
Imaging and Diagnosis 
in Pediatric Brain 
Tumor Studies

Monika Warmuth-Metz

123



  Imaging and Diagnosis in Pediatric Brain 
Tumor Studies 



       Monika     Warmuth-Metz     

  Imaging and Diagnosis 
in Pediatric Brain Tumor 
Studies                                                       



      ISBN 978-3-319-42501-6      ISBN 978-3-319-42503-0 (eBook) 
 DOI 10.1007/978-3-319-42503-0 

 Library of Congress Control Number: 2016955081 

 © Springer International Publishing Switzerland   2017 
 This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of 
the material is concerned, specifi cally the rights of translation, reprinting, reuse of illustrations, recitation, 
broadcasting, reproduction on microfi lms or in any other physical way, and transmission or information 
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology 
now known or hereafter developed. 
 The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specifi c statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use. 
 The publisher, the authors and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, express or implied, with respect to the material contained herein or for any errors 
or omissions that may have been made. 

 Printed on acid-free paper 

   This Springer imprint is published by Springer Nature  
 The registered company is Springer International Publishing AG Switzerland 
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

   Monika     Warmuth-Metz    
  Neuroradiology 
 Universityhospital Würzburg 
  Würzburg 
 Germany     

 Contributing author
    Stefan Rutkowski         
  Department of Pediatric Oncology and Hematology 
 HIT-MED-Study Center  
  University Hospital of Hamburg Eppendorf 
Hamburg 
 Germany     



v

   Foreword 

   Once the modern era of neurosurgery began nearly a century ago, it became evi-
dent that a uniform system of classifying and grading brain tumors would be 
invaluable in guiding therapeutic decisions and comparing the relative effi cacy of 
different treatment regimens. A number of schemas were adopted, some widely, 
some idiosyncratic, and others limited to one or a small group of institutions. No 
worldwide standard existed until the World Health Organization (WHO) began 
convening a panel of expert neuropathologists with the goal of developing a uni-
form, internationally-recognized system that could be applied across different 
institutions. 
 Beginning in 1986, the WHO Classifi cation of CNS Neoplasms rapidly became the 
worldwide reference standard. It has been updated approximately every 7 years, 
with the fourth edition published in 2007 and the “4-plus” edition just published in 
May, 2016. Brain tumor trials that evaluate effi cacy of different treatment regimens 
are largely based on the WHO classifi cation system. 

 As imaging has become increasingly more sophisticated, it has become an integral 
part of brain tumor diagnosis and follow-up. The Reference Center for Imaging for 
the HIT-trials of the GPOH based at the University Hospital of Wurzburg is—to my 
knowledge—a unique resource for understanding imaging fi ndings as they relate to 
brain tumor pathology. Where else would such a large repository of cases be found? 
Under the direction of the eminent pediatric neuroradiologist Dr. Monika Warmuth-
Metz, the Reference Center assures uniform imaging evaluation and accurate diagno-
sis of brain tumors. This book is a unique, highly useful resource for radiologists who 
image brain tumors in children. With its emphasis on how to image neoplasms and 
then evaluate those images accurately and consistently, this guide is an essential addi-
tion to the neuroradiologist’s bookshelf (whether print or electronic). 

 Anne G. Osborn, M.D. 
 University Distinguished Professor 

 William H. and Patricia W. Child Presidential Endowed Chair 
 University of Utah School of Medicine 

 Salt Lake City, Utah, USA 
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    Chapter 1   
 The Impact of Staging Examinations 
in Children and Adolescents with Brain Tumor                     

          Pediatric brain tumors, especially embryonal and other high-grade tumor types, 
have the propensity to disseminate along the cerebrospinal fl uid (CSF) pathway, 
while spread outside the central nervous system (CNS) at diagnosis is very rare. The 
management of pediatric brain tumors has evolved over the last three decades as a 
result of prospective multicentric clinical trials. Multimodal treatment including 
surgical resection, radiotherapy, and chemotherapy has led to improved outcomes in 
many entities. However, treatment-related toxicity often has a major impact on 
long-term quality of survival. In order to reduce sequelae, the concept of stratifi ca-
tion into risk groups according to clinical variables (e.g., age, presence of metasta-
ses detected by imaging or cytological evaluation of CSF, and postoperative residual 
tumor status) has been developed in the last decades, adjusting the intensity of ther-
apy to the risk of relapse. While the principal treatment strategies have not signifi -
cantly changed over the past few years, enormous progress has been made in 
understanding of tumor biology, which has led and most likely will continue to lead 
to further refi nements of risk stratifi cation and to the development of novel therapy 
approaches using targeted drugs in a personalized way [ 1 ]. 

1.1     Postoperative Residual Tumor 

 The aims of surgery are a maximum resection of the primary tumor with minimal 
damage of neurological function in order to reduce any mass effect, to debulk vital 
tumor tissue, to establish the biopathological diagnosis, and, if possible, to restore 
CSF fl ow. In view of the effi cacy of the adjuvant treatment, a microsurgically com-
plete resection should only be intended in case of tolerable risk, and dependent on 
the effectivity and risk of adjuvant treatment modalities. 

 To evaluate the extent of resection precisely with a low risk of artifacts, the post-
operative MRI should be performed in the best technical way and timing possible. 
In case of signifi cant residual tumor, particularly in nonmetastatic disease, 
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 second- look surgery should be discussed in some entities either directly after the 
primary operation or in the course of further treatment.  

1.2     Metastases 

 For staging, the clinical classifi cation according to the modifi ed Chang system [ 2 ] 
has been generally accepted for medulloblastoma (MB), and is used accordingly in 
other brain tumors. It comprises an MRI examination of the full craniospinal axis 
and an evaluation of lumbar CSF cytology. As immediate postoperative assessment 
of CSF can yield false positive results due to surgical detritus, the optimum time-
frame for lumbar puncture between surgery and start of adjuvant treatment should 
be used. In MB, it is commonly defi ned by day 14 after surgery. Artifacts and clini-
cal needs should also be considered in the timing of postoperative cranial MRI and 
spinal MRI. Postoperative contrast enhancement (sometimes up to a few weeks) and 
post- functional MRI alterations (e.g., subdural enhancement) may be diffi cult to 
distinguish from metastases or laminar meningeal disease. Therefore, spinal MRI 
should be performed before lumbar puncture or – in case of suspicion of MB – ide-
ally even before tumor surgery.  

1.3     Risk-Adapted Treatment Stratifi cation 

 Starting in the mid-twentieth century, the fi rst decades of curative brain tumor treat-
ment were characterized by a growing number of long-term survivors by means of 
gradual treatment intensifi cation, albeit often at the price of a relevant impairment 
of quality of life. In the past two decades, with increasing knowledge on clinical risk 
factors, stratifi cation of patients into different risk groups has allowed controlled 
de-escalation of treatment intensity within clinical trials. 

 It has been shown in various prospective trials for children with pediatric brain 
tumors that incomplete staging assessments are associated with adverse clinical out-
come [ 3 ,  4 ]. Therefore, inadequate staging may lead either to undertreatment and 
lower survival rates, or overtreatment with potentially unnecessary treatment- 
induced late-effects, and must be avoided. 

 In addition, knowledge about biology of pediatric brain tumors has evolved 
faster than ever by the use of high-throughput methods for transcriptomics in the 
past few years. Most likely, biological classifi cations will continue to evolve, and 
further refi ned subgrouping has already been suggested. 

 The increasing knowledge of biologic heterogeneity of brain tumors [ 5 ] has led 
to a paradigm shift holding the promise of a much better tailored approach to risk 
stratifi cation. Therefore, clinical risk factors (age, extent of resection, metastases) 
and biological factors (histology including histological subtypes, biological sub-
groups and signaling pathways, and prognostic genetic alterations, e.g., gene 

1 The Impact of Staging Examinations in Children and Adolescents with Brain Tumor
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 amplifi cations such as myc-amplifi cation MB) will be used in increasingly refi ned 
algorithms for the different brain tumor entities in currently open and planned clini-
cal trials. 

 In summary, clinical staging investigations must be considered as one of the very 
fundamental components of quality assessment in clinical care of children and ado-
lescents with brain tumors. Results of present and future clinical trials will only be 
highly informative, if they are performed accurately and confi rmed by central refer-
ence assessments.       

1.3 Risk-Adapted Treatment Stratifi cation
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    Chapter 2   
 Structure of the Pediatric Competence 
Network of the German GPOH (Society 
of Pediatric Oncology and Hematology)                     

          The pediatric oncologists in Germany are running multicenter treatment optimiza-
tion studies for all kinds of tumors including CNS tumors. They have instituted 
reference centers for neuropathology, CSF cytology, radiotherapy, and neuroradiol-
ogy for these studies in order to harmonize the individual results of histological 
diagnosis, staging, treatment, and response evaluation of their patients who are 
diagnosed and treated in many different hospitals all over the country [ 6 ,  7 ] rather 
than in few specialized centers. It has been recognized in several German and 
European studies that the event-free survival (EFS) of the study patients has been 
improved by a central review process [ 8 ]. The author has been working as the leader 
of the reference center for neuroradiology for more than 20 years. The aim of this 
publication is to present on one hand an easy way to approximately predict or some-
times diagnose the histology of many pediatric brain tumors from the aspect on 
imaging examinations, and on the other hand to guide into the different aspects of 
trial requirements, frequent diagnostic quality problems, and questions from the 
oncologists that have to be answered by the radiologist and are infl uencing the plan-
ning of imaging procedures. 

