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The Use of Early Postoperative MR in Detecting
Residual Juvenile Cerebellar Pilocytic

Astrocytoma

Nancy K. Rollins, Perry Nisen, and Kenneth N. Shapiro

PURPOSE: We compared visibility of residual juvenile cerebellar pilocytic astrocytomas
(JPAs) on early postoperative and follow-up MR studies to determine whether early postoper-
ative MR imaging has a valid role as a baseline study.

METHODS: We reviewed the MR images of 21 consecutive children who had undergone
resection of cerebellar JPA. The diagnosis of residual tumor was made on the basis of nodular
enhancement that corresponded to enhancing tumor on the preoperative MR studies and/or
nonenhancing nodular T2 signal that corresponded to nonenhancing tumor. Because no patient
received chemotherapy or radiation therapy, abnormal T2 signal or enhancement on the early
postoperative study that resolved on the follow-up study was presumed to be due to peritumoral
edema and/or surgical manipulation. Nodular T2 signal and/or enhancement in the tumor bed
not seen on the initial postoperative MR study but present on the subsequent MR study and
unchanged on serial follow-up MR studies was presumed to represent residual tumor rather
than tumor that had recurred.

RESULTS: Compared with follow-up studies, the initial postoperative MR images were
true-positive for residual tumor in six patients, false-positive in five, equivocal for residual
tumor in four, true-negative in five, and false-negative in one. Residual tumor did not consis-
tently enhance, and peritumoral edema and changes resulting from surgical manipulation
tended to mask or simulate residual tumor.

CONCLUSION: Early postoperative MR imaging is not accurate in differentiating residual
JPA from postoperative changes, and the role of early postoperative MR imaging as a baseline
study for comparison with further studies is questionable.
Juvenile pilocytic astrocytomas (JPAs) are among
the most common brain tumors of childhood. Al-
though histologically similar to JPAs arising from
other parts of the brain, JPAs that arise from the
cerebellum act biologically more benign than those
that arise in other locations (1, 2). Cerebellar JPAs
have the best long-term prognosis when total resec-
tion is achieved (1). Magnetic resonance (MR) imag-
ing has, for the most part, replaced computed tomog-
raphy (CT) in the radiologic evaluation of posterior
fossa tumors, such as JPAs. The optimal timing for
postoperative MR imaging to detect residual tumor is
controversial (3, 4). The literature recommends CT as
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soon as possible after surgery, preferably within 24
hours before nonneoplastic contrast enhancement re-
sulting from surgical manipulation becomes radiolog-
ically apparent (3, 4). Although CT and MR imaging
differ considerably in sensitivity to abnormal tissue on
precontrast and postcontrast studies (5), clinical rec-
ommendations based on the CT literature have been
applied to MR imaging, as in our institution, where
cranial MR studies have traditionally been obtained
as soon as possible after surgical resection of low-
grade cerebellar astrocytomas. We examined the role
of early postoperative MR studies as a baseline for
comparison with subsequent studies; specifically, to
determine how accurate the early postoperative MR
studies are in differentiating residual tumor from
nonneoplastic edema and changes resulting from sur-
gical manipulation.

Methods
From January 1991 through November 1996, 43 children

with de novo intracranial neoplasms histologically confirmed as
JPA were seen at our institution. In 24 of these patients, the
1



TABLE 1: Comparison of perioperative and follow-up MR studies

Case
Age, y/

Sex
Follow-up, mo

Time to
Initial MR, d

Early Postoperative
MR Findings

Follow-up
MR Findings

1 7/F* 54 6 Residual Residual
2 12/M 38 3 Residual No tumor
3 6/F 52 5 Residual Residual
4 5/F† 62 3 Residual Residual
5 3/F 44 5 Residual No tumor
6 2/M 29 2 Residual No tumor
7 4/M‡ 46 4 Residual No tumor
8 7/F 16 3 Residual Residual
9 3/F 29 4 Residual Residual

10 5/M 14 1 Residual No tumor
11 15/F 29 2 Residual Residual
12 5/F 29 1 ? Residual No tumor
13 7/M 28 2 ? Residual No tumor
14 4/F 40 5 ? Residual Residual
15 8/F 14 3 ? Residual No tumor
16 4/M 34 1 No tumor No tumor
17 4/F 48 5 No tumor Residual
18 5/F 58 6 No tumor No tumor
19 5/F 38 2 No tumor No tumor
20 4/M 8 3 No tumor No tumor
21 7/M 57 3 No tumor No tumor

