (1–5). These neo-
plasms can also occur among adults (3, 6–8). These
tumors frequently disseminate along the CSF path-
ways (1–3, 9, 10), and occasionally metastasize to
bone and other sites outside of the CNS. The pres-
ence of disseminated medulloblastoma is associat-
ed with a poor prognosis (11–14).

Prior to the widespread availability of contrast-
enhanced MR imaging, myelography, postmyelo-
graphic CT, and CSF cytologic analysis were rou-
tinely used for staging of medulloblastoma after
initial diagnosis (15–18). Contrast-enhanced MR
imaging of the spine has been reported to be more
sensitive than myelography in detecting leptomen-
ingeal spread of tumor, and is now routinely used
for postoperative staging (19, 20).

The objectives of this study were to: 1) charac-
terize the timing of disease occurrence and the con-
trast-enhanced MR imaging features of disseminat-
ed medulloblastoma involving the spine and their
relationship to patient outcomes, and 2) compare
the diagnostic accuracy of MR imaging findings
with those of CSF cytologic analysis.

Methods
Patient Group

We reviewed the tumor registry files and surgery and pa-
thology reports from five university medical centers and found
records of 179 patients who had resection of medulloblastomas
from 1988 through 1997. One hundred twelve of these patients
had postoperative contrast-enhanced MR examinations of the
spine and head at the five medical centers, and were entered
into this study. The study cohort consisted of 75 male and 37
female patients. At the time of initial tumor resection, the pa-
tients ranged in age from 1 to 71 years (mean, 9.4 yr; median,
8.7 yr). Twenty-three patients were younger than 3 years; 10
patients were older than 18 years. After surgery, all patients
received at least either radiation or chemotherapy. Twenty-
three patients younger than 3 years at the time of diagnosis
received chemotherapy as the initial postoperative treatment.
Twenty of these patients subsequently received radiation treat-
ment after the age of 3 years. Postoperative treatment for the
other 89 patients included craniospinal radiation and chemo-
therapy (n 5 81), or craniospinal radiation alone (n 5 9).
Radiation therapy consisted of 52–56 Gy to the posterior cra-
nial fossa and 25–45 Gy to the other intracranial regions and
spine. Chemotherapy varied depending on whether the patients
were from institutions associated with the Pediatric Oncology
Group (n 5 37) or Childrens Cancer Group (n 5 79).

MR Imaging

MR imaging was performed at 1.5 T. A total of 350 post-
operative contrast-enhanced MR studies of the spine and 944

contrast-enhanced MR studies of the head were performed and
reviewed for this patient group. Multisection spin-echo pulse
sequences were used in all MR studies of the spine and in-
cluded short-TR/short-TE (400–800/9–20/1–2 [TR/TE/excita-
tions]), long-TR/short-TE (2000–3200/ 15–30/1–2), and long-
TR/long-TE (2000–3200/70–100/1–2) sequences. Short-TR/
short-TE and long-TR/short-TE images of the spine were
obtained in the sagittal plane, and long-TR/long-TE images of
the spine were obtained in the sagittal and axial planes. Short-
TR/short-TE (400–700/9–20/1–2) images of the head were ob-
tained in the sagittal and axial planes.

MR imaging was performed after IV administration of ga-
dopentetate dimeglumine or gadoteridol (0.1 mmol/kg) by use
of short-TR/short-TE sequences (400–900/11–20/1–2). MR
images were acquired in the sagittal and axial planes for all
patients, and in the coronal plane for 35 patients. Frequency-
selective fat-saturation pulses were used for examinations in
41 patients. MR images of the spine were 3- to 5-mm thick,
with interimage gaps of 0.3 to 1.0 mm. The acquisition matrix
ranged from 256 3 192 to 256 3 512. Short-TR/short-TE
images of the head were obtained in the axial plane.