 Clearly, through the past years if not to say meanwhile decades magnetic reso-
nance imaging (MRI) is dominating the imaging in all kinds of central nervous 
system (CNS) tumors. But certain features on computed tomography (CT) like the 
density of the solid parts of tumors, corresponding to the cell density on histological 
examination, bears indispensible information for the differential diagnosis. As the 
reference evaluation in the pediatric brain tumor trials is based on structural MRI, 
we will not cover multimodal imaging methods like diffusion tensor MRI, perfusion 
techniques, or MRI spectroscopy. We also will not cover positron emission tomog-
raphy (PET) because this is a nuclear medicine method and beyond the scope of a 
neuroradiologist.      
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    Chapter 3   
 Imaging Differential Diagnosis of Pediatric 
CNS Tumors                     

3.1             Explanatory Note 

 After termination of this book the new WHO-classifi cation of central nervous sys-
tem tumors has been published [ 9 ]. As a completely new classifi cation system fre-
quently based on genetic defi nitions and no longer purely on histology has been 
created some entities in the following chapters have been abolished and do no lon-
ger exist like “gliomatosis cerebri”. Others have been refi ned and are called now 
differently like “embryonal tumors with multilayered rosettes” (ETMR) for the for-
mer PNET.  

 “CNS embryonal tumor NOS” has to be used in the future for an AT/RT without 
the confi rmation of the characteristic molecular defect.  

 As the present experience with the imaging characteristics of pediatric brain 
tumors is based on the last WHO-classifi cation system published in 2007 only rarely 
experiences with some of the new entities like the genetically defi ned groups of MB 
exist. Further knowledge on imaging characteristics of the new entities will be 
acquired only in the future and has not yet been included in this book.   

3.2     Embryonal Tumors 

 Embryonal tumors primarily affect children and only rarely adults. They are derived 
from embryonal cells and comprise the most frequent highly malignant tumors in 
children, like MBs, primitive neuroectodermal tumors of the supratentorial com-
partment (cPNET), pineoblastomas, and atypical teratoid/rhabdoid tumors (AT/
RT). After the general PNET concept coined by the neuropathologist LB Rorke [ 10 ] 
it is now recognized that these tumors former uniformly called PNET are subdi-
vided according to their localization [ 11 ]. The reason for this strategy among others 
is that they show differing results after treatment. 
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3.2.1     Medulloblastoma 

 MBs are the most frequent malignant tumors of childhood. They grow in the cerebel-
lum. Meanwhile fi ve different histological and four genetic variants [ 12 ] of this tumor 
are known and characterized by differences in prognosis, morphology and localization 
(Table  3.1 ). All MBs are highly cellular tumors. High cell density is translated into a 
low T2-signal and a restricted diffusion leading to a high signal on diffusion images 
and a dark presentation on an ADC map (acquired diffusion coeffi cient) [ 13 ]. On CT 
before contrast enhancement the solid parts of the tumors are mostly hyperdense [ 14 ] 
compared to the cerebellar cortex (Fig.  3.1  ). Of course necroses or rare cysts do not 
show high CT density. In our far more than 100 CTs of MBs we did not encounter a 
single tumor showing hypodense CT-values in the solid parts of the tumor.

3.2.1.1        MB with Extensive Nodularity (See Table  3.1 ) 

 Young children (all below 3 years of age in our database with a mean age of 1 year) 
are the typical age group for MBs with extensive nodularity (MBEN). It is a subtype 
of the desmoplastic nodular variant. MBENs bear a much better prognosis with 
adequate treatment and can be cured with chemotherapy even if they present with 
an otherwise bad prognostic sign of a meningeal dissemination [ 15 ]. They may 
show rare recurrences, which usually can be salvaged by additional treatment. 
Interestingly MBEN are very dark on ADC or T2-weighted images suggesting a 
high cell density (Fig.  3.2a ). They often contain cysts and an intense tubular 
enhancement (Fig.  3.2b ) that was also described as grape-like [ 15 ]. In an evaluation 
of 470 MB in our database all 15 MBEN showed complete and intense enhance-
ment and 11 of the 15 tumors showed the typical enhancement pattern mentioned 
above. Interestingly MBEN are the MBs with the largest perifocal edema. All other 
varieties show no or little edema. This result underlines that a larger edema cannot 
be considered as a general sign of a more malignant tumor.

       Table 3.1    MB histological variants   

 Subtype 

 Age at 
diagnosis 
(median/
range) 

 Localization 
 midline/
hemisphere 
(in %) 

 Contrast 
enhancement 
 >50 % volume 
(in %) 

 Meningeal 
dissemination 
at diagnosis 
(in %) 

 Tumor size 
(volume in ml) 

 CMB  n  = 356  7 (1–21)  97/3  61  14  32 
 DMB  n  = 75  7 (1–19)  72/28  84  8  38 
 MBEN  n  = 15  1 (0–3)  93/7  100  7  60 
 AMB  n  = 12  6 (2–16)  92/8  92  8  26 
 LCMB  n  = 7  7 (2–14)  100/0  86  71  15 

  Demographic and imaging results of 465 MB patients in the database of the reference center for 
Neuroradiology of the HIT-Studies 
 Abbreviations:  MB  medulloblastoma,  CMB  classic MB,  DMB  desmoplastic MB,  MBEN  MB with 
extensive nodularity,  AMB  anaplastic MB,  LCMB  large cell MB  

3 Imaging Differential Diagnosis of Pediatric CNS Tumors
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  Fig. 3.1    Classic medulloblastoma: a CT before contrast shows a tumor in the fourth ventricle with 
obstructive hydrocephalus. The solid parts of the tumor are hyperdense compared to the gray mat-
ter of the cerebellum signifying high cellularity. Central necrotic parts are hypodense and charac-
teristically no signifi cant edema is surrounding the tumor. The high density excludes a low-grade 
glioma. However, also an ependymoma could be possible in this case       

a b

  Fig. 3.2    ( a ) Sagittal T2-w MRI: In a child aged 18 months a tumor in the cerebellar posterior 
midline shows very low T2-signal in his solid areas and a large perifocal edema. Age, localization, 
T2-signal, and amount of perifocal edema are very characteristic of an MBEN. ( b ) Coronal 
enhanced T1-w sequence: The solid portion of an MBEN in another young child shows an intense 
and band-like enhancement       

 

 

3.2 Embryonal Tumors
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a b

  Fig. 3.3    ( a ) Parasagittal T2-weighted MRI in a young child with a desmoplastic-nodular MB. The 
nodular aspect of the solid tumor in the cerebellar hemisphere and the vicinity to the superfi cial 
structures is characteristic for desmoplastic nodular MBs. ( b ) In another patient, a young adult, the 
typical position superfi cially in the right cerebellar hemisphere is fi tting to a desmoplastic nodular 
subtype of MB       

3.2.1.2        Desmoplastic-Nodular MB (See Table  3.1 ) 

 The desmoplastic-nodular MBs peak at two different ages [ 16 ]. They affect young 
children and have been shown to have a much better prognosis than all the remaining 
subtypes in young children with the exception of MBEN. The second age peak lies 
in the second decade or even older ages. Also these tumors are usually more benign 
than, e.g., classic MBs. Desmoplastic-nodular MBs enhance intensely and most fre-
quently entirely (Fig.  3.3a, b ) and a nodular enhancement pattern resembling the 
histopathological appearance may be seen. Desmoplastic-nodular MB in our data-
base and all the other subtypes had their typical peak age between 5 and 9 years.

3.2.1.3        Anaplastic and Large Cell MB (See Table  3.1 ) 

 These two MB variants have been grouped together before the WHO classifi cation 
published in 2007 and have been separated thereafter [ 17 ]. They are quite rare. 
Anaplastic MBs do not seem to behave as bad concerning prognosis as their name 
pretends [ 18 ]. In our 470 MB we did not fi nd very specifi c imaging features that 
might allow a probable diagnosis by imaging in this variant. However, large-cell 
MBs are usually prognostically grave [ 18 ] and are metastatic in the cerebrospinal 
fl uid (CSF) in up to 70 % already at diagnosis. The tumors are small at diagnosis and 
contrast enhancement is variable (Fig.  3.4 ). In large cell MB probably the clinical 
complaints by the meningeal dissemination lead to the diagnosis and not so fre-
quently the symptoms of the tumor itself.

 

3 Imaging Differential Diagnosis of Pediatric CNS Tumors
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3.2.1.4        Classic MB (See Table  3.1 ) 

 Classic MBs are the most frequent MB (356 out of 465 MB). They rather frequently 
show a diminished or no contrast uptake (10 % in our database) (Table  3.2 ) com-
pared to the regularly and mostly completely enhancing other subtypes (Fig.  3.5a ). 
Only about 40 % are enhancing entirely.

3.2.1.5         Typical Localization of the MB Variants 

 The most frequent classic subtype is usually localized within the cerebellar dorsal 
midline (Fig.  3.5b ). Only 3 % of our 356 classic MB were found outside the midline 

  Fig. 3.4    The sagittal 
enhanced T1-w sequence 
shows a small large-cell 
MB ( asterisk ) and an 
impressive laminar and 
nodular dissemination in 
the cranial and spinal CSF       

a b

  Fig. 3.5    ( a ) On a coronal enhanced T1-weighted MRI, the classic MB does not show any enhance-
ment. Little or no enhancement is most frequent in the classic subtype. ( b ) A midline position in 
the cerebellar vermis is characteristic for most MBs and the classic subtype in special (same patient 
as in Fig.  3.5a )       

 

 

3.2 Embryonal Tumors
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  Fig. 3.6    T2-weighted axial MRI 
showing a WNT-type medulloblastoma 
in a quite typical lateral position in the 
cerebellopontine angle       

in the hemispheres and possibly could also represent brainstem PNET, because his-
tologically PNET and MB look the same and can only be allocated by their respec-
tive localization. This differential diagnosis is important as brainstem PNET are 
prognostically worse due to the inherent inability to resect them substantially. 

