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ORIGINAL RESEARCH
PEDIATRICS

Diffusion MRI Improves the Accuracy of Preoperative
Diagnosis of Common Pediatric Cerebellar Tumors among
Reviewers with Different Experience Levels

K. Koral, S. Zhang, L. Gargan, W. Moore, B. Garvey, M. Fiesta, M. Seymour, L. Yang, D. Scott, and N. Choudhury

ABSTRACT

BACKGROUND AND PURPOSE: Although utility of diffusion MR imaging in the preoperative diagnosis of common pediatric cerebellar
tumors is generally recognized, its added value has not been systematically studied previously. The purpose of this study was to evaluate
the impact of diffusion MR imaging on the accuracy of preoperative diagnosis of common pediatric cerebellar tumors among reviewers
with different experience levels.

MATERIALS AND METHODS: Review of the neuro-oncology data base yielded 96 patients whose preoperative brain MR imaging
included both diffusion MR imaging (b = 1000 s/mm?) and ADC maps. There were 38 pilocytic astrocytomas, 33 medulloblastomas, 17
ependymomas, and 8 atypical teratoid/rhabdoid tumors. Six reviewers (4 residents, 2 neuroradiologists) evaluated the examinations. Two
sessions were conducted with each reviewer, without and with diffusion MR imaging data on 2 separate days. The impact of diffusion MR
imaging on accuracy of diagnoses was assessed.

RESULTS: In choosing the correct diagnosis of the 4 alternatives, performances of 5 of the 6 reviewers improved significantly with
inclusion of the diffusion MR imaging data, from 63%-77% (P = .0003—.0233). The performance of 1 reviewer also improved, but the
difference did not attain statistical significance (P = .1944). Inclusion of diffusion MR imaging data improved the likelihood of rendering a
correct diagnosis (odds ratio = 3.16, 95% confidence interval = 2.07—4.00) over all tumor types. When embryonal tumors were regarded
as a single group, the rate of correct diagnosis increased from 66%—83% with diffusion MR imaging data, and performances of all of the
reviewers improved significantly (P = .0001-.05). The improvement in performances resulted from increased correct diagnoses of pilocytic
astrocytomas, medulloblastomas, and atypical teratoid/rhabdoid tumors. There was no improvement in the correct diagnoses of
ependymomas with inclusion of the diffusion MR imaging data.

CONCLUSIONS: Diffusion MR imaging improves accuracy of preoperative diagnosis of common pediatric cerebellar tumors significantly

among reviewers with differing experience levels.

ABBREVIATIONS: AT/RT = atypical teratoid/rhabdoid tumor; PA = pilocytic astrocytoma; WHO = World Health Organization

he role of diffusion MR imaging in the preoperative diagnosis of
pediatric brain tumors, and in particular of cerebellar tumors,
has been studied previously.'* The utility of diffusion MR imaging is
generally attributed to the differences in the cellularity of common
pediatric cerebellar tumors. Hypercellular tumors, such as medullo-
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blastoma and atypical teratoid/rhabdoid tumor (AT/RT), usually
display restricted diffusion because of the abundant barriers gener-
ated by the cell membranes and intracellular organelles, whereas
paucicellular tumors such as pilocytic astrocytomas (PAs) are char-
acterized by large extracellular spaces resulting in fewer obstacles to
water diffusion. To our knowledge, however, the additional value of
diffusion MR imaging to conventional MR imaging in the accurate
preoperative diagnosis of common pediatric cerebellar tumors has
not been reported previously. In this study, our hypothesis was in-
clusion of diffusion MR imaging data in the evaluation of common
pediatric cerebellar tumors improves preoperative diagnostic accu-
racy of reviewers, irrespective of the level of experience.

MATERIALS AND METHODS
This study was reviewed for issues of patient safety and confidential-
ity and was approved by the Institutional Review Board of the Uni-



Tumor types and patient demographics

Tumor n M:F Mean age, y (min-max)
Medulloblastoma 33 23110 6.49 (115-17.19)
Ependymoma® 7 14:3 4.20 (0.46-17.18)

PA 38 18:20 6.86 (1.44-18.73)
AT/RT 8 53 1.01(0.25-2.29)
Total 96

Note:—M:F indicates male:female.
2 Four anaplastic (WHO grade 3) and 13 WHO grade 2 ependymomas.

versity of Texas Southwestern Medical Center and was compliant
with the Health Insurance Portability and Accountability Act.

