
ORIGINAL PAPER

Apparent diffusion coefficient mapping in medulloblastoma
predicts non-infiltrative surgical planes

Neena I. Marupudi1 & Deniz Altinok2
& Luis Goncalves2 &

Steven D. Ham1
& Sandeep Sood1,3

Received: 14 April 2016 /Accepted: 4 July 2016 /Published online: 12 July 2016
# Springer-Verlag Berlin Heidelberg 2016

Abstract
Introduction An appropriate surgical approach for posterior
fossa lesions is to start tumor removal from areas with a de-
fined plane to where tumor is infiltrating the brainstem or
peduncles. This surgical approach minimizes risk of damage
to eloquent areas. Although magnetic resonance imaging
(MRI) is the current standard preoperative imaging obtained
for diagnosis and surgical planning of pediatric posterior fossa
tumors, it offers limited information on the infiltrative planes
between tumor and normal structures in patients with medul-
loblastomas. Because medulloblastomas demonstrate diffu-
sion restriction on apparent diffusion coefficient map (ADC
map) sequences, we investigated the role of ADC map in
predicting infiltrative and non-infiltrative planes along the
brain stem and/or cerebellar peduncles by medulloblastomas
prior to surgery.
Methods Thirty-four pediatric patients with pathologically
confirmed medulloblastomas underwent surgical resection at
our facility from 2004 to 2012. An experienced pediatric neu-
roradiologist reviewed the brain MRIs/ADC map, assessing
the planes between the tumor and cerebellar peduncles/brain

stem. An independent evaluator documented surgical findings
from operative reports for comparison to the radiographic
findings. The radiographic findings were statistically com-
pared to the documented intraoperative findings to determine
predictive value of the test in identifying tumor infiltration of
the brain stem cerebellar peduncles.
Results Twenty-six patients had preoperative ADC mapping
completed and thereby, met inclusion criteria. Mean age at
time of surgery was 8.3 ± 4.6 years. Positive predictive value
of ADC maps to predict tumor invasion of the brain stem and
cerebellar peduncles ranged from 69 to 88 %; negative pre-
dictive values ranged from 70 to 89%. Sensitivity approached
93 % while specificity approached 78 %.
Conclusions ADC maps are valuable in predicting the infil-
trative and non-infiltrative planes along the tumor and brain
stem interface in medulloblastomas. Inclusion and evaluation
of ADC maps in preoperative evaluation can assist in surgical
resection planning in patients with medulloblastoma.
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Introduction

Medulloblastomas often infiltrate the brain stem or the cere-
bellar peduncles. While gross total resection is the goal of
surgery, to minimize the risk of damaging normal tissue, gen-
eral surgical approach should be from areas with a well-
defined plane to where the tumor may be infiltrating. This is
important because any injury to the peduncles and brain stem
can result in severe deficits, including prolonged cerebellar
mutism. Hence, preoperative knowledge of areas of infiltra-
tion may help plan the procedure.

This paper was presented as an oral presentation at the 42nd Annual
AANS/CNS Section on Pediatric Neurological Surgery (December 3–6,
2013) in Toronto, CA.
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Although conventional magnetic resonance imaging (MRI)
has been deemed essential for diagnosis and evaluation of
pediatric posterior fossa tumors, standard MR images alone
that use T2W, FIESTA, and T2-FLAIR cannot reliably predict
the degree and location of tumor adhesion [1]. Diffusion MRI
is an imaging technique that dedicates phase-defocusing and
refocusing gradients to characterize tissues based on micro-
scopic water diffusion. Calculated ADC maps represent an
absolute measure of average diffusion of each voxel [2]. Use
of diffusion-weighted imaging (DWI) and apparent diffusion
coefficient map (ADC map) sequences to identify areas of
restricted diffusion is a well-established technique for early
diagnosis of areas of brain ischemia [2, 3]. Features of DWI
andADCmap sequences can be used to preoperatively predict
the grade and type of brain tumors; ADC values in brain
tumors seem to be related to tumor cellularity with correla-
tions demonstrated between ADC values and tumor grade
[4–10]. On the other hand, Koral et al. found a negative cor-
relation between the ADC metrics and cellularity of pilocytic
astrocytomas, medulloblastomas, and ependymomas [11].
Still, the assessment of ADC values of solid cerebellar tumors
in the pediatric population can be a reliable technique for
preoperatively differentiating and classifying pediatric poste-
rior fossa tumors in children [8, 12–14].