* Figure 3.
† Figure 1.
‡ Figure 2.
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tumors arose from the cerebellar hemisphere or vermis. Our
study group consisted of 21 of these 24 consecutive children,
ages 3 to 16 years, who had undergone posterior fossa crani-
ectomy or craniotomy at our institution over this time interval.
Criteria for inclusion in the study were as follows: availability of
preoperative contrast-enhanced MR images (n 5 20) or CT
scans (n 5 1), postoperative MR images obtained within 7 days
of surgery, follow-up MR studies from this (n 5 17) or an
outside (n 5 4) institution, and no chemotherapy or radiation
therapy. After the posterior fossa tumors were identified ra-
diologically, the patients had been started on high-dose dexa-
methasone, which was tapered postoperatively. At the time of
follow-up, therefore, no patient was receiving exogenous ste-
roids.

MR imaging was done on a 0.5-T superconducting unit in 13
patients and on a 1.5-T unit in eight. Precontrast and postcon-
trast T1-weighted (525/20/2 [repetition time/echo time/excita-
tions]) spin-echo sequences were obtained in the sagittal and
axial planes, and proton density– and heavily T2-weighted
(3258–3500/35,90/1) conventional spin-echo sequences were
obtained in the axial plane.

The early postoperative and all subsequent follow-up MR
images were assessed for abnormal contrast enhancement and
T2 changes. The diagnosis of residual tumor was made on the
basis of nodular enhancement that corresponded to enhancing
tumor and/or nonenhancing nodular T2 signal that corre-
sponded to nonenhancing tumor on the preoperative MR
study. Findings on the initial postoperative MR study were
compared with those on follow-up MR studies. Because no
patient received chemotherapy or radiation therapy, abnormal
T2 signal or enhancement observed on the early postoperative
study that resolved on follow-up studies was presumed to be
due to peritumoral edema and/or surgical manipulation. Nod-
ular T2 signal and/or enhancement in the tumor bed not seen
on the initial postoperative MR study but present on the sub-
sequent MR images and unchanged on serial follow-up MR
studies was presumed to represent residual tumor rather than
tumor that had recurred.
Results

Early postoperative MR images were obtained a
mean of 3 days after surgery (range, 1 to 6 days)
(Table 1). Thirteen patients were imaged within 72
hours of surgery, including one at 16 hours and one at
24 hours after surgery. Three patients were restudied
5 weeks after surgery, and eight patients at 12 weeks
after surgery for a variety of clinical indications, in-
cluding nonspecific neurologic symptoms (n 5 3),
possible hydrocephalus (n 5 3), and suspicion of
residual tumor (n 5 5). The remaining 10 patients
underwent follow-up MR imaging 6 months after
surgery as per in-house protocol. The total duration
of neuroradiologic follow-up was 8 to 62 months
(mean, 37 months), during which time MR studies
were obtained at 6-month intervals.

The early postoperative MR images showed con-
fluent increased T2 signal around the tumor bed in 16
patients. Eleven of the 14 patients with abnormal T2
signal around the tumor bed also had areas of abnor-
mal enhancement. Eight patients had curvilinear or
punctate enhancement while in three patients the
enhancement was nodular. Five patients had no areas
of abnormal T2 signal and no abnormal enhancement
at the tumor bed. Overall, the early postoperative MR
studies were interpreted as showing no residual tumor
in six patients, equivocal for tumor in four patients,
and positive for residual tumor in 11 patients. One
patient was reexamined 3 days later; residual tumor
was found but incompletely resected.

Eight patients had evidence of residual tumor on
follow-up MR images; in six, tumor was correctly
identified on the initial postoperative MR study while



in two patients the tumor was missed (Table 2). Com-
pared with the follow-up MR studies, the initial post-
operative MR study was true-positive for residual
tumor in six patients (Fig 1), false-positive in five (Fig
2), suspicious for residual tumor where none was

TABLE 2: Sensitivity and specificity of early postoperative MR

Residual
Tumor at
Follow-up

No Residual
Tumor

Total

Residual tumor on early MR 6 5 11
No residual tumor 1 5 6
Questionable tumor 1 3 4

Total 8 13 21

Sensitivity: TP/TP 1 FN 5 6/7 5 0.857
Specificity: TN/TN 1 FP 5 5/10 5 0.500
Positive predictive value: TP/TP 1 FP 5 6/11 5 0.545
Negative predictive value: TN/TN 1 FN 5 5/6 5 0.833

Note.—TN indicates true negative; TP, true positive; FP, false
positive; and FN, false negative.
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present at follow-up in three, suspicious for residual
tumor confirmed at follow-up in one, true-negative in
five, and false-negative in one (Fig 3).