Patient Population

Query of the neuro-oncology data base at Children’s Medical
Center from July 2003 through December 2011 revealed 168 pa-
tients with 1 of the 4 most common pediatric cerebellar tumors.
There were 69 PAs, 67 medulloblastomas, 19 ependymomas, and
13 AT/RTs. Patients whose examinations did not include diffu-
sion MR imaging data (both b = 1000 s/mm? images and ADC
maps) were excluded. Patients whose studies had suboptimal
quality diffusion MR imaging data (n = 4) caused by motion or
artifacts generated by dental hardware were removed from the
study list. The quality of the examinations was assessed by a pedi-
atric neuroradiologist (K.K.) with 10 years of experience. The
study population comprised 96 patients whose preoperative MR
imaging examinations were performed at our institution and
were available on PACS. All included patients underwent surgery,
and tumor specimens were categorized according to the latest
World Health Organization (WHO) Classification of Tumors of
the Central Nervous System. The characteristics of the study pop-
ulation are given in Table 1.

Imaging

The examinations were performed on 1.5T (2 Intera and 3
Achieva; n = 89) and 3T (1 Achieva; n = 7) scanners (Philips,
Best, the Netherlands). All studies included sagittal and axial T1-
weighted, axial and coronal T2-weighted, and axial FLAIR (for
patients >15 months) and gadolinium-enhanced axial, coronal,
and sagittal T1-weighted sequences. Additionally, since January
2008, a gadolinium-enhanced axial FLAIR sequence has been
added to the imaging protocol in patients with brain tumors for
evaluation of leptomeningeal dissemination. DWT was performed
with the use of a spin-echo sequence, with b = 0 and b = 1000
s/mm?. ADC maps were generated with a monoexponential fit on
a voxel-to-voxel basis for all imaging planes.

Review of MR Imaging Examinations

Four radiology residents and 2 neuroradiologists were recruited.
The radiology residents (W.M., B.G., M.F., M.S.) had completed
32 months of radiology training, including 12 weeks of pediatric
radiology rotation, during which they were exposed to pediatric
neuroradiology. All residents had been matched to neuroradiol-
ogy fellowships to commence on the completion of their residen-
cies. The review of the examinations took place, on average 5.75
months (2—-8 months), after the completion of the last part of
their pediatric radiology rotations. Although it is possible that the
residents may have seen a minority of the study examinations
during their rotations and at conferences, they had not participated

in the official read-outs for the examinations. The neuroradiologists
were recruited from our institution’s adult neuroradiology division;
they were academic neuroradiologists practicing adult neuroradiol-
ogy and were board-certified with Certificates of Added Qualifica-
tion in neuroradiology. The neuroradiologists had 8 years (L.Y.) and
3 years (D.S.) of postfellowship experience. The more experienced
neuroradiologist had completed her residency at our institution be-
fore the acquisition of the earliest examination in the study set. The
other neuroradiologist was also a graduate of our residency program
and, similar to the resident reviewers, may have seen some of the
study examinations during his rotations and at conferences, but he
was not one of the official readers in the radiology reports for any of
the examinations. The reviewers were given relevant literature">*”
on the imaging of pediatric cerebellar tumors and utility of diffusion
MR imaging in discriminating common pediatric cerebellar tumors
at least 2 days before their first session and maintained access to this
material during the review sessions.

The examinations were presented to the reviewers by a fourth-
year medical student (N.C.) who did not have access to the correct
diagnoses. The studies were de-identified and randomly shown to
the reviewers at clinical PACS workstations (iSite PACS Version
3.6.120.0, Philips). Twelve number sets (1-96) were generated
(www.randomizer.org), and a separate number set was used at
each session. Two sessions (1-13 days apart) were conducted with
each reviewer. The session durations were recorded. No time con-
straints were imposed, and the reviewers were able to spend as
much time as they wished during the sessions. When breaks were
taken, their lengths were recorded and subtracted from the ses-
sion durations. The reviewers were able to manipulate the studies
similar to a clinical readout experience. At the first sessions, pre-
operative brain MR imaging studies without diffusion MR imag-
ing data and at the second sessions preoperative brain MR imag-
ing studies including the diffusion MR imaging data were
evaluated. The reviewers were asked to render a single diagnosis.
The correct diagnoses and their performances were not revealed
to the reviewers after the completion of the sessions. Only the age
and sex of the patients were disclosed on prompting.