The unenhanced and contrast-enhanced short-TR images of
the spine were evaluated for enhancement in the pial-subarach-
noidal space. Enhancement was evaluated with regard to lo-
cation and configuration (nodular, linear, or both). The verte-
bral marrow in the fields of view was evaluated with regard
to abnormal enhancement or abnormal signal alteration or both
on the short- and long-TR images. MR images of the head
were evaluated for lesions or abnormal enhancement in the
brain parenchyma, ventricles, leptomeninges, and dura. All
MR images were independently reviewed by one neuroradi-
ologist, with subsequent correlation to the final reports of the
examinations from each institution.

CSF Cytologic Analysis

Results from CSF histopathologic examinations were avail-
able for 105 patients. A total of 336 CSF samples were ob-
tained after surgery. Two hundred three of the CSF samples
were obtained within 2 weeks (mean 5 4.4 days, median 5
5.0 days) of the MR examinations of the spine, and these re-
sults were used for comparisons of diagnostic accuracy of MR
versus contemporaneous CSF cytologic analysis for the detec-
tion of disseminated tumor.

Statistical Methods

The dates of patient deaths were correlated with the initial
surgical dates and dates of initial positive MR imaging findings
of the spine and head. The intervals between the dates of last
contact for patients without and with disseminated disease or
locally recurrent tumor and initial surgery were also deter-
mined. Progression-free survival (PFS), ie, time to disease oc-
currence, and 5-year survival probabilities were calculated us-
ing PRISM software (GraphPad Software Inc., San Diego CA).
Distributions of PFS and 5-year survival probabilities were
estimated using the Kaplan-Meier method (21). In this case
control study design, determinations of sensitivity, specificity,
and positive and negative predictive values were performed for
spinal MR imaging and CSF cytologic analysis by use of the
cross-tabulation method, with an independent reference stan-
dard for disseminated disease. Criteria for this reference stan-
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FIG 1. MR images of 26-year-old man with disseminated medulloblastoma, obtained 6 years after surgery and 3 years after biopsy-
proven metastatic skeletal disease.

A, Sagittal (600/9 [TR/TE]) MR image with fat suppression shows thin linear contrast enhancement along the pial surface of the spinal
cord (arrows). Multiple enhancing skeletal metastases are also present in multiple vertebral bodies. CSF cytologic analysis obtained
within 13 days of MR imaging was positive for tumor cells.

B, Sagittal (600/9) MR images with fat suppression, obtained 2 months after A, shows progression of disseminated disease, with
enhancing tumor surrounding the spinal cord and filling the thecal sac (arrows). Four of four CSF samples obtained within 8 days of
this MR examination were negative for tumor cells. The patient died 6 months later.

FIG 2. MR image of a 16-year-old boy, obtained 3 years after surgery and 4 years prior to death.
Sagittal (600/20) MR image with fat suppression shows two nodular contrast-enhancing lesions (arrows) within the distal thecal sac.

Contemporaneous CSF cytologic analysis was positive.

dard were met when at least two of the following were present:
positive findings from surgery, biopsy, or autopsy; evidence of
disseminated intracranial tumor on MR images; or progressive
clinical deterioration, leading to death. This reference standard
was available for confirmation of disease in 40 patients. Com-
parisons of the overall diagnostic accuracy for detection of
disseminated tumor between spinal MR imaging and CSF cy-
tologic analysis were made by calculating receiver operating
characteristic (ROC) curves for each of the three tests. The
areas under the three ROC curves, 1) spinal MR results, 2)
results of CSF samples contemporaneous with the spinal MR
examinations for the detection of disseminated tumor, and 3)
for accumulated results of all CSF samples in the eventual
detection of disseminated tumor after surgery, were compared
between tests, and two-tailed z-score transformations were
used to calculate P values.