In eight patients, the enhancement seen on the
initial postoperative MR study had resolved on sub-
sequent MR studies and was presumably nonneoplas-
tic. Nonneoplastic enhancement was either curvilin-
ear or curvilinear with punctate nodules and was seen
as early as 16 hours after surgery. Neoplastic en-
hancement was curvilinear in one patient.

Discussion

On the basis of this study, we conclude that early
postoperative MR imaging is not accurate in differ-
entiating residual JPA from postoperative changes
and suggest that early postoperative MR imaging
should not be used as a baseline examination. Resid-
ual tumor does not consistently enhance and peritu-
moral edema and changes resulting from surgical
manipulation may mask or simulate residual tumor.

Documentation of residual cerebellar JPA in the
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FIG 1. A 6-year-old girl with JPA
arising from the cerebellar vermis.
This case illustrates the importance of
T2-weighted MR sequences in the
detection of residual JPA, as residual
tumor may not enhance.

A, Preoperative proton density–
weighted image (3250/35/1) shows
well-defined hyperintense tumor with
no peritumoral edema.

B, Preoperative contrast-enhanced
T1-weighted image shows predomi-
nantly solid tumor mass with areas of
cystic change. Notice that the periph-
ery of the tumor mass has minimal
enhancement (short arrows). Long ar-
row indicates enhancing nodule sur-
rounded by nonenhancing tumor.

C, Contrast-enhanced T1-weighted
image 72 hours after surgery shows
minimal residual enhancing tumor (ar-
row).

D, Postoperative proton density–
weighted image shows more tumor
(arrows) than is identifiable on the
contrast-enhanced images.



FIG 2. A 4-year-old boy with right
cerebellar JPA in whom abnormal T2
signal mimicked residual tumor on
perioperative MR images. In this
case, absence of significant enhance-
ment on the postoperative MR study
was an accurate indication of total
tumor resection.

A, Preoperative proton density–
weighted image shows large hyperin-
tense mass with extensive peritu-
moral edema extending into brain
stem (arrow).

B, Proton density–weighted image
72 hours after craniectomy shows
considerable abnormal signal within
the right cerebellum, suggestive of re-
sidual tumor.

C, Contrast-enhanced T1-weighted
image shows minimal enhancement
around the periphery of the tumor
bed.

D, Proton density–weighted image
3 months later shows complete reso-
lution of abnormal T2 signal. Patient
was tumor-free 46 months later.
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immediate postoperative period does not influence
clinical management (1, 2). The tumor is not usually
treated with irradiation, the role of adjuvant chemo-
therapy in this setting is controversial, and in the
absence of bulky residual disease most neurosurgeons
will defer reexploration. Nonetheless, it is a common
clinical practice to obtain MR images as soon as
possible after surgery. In fact, patient enrollment into
the Children’s Cancer Group (CCG) and Pediatric
Oncology Group (POG) protocols 9891 and 9130,
respectively, which studied the natural history of
newly diagnosed low-grade astrocytomas in children
receiving radical surgical resection as the sole treat-
ment, stipulated imaging, preferably MR, within 72
hours of surgery (Study Committee Progress Report
CCG-9891/POG-9130).

The rationale for early postoperative imaging after
resection of cerebellar JPA is based on reports that
nonneoplastic postsurgical changes do not enhance by
CT before 5 days, whereas residual neoplastic disease
shows enhancement immediately after surgery (3, 6–
8). Steinbok et al (6) studied 21 children with a variety
of benign and malignant tumors in different locations,
eight of whom had cerebellar astrocytomas. All the
patients in this study had undergone contrast-en-
hanced CT within 72 hours of tumor resection. En-
hancement was seen within the tumor bed in three of
the eight patients with cerebellar astrocytomas, al-
though none had evidence of tumor on subsequent
follow-up CT studies. One patient had biopsy-proved
residual cerebellar astrocytoma that did not enhance
on the CT study done early in the postoperative
period. The authors concluded that the presence of
contrast enhancement on the immediate postopera-
tive CT scan does not distinguish residual tumor from
changes due to surgical manipulation. The editor’s
brief commentary, which followed, suggested that the
patients were not imaged early enough and stressed
the need for CT within 12 to 24 hours after surgery
(6).