 In the second most frequent histological subtype the desmoplastic-nodular type the 
typical localization within the superfi cial parts of the cerebellar hemisphere (Fig.  3.3a, 
b ) is predominantly found in teenagers and young (or rarely older) adults [ 19 ]. An 
infi ltration of dural structures or even a crossing of the tentorium is not unusual [ 20 ]. 
This histological subtype in young children is much more often localized in the vermis 
alike the classic type [ 21 ]. Also MBEN are mainly found a midline position [ 22 ]. 

 The anaplastic and large-cell MBs are also frequently found in the midline. 
 Not yet completely scientifi cally evaluated also genetic subtypes may have cer-

tain predominant localizations. It has recently been found that three out of four of 
the wingless pathway activated (WNT) MBs were localized in an off-midline 
position near the lateral brain stem with extension into the cerebellopontine (CP) 
angle [ 23 ] mimicking ependymomas, which are frequent in this area. In our own 
290 genetically classifi ed MB this was the case in 50 % of 18 WNT MBs (Fig.  3.6 ).

3.2.1.6        Differential Diagnosis (See Table  3.3 ) 

 Ependymomas in the posterior fossa are highly cellular tumors and cannot be dif-
ferentiated from MB by T2- and ADC-brightness or CT-density. The internal struc-
ture with cyst-like necrotic areas, the localization in the lower fourth ventricle, and 
near to the ependymal layer in the cerebellopontine angle, and the growth behavior 
(plastic growth) may be the differentiating clue. For details please see Sect.  3.3 . 

 

3 Imaging Differential Diagnosis of Pediatric CNS Tumors
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 Pilocytic astrocytomas are the most frequent low-grade tumors in children at all, 
and in the posterior fossa they have a predilection site. They histologically show a 
low cellularity and therefore display a very bright T2-signal. They do not show 
restricted but increased diffusion and are hypodense in their solid parts on CT. 
Enhancement is frequent but variable and does not allow a differential diagnosis. 
See Sect.  3.2.1 . 

 In case of a very young child below 6 or 12 months of age you should also think 
of an AT/RT. Bleeding residues, an off midline position and peripheral cysts as well 
as a peculiar enhancement pattern are rather intriguing. See Sect.  3.1.3 . 

 Hemangioblastomas are tumors that usually do not affect very young children. 
The peak incidence is in the second decade as well as for syndromal hemangioblas-
tomas in von Hippel-Lindau syndrome as also sporadic ones [ 24 ]. Details are cov-
ered in the Sect.  3.2.1 . 

 Choroid plexus papillomas can arise everywhere where plexus is found. They usually 
show a high CT-density and low T2-signal. The correct diagnosis can be suspected, if a 
multinodular smooth surface (caulifl ower-like aspect) and a strong enhancement resem-
bling a normal choroid plexus are seen. Many patients do not show specifi c symptoms, 
and these tumors can be found incidentally. They tend to bloc the CSF pathways and can 
lead to clinical symptoms associated to hydrocephalus. More aggressive choroid tumors 
are atypical plexus papillomas (WHO grade II) and plexus carcinomas (WHO grade 
III). The morphological differences on neuroimaging may not be obvious between these 
entities. Of course carcinomas tend to show signs of infi ltration into the brain while 
papillomas are usually sharply margined and confi ned to the ventricular lumen. 
Carcinomas are more frequently inhomogenous and large tumors. A leptomeningeal 
dissemination may be seen in all three variants and does not exclude a grade I papilloma. 

   Table 3.2    Decision tree for the probable diagnosis of a suprasellar tumor in a child       

3.2 Embryonal Tumors
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Plexus carcinomas can very well resemble AT/RTs on imaging. Interestingly common 
features in immunohistochemistry between these two entities have been described [ 25 ].   

3.2.2     Central Nervous System Primitive Neuroectodermal 
Tumors (CNS PNET changed to ETMR in the new 
WHO classifi cation) 

 CNS PNETs arise in the cerebral hemispheres, the brain stem, and the spinal cord 
[ 26 ] of children and mainly young adults. A variant of this clinically very aggressive 
entity according to a specifi c differentiation are cerebral neuroblastomas or ganglio-
neuroblastomas, medulloepitheliomas, and ependymoblastomas. On imaging we 
see highly cellular tumors with a low T2 and restricted diffusion (Fig.  3.7a–c ). 
Contrast enhancement is variable but more frequently sparse than intense or com-
plete (Fig.  3.7d ). It is often missing completely. Perifocal edema is mostly minor or 
absent (Fig.  3.7e ), and in contradiction to a fast growth and malignant behavior the 
tumor seems to be surrounded by a capsule and usually is on imaging well delin-
eated from the surrounding brain [ 27 ]. Like MB also CNS PNET are prone to tumor 
dissemination in the leptomeninges prompting an MRI evaluation of the complete 
cranial and spinal CSF space.

3.2.3         Atypical Teratoid/Rhabdoid Tumor (AT/RT) 

 AT/RTs are highly malignant tumors affecting young children. Meanwhile they are 
considered the most frequent malignant brain tumors within the fi rst 6 months of 
age [ 28 ,  29 ]. They are closely linked to rhabdoid tumors of the kidneys as well on 
histology as also genetic fi ndings and may be found in familial rhabdoid tumor 
predisposition syndrome [ 30 ,  31 ]. AT/RTs are restricted to the CNS and supra- or 
infratentorial localization is varying with age. Older children or rarely adults more 
frequently develop supratentorial tumors [ 32 ]. AT/RTs may also arise in the spinal 
cord [ 33 ,  34 ] and are then not distinguishable from other cord tumors. 

 In the brain it is rather the combination of multiple features than one single char-
acteristic on imaging that can help to fi nd the likely diagnosis. Like all tumors with 
increased cell density, the solid parts are very hypointense on T2-weighted MRI and 

  Fig. 3.7    T2-weighted axial ( a ) and sagittal ( e ) MRI, diffusion-weighted MRI ( b ) and ADC ( c ) and 
T1-weighted image after contrast enhancement ( d ) of different children with a cPNET. It is char-
acteristic that cPNETs are sharply delineated without perifocal edema. The high cell density is 
refl ected by a restricted diffusion and thus a dark ADC. Contrast enhancement is frequently little 
or missing       
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show a severely restricted diffusion on ADC (Fig.  3.8a ). Being often hemorrhagic 
on macroscopic inspection, the deposition of blood products like hemosiderin or 
methemoglobin is quite characteristic (Fig.  3.8b ). Peripheral cysts placed in between 
the surface of the tumor and the normal brain have been described frequently [ 32 , 
 35 ] (Fig.  3.8c ). Usually the borders are surrounded by a varying amount of perifocal 
edema. The amount of the perifocal edema can be used for the differentiation to 
PNETs. An astonishingly high percentage of bone destruction of the vault or skull 
base has been found, which is an extremely unusual feature in other primary CNS 
tumors [ 36 ]. In a number of patients, a characteristic band-like wavy pattern of 
contrast enhancement surrounding a more or less large central necrotic area is visi-
ble [ 32 ,  35 ] (Fig.  3.8d ). Together with a young age these imaging characteristics can 
be used in the differential diagnosis of an AT/RT.

3.3          Glial Tumors 

3.3.1       Astrocytomas 

 Low-grade astrocytomas and among those the main representative of circum-
scribed astrocytomas, the juvenile pilocytic astrocytoma, are the most frequent 
brain tumors in children and young adults [ 37 ]. More often the origin is the cer-
ebellum followed by the supratentorial midline, synonym for the surroundings of 
the third ventricle, the chiasm and hypothalamus, and other parts of the visual 
pathway [ 38 ]. However, pilocytic astrocytomas may grow anywhere in the CNS 
and are the most frequent tumors of the spinal cord in children, while in adults 
ependymomas of the spinal cord are predominant [ 39 ]. A typical combination of 
an enhancing nodule and cystic tumor parts (Fig.  3.9a ) has been described as 
characteristic imaging feature [ 40 ]. However, purely solid or regularly enhancing 
tumors are not rare (Fig.  3.9b, c ) and might lead to a misclassifi cation as possible 
high-grade tumor. This can be avoided easily, if the distinctive low cellularity of 
the tumor is respected. The low cellular density is correlated to a bright intensity 
on T2-weighted MRI (Fig.  3.9d ) and a high ADC (Fig.  3.9e ) value without any 
suspicion of restricted diffusion in the solid parts of the tumor. The only pitfall 
may be blood product deposition (Fig.  3.9f ) or calcifi cation within the tumor that 
might render this discriminating feature useless by possibly lowering the T2-signal 
[ 41 ] and the ADC as well. A low density of solid tumor on unenhanced CT is a 
regular fi nding in noncalcifi ed low-grade gliomas and can be used as a differential 
diagnostic tool (Fig.  3.9g ). Interestingly we only found hyperdense CT-values in 
LGGs in patients with NF1 without knowing why they differ from sporadic 
tumors. Germ cell tumors, e.g., exhibit iso- but mainly hyperdense values.