Results

MR Imaging
Thirty-seven (33%) of the 112 patients had MR

evidence of disseminated medulloblastoma involv-
ing the spine. Twelve patients (11%) had contrast-
enhancing tumor within the spinal leptomeninges
on MR images near the time of diagnosis. Twenty-
five (22%) other patients had disseminated spinal
disease (leptomeninges, n 5 22; vertebral marrow,
n 5 1; or both locations, n 5 2) seen with subse-
quent MR imaging 2 months to 5.5 years (mean, 2
years) after initial surgery and earlier negative MR
imaging examinations. Of the total of 37 patients
with MR imaging evidence of disseminated spinal
tumor, 25 had simultaneous MR imaging findings
of disseminated intracranial tumor, six had dissem-

inated intracranial tumor seen with MR imaging
prior to spinal involvement, three had the opposite
pattern, and three had no MR imaging evidence of
disseminated intracranial disease. Eleven additional
patients had residual (n 5 1) or recurrent (n 5 10)
intracranial medulloblastoma (leptomeninges, n 5
3; fourth ventricle, n 5 2; lateral ventricle, n 5 1;
middle cerebellar peduncle, n 5 1; cerebellum, n
5 3) seen with MR imaging, without evidence of
spinal involvement.

The leptomeninges were the first site of dissem-
inated tumor in the spine for 35 patients and sec-
ondary location in one patient who first had skeletal
metastases. One patient had disseminated tumor in
the vertebral marrow, shown by MR imaging, and
not within the CNS. The initial leptomeningeal en-
hancement patterns were predominantly linear
along the pial margins of the spinal cord (n 5 17),
linear and nodular (n 5 10) along the spinal cord,
or nodular subarachnoid lesions (n 5 9) (Figs 1–
3). Progression of disease was observed as amor-
phous filling of the thecal sac with contrast-en-
hancing tumor (Figs 1, 3, 4).

Pial-subarachnoidal enhancement representing
subarachnoid tumor was a highly specific (97%)
finding for disseminated tumor. False-positive find-
ings for leptomeningeal metastases were encoun-
tered in two patients who underwent MR imaging
of the spine 3 days after initial surgical resection
of a medulloblastoma. These two patients had tran-
sient irregular zones of intrathecal material with
low-intermediate signal on the short-TR images,
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FIG 3. MR images of a 7-year-old girl, obtained 3 years after surgery.
A, Coronal (533/17) MR image shows multiple, small, contrast-enhancing lesions within the thecal sac (arrows). Contemporaneous

CSF cytologic analysis was positive for tumor cells.
B and C, Coronal (583/17) MR images (B) and sagittal (683/15) MR images (C), obtained 2.5 months after A, shows progression of

disseminated disease, with amorphous moderately enhancing tumor filling the thecal sac. The patient died 1 month later.

FIG 4. MR images of a 4-year-old boy, obtained 6 months after surgery (There were negative earlier imaging examinations).
A, Sagittal (600/15) fat-suppressed MR images shows thick, linear, enhancing tumor along the spinal cord and cauda equina (arrows).

Contemporaneous CSF cytologic analysis was positive for tumor cells.
B, Axial (700/17) fat-suppressed MR images show amorphous prominently enhancing tumor filling the thecal sac. Contemporaneous

CSF cytologic analysis was positive for tumor cells. The patient died 2 months later.

which enhanced to a moderate degree. This sub-
arachnoid enhancement likely represented chemical
irritation/inflammation from subarachnoid hemor-
rhage secondary to the recent cranial surgery, and
resolved on subsequent MR examinations obtained
2 weeks (Fig 5) and 8 weeks afterward.

Skeletal Lesions
Three patients had multiple skeletal metastases

in the spine and pelvis. One patient had concurrent
leptomeningeal tumor and skeletal metastases at the
time of diagnosis. The other two patients had skel-

etal lesions as the initial site of metastatic disease,
which were observed 1.5 and 3 years after surgery.
One of these two patients died without evidence of
disseminated tumor in the CNS. The other patient
eventually had MR imaging evidence of leptomen-
ingeal tumor 3 years after the skeletal lesions were
first seen (Fig 1). For the three patients with skel-
etal metastases, MR imaging showed markedly het-
erogeneous marrow signal alteration in multiple
vertebrae on the short- and long-TR images. Ab-
normal marrow enhancement was also seen in a
heterogeneous pattern within the involved verte-
brae (Fig 1).
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FIG 5. MR images of a 7-year-old boy,
obtained 3 days (A) and 17 days (B) after
surgery.

A, Sagittal (500/11) MR image shows
linear enhancement along the spinal cord
(arrows).