Nonneoplastic enhancement within the tumor bed
is detectable much earlier with MR imaging than with
CT because of the superior sensitivity of MR imaging
to small amounts of extravascular contrast material



FIG 3. A 5-year-old girl with left cerebellar JPA. Residual tumor failed to enhance on the perioperative MR study, presumably because
of exogenous steroids.

A, Preoperative proton density–weighted image shows extensive peritumoral edema involving left middle cerebellar peduncle.
B, Proton density–weighted image 3 days after craniectomy shows considerable residual edema. Arrow indicates nodule, suggestive

of residual tumor.
C, Contrast-enhanced MR image 3 days after surgery shows minimal enhancement in the tumor bed.
D, Contrast-enhanced MR image 5 weeks later shows interval development of an enhancing nodule along the ventral aspect of the

tumor bed (arrow).
E, Another enhancing nodule is seen studding the lateral aspect of the tumor bed (arrow).
F, Proton density–weighted image 5 weeks after surgery shows the peritumoral edema has resolved, revealing two nodules (arrows),

corresponding to the abnormal enhancement seen on the contrast-enhanced MR study but differing in location from the apparent tumor
nodule seen on the proton density–weighted image from the early postoperative MR study. Presumably, the residual tumor was masked
on the perioperative MR study by edema. The tumor has remained stable over the ensuing 60 months.
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(5). Nonneoplastic enhancement may be seen on MR
images within 24 hours of surgery (5). We frequently
observed contrast enhancement at the tumor bed on
the initial postoperative MR study; enhancement was
seen in nine of the 12 patients imaged within 72 hours
of surgery and as early as 16 hours after surgery. We
found that nonneoplastic enhancement was usually
but not invariably curvilinear and/or punctate while
neoplastic enhancement was nodular, but that the
absence of nodular enhancement did not always cor-
relate with absence of tumor. Of the eight patients
with residual tumor, three had minimal or no en-
hancement on the early postoperative MR studies
despite the fact that the tumor had enhanced on the
preoperative study and showed enhancement on fol-
low-up studies. Lack of neoplastic enhancement on
the initial postoperative MR study that was clearly
visible at follow-up may have been due to the effects
of the high-dose exogenous steroids routinely given in
the perioperative period.

Increased T2 signal at the surgical site may be due
to edema, surgical manipulation, or residual tumor
(4, 9). The use of contrast material increases the
sensitivity of MR imaging but does not necessarily
differentiate abnormal T2 signal due to tumor from
that due to surgical manipulation (10–12). Moreover,



areas of abnormal enhancement may not correlate
with tumor margins; nonenhancing tumor may be
visible only on the T2-weighted images (11, 12).
While abnormal T2 signal due to neoplastic disease
should persist on sequential MR studies, abnormal T2
signal due to surgical manipulation or peritumoral
edema should resolve. We found that nonneoplastic
edema was maximal on the initial postoperative MR
study but resolved by 4 to 6 weeks. However, in the
absence of abnormal enhancement, nodular T2 signal
due to tumor cannot reliably be differentiated from
gliosis.

In our study, the neurosurgeons reported gross
total resection of tumor in 17 of 21 patients and were
correct in 12 of the 17. There were no cases in which
the surgeon thought tumor was left but none was
found by MR imaging. We agree with Schneider et al
(2), who stated that surgeons tend to overestimate the
extent of resection; a conclusion that underscores the
need for postoperative imaging. However, because
findings on immediate postoperative MR images may
be false-positive or false-negative for tumor, we defer
MR imaging until 4 to 6 weeks after surgery in this
clinical setting.

Although gross total resection of cerebellar JPA is
associated with the best clinical outcome, even pa-
tients with subtotally resected tumor tend to have
long event-free survivals. Schneider et al (2) followed
up 23 patients with JPA over 5 years, during which
time no patient had CT evidence of tumor progres-
sion. The follow-up period for the eight patients with
residual tumor in our study was 8 to 62 months,
during which time no patient had demonstrable tu-
mor growth, underwent reexploration, or required
chemotherapy or radiation therapy. However, as
small nodules of residual JPA may grow and require
further therapy, radiologic surveillance to detect clin-
ically asymptomatic tumor growth is indicated. The
duration and frequency of neuroradiologic surveil-
lance may vary depending on the appearance of the
tumor bed on baseline MR studies. Patients with no
abnormal T2 signal or enhancement at the tumor bed
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are probably at less risk for recurrence than those
with equivocal MR findings. Surveillance protocols
should evaluate the cost of sequential MR studies and
the benefits obtained from early detection of recur-
rence, and recommendations or guidelines should be
revised accordingly.
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