   In the spinal cord no differentiation between the various histologies is possible 
and the suspicion of a pilocytic astrocytoma is only based on the age of the affected 
patient and not on imaging characteristics. In ependymomas, rarely hemosiderin 
deposits are diagnostic either as leptomeningeal hemosiderosis (Fig.  3.10 ) or as 
hemosiderin caps at the upper and lower borders of the tumor [ 42 – 44 ].
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  Fig. 3.8    Axial diffusion-weighted MRI ( a ), iron-sensitive T2*-image ( b ), T2-weighted image ( c ), 
and postcontrast T1-weighted MRI ( d ). Same patient on ( b ) and ( d ). AT/RTs are highly cellular 
tumors with a very dark ADC ( a ). A midline position ( c ) in the posterior fossa is less frequent than 
an off-midline growth. Characteristic features are residues of bleeding ( b ) and a rather peculiar 
pattern of a band-like enhancement surrounding a central necrosis and the existence of peripheral 
cyst-like lesions ( c )       

3.3.1.1       Visual Pathway Gliomas 

 About 20 % of children with neurofi bromatosis type I (NF1) or von Recklinghausen’s 
disease develop visual pathway gliomas [ 45 ]. NF I is a phacomatosis with various 
defects in the tumor suppressor gene located on the long arm of chromosome 17 [ 46 ]. 
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  Fig. 3.9    ( a – c ) Axial ( a ,  c ) and coronal ( b ) T1-weighted postcontrast MRIs of different patients. 
The pathognomic pattern of a nidus and a cyst ( a ) is not unique. Enhancement may be complete 
with characteristic smooth margins ( b ) or incomplete and irregular ( c ) mimicking a high-grade 
glioma. Axial T2-weighted ( d ) and ADC ( e ) images of different children showing the bright signal 
signifying a low cell density and facilitated diffusion. Pilocytic astrocytomas have pathologic ves-
sels and therefore iron deposition and increased vessel density on SWI ( f)  (pilocytic astrocytoma 
in the mediobasal right temporal lobe) must not be considered as a sign of a higher malignancy 
grade as in adult high-grade gliomas. Low cell density is affecting the density values of unen-
hanced CT ( g ) leading to mainly hypodense solid components         
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The incidence of CNS tumors and among those especially tumors of the visual path-
way is increased. The visual pathway consists of several segments that have been 
classifi ed according to Dodge in three parts [ 47 ]. Dodge I is tumor in the optic nerve 
uni- or bilaterally (Fig.  3.11a ). The second part is the optic chiasm where sporadic, 
non-NF1-associated, gliomas are found most frequently. The affection of the chiasm 
with or without the optic nerves is called Dodge II (Fig.  3.11b ). Dodge III is reserved 
for tumors of the optic tracts or radiation either with or without a participation of the 
anterior visual pathway [ 48 ] (Fig.  3.11c ). Visual pathway gliomas in NF1 are pre-
dominantly diffuse tumors occupying long distances of the visual pathway and tumors 
of the posterior pathway. Tumors in the posterior pathway are more frequently associ-
ated with severe problems of vision and blindness. This traditional classifi cation is 
quite approximate and does not allow a detailed anatomically based analysis of the 
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Fig. 3.9 (continued)
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affected parts of the pathway. Oncologists and radiologists from Padua, Leeds, 
Augsburg and Nottingham (PLAN) have settled out to fi nd a more refi ned classifi ca-
tion, the so-called PLAN system [ 49 ], by classifying the tumors of a number of chil-
dren from these four hospitals. It is a quite detailed  system, introduced to allow risk 
evaluation especially for disturbances of vision. The main problem of the PLAN clas-
sifi cation is that size changes of the tumor do necessarily lead to an involvement of a 
different part of the pathway and are thus not refl ected by this system. As a conse-
quence, the tumor might grow considerably and the PLAN stage does not change. 
However, a more common use of the PLAN classifi cation is needed to decide on the 
usefulness for the patients and treatment decisions because vision is the main criterion 
of outcome for children with visual pathway tumors. Nearly all tumors affecting more 

  Fig. 3.10    Sagittal T2-weighted MRI 
in a young adult patient with a 
lumbosacral ependymoma and an 
extensive leptomeningeal hemosiderin 
deposition, which is rare but 
pathognomonic for this histology       
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than one part of the visual pathway in children are low-grade gliomas (LGG) (astro-
cytomas WHO grade I or II and gangliogliomas WHO grade I). In this context, only 
one situation might create differential diagnostic problems. A compression of the chi-
asm by any kind of lesion may lead to an edema in the optic tracts (Fig.  3.12a, b ). This 
phenomenon was fi rst described in craniopharyngiomas [ 50 ] but may happen in any 
kind of tumor like, e.g., in germ cell tumors or even in metastases in adults [ 51 ]. The 
clue to a correct classifi cation is to consider and compare the internal structure of the 
chiasmatic and tract lesions. If they differ then a reactive edema of the tracts due to 
some other tumor in the chiasm is very likely.

a b

c

  Fig. 3.11    Visual pathway gliomas in different children. In Dodge I ( a , axial T1-weighted MRI 
after contrast) only one or both optic nerves are affected. In ( a ) the left optic nerve shows enhance-
ment and slight thickening. The Dodge stage II is characterized by a glioma in the chiasmatic- 
hypothalamic region as seen on the sagittal T2-weighted MRI ( b ) with an extension into the 
subfrontal region. If the tracts and radiation are involved as seen on the T2-weighted MRI of a 
patient with NF-1 ( c ) this corresponds to Dodge III. Mark the involvement of the chiasm and hypo-
thalamus and the multiple T2-signal increases in the cerebellar white matter characteristic in mid-
dle aged children with NF-1       
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3.3.1.2         Differential Diagnosis of Suprasellar and Visual 
Pathway Lesions 

 Extremely rare in children are high-grade gliomas (anaplastic astrocytomas or 
GBM) [ 52 ] of the visual pathway. The few cases in our patients were predominant 
in the chiasm and visually not distinguishable from LGG. Infl ammation like sar-
coidosis affecting more than one part of the visual pathway [ 53 ] has been published 
in adults and occasionally in adolescents [ 54 ] as an accepted differential diagnostic 
option to diffuse visual pathway gliomas. Sarcoidosis is at least in my experience 
not found in younger children, who mainly bear gliomas of the visual pathway. 
Perhaps our patients represent a selection in this respect. If the lesion is confi ned to 
only one segment of the pathway like the chiasm, plenty of different tumors might 
be possible and an accurate differentiation is needed. Here again the high T2- and 
ADC-signal as a sign of low cellular density in LGG plays an important role. 
Another crucial sign is the preservation of the normal posterior pituitary lobe (PPL) 
bright spot (Fig.  3.13a ). The bright spot correlates to a collection of vasopressin in 
the PPL [ 55 ]. The loss of the bright PPL signal is frequently accompanied clinically 
by diabetes insipidus [ 56 ]. The bright spot is best seen on T1-weighted sequences 

a b

  Fig. 3.12    If more than one segment of the visual pathway are affected by a lesion this is virtually 
nearly always a glioma. A pitfall, however, is the development of a tract edema in chiasmatic 
tumors like, e.g., craniopharyngiomas and all kinds of usually larger and compressive other tumors. 
To avoid this false diagnosis you have to evaluate the internal structure of lesions in the chiasm and 
the tracts. On the T2-weighted axial MRI there is a clear difference between the lesion in the chi-
asm, a germ cell tumor, and the hypersignal in the tracts at diagnosis ( a ). After treatment the mass 
lesion has diminished and a control MRI after 3 months ( b ) shows that the edema on the right hand 
side has vanished and is markedly reduced on the left hand side       
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before the application of contrast medium and indicates a normal function of the 
connection between hypothalamus and PPL. T1-weighted sequences with fatsu-
pression technique may be useful for an easier detection of the bright spot because 
the reliable distinction on a standard T1-image between the normal PPL bright spot 
and fat in the sella or around the pituitary gland can be hard or impossible. The best 
way to identify the PPL bright spot is on thin sagittal T1-weighted images (SL, e.g., 
2–3 mm). We prefer spin echo (SE) or turbo spin echo (TSE) images by far com-
pared, e.g., to MPR sequences. While the PPL bright spot is practically always 
present in LGGs affecting the suprasellar region, it is nearly regularly missing in 
germ cell tumors of the same region [ 57 ] (Fig.  3.13b ). It may be preserved or miss-
ing in craniopharyngiomas depending on their size and individual location 
(Fig.  3.13c, d ). Usually the size of the pituitary gland is diminished in craniopharyn-
giomas (Fig.  3.13d ) and germ cell tumors, which is frequently accompanied by an 
insuffi ciency of the pituitary function [ 58 ]. Important  differential diagnostic signs 
are the presence of calcifi cations or colloid in adamantinous craniopharyngiomas of 
childhood, which are characteristically predominantly cystic tumors. Contrary to 
adults affected by craniopharyngiomas, the adamantinous type of histology is by far 
the most frequent type. Adults usually bear papillary craniopharyngiomas that are 
more solid and homogeneous tumors without calcifi cations [ 59 ]. Larger cysts are 
missing in germinomas, the most frequent germ cell tumor in adolescents and young 
adults. If cysts and an inhomogeneous internal structure are seen in a germ cell 
tumor, this is rather a sign of a mixed or secreting germ cell tumor because the tera-
toma parts exhibit a more inhomogeneous structure [ 60 ,  61 ].