B, Sagittal (500/11) MR images show
resolution of the intrathecal enhancement,
which represented subarachnoidal hemor-
rhage related to surgery. This patient has
been disease-free 5 years after these im-
ages were obtained.

Diagnostic accuracy of spinal MR imaging, CSF samples obtained
contemporaneously with spinal MR imaging for the detection of
disseminated tumor, and all CSF cytologic examinations for de-
tecting disseminated medulloblastoma

Sens Spec PPV NPV
ROC
Area SE

MR
CSF (samples contempo-

raneous with MR)
CSF (all samples)

.83

.60

.78

.97

.95

.95

.94

.89

.91

.90

.79

.87

.897

.777

.864

.038

.052

.043

Note.—sens 5 sensitivity, spec 5 specificity, PPV 5 positive pre-
dictive value, NPV 5 negative predicative value, ROC 5 receiver
operating characteristic curve, and SE 5 standard error.

CSF Cytology
Results from CSF cytologic examinations were

available for 105 patients, including 36 patients
with disseminated tumor in the spine seen with MR
imaging. Thirty-four patients had at least one CSF
sample positive for tumor cells. A total of 61 pos-
itive CSF samples was found for this group.

Only 23 of the 36 patients with spinal tumor seen
with MR imaging had positive CSF cytologic re-
sults at the time when disseminated tumor was first
seen in the spine by MR imaging. Six of the other
13 patients with negative CSF cytologic results
eventually had positive CSF results 6 months to 3.5
years after disseminated tumor was first seen in the
spine with MR imaging.

Five other patients had single positive CSF sam-
ples and negative spinal MR results. Three of these
positive CSF samples were obtained in the early
postoperative period (within 2 weeks after sur-
gery). Subsequent CSF samples were negative for
tumor cells, and all three of these patients have had
no clinical or MR evidence of disease 2 to 5 years
(mean, 3.5 years) after surgery. Two patients with
negative spinal MR results had single positive CSF
samples 7 months after surgery. Both patients had
MR imaging evidence of intracranial leptomenin-
geal tumor. After chemotherapy and bone marrow
transplantation, one of these patients has had neg-
ative CSF cytologic and MR results for 8 years.
The other patient died 2 months later. Nine other
patients with MR imaging evidence of intracranial
tumor without spinal involvement had negative
CSF cytologic results.

Comparison of MR Imaging with CSF
Cytologic Analysis

The measurement properties of MR imaging and
CSF evaluation are shown in the Table. An inde-
pendent reference was available as a reference stan-
dard to confirm disseminated disease in 40 patients
(33 patients with MR evidence of spinal tumor, 24

patients with positive CSF samples contempora-
neous with spinal MR imaging, and the accumu-
lated positive CSF results of 31 patients). Criteria
for this reference standard were met when at least
two of the following were present: positive findings
from surgery, biopsy, or autopsy, which occurred
in 11, five, and four patients, respectively; positive
MR findings of intracranial disseminated tumor (n
5 39 patients); and/or progressive clinical deteri-
oration leading to death (n 5 34 patients).

The sensitivity of MR imaging for the detection
of disseminated tumor was 83% compared with
60% for individual contemporaneous CSF samples,
and 78% for multiple CSF samples over time. Spi-
nal MR imaging had greater diagnostic accuracy (P
5 .03) than contemporaneous CSF samples in the
detection of disseminated tumor. The diagnostic ac-
curacy of CSF cytologic analysis was improved
when multiple samples over time were obtained (P
5 .10), although the difference was not significant
at the P , .05 level. No significant difference (P
5 0.39) was found between MR imaging and the
accumulated results of all CSF samples.

Patient Outcomes
The 5-year progression-free survival probability

for the study group was 0.55 1 0.05 (Fig 6). The
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FIG 6. Kaplan-Meier estimates of PFS, overall-survival distri-
butions for the complete study group and patients with spinal
tumor.