No prior studies have investigated whether MR/DWI/ADC
map sequence features can predict infiltrative versus non-
infiltrative planes in posterior fossa medulloblastomas.
Histopathologically, medulloblastoma is a highly cellular, small
round blue cell tumor. Most posterior fossa medulloblastomas
arise in the cerebellum and protrude into the fourth ventricle
from its roof and can grow directly into the brain stem and
cerebellar peduncles. Signal characteristics on DWI and ADC
maps correlate with tumor grade; high-grade lesions are hyper-
intense on DWI and hypointense on ADCmap sequences [15].

Because medulloblastomas demonstrate diffusion restric-
tion on ADC map sequences, we investigated whether diffu-
sion restriction on the ADC map can predict infiltration of the
brain stem and cerebellar peduncles by medulloblastomas.
Predicting the sites of infiltration can help define whether a
surgical plane exists at the junction to critical structures. The
information can influence the operative plan for resection of
medulloblastomas near critical structures. We investigated
whether diffusion restriction seen on the ADCmap can predict
infiltration of the brain stem and/or cerebellar peduncles by
medulloblastomas prior to surgery.

Materials and methods

Patient population

We performed a retrospective review of pediatric patients who
had a pathologically confirmed diagnosis of medulloblastoma

in the posterior fossa and who had undergone gross total sur-
gical resection of their tumor. Thirty-four pediatric patients
with medulloblastoma underwent surgical resection at our fa-
cility from 2004 to 2012. Of these patients, 27 met inclusion
criteria for the study. Inclusion criteria were age less than
18 years, location of tumor in the posterior fossa, attempted
gross total surgical resection, pathological confirmation of
medulloblastoma, and preoperative MRI with ADC map se-
quences. Exclusion criteria included insufficient data in the
operative report and lack of ADC map on preop imaging.

Imaging

Conventional MRI was performed on a 1.5 or 3T Tesla MR
unit with a protocol that included axial and sagittal non-
contrast T1-weighted, T2-weighted, fluid-attenuated inver-
sion recovery (FLAIR), as well as postcontrast enhanced ax-
ial, coronal, and sagittal T1-weighted images. Diffusion-
weighted images were acquired by using b values of 0, 500,
and 1000 s/mm2 applied in the Z, Y, and X directions.
Processing of ADC maps was performed automatically on
the MR scanner.

Data collection and statistics

An experienced pediatric neuroradiologist reviewed the MRIs
with ADC map sequences and documented his assessment of
the planes between the tumor and the brain stem or cerebellar
peduncles based on areas of abnormally low ADC values. The
surgeon involved in the cases detailed in the operative reports
the intraoperative findings regarding resection planes. Another
independent evaluator documented surgical findings from the
operative reports on sites of infiltration along the brain stem
and/or cerebellum. Radiographically, determined involvement
of the cerebellar peduncles and/or brain stem was compared to
the findings documented at surgery. For statistical purposes, the
potential sites of infiltration were divided as left, middle, and
right brain stems and left and right cerebellar peduncles. The
neuroradiologist and surgical evaluator independently charted
each site as infiltrated or not infiltrated by tumor.

Table 1 Symptoms at initial presentation of patientswithmedulloblastoma
included in the study

Presenting symptom # Of patients experiencing
symptom (total patients, n = 26)

Headache 22

Vomiting 20

Ataxia 13

Lethargy 3

Diplopia 3

Cranial nerve deficits 3

2184 Childs Nerv Syst (2016) 32:2183–2187



The sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) of the ACD map se-
quence to predict involvement of the brain stem and cerebellar
peduncles were calculated.