   Table 3.3    Decision tree for the probable diagnosis of tumors in the posterior fossa in a child       
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3.3.2         Gliomas of Higher Grades (HGG) 

 Comparable to gliomas of higher grades of malignancies in adults, HGG in children 
tend to show more indistinct margins, larger perifocal edema, and areas of higher 
cell density or necrosis. However, a differentiation between entities or grades is not 
possible with a reasonable certainty on the basis of imaging alone in an individual 
patient. So the suspicion of a high-grade glioma may be raised but a defi nite 
 diagnosis is usually not possible by MRI (or CT) (Fig.  3.14a–d ).

a b
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  Fig. 3.13    Diagnostic signifi cance of the bright pituitary spot on unenhanced T1-weighted MRI. In 
LGGs ( a ) virtually always the physiological hyperintensity of the posterior pituitary lobe ( arrow ) 
is present, while this bright spot is very frequently missing in suprasellar germ cell tumors ( b ). 
Note the compressed pituitary gland ( arrow ) below the tumor extending into the third ventricle. In 
craniopharyngiomas ( c ,  d ) the behavior of the bright spot is not predictable and depends on the site 
and size of the tumor. In ( c ) it is present despite a large tumor with colloid fi lled cysts ( asterisk ). In 
( d ) it is absent. Note the fl at and very small pituitary gland       
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  Fig. 3.14    In high-grade gliomas the prediction of tumor type and WHO grade is much less 
 precise. General but rather nonprecise predictors of a high WHO-grade are: inhomogeneous tumor 
with larger perifocal edema and indistinct margins ( a,  T2-weighted axial MRI). Blood product 
deposition like met-hemoglobin on T1-weighted MRI before contrast ( b ). Irregular, increasing 
enhancement after contrast medium application ( c ). Areas with a higher cell density than in 
 low- grade gliomas ( d : ADC)       
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3.3.2.1       Gliomatosis Cerebri (omitted acc. to the new WHO-classifi cation) 

 According to the WHO classifi cation 2007, gliomatosis cerebri is defi ned as a dif-
fuse growth of a glioma grade II–IV within more than two cerebral lobes [ 62 ] 
(Fig.  3.15a ). The central parts of the brain like basal ganglia or thalami may be 
involved or not and growth into the infratentorial compartment or even the spinal 
cord may be present or not (Fig.  3.15b ). As a consequence this defi nition only 
applies to supratentorial tumors. Usually the mass effect is not predominant and 
contrast enhancement like in DIPG may signify higher grades but is not essential for 
the diagnosis (Fig.  3.15c ) because also on biopsy vascular hyperplasia is usually 
missing [ 63 ]. Frequently, infl ammation like encephalitis is the initial suspicion 
because many patients develop a seizure as the fi rst symptom. These tumors are 
never completely resectable and prognosis is therefore grave like in other diffuse 
gliomas depending on age, Karnofsky performance status, and WHO grade of the 
gliomatosis. Comparable to gliomatosis cerebri, the prognosis of multifocal glio-
mas (Fig.  3.15d–f ) is grave because multifocal diffuse lesions are usually also not 
resectable. Contrary to embryonal tumors like MBs, gliomas may grow in separate 
parts of the brain parenchyma either synchronously or during progression [ 64 ,  65 ].

3.3.2.2        Brain Stem Gliomas 

 Depending on their localization, the WHO grade and prognosis of brain stem glio-
mas differ considerably. The following description of individual entities is ordered 
according to the tumor site.  

3.3.2.3     Cerebral Peduncles 

 The most frequent gliomas in this localization in children are low-grade gliomas, 
predominantly pilocytic astrocytomas [ 66 – 68 ] (Fig.  3.16a–d ). They are usually 
sharply demarcated and may extend as well into the basal ganglia as downwards 
into the pons. It is of utmost importance to respect the main mass of the tumor and 
its localization in the brain stem to discriminate these gliomas from the typical dif-
fuse intrinsic pontine gliomas. Symptomatic tumors in the cerebral peduncles are 
usually decompressed by neurosurgery and therefore a histological clarifi cation is 
the regular consequence.

3.3.2.4        Tectal Plate Gliomas 

 Tectal plate gliomas belong frequently to the group of presumably low-grade glio-
mas [ 68 ], although a histological clarifi cation is usually not performed in the major-
ity of uncomplicated cases. They become symptomatic not by regional disturbances 
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  Fig. 3.15    ( a – f ) Gliomatosis cerebri was defi ned as tumor in more than two cerebral lobes with or 
without involvement of the central parts of the cerebrum. The T2-weighted MRI ( a ) shows a gli-
oma in the right frontal and temporal lob with extension into the left frontal lobe and affection of 
the left thalamus ( asterisk ). On the sagittal T2-weighted image ( b ) of another patient, gliomatosis 
is visible in enlarged frontal ( large arrow ) and parietal gyri along the corpus callosum. Via central 
cerebral structures the dorsal midbrain ( small arrow ) and tegmentum pontis are involved as well. 
On T1 after contrast ( c ) (same patient as in  a ), no enhancement is visible. No connection of 
T2-hypersignal is seen on ( d ) between the right temporal tumor and the T2-hyperintense signal 
predominantly in the right cerebellum ( arrow ). In a patient with a typical DIPG ( f ), a second gli-
oma is seen on the T2-weighted image. It involves the left precentral gyrus ( e )         
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of the tectal plate itself but rather by the development of a triventricular hydrocepha-
lus even in very small tumors due to their strategic localization close to the aque-
duct. The patients are usually adapted to the hydrocephalus for many years. 
Consequently they are frequently diagnosed with a tectal glioma only by chance or 
by a decompensation of the increased CSF pressure equilibrium (Fig.  3.17 ). 
Therefore very young children or those with tectal plate symptoms are not found 
among children bearing typical tectal plate gliomas. In children with young age and 
local symptoms you should plan a rather short-term control (4–6 weeks) if histology 
is not clarifi ed right away. We saw 2 PNETs in very young children mimicking 
 tectal plate gliomas on imaging at the time of fi rst MRI. However, extremely rapid 
growth and local symptoms like gaze abnormalities unmasked these tumors as 
highly malignant lesions later confi rmed by histology. Of course all kinds of tumors 
can exceptionally be found in this area.

   The typical tectal gliomas are usually smaller lesions with a high and mostly 
homogeneous T2-signal. Due to the usually massive ventricular dilatation, small 
tumors sometimes cannot be detected before a relief of hydrocephalus and tectal 
plate decompression was achieved. Contrast enhancement is more frequently miss-
ing. A relief of hydrocephalus by a third-ventriculostomy or a shunt is usually the 
only intervention needed for typical tectal gliomas. However, follow-up imaging is 
necessary to avoid a misleading imaging diagnosis and to identify the demand for 
treatment. Larger tumors, tumors extending into the thalamus, and those with con-
trast enhancement may need additional treatment like chemotherapy or irradiation 
after correction of increased CSF pressure [ 69 ].  

e f

Fig. 3.15 (continued)
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  Fig. 3.16    A pilocytic astrocytoma in the left cerebral peduncle exhibits a sharp border on the axial 
T2-weighted MRI ( a ). On sagittal T2-weighted images ( b ) the main mass is confi ned to the pre-
duncle only reaching the upper pons. Cellularity is low demonstrated by a high signal on ADC ( c ). 
The tumor enhances irregularly and intensively ( d )       
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3.3.2.5     Diffuse Intrinsic Pontine Gliomas (DIPG) 

 Despite all treatment and scientifi c efforts DIPGs have remained the entity with the 
worst prognosis in children [ 70 ]. The median survival is below 1 year and the num-
ber of children surviving 3 years is very small. For this reason it is desirable to 
obtain tumor material to enhance further knowledge. This possibly may open new 
ways of treatment in the future [ 71 ]. For this reason the current strategy of only 
imaging diagnosis will probably be replaced in the future by regular biopsies 
although the histological diagnosis is usually well predictable by only MRI and 
clinical symptoms. The WHO grades of DIPG may vary from II to IV and cannot be 
differentiated by MRI. However, the course of disease, prognosis, and treatment 
does not depend on the individual WHO grades. For the imaging diagnosis of a 
DIPG, it is most important to defi ne the main tumor site to be clearly centered in the 
pons (Fig.  3.18a, b ). Diffuse high-grade gliomas can be found as well in the medulla 

  Fig. 3.17    The massive but not acute 
triventricular hydrocephalus in an older 
child is caused by a typical tectal glioma 
(no histological verifi cation). The chronic 
hydrocephalus can be diagnosed due to a 
massive enlargement of the sella with 
vanished clinoid processes ( asterisk )       

  Fig. 3.18    ( a – j ) ( a ) on the sagittal T2-weighted MRI, a DIPG confi rmed by biopsy resulting in a 
small defect with hemosiderin deposition in the edge is clearly centered in the pons. ( b ) On the 
sagittal T2-weighted MRI the histologically confi rmed anaplastic ependymoma is growing from 
outside into the pons and is not an intrinsic lesion. A DIPG is covering more than half of the cross 
sectional area on this axial T2-weighted image ( c ). Sharp borders are rather frequently seen on 
T2-weighted MRI ( d ). The intrinsic growth of this glioma is demonstrated by a splitting of the 
pontine formatio reticularis on the coronal T2-weighted sequence ( e ). The suspicion of a pilocytic 
astrocytoma was raised by the dorsal cyst and confi rmed by biopsy. The enhancement pattern on 
this postcontrast T1-sequence ( f ) is quite characteristic for a pilocytic astrocytoma. A focal pontine 
glioma in two different patients covers less than half of the cross-sectional area of the pons on 
T2-weighted images ( g ,  h ). Although the tumor is not enhancing (same patient as in  h ) on a post-
contrast T1-weighted image ( i ), there seems to be a dorsal cyst. This feature is very much in favor 
of a pilocytic astrocytoma. In a child with NF-1 ( j ) as well high T2-signal areas in the cerebellum 
(NF-1 associated lesions) and an engulfment and signal increase in the pons is seen         
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oblongata, but in these children a biopsy is indispensible to achieve a histological 
diagnosis with certainty. Usually a DIPG covers more that half of the pons [ 72 ] 
(Fig.  3.18c ). Contrast behavior is variable. The borders may be very sharp on 
T2-weighted images (Fig.  3.18d ). Usually as a sign of infi ltrative growth the fi bers 
of the formatio reticularis are seen as engulfed and split by the high T2-signal of the 
infi ltrating tumor (Fig.  3.18e ). Real cysts are not found and should warrant a histo-
logical clarifi cation of the lesion because they are frequently found in pilocytic 
astrocytomas, which can grow in the pons as in all parts of the CNS (Fig.  3.18f ). 
Also focal gliomas of the pons covering less than half of the cross sectional area 
should be closely watched or histologically clarifi ed (Fig.  3.18h , i). Extension in 
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Fig. 3.18 (continued)
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inferior and more frequently superior direction or into the cerebellum is seen either 
at diagnosis or during follow-up. A perifocal edema cannot be distinguished from 
the tumor itself and the entire T2/FLAIR hyperintensity is considered tumor. 
Asymmetric growth is not unusual. If enhancement is present at the time of diagno-
sis it does not contradict the diagnosis of a DIPG. However, it has been described as 
a sign of a worse prognosis as well in our patient group as also in other larger treat-
ment studies [ 73 ,  74 ]. Leptomeningeal dissemination is possible but rare compared 
to embryonal tumors at diagnosis and increases during follow-up [ 75 ]. As in all 
diffuse gliomas, further intracerebral tumors distant from the pons may be seen 
either synchronously or during follow-up [ 76 ] (Fig.  3.15e, f ). During or soon after 
treatment the tumor may shrink and the high T2-signal may approximate to normal. 
A new reactive contrast enhancement within a DIPG is often found on the postradia-
tion MRI and must not be interpreted as a sign of tumor progression during this 
phase of treatment.