5-year survival probability for patients with spinal
tumor was 0.24 1 0.08 versus 0.68 1 0.05 for the
entire study group. No significant difference (P ,
.05) was found in the 5-year survival probabilities
between patients who had spinal tumor at the time
of diagnosis versus later in the postoperative peri-
od. Sixty-four patients (57%) had no clinical or MR
evidence of disseminated or intracranial medullo-
blastoma in a mean follow-up time of 60 months
after initial surgery.

Twenty-nine (81%) of the 36 patients with lep-
tomeningeal tumor seen with spinal MR imaging
died 1 month to 5 years (mean, 15 months; me-
dian, 10 months) after this enhancement pattern
was initially detected. This group also included the
two patients with disease in both the leptomeninges
and bone marrow. The single patient with skeletal
metastases without tumor in the CNS died 1.5 years
after surgery. Six of the 11 other patients with MR
imaging findings of recurrent intracranial medul-
loblastoma without MR evidence of spinal involve-
ment died 5 months to 10 years (mean, 4 years)
after surgery.

Twenty-six of the 34 patients with at least one
CSF sample positive for tumor died. Only one of
five patients with positive CSF cytologic and neg-
ative spinal MR results died. This single patient
also had evidence of intracranial leptomeningeal tu-
mor on MR images 1 month prior to the positive
CSF sample.

Discussion
Medulloblastomas are malignant primitive neu-

roectodermal tumors involving the cerebellum, and
are the most common type of neoplasm to dissem-
inate along the CSF pathways (22). Aggressive
treatment of these tumors has resulted in improved
survival for these patients (11, 12, 15, 23–30). The
current treatment of medulloblastoma includes
gross total tumor resection followed by radiation
therapy to the posterior cranial fossa (.50 Gy) (11,
12, 23–25). Lower-dose radiotherapy (25–45 Gy)
is also given to the rest of the head and spine in
children older than 3 years to treat for macro- or
microscopic tumor disseminated along CSF path-

ways (11, 12, 23–26). In children younger than 3
years, radiation therapy is usually delayed until af-
ter initial postoperative chemotherapy in order to
reduce radiation treatment–related neurotoxicity af-
fecting young developing brain tissue (26). Adju-
vant chemotherapy, as well as high-dose chemo-
therapy with bone marrow transplantation rescue,
have also been shown to improve survival in some
patients (11, 12, 15, 27, 28). Potential limitations
of the current study include the fact that slightly
different chemotherapy regimens were used at the
different institutions, and that there was a potential
selection bias of those patients who had postoper-
ative MR examinations at only the five medical
centers. Despite these concerns, the 5-year progres-
sion-free survival rate and 5-year overall survival
rate for this patient group were comparable to the
reported data in the literature (12–14, 23–25).

Staging of disease is important for assigning
treatment options and assessing prognosis. The
presence of micro- and/or macroscopic tumor in the
leptomeninges at the time of or subsequent to di-
agnosis has been reported to be associated with a
poor prognosis (18, 19, 21–23). Pial-subarachnoid-
al enhancement representing leptomeningeal tumor
has been reported to be the most frequent pattern
of tumor relapse in patients with medulloblastoma
(10). Consistent use of the same imaging technique
is essential for accurate and reproducible staging
and follow-up evaluation of patients undergoing
treatment for medulloblastoma (31). Myelography
has been used in the past for detecting intradural
tumor (15, 16, 18, 19). Contrast-enhanced MR im-
aging, however, has been shown to be more sen-
sitive in detecting intradural extramedullary tumor
than postmyelographic CT examinations (19, 20).
Heinz et al (20) reported that contrast-enhanced
MR imaging was superior to postmyelographic CT
examinations in the detection of leptomeningeal tu-
mor along the pial margins of the spinal cord. In
addition, intradural lesions were more convincingly
shown by MR imaging than by postmyelographic
CT (20).

Postoperative surveillance using neuroimaging
of the head and spine for disseminated and locally
recurrent medulloblastoma is now routinely per-
formed, and has been shown to detect a majority
of recurrences before the onset of symptoms (32).
CSF cytologic analysis is also routinely used in the
postoperative evaluation for disseminated tumor.
Early diagnosis of disseminated tumor is impor-
tant for initiation of prompt treatment that may
prevent neurologic deterioration, produce symp-
tomatic improvement, and improve or prolong sur-
vival (28, 33).