Results

Of the patients with posterior fossa medulloblastoma included
in the study (n = 26), the predominant presenting symptoms
were headaches, vomiting, and ataxia. Few patients experi-
enced lethargy and diplopia. Three patients presented with
cranial nerve deficits, including one patient with bilateral sixth
nerve palsy and two patients with third nerve palsies (Table 1).
In the immediate postoperative period, 15 patients had com-
plete resolution of their presenting symptoms and 5 patients
had significant improvements. However, seven patients had
new neurological deficits postoperatively: cerebellar mutism
(n = 3), bilateral sixth nerve palsy (n = 1), left sixth nerve and
left facial weakness (n = 1), right facial weakness (n = 1), and
swallowing difficulty requiring supplementation with g-tube
feeds (n = 1). At the three-month follow-up period, 21 patients
had complete or near-complete resolution of their presenting
symptoms.

Hydrocephalus was noted on initial imaging in 22 of the 26
patients included in the study. Fifteen patients went on to
require insertion of a ventriculoperitoneal shunt. Recurrent
disease was seen in eight patients, with two of these patients
presenting with diffuse leptomeningeal metastases.

Diffusion restriction onADCmap sequence along the brain
stem or cerebellar peduncle interface to the tumor was seen in
at least one site (i.e. along brain stem or cerebellar peduncle)
in all patients. PPVof ADC maps to predict tumor invasion of
brain stem and cerebellar peduncles ranged from 68 to 88 %,

depending on the site of investigation. NPV ranged from 55 to
78 %. Sensitivity approached 93 % while specificity
approached 78 % (Table 2). The overall sensitivity of the test
was 85 % (75–92 %), and specificity was 67 % (53–79 %).
The higher values for sensitivity and the narrower confidence
interval compared to specificity values suggest that the test is
less likely to return false positive results. On the other hand,
the test is not as strong in preventing false negative results.
The overall PPV was 78 % (68–86 %), and NPV was 77 %
(63–88 %) (Table 3).

Discussion

DWI exploits the random motion of water molecules. The
extent of tissue cellularity and presence of intact cell mem-
branes help determine the impedance of water molecule dif-
fusion. Furthermore, the ADC map sequence is a measure-
ment of the magnitude of diffusion of water molecules within
the tissue in mm2/s. The ADC value is the quantitative assess-
ment of the impedance of water molecule diffusion.

High cellularity is a well-known histologic feature of me-
dulloblastomas, which results in increased signal intensity on
DWI and hypointensity on ADC maps [5, 6, 9, 16, 17].
Histologically, sheets of small polymorphic cells and small
areas of necrosis characterize medulloblastoma. The histolog-
ical and molecular variants of medulloblastoma were not
established or correlated to the features seen on DWI and
ADC map sequences in this study, but these may be an area
of future study. Diffusion restriction is not typically seen in
pilocytic astrocytomas or ependymomas because they are not
tumors characterized by high cellularity [18].

Some cleavage between the brain stem and tumor can be
perceived on MRI T2 sequences; however, the cleavage may

Table 2 Statistical significance of the use of ADC map sequences to predict infiltrative and non-infiltrative surgical planes

Sensitivity (95 % CI) Specificity (95 % CI) PPV (95 % CI) NPV (95 % CI)

Brain stem

Left 78.57 % (49.2–95.34 %) 58.33 % (27.67–84.83 %) 68.75 % (41.34–88.98 %) 70 % (34.75–93.33 %)

Mid 84.62 % (54.55–98.08 %) 76.92 % (46.19–94.96 %) 78.57 % (49.20–95.34 %) 83.33 % (51.59–97.91 %)

Right 92.86 % (66.13–99.82 %) 66.67 % (34.89–90.08 %) 76.47 % (50.10–93.19 %) 88.89 % (51.75–99.72 %)

Cerebellar peduncles

Left 82.35 % (56.57–96.2 %) 77.78 % (39.99–97.19 %) 87.5 % (61.65–98.45 %) 70 % (34.75–93.33 %)

Right 88.24 % (63.56–98.54 %) 55.56 % (21.2–86.3 %) 78.95 % (54.43–93.95 %) 71.43 % (29.04–96.33 %)