Statistical Analysis

The performance was evaluated on the basis of the correct diag-
(PA, medulloblastoma,
ependymoma, and AT/RT) without and with diffusion MR imag-

noses of the 4 possible choices

ing data. Performance was also evaluated when embryonal tu-
mors (medulloblastoma and AT/RT) were grouped together
without and with diffusion MR imaging data. We used mixed
logistic models to evaluate the effect of diffusion MR imaging
data. The indicators of diffusion MR imaging data and resident/
neuroradiologist were included as fixed effects. These models also
included random effects to account for the multilevel correlation
among observations obtained from the same patient or the same
reviewer. A value of P < .05 was taken to represent statistical
significance. All statistical analyses were performed with the use of
SAS 9.3 (SAS Institute, Cary, North Carolina).

RESULTS
In choosing the correct diagnosis of the 4 alternatives, the perfor-
mances of 5 of 6 reviewers improved significantly with the addi-
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FIG 1. Graphs demonstrate the performances of the reviewers (R1-R4: residents, R5—-Ré: neuroradiologists) without (dark gray) and with (light
gray) diffusion MR imaging data. A, When 4 choices are considered: PA, medulloblastoma, ependymoma, and AT/RT. B, When 3 choices are
considered: embryonal tumors (medulloblastoma and AT/RT), ependymoma, and PA.

w/o Diffusion MRI Diagnosis
Total
with Diffusion MRl | AT/RT | Ependymoma | Medulloblastoma PA
22 8 1 7 48
AT/RT 37 4 . 0 48
Epend 10 81 6 5 102
pendymoma 5 81 7 9 102
9 76 98 15 198
Medulloblastoma 24 39 127 8 198
PA 6 &l Bl 160 228
0 23 4 201 228
Total 47 196 146 187 576
ota 66 147 145 218 576
A
w/o Diffusion MRl Diagnosis
Total
with Diffusion MRl | Ependymoma Embryonal PA
81 16 5 102
Ependymoma 81 12 9 102
84 140 22 246
Embryonal 43 195 8 246
31 37 160 228
PA 23 4 201 228
196 193 187 576
Total 147 21 218 576

B

FIG 2. Impact of inclusion of diffusion MR imaging data to correct diagnoses. A, For 4 tumor
categories. A total of 1,152 diagnoses (96 tumors X 6 reviewers X 2 sessions) were rendered. B, For

embryonal tumors (medulloblastomas and AT/RTs combined), ependymomas, and PAs.

tion of the diffusion MR imaging data (P = .0003-.0233). The
performance of the remaining reviewer (a resident) also im-
proved, but the difference did not attain statistical significance
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(P = .1944). The overall rate of correct
diagnosis increased from 63%-77%
with the addition of DWI data (Fig 1A).

When embryonal tumors (medullo-
blastoma and AT/RT) were regarded asa
single group, the overall rate of correct
diagnosis increased from 66%—83%
with the inclusion of the diffusion MR
imaging data. In this case, all of the re-
viewers showed statistically significant
improvement with the addition of DWI
data (P = .0001-.05) (Fig 1B).

When 4 choices (PA, medulloblas-
toma, ependymoma, AT/RT) were con-
sidered, inclusion of the diffusion MR
imaging data significantly improved the
likelihood of rendering a correct diagno-
sis (odds ratio = 3.16, 95% confidence
interval = 2.07-4.00) over all tumor
types (Figs 2 and 3). By including the
interaction between the diffusion MR
imaging data and tumor categories into
the model, we showed that there was no
significant difference in the improve-
ment effect of diffusion MR imaging
data on the correct diagnosis of PAs, me-
dulloblastomas, and AT/RTs. Of the 102
(17 ependymomas X 6 reviewers) possi-
ble correct ependymoma diagnoses, 81
correct diagnoses were provided both
without and with diffusion data, indi-
cating correct ependymoma diagnoses
did not improve with the inclusion of

the MR imaging diffusion data.

The mixed model suggested that there was no significant dif-

ference between the overall performances and performances with-
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FIG 3. Graphs depict the percentages of correct diagnoses for tumor categories without (dark gray) and with (light gray) diffusion MR imaging
data. A, When 4 choices are considered: PA, medulloblastoma, ependymoma, and AT/RT. B, When 3 choices are considered: Embryonal tumors

(medulloblastoma and AT/RT), ependymoma, and PA.