Postoperative contrast-enhanced MR imaging of
the complete spine is often performed 2 weeks after
surgery to assess for disseminated tumor in the lep-
tomeninges. This interval after surgery is chosen to
avoid false-positive findings for subarachnoid tu-
mor related to irritation from occult subarachnoid
blood (34), as was observed for two patients in the
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current study who underwent MR imaging of the
spine 3 days after surgery. When feasible and clin-
ically appropriate, preoperative contrast-enhanced
spinal MR imaging could potentially avoid this
problem in patients with known lesions in the cer-
ebellum or fourth ventricle or both. Other potential
pitfalls of contrast-enhanced spinal MR imaging in-
clude infectious meningitis (35) or possible en-
hancement of radicular and pial veins, and inflamed
nerve roots that could give false-positive results
(36, 37), although these problems were not en-
countered in the current study.

Surgery for medulloblastoma has been reported
to result frequently in the shedding of tumor cells
into the CSF (38). The presence of tumor cells seen
in early postoperative CSF samples, however, does
not always indicate that the cells are capable of
establishing distal implants (38). False-positive
CSF cytologic results can be seen in samples ob-
tained soon after surgery, as was seen with three
patients in this study. Criteria for establishing met-
astatic stage of medulloblastoma by use of CSF cy-
tologic analysis and spinal MR imaging have been
reported (28). For patients with negative initial
postoperative spinal MR imaging results, Packer et
al (28) considered CSF cytologic analysis to be ap-
propriate for metastatic designation only if positive
samples were obtained 21 days after surgery. False-
positive CSF cytologic analysis can also occur
from contamination with cartilaginous cells related
to lumbar puncture, as well as the presence of re-
active leptomeningeal cells resulting from chemo-
therapy, trauma, hemorrhage, infarction, or inflam-
mation (39). Using CSF samples and MR imaging
spinal data obtained more than 2 weeks after sur-
gery would therefore reduce the incidence of false-
positive samples for both methods.

CSF cytologic analysis has been reported to have
limited sensitivity in detecting neoplastic infiltra-
tion (40–44). For primary neoplasms of the CNS
with histologically confirmed meningeal involve-
ment, the percentage of positive CSF cytologic re-
sults has been reported to range from 12% to 37%
(42–44). The percentage of positive CSF cytologic
results was notably higher for medulloblastoma,
ranging from 43% to 62% (42, 44). The higher per-
centage of positive CSF cytologic results for me-
dulloblastoma compared with other CNS neo-
plasms may result from the location of the primary
lesions near the pial surface and tumor composition
of loosely bound malignant cells that can readily
exfoliate once they invade the meninges (43).

Fouladi et al (45) reported that results from CSF
cytologic analysis or spinal MR imaging alone
missed the diagnosis of disseminated medulloblas-
toma in the initial postoperative evaluation in 14%
and 18%, respectively. Data used in this study were
from CSF samples and spinal MR scans obtained
2 to 3 weeks after surgery (46). Limitations of this
study include the absence of an independent ref-
erence standard to confirm disseminated disease,
lack of data from subsequent CSF cytologic anal-

yses, and no outcome measurements (46). It is un-
clear how many of these patients with positive CSF
cytologic results 2 to 3 weeks after surgery and
negative results on initial postoperative spinal MR
images had subsequent positive CSF cytologic re-
sults obtained more than 21 days after surgery,
meeting the criteria of Packer et al (28) for metas-
tasis staging. In our study, two of the three false-
positive CSF samples were acquired 13 and 14
days after surgery, and near the time when CSF
samples were obtained in the study by Fouladi et
al (45). Miralbell et al (46) reported that negative
CSF cytologic results for medulloblastoma do not
always exclude advanced stages of tumor dissem-
ination. Eight of 11 patients with gross cerebral or
cerebellar subarachnoidal tumor invasion had neg-
ative CSF cytologic results (46).