   In NF1, gliomas of the pons can imitate a DIPG on MRI (Fig.  3.18j ). However, 
the clinical course in NF1 patients is much more favorable and a specifi c treatment 
is not initiated due to the fact that a tumor in the pons is present but rather depends 
on the course of disease and the patient’s clinical complaints.  

3.3.2.6     Gliomas of the Medulla Oblongata 

 While gliomas of the pons are not at all resectable, their dorsal exophytic counter-
part in the medulla oblongata sometimes extending downwards into the spinal cord 
(Fig.  3.19a, b ) is frequently considered to be decompressable by the experienced 
neurosurgeon. This is the initial method of choice for treating a dorsal exophytic, 
symptomatic glioma of the medulla oblongata and a good way to confi rm the histol-
ogy of a low-grade glioma [ 77 ,  78 ]. Most frequent histologies are pilocytic astrocy-
tomas, gangliogliomas (Fig.  3.19c, d ), and diffuse astrocytomas grade II in our 
patients. Contrast accumulation is variable.

3.4           Ependymomas 

 Ependymomas show different genetic alterations and behavior according to their 
localization [ 79 ]. In the posterior fossa they are the main differential diagnosis to 
MBs. They usually grow in close spatial relation to the ependymal lining in the 
posterior fossa either within the mainly lower parts of the ventricle or near the epen-
dymal protrusions into the cerebellopontine angle (Fig.  3.20a, b ). As they are tumors 
with a dense cellularity, the T2-signal is low in the solid parts of the tumor but usu-
ally not as low as in MB and free water diffusion may be impeded. The internal 
structure frequently shows rim enhancing cystic formations (necroses) with an ele-
vated protein content. Inhomogeneity is predominant (Fig.  3.20a, b ). Occasionally 
ependymomas are homogeneous on T2 or do not take up contrast [ 80 ] (Fig.  3.20c, d ) 
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  Fig. 3.19    In the medulla oblongata, diffuse tumors with a defi nite dorsal exophytic component are 
very frequently low-grade gliomas. They may involve only the medulla oblongata (as seen in  a ) or 
extend into the cervical cord ( b – e ) and are then called cervicomedullary tumors. Pilocytic astrocy-
tomas ( b ,  c ) or diffuse astrocytomas WHO grade II are not well distinguishable from ganglioglio-
mas ( d ,  e ). Contrast enhancement in gangliogliomas ( e ) is more frequently irregular and looking 
“infi ltrative”         
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although enhancement is intense and striking in most ependymomas. The most 
characteristic feature is the so-called plastic growth pattern [ 81 ], which leads to an 
early sprouting out of the posterior fossa mainly into the spinal canal and the encase-
ment of prepontine vessels and cranial nerve roots (Fig.  3.20e ). Involvement of the 
foramen of Magendie is much more frequent (Fig.  3.20f ) than in MB [ 80 ]. The 
encasing growth pattern is the main obstacle for a complete resection and a good 
outcome. Complete resection is an important precondition for cure in 
ependymomas.

   In the supratentorial compartment, most ependymomas do not grow in the ven-
tricles (Fig.  3.21a, b ) but in the vicinity of the outer ventricular border within the 
brain parenchyma [ 82 ,  83 ]. Intraventricular growth is rarely found and was associ-
ated with lack of RELA fusion transcript genes in our patients. Especially supraten-
torially large cysts are frequent (Fig.  3.21c ).

   As well infra- as also supratentorial tumors rarely show leptomeningeal dissemi-
nation already at the time of diagnosis. During follow-up the incidence of dissemi-
nation in cranial ependymomas increases signifi cantly and even isolated spinal 
deposits or isolated intraventricular nodules may be found (Fig.  3.21d ). Therefore a 
complete screening of the CSF space may not be as important at diagnosis as it is 
during follow-up [ 84 ]. Nevertheless, the standard staging examination in 
 ependymomas includes a complete spinal MRI. Spinal ependymomas in children 
are mainly myxopapillary WHO grade I tumors of the fi lum terminale. They behave 
differently than the WHO grade II and III tumors affecting the brain. However, 
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  Fig. 3.20    Ependymomas in the posterior fossa frequently show irregular but rather intense con-
trast enhancement and an inhomogeneous internal structure with cyst-like components like this 
tumor arising from the right cerebellopontine angle on axial T1-weighted postcontrast ( a ) and 
T2-weighted ( b ) images. The “plastic” growth pattern led to a surrounding of the pontine struc-
tures and an infi ltration into the internal auditory canal and even Meckels’ cave on the right hand 
side ( arrow ). Also homogeneous tumors without signifi cant enhancement ( c, d ) may be seen. An 
early extension into the spinal canal is frequent ( e ) and the foramen of Magendie is frequently 
involved as seen on a sagittal CISS image ( f )         
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myxopapillary ependymomas tend to develop not only recurrences but also 
 metastases (Fig.  3.21e, f ) and a complete imaging of the CSF space in defi ned inter-
vals is recommended [ 85 ,  86 ].  

3.5     Germ Cell Tumors 

 Germinomas are the most frequent germ cell tumors. The predominant localization is 
the pineal region. Second most frequently they are found in the suprasellar area [ 87 ]. 
The typical age at diagnosis is in the second and third decade and males predominate. 
Germ cell tumors and germinomas have a high cell density and nucleus/plasma-rela-
tion and are therefore similar to gray matter on T2 [ 61 ] with a restricted diffusion [ 88 ] 
(Fig.  3.22a, b ). More than 95 % of our tumors showed mostly intense contrast enhance-
ment (Fig.  3.22c ). Intense enhancement is also seen in their metastases in the CSF or 
along the subependymal lining of the ventricles (Fig.  3.22d ). A quite distinct picture 
is found if germinomas grow in the basal ganglia. The clinical picture is dominated by 
a slowly progressing hemiparesis. The affected side of the basal ganglia rather shows 
atrophic changes than a mass lesion combined with a highly cellular lesion as deriv-
able from hyperdense CT-density values and iso- or hypointense T2-signals some-
times showing contrast uptake [ 89 ] (Fig.  3.22e–h ). The prognosis for a reduction of 
symptoms after treatment is worse in this group. Bifocal tumor growth meaning syn-
chronous tumors in the pineal and suprasellar area is not infrequent (10–25 % in our 
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database) and not considered as disseminated [ 90 ] (Fig.  3.22c ). Outside the pineal, 
suprasellar, and basal ganglia region, they rarely originate from any part of the brain 
and spinal cord and are then indistinguishable from other brain tumors. We saw one 
germinoma in the diencephalon, one in the brain stem and two in the spinal cord in 
about 230 patients. Histology can only be clarifi ed by biopsy or resection in these 
unusual cases. Germinomas are  usually quite homogeneous tumors and are 

  Fig. 3.21    Supratentorial ependymomas are tumors with a high cell density with an intermediate 
to low T2-signal and usually growing outside in ventricles ( a ,  b ). Larger cysts (different child in 
( c ) then in ( a ,  b )) are not rare ( c ). During follow-up a CSF-dissemination in a different patient may 
occur as seen by a inhomogeneous nodule in the left lateral ventricle ( arrow  on  d ). A myxopapil-
lary ependymoma of the fi lum terminale ( e ) was completely resected. After some time small dis-
seminated nodules ( arrows ) recurred without a local recurrence of the tumor ( f )         
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nonsecreting tumors. Secreting germ cell tumors are defi ned by a diagnosis of 
increased levels of human chorion gonadotropin (hCG) and alpha1-fetoprotein (AFP) 
in the serum and/or CSF. Secreting tumors are usually composed of several histologi-
cal varieties frequently also including germinoma parts. They bear a more unfavorable 
prognosis and treatment differs from pure germinomas [ 91 ]. Therefore in case of a 
suspected germ cell tumor, the examination of CSF and blood serum plays a very 
important role and only after this clarifi cation biopsy or surgery should be considered. 
In secreting germ cell tumors treatment may be started after a completed staging for 
CSF dissemination without a histological clarifi cation. In nonsecreting tumors, only 
bifocal tumors are considered as germinomas and may also be treated without histol-
ogy. In all other tumors, a histological clarifi cation preferably by biopsy is necessary. 
Biopsy is preferred to attempted complete resection in these frequently well treatment 
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  Fig. 3.22    MRIs from different patients: The T2-signal of a bifocal germ cell tumor ( a ) is comparable 
to gray matter. High cell density leads to a dark ADC ( b ) of a tumor in the pineal region. A bifocal 
localization in the suprasellar and pineal region ( a  and  c ) is not considered as a disseminated tumor and 
nearly all germ cell tumors enhance ( c ). Metastases also enhance (in  d  at the level of the obex). A basal 
ganglia germ cell tumor ( e – h ) can be suspected if atrophic changes in the basal ganglia are combined 
with hyperdense CT values ( h ), a dark ADC ( g ) of the tumor and some contrast enhancement ( f ). 
Irregular and inhomogeneous T2- ( i ) and T1-signals ( j ) are more frequent in nongerminomatous germ 
cell tumors as shown in this secreting tumor. A frequent route of dissemination in germ cell tumors is 
along the borders here shown in the lateral ventricles ( k ) or even the optic nerve sheaths ( l ) in another 
child. These extensions even if in continuity with the primary tumor are considered as dissemination in 
the SIOP-CNS-GCT study. Response assessment in this study is sometime not possible without doubt 
because the affected areas like the pituitary stalk and the pineal gland ( arrow ) may vary in normal size 
between individuals. We advice a short term control to prove additional shrinkage and therefore render-
ing the fi rst examination as very good partial response ( n ) but not complete response ( o ). ( m , MRI 
before treatment ( n ), after the fi rst part of treatment ( o ), after further 4 weeks of treatment). Loss of 
pituitary bright spot on nonenhanced T1-weighted sagittal slices (SL 2–3 mm) in two different patients 
( p ,  q ) with “unexplained” diabetes insipidus and thickened pituitary stalk. Both patients showed growth 
of a suprasellar germ cell tumor on follow-up. Brighter structure after contrast enhancement ( r ,  s ) ante-
rior to an intra- and suprasellar germinoma in two different patients probably representing the anterior 
 pituitary ( arrow )             
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responsive tumors in a delicate localization. Secreting and mixed germ cell tumors 
usually contain teratoma parts, which are inhomogeneous tumors containing larger 
cysts (Fig.  3.22i, j ). After treatment usually the teratoma part persists without further 
change and has to be resected to achieve complete response. However, surgery is usu-
ally easier after a signifi cant reduction of size [ 92 ].