FIG 4. PA in a 10-year-old girl. Without diffusion MR imaging data, 5 reviewers were incorrect. Four selected ependymoma and 1 selected
medulloblastoma. With diffusion MR imaging data, 5 reviewers were correct. One reviewer (a neuroradiologist) still chose ependymoma. A, Axial
T2-weighted image displays a markedly hyperintense tumor. B, Sagittal gadolinium-enhanced Tl-weighted image demonstrates intense and
heterogeneous enhancement of the mass. C, ADC map shows facilitated diffusion within the mass compared with the uninvolved cerebellum.

out and with diffusion MR imaging data among the radiology resi-
dents and the neuroradiologists. The session durations were 121.2 *
31.9 minutes (min-max, 81-170) and 120.8 * 40.7 minutes (min-
max, 80—170) for those without diffusion MR imaging data and with
diffusion MR imaging data, respectively.

DISCUSSION

Tumors of the posterior fossa comprise approximately 50% of
intracranial tumors in children.® When brain stem tumors and
choroid plexus papillomas are excluded, PAs, medulloblastomas,
ependymomas, and AT/RTs make up approximately 93% of pe-
diatric cerebellar tumors.' Therefore, when a new pediatric cere-
bellar tumor is encountered, it is very likely that the diagnosis will
be 1 of these 4 tumors. Conventional MR imaging findings of
common cerebellar tumors are well known.>?"'" PAs are charac-
teristically well delineated, with markedly T2-weighted hyperin-
tense solid components that may show intense enhancement with
intravenous gadolinium administration. Cysts with enhancing
mural nodules are associated with PAs. Ependymomas are known
for their spread on the surfaces of the cerebellum and brain stem.
Medulloblastomas and AT/RTs have similar conventional MR
imaging findings: Both tumor categories are relatively hypoin-

tense on T2-weighted images. Medulloblastomas are more com-
monly midline tumors, and AT/RTs are seen in younger children
(Figs 4-6). The performance of our reviewers is similar to what
was reported in a study of 33 pediatric cerebellar tumors." In this
study, a pediatric neuroradiologist chose the correct diagnosis,
without diffusion MR imaging data, 73% of the time among 3
groups: primitive neuroectodermal tumors, astrocytomas, and
ependymomas/others. "H-MR spectroscopy has also been used
in the preoperative diagnosis of pediatric cerebellar tumors. In
a study of 20 children with cerebellar tumors, reviewers
blinded to the histopathologic diagnoses achieved high diag-
nostic accuracy—approximately 90%—with the use of "H-MR
spectroscopy data.'?

Diffusion MR imaging offers an important utility in the pre-
operative diagnosis of pediatric cerebellar tumors, primarily be-
cause of the vastly different cellularity and extracellular architec-
ture of the common tumor types. For example, PAs are relatively
paucicellular neoplasms with large extracellular spaces.'*
These features are likely to be responsible for the facilitated
diffusion that PAs display.">*'> Conversely, medulloblasto-
mas and AT/RTs are hypercellular tumors with diminutive ex-
tracellular matrices, resulting in relatively decreased ADC val-
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FIG 5. Medulloblastoma in a 12-year-old boy. Without diffusion MR imaging data, 4 reviewers (3 residents and 1 neuroradiologist who chose
ependymoma) were incorrect. With diffusion MR imaging data, all reviewers were correct. A, Axial T2-weighted image shows that the tumor in
the fourth ventricle is relatively hypointense. B, Sagittal gadolinium-enhanced TI-weighted image shows that the tumor enhances intensely and
heterogenously. C, ADC map shows that the tumor is slightly hypointense to isoinstense compared with the normal cerebellum.

FIG 6. Ependymoma (WHO grade 2) in a 15-year-old boy. Without diffusion MR imaging, all reviewers were correct. With diffusion data, 3
reviewers (2 residents and 1 neuroradiologist) changed their diagnoses to medulloblastoma. A, Axial T2-weighted image demonstrates a
hyperintense mass extending toward the right foramen of Luschka. B, Sagittal gadolinium-enhanced Tl-weighted image shows that the tumor
is heterogeneous, but intense with enhancement. C, ADC map shows that the mass is isointense to slightly hyperintense compared with normal

cerebellum.

ues and hyperintensity on b = 1000 s/mm?® or exponential
diffusion images.'>""”

Although the usefulness and limitations of diffusion MR im-
aging in the preoperative diagnosis of cerebellar tumors have been

1241718 16 our knowledge, there are no pub-

studied previously,
lications that evaluated the additional value of diffusion MR im-
aging in improving the accuracy of preoperative diagnosis in this
context. Our results show that inclusion of diffusion MR imaging
into the imaging protocol significantly improved the perfor-
mance of all but 1 reviewer (a resident) in choosing the correct
diagnosis of the 4 possible choices. This reviewer’s performance
improved as well, but the improvement did not reach statistical
significance. We found that the percentage of correct
ependymoma diagnosis did not change with the inclusion of the
diffusion MR imaging data. The improvement in the perfor-
mances of the reviewers with usage of the diffusion MR imaging
data resulted from increased correct diagnoses of PAs, medullo-
blastomas, and AT/RTs. Difficulty in deciding whether
ependymomas displayed restricted, facilitated, or normal (ie,
isointense to normal brain on ADC maps) diffusion may have
contributed to the lack of improvement in the evaluation of
ependymomas with the diffusion MR imaging data.