CSF cytologic analysis for tumor detection can
be improved by acquiring multiple samples (33, 41,
47). In two studies of patients with meningeal me-
tastases from non-CNS primary tumors, positive
CSF cytologic results were found in 45% (47) and
54% (33) after one spinal tap, and 79% and 91%
after multiple taps, respectively. Similar results
were found in the current study with a primary
CNS neoplasm. A delay in diagnosis of spinal tu-
mor, however, would have occurred if CSF cyto-
logic analysis were performed without MR imaging
in 13 of 36 cases.

Olsen et al (47) reported that malignant cells are
seen in CSF only when there is gross or micro-
scopic tumor disseminated in the meninges, and
rarely when the tumor is localized to the brain pa-
renchyma. Similar results were found in the current
study, in which nine of the 11 patients with MR
imaging findings of residual or recurrent intracra-
nial medulloblastoma without spinal involvement
seen with MR imaging had negative CSF cytologic
results. Taking these results into account would de-
crease the overall sensitivity of all CSF samples for
detecting intracranial tumor and disseminated dis-
ease to 65%.

Wootton-Gorges et al (48) reported that spinal
surveillance imaging may not be useful in patients
with medulloblastoma or ependymoma who did not
have evidence of disseminated tumor at diagnosis.
This conclusion was based on the fact that none of
the 17 patients with recurrent medulloblastoma (n
5 6) or ependymoma (n 5 11) in their study had
imaging evidence of disseminated disease located
only in the spine (48). All 17 patients had imaging
evidence of recurrent tumor located either in the
head (n 5 13), or in both the head and spine (n 5
4) (48). In the current report, six of the 43 patients
with disseminated tumor, however, had evidence of
disease seen only with spinal MR imaging (n 5 3)
or with spinal MR imaging prior to positive intra-
cranial MR imaging findings (n 5 3). In such sit-
uations, spinal MR imaging was useful for confir-
mation of disseminated tumor when there was no
MR evidence of intracranial disease. The discrep-
ancy of findings between the two studies is likely
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related to the small sample size of the former report
(48). It is also noteworthy that of the remaining 37
patients with MR imaging evidence of disseminat-
ed tumor, 25 had simultaneous findings of intracra-
nial and spinal tumor, six had intracranial tumor
prior to spinal involvement, and six only had intra-
cranial involvement. Contrast-enhanced MR imag-
ing of the head and spine can, therefore, provide
complementary information in confirming the pres-
ence of disseminated tumor.

Disseminated medulloblastoma involving the
vertebral marrow was uncommon, occurring in
only 2.7% of all patients. Tarbell et al (49) reported
that the addition of chemotherapy to surgery and
craniospinal irradiation greatly reduced the inci-
dence of extraneural metastases. Prior to the routine
use of chemotherapy for medulloblastoma, 5% to
15% percent of patients treated with only surgery
and radiation had extraneural or systemic metasta-
ses that most often involved bone marrow (49).

In conclusion, disseminated medulloblastoma
was found to involve the spine in 33% of patients
followed with MR imaging after surgery. Spinal
tumor was predominantly located in the leptome-
ninges (35/37 patients) and infrequently in the ver-
tebral marrow (3/37 patients). Spinal MR imaging
had greater diagnostic accuracy than did CSF cy-
tologic analysis in the early detection of dissemi-
nated tumor. The sensitivity of CSF cytologic anal-
ysis increased with acquisition of multiple
subsequent samples, although diagnosis would
have been delayed by more than 6 months com-
pared with spinal MR imaging in six patients. Spi-
nal MR imaging confirmed disseminated tumor
when contemporaneous CSF samples were nega-
tive for tumor cells in 13 patients, whereas the op-
posite occurred in only two patients. Using post-
operative data from MR imaging and CSF
sampling obtained more 2 weeks after surgery can
reduce the false-positive results from both methods.
MR imaging of the head and spine can provide
comprehensive evaluation of the CNS for dissem-
inated disease. The presence of disseminated dis-
ease seen with MR imaging is currently associated
with a poor prognosis.
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