   A frequent and characteristic way of dissemination is an extension along the ven-
tricular borders subependymally or along the optic nerve sheaths [ 93 ] (Fig.  3.22k, l ). 
Germ cell tumors with a similar extension are considered as disseminated in the 
ongoing SIOP CNS-GCT study even if there is a direct contact to the primary tumor. 

 As germ cell tumors affect structures that physiologically enhance, like the pitu-
itary stalk and the pineal gland which do not have a clear cutoff to a normal size in 
an individual patient, it is sometimes hard or even impossible to separate a very 
good partial response with a nearly complete regression of the tumor from a true 
complete response. We solve this problem for the ongoing SIOP-CNS-GCT study 
with a follow-up examination. If there is a further reduction during treatment we 
then retrospectively can diagnose a very good partial response. But if the lesion 
remains in the same size we can conclude that this was a true complete response 
already at the time of the previous MRI (Fig.  3.22m–o ). Contrast enhancement is 
reliable and if enhancement is completely gone we diagnose a complete remission 
even if T2-signal abnormalities persist and are then considered scar tissue. 

 Germ cell tumors of the suprasellar region may be slowly growing and frequently 
cause a disturbance of the posterior pituitary lobe resulting in the clinical picture of 
a diabetes insipidus [ 94 – 96 ]. As the size of the pituitary stalk cannot be predicted in 
an individual patient, sometimes a slowly growing borderline or slightly thickened 
stalk is seen on MRI [ 97 ]. An indication of tumor growth in the pituitary stalk is the 
loss of the normal bright signal of the posterior pituitary lobe on unenhanced 
T1-weighted images [ 98 ] (Fig.  3.22p, q ). We have the impression that small germ 
cell tumors arise from the posterior pituitary lobe and grow from there upward to the 
fl oor of the third ventricle. The displaced and compressed anterior pituitary lobe can 
be visualized in front of the tumor in early cases (Fig.  3.22r, s ). In our database we 
did not fi nd the posterior bright spot in nearly all germ cell tumors in suprasellar 
localization. Unfortunately, this diagnostic tool can only be used if imaging is per-
formed according to our guideline of an ideal imaging in suprasellar lesions includ-
ing sagittal thin slice T1-sequences before the injection of contrast medium. We 
prefer SE or TSE in 2–3 mm thickness to MPR sequences even if thinner slice 
lengths are possible. (See Sect.  3.2 .)  

3.6     Craniopharyngiomas 

 In the suprasellar region, craniopharyngiomas are the most frequent nonglial tumors 
in children. Boys and girls are equally affected and the peak incidence is in the fi rst 
decade. Craniopharyngiomas are rare tumors representing only 1.2–4.6 % [ 99 ] of 
intracranial tumors at all. They are divided into two histological subtypes with 
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 different origin, development, and morphology: the adamantinous and the papillary 
subtype. The later is presumably induced by metaplastic changes of buccal mucosa 
premordia in the Rathke cleft and pouch and affects only adults with a peak inci-
dence in the fi fth and sixth decade. Adamantinous craniopharyngiomas are found in 
all ages but are the only craniopharyngiomas in children and adolescents. Their 
origin is cell remnants of teeth premordia in the Rathke pouch and duct, a tubular 
later in development involuted structure. Through Rathke’s duct, the anterior pitu-
itary forms meeting the posterior pituitary an evagination from the fl oor of the third 
ventricle to form the united pituitary gland [ 100 ]. The typical localization of cranio-
pharyngiomas is the intra- and suprasellar region. Less frequently they arise only in 
the suprasellar position and even rarer exclusively intrasellarly (intrasellar 4 %, 
suprasellar 25 %, and intra-/suprasellar 71 % in our database). Exceptionally rare 
and unexplained are anecdotal reports of craniopharyngiomas arising in other local-
izations as, e.g., the fourth ventricle. Craniopharyngiomas are malformative tumors 
and do not disseminate. Rare reports on second tumors after resection mainly in the 
surgical access are thought to arise from implantation of tumor during surgery 
[ 101 ]. This can also explain drop “metastases” in the spinal canal. Adamantinous 
craniopharyngiomas are predominantly cystic tumors. Macroscopically the cysts 
frequently contain a fl uid resembling machine-oil called colloid. On MRI colloid is 
characterized by a hyperintense signal on T1-weighted images before contrast 
enhancement and is quite characteristic (Fig.  3.23a ). Cyst walls usually enhance and 
the histological hallmark of adamantinous craniopharyngiomas so-called wet kera-
tin eventually calcifi es resulting to a high proportion of calcifi cations (91 % in our 
database; Fig.  3.23b ). A so-called 90 %-rule defi nes 90 % of cysts, calcifi cations, 
and cyst wall enhancement in adamantinous craniopharyngiomas [ 102 ] (Fig.  3.23c ). 
On the contrary papillary tumors, which do not occur during childhood, do not cal-
cify and are predominantly solid [ 59 ].

   As in the other suprasellar tumors the bright pituitary spot is of differential diag-
nostic value. However, it depends on the individual localization and the size of the 
tumor if the bright posterior spot on unenhanced T1-weighted images can be seen 
(Fig.  3.23d, e ). Usually the size of the pituitary is abnormally atrophic correspond-
ing to a smaller size of children compared to normal controls already several years 
before the diagnosis of the tumor [ 103 ]. 

 Rarely other lesions affect the pituitary and the stalk. Infl ammations like hypoph-
ysitis are rare and cannot be diagnosed without histology. Langerhans cell histiocy-
tosis (LCH) can affect the pituitary stalk and is an unclear disease (Fig.  3.24a ). In 
case of a suspicion, a whole body MRI should be initiated to rule out the most fre-
quently coexisting bone lesions. If they are not found, LCH is not a probable diag-
nosis. Hypothalamic hamartomas are rare malformations resembling abnormal 
brain with signal intensities comparable to gray matter (Fig.  3.24b ).

   The differential diagnoses to craniopharyngiomas besides true tumors like 
chiasmal LGGs and germ cell tumors are Rathke-cleft cysts and xanthogranulo-
mas. Rathke cleft cysts can imitate small craniopharyngiomas perfectly and are 
cystic lesions in an intra-/suprasellar position (Fig.  3.24c ). Xanthogranulomas 
are not considered tumors [ 104 ] and therefore not included in the WHO classi-
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  Fig. 3.23    Colloid is the content of one of the multiple cysts in a large craniopharyngioma ( a ). The 
walls of cysts show enhancement ( b ). Thick ring-like calcifi cation on CT ( c ) in the cyst walls. 
Coarse calcifi cations are characteristic of adamantinous craniopharyngiomas. The loss of the 
bright posterior pituitary spot in a very atrophic pituitary gland is caused by a suprasellar cranio-
pharyngioma ( d ). In another patient despite a large suprasellar craniopharyngioma the bright spot 
on unenhanced T1-weighted MRI ( arrow ) is preserved ( e )       
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fi cation. They can be found in other parts of the brain, skull base, and body and 
are characterized by residues of bleeding leading to a primarily high signal on 
T1-weighted images in all our cases (Fig.  3.24d ). However, a differentiation 
from colloid is not possible and small craniopharyngiomas cannot be distin-

  Fig. 3.24    A Langerhans cell histiocytosis in the suprasellar area cannot be differentiated from a 
germ cell tumor ( a ). Note also the pituitary atrophy. Search for additional bone and organ lesions. 
In a hypothalamic hamartoma, a mass with irregular gyrus-like pattern mimics abnormal brain ( b ). 
Rathke cysts ( c ) are intra- and suprasellar cystic lesions that cannot be differentiated from small 
purely cystic craniopharyngiomas. In xanthogranulomas ( d ) of the intra- and suprasellar region the 
high signal on unenhanced T1-weighted MRI is characteristic. On pathology this is explained by 
blood degradation products (met-hemoglobin). Development of a recurrence around a tiny residual 
calcifi cation, visible on a plain CT ( e ) but not seen on the postoperative MRI ( f ) after resection of 
an adamantinous craniopharyngioma. The cystic recurrence ( g ) evolved exactly in the position of 
the residual calcifi cation several months after surgery         
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guished. In a report from Japan [ 105 ], a lack of calcifi cation in fi ve xantho-
granulomas was thought to be a possibility for a differentiation from 
craniopharyngiomas. However, in our eight CTs of  xanthogranulomas, we found 
fi ve without and three containing calcifi cations. Thus the lack or existence of 
calcifi cations does not seem to help. 