It is justifiable to consider the embryonal tumors (medullo-
blastoma and AT/RT) of the posterior fossa as a single group,
given their very similar imaging characteristics on conventional
MR imaging and diffusion MR imaging. The main discriminators

2364 Koral Dec 2013 www.ajnr.org

between medulloblastomas and cerebellar AT/RTs are the age of
the patient at presentation and, to a lesser extent, the location of
the tumor. When choices were between embryonal tumors,
ependymoma, and PA, there was statistically significant improve-
ment in the performances of all the reviewers with inclusion of the
diffusion MR imaging data. The improvement in performance
was achieved without additional cost in time to arrive at a
diagnosis.

The lack of statistically significant difference between the per-
formances and improvements in the performances of the resi-
dents and neuroradiologists may be attributed to the relative ease
with which to distinguish the characteristics of the common pe-
diatric cerebellar tumors. The more recent exposure of the resi-
dents to pediatric neuroradiology at a tertiary referral center in
which there is a busy neuro-oncology program may have contrib-
uted to their performances favorably. At our pediatric neuroradi-
ology service, during read-outs with residents and at teaching
sessions, the utility of diffusion MR imaging in the diagnosis of
pediatric cerebellar tumors is discussed emphatically. The neu-
roradiologists, on the other hand, were exclusively practicing
adult neuroradiology without routine exposure to pediatric
neuroradiology.

One potential limitation of our study is the exclusion of pos-
terior fossa tumors other than the 4 most common cerebellar
tumors. The justification for the exclusion of brain stem tumors is
the relative ease with which to distinguish them from the cerebel-



lar tumors; therefore brain stem tumors are not generally consid-
ered in the differential diagnosis of pediatric cerebellar tumors.
The reason for the exclusion of the choroid plexus tumors was
2-fold: First, their imaging characteristics—intensely enhancing
intraventricular masses with nodular surface features resembling
a frond—allow for relatively easy discrimination of choroid
plexus tumors from other tumors of the posterior fossa. Second,
they are relatively infrequent compared with the 4 tumor catego-
ries included in this series. Gangliogliomas were also excluded as
they rarely involve the cerebellum in children.' In a report of 10
gangliogliomas (including 2 patients under the age of 18 years),
the minimum ADC values were provided.'? These values appear
to approximate values reported for PAs.">* Although gan-
gliogliomas of the cerebellum may be considered in the differen-
tial diagnosis of a pediatric cerebellar mass that shows facilitated
diffusion, given their low incidence, in practice, they are rarely
included.

Whether seeing the examinations for the second time im-
proved the performance independent of the diffusion MR imag-
ing data may be considered as a confounding factor and thus a
limitation; however, because the correct diagnoses were not dis-
closed after either the first or the second session, the impact of this
probably is minimal, if any. Additionally, recall is not considered
a factor in the study design because the correct diagnoses and
information on the reviewers’ performances were not given after
the first session.

It is also important to emphasize that the purpose of our study
was not to demonstrate the utility of diffusion MR imaging in the
preoperative diagnosis of common cerebellar tumors but to show
the improvement, if any, provided by the inclusion of the diffu-
sion MR imaging data into the imaging protocol among reviewers
with different experience levels. Therefore, we believe that it was
reasonable to limit the possible diagnoses offered to the reviewers
to the most common pediatric cerebellar neoplasms for which
usefulness of diffusion MR imaging was previously described.

CONCLUSIONS

Our results show that inclusion of diffusion MR imaging data in
the imaging protocol significantly improves the accuracy of pre-
operative diagnosis of common pediatric cerebellar tumors
among reviewers with different experience levels. The improve-
ment results from increased correct diagnoses of PAs, medullo-
blastomas, and AT/RTs. We found no impact of diffusion MR
imaging on the correct diagnosis of ependymomas. The improve-
ment in the performance of the reviewers was achieved with min-
imal additional penalty in imaging time (<1 minute) and without
penalty in interpretation duration.
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