Table 3 Overall statistical significance on the use of ADC map sequences to predict surgical planes

Sensitivity (95 % CI) Specificity (95 % CI) PPV (95 % CI) NPV (95 % CI)

Overall 85.33 % (75.27–92.44 %) 67.27 % (53.29–79.32 %) 78.05 % (67.54–86.4 %) 77.08 % (62.69–87.97 %)
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be imperceptible. The cleft appears more distinct on ADC
map sequences. The diffusion restriction seen on the ADC
map sequence along the interface between a posterior fossa
medulloblastoma and the brain stem and/or cerebellar pedun-
cles can predict infiltration of these structures (Figs. 1 and 2).
Our results suggest that areas of hypointensity that abut or
blend into structures around the tumor should raise a high
suspicion for tumor infiltration at that site. Medulloblastoma
is hypointense on T2 sequences compared to normal cerebel-
lar parenchyma, which is consistent with decreased diffusion.
Nonetheless, interpreting hypointense areas at the tumor inter-
face on ADC map sequences as infiltrative sites is not defin-
itive. One reason for the false positives in the ADC map test
may be that ADC values and ratios do not consistently differ-
entiate tumor tissue from peritumoral edema.

Compression of subependymal veins of the fourth ventricle
by the tumor, in some cases, may result in ischemia and po-
tentially cause diffusion restriction in ADC maps. However,
ADC values of tumor infiltration and brain infarct are different
from each other. Since ADC values of ischemia and infarct are
lower than those of tumor infiltration, it may help differentiate
ischemia from infiltration. Some of our earlier medulloblasto-
ma cases were scanned using a 1.5 Tesla MRI while more
recent cases were scanned by a 3 Tesla MRI. While the sub-
jective image quality of the FA map with the 3.0 T scanner is
significantly superior to that with the 1.5 T scanner, this dif-
ference is not significant for the ADC maps [19]. Since all of
our patients were scanned using the same diffusion protocol
and the same b value ADC maps, it likely does not have a
significant effect on our results. Although FIESTA sequence is
particularly useful and an excellent application for assessment
of cranial nerves as dark structures against a background of
bright CSF in the cisternal spaces, its value in assessing infil-
tration of tumors is not established and may not provide the
same consistent prediction of infiltrative areas of the brain
stem as ADC maps do.

No prior reports have specifically evaluated DWI or ADC
map sequences for surgical planning. Understandably, a safe
surgical approach is to proceed with tumor resection from
areas with a defined plane towards the area of infiltration.
Lack of knowledge of areas of infiltration can result in inad-
vertent injury to the brain stem or cerebellar peduncles causing
prolonged deficits. While this retrospective study has shown
that ADC maps can help determine sites of infiltration, a pro-
spective study could further confirm our observations.

Conclusions

ADC maps are valuable in predicting the infiltrative and non-
infiltrative planes along the tumor and brain stem interface in
medulloblastomas. Preoperative determination of putative in-
filtrative planes seen on ADC map sequences may allow the

Fig. 1 Posterior fossa medulloblastoma in pediatric patient. Tumor
infiltration is difficult to discern along the margins of heterogeneously
enhancing cerebellar tumor, filling the fourth ventricle on a T2, b flair,
and c T1 contrast enhanced axial MR images. d ADC map sequence
demonstrating diffuse restricted diffusion throughout tumor, but a clear
area of infiltration on the left side of the midline along the brain stem and
cerebellar peduncle (solid arrow), whereas, no infiltration along the right
(arrow)

Fig. 2 Posterior fossa medulloblastoma in pediatric patient. Tumor
infiltration is difficult to discern along the margins of heterogeneously
enhancing cerebellar tumor, filling the fourth ventricle on a T2, b flair,
and c T1 contrast enhanced axial MR images. d ADC map sequence
demonstrating diffuse restricted diffusion throughout tumor, but a clear
area of infiltration on the right and left cerebellar peduncle (arrow)
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surgeon to plan the approach for a safe and radical resection of
medulloblastoma while minimizing postoperative deficits.
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