 The regular early postoperative MRI (performed within 24–48 h after surgery, 
see also the chapter postoperative MRI) is frequently rather unclear, because 
craniopharyngiomas like pituitary adenomas or meningeomas are extraaxial 
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tumors and the dura in and surrounding the surgical region shows immediate 
enhancement and may lead to the false impression of a residual tumor. We post-
pone the decision on a residual tumor in unclear MRI images to 2–3 months after 
surgery. Even if the  postoperative MRI does not show a suspicion of a residual 
tumor, a residual calcifi cation may remain undetected by MRI. The guidelines 
for imaging in the ongoing craniopharyngioma study contain the advice to per-
form a postoperative, unenhanced CT only of the tumor region avoiding to touch 
the eye lenses. With the means of this CT in a tumor free postoperative MRI a 
persisting calcifi cation should be picked up under the assumption that a residual 
calcifi cation signifi es a residual tumor. Ellioth and coworkers [ 106 ] discussed 
this problem and reported that small residual calcifi cations (<2 mm) do not lead 
to an increased rate of relapses compared to postoperative sites without residual 
calcifi cations. We cannot contradict because in our database postoperative CTs 
are only scarce despite the fact that the postoperative MRI did not show a resid-
ual tumor. Contrary to the study guidelines, CTs are not performed fearing the 
inherent radiation in pediatric patients. However, we saw one patient with a tiny 
calcifi cation, which was not detectable on his tumor-free postoperative MRI. In 
this patient, after some months a relapse occurred exactly around the tiny calci-
fi cation (Fig.  3.24e–g ). 

 Craniopharnygiomas tend to compromise the hypothalamus. Damage to this 
brain area either by the tumor itself or the surgical resection frequently leads to 
severe impairment of the quality of life by development of massive obesity. 
Adipositas together with hormonal defi ciencies leads to severe metabolic syn-
dromes and early deaths mostly from cardiovascular complications. It was recog-
nized that patients with a compromise of the posterior hypothalamic nuclei are in 
danger of more severe side effects than those with a compression or damage of the 
anterior hypothalamus [ 107 ]. The surgical attitude to achieve a complete resection 
(whenever possible) is now changing to a staged resection or cysts treatment with-
out touching the posterior hypothalamus (whenever possible) to avoid these devas-
tating consequences [ 108 ] (Fig.  3.25a, b ). Several classifi cations exist to identify 
the high-risk group [ 109 ,  110 ]. In the German craniopharyngioma-studies we use 
the level of the mammillary bodies to separate the anterior from the posterior hypo-
thalamus (Fig.  3.25c ). The increase in the body mass index (BMI) correlates well 
to the thickness of the nuchal fat fold that can be measured on T1-weighted images 
on MRI (personal communication Prof. H. Müller Oldenburg, Germany, leader of 
the German craniopharyngioma study). Unfortunately, we also see increasingly 
frequently such a rapidly developing subcutaneous fat depositions in children after 
partial resections of chiasmatic gliomas or germ cell tumors (Fig.  3.25d, e ). The 
rapid development of adipositas in operated chiasmal glioma or germ cell tumor 
patients is probably also due to a damage of the hypothalamic nuclei in analogy to 
craniopharyngiomas.
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3.7        Choroid Plexus Tumors 

 Choroid plexus tumors are rare overall (0.3–0.6 % of all brain tumors) but represent 
2–4 % of tumors in children and 10–20 % of tumors in the fi rst year of life [ 111 ]. 
Three grades of malignancy are found with plexus papillomas representing WHO 
grade I (Fig.  3.26a–f ), atypical plexus papillomas WHO grade II (Fig.  3.26g, h ), and 
choroid plexus carcinomas WHO grade III (Fig.  3.26i, j ). Papillomas are about 5 
times more frequent than carcinomas. A correct differentiation between the three 
possible entities is not always possible although the typical papilloma is a circum-
scribed, sharply delimited, caulifl ower-like tumor attached to the ventricular plexus 
with intense contrast enhancement. A ventricular dilatation at diagnosis may be due 
to hyperproduction of CSF or a blockage of the CSF pathways. Infi ltration of the 
ventricular wall or the brain parenchyma is unusual. Carcinomas are typically larger 
and inhomogeneous tumors, which infi ltrate into the brain and lead to a perifocal 
edema. Leptomeningeal metastases do not exclude the diagnosis of a papilloma, 
although carcinomas disseminate more frequently (Fig.  3.26k, l ). Not infrequent in 
plexus carcinomas is a contrast enhancement pattern resembling AT/RTs. 
Interestingly also on neuropathology AT/RTs are a possible differential diagnosis to 
plexus carcinomas [ 112 ,  113 ].        

  Fig. 3.25    Development of hypothalamic obesity demonstrated by the thickness of the subcutane-
ous fat in the dorsal neck in a patient after subfrontal resection of a craniopharyngioma. The early 
postoperative MRI ( a ) shows surgical changes in the access route in a slim girl. After only 3 
months the thickness of the subcutaneous fat has at least doubled ( b ). Note the large defect after 
extensive resection. Anatomic illustration of the anterior hypothalamus (in front of the mammillary 
bodies) and the posterior hypothalamus (including the mammillary bodies and behind) in a patient 
with a small tectal glioma ( c ). The fl oor of the third ventricle is clearly seen as a thin line ( arrow ) 
and the normal mammillary bodies are marked with a white cross. Note also a small, triangular 
intermediate lobe cyst in the pituitary. This must not be diagnosed as a pathologic structure but as 
a harmless incidental fi nding. Hypothalamic obesity is not exclusive for craniopharyngiomas but 
rather a general consequence of damage to the hypothalamus. After complete resection ( d : preop-
erative MRI) of a secreting germ cell tumor the subcutaneous fat has considerably increased after 
only 8 months ( e ). Note the large defect in the fl oor of the third ventricle and the tiny mammillary 
bodies behind the defect       
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  Fig. 3.26    ( a – m ) A papilloma of the plexus in the third ventricle in a young child shows the typical 
caulifl ower aspect and a hydrocephalus ( a – c ). In an adolescent ( d – f ) a papilloma in the fourth ventricle 
is localized in the left cerebellopontine angle and could be mistaken for a WNT-MB due to its location. 
However, there is no restricted diffusion ( f ) with a bright ADC rendering a highly cellular tumor like 
an MB unlikely. The atypical PPL in a young child ( g ,  h ) cannot be distinguished from the typical case 
on ( a – c ). In a plexus carcinoma ( i – k ) there is obvious infi ltration of the temporal lobe with edema, an 
indistinct border and an irregular structure. Note also the nodular leptomeningeal metastasis in the 
fourth ventricle ( j ). There were also other metastases not shown on the pictures. In a young adult with 
a typical, completely resected PPL ( l ) spinal leptomeningeal metastases ( m ) persist completely 
unchanged on follow-up for several years despite treatment with chemotherapy some years ago           
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    Chapter 4   
 Imaging Guidelines for Pediatric Brain Tumor 
Patients                     

4.1              Imaging Techniques 

 MRI is clearly the method of choice for the imaging of diseases of the CNS. CT 
usually has only an additional role in case of emergency or contraindications against 
MRI. For radiotherapy planning the physical properties of CT are essential [ 114 ]. 
However, it still is the only method for a reliable depiction of calcifi cations near the 
skull base, which can have a diagnostic potential in some tumor entities [ 115 ,  116 ]. 
The signal intensities on MRI and density values on CT allow a limited diagnosis of 
the histology of the tumor (see Chap.   3    ). Invasive angiography or conventional radi-
ography is useful only in rare exceptions. 

4.1.1     Standard MRI Technique (Proposal for the SIOP-E 
Tumor Trials) 

 Additional to the standard SE sequences, an increasing number of various sequences 
have become available. However, the imaging characteristics on these sequences 
and thus the size of tumors might vary artifi cially. Key to a correct evaluation of 
study patients in a comparable way is to keep standardized imaging sequences dur-
ing follow-up. A standard imaging protocol should contain T2/FLAIR (or proton 
density PD) sequences. FLAIR alone is not suffi cient, because the cell density of a 
tumor cannot be suffi ciently evaluated without a T2-sequence. The only perfor-
mance of a T2 or FLAIR bears the risk to miss pathology (Fig.  4.1a–c ). They should 
be combined with T1-weighted sequences before and after intravenous (i.v.) admin-
istration of contrast material. For children, the slice length should not exceed 4 mm. 
For small structures even much smaller slice lengths might be necessary. Although 
many surgical or radiotherapy treatment planning systems require three- dimensional 
sequences, these should only be additional to the core of standard imaging, because 
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  Fig. 4.1    ( a – i ) T2 and FLAIR of the brain are necessary for complete evaluation. While on FLAIR 
( a ) there is no suspicion of dissemination, leptomeningeal deposits in the cerebellar sulci are 
clearly seen on T2 ( b ). On an enhanced T1 ( c ), the leptomeningeal dissemination is not detectable 
as well. Note the nonenhancing primary tumor (MB) in the fourth ventricle. But it may also be vice 
versa and it cannot be predicted in the individual case. In a child with an ependymoma the histo-
logically verifi ed metastases in the cerebral sulci are only visible FLAIR ( d ) but not on T2 ( e ). The 
comparison of a precontrast SE image ( f ) with a postcontrast MPR ( g ) for the defi nition of an 
enhancing residual tumor may be hard or even impossible. The tiny spinal metastasis is not visible 
on the 1 mm thick MPR sequences ( h ) while it can be clearly seen on the thicker turbo SE (TSE) 
series ( i ) done during the same examination           

a b

c

 

4 Imaging Guidelines for Pediatric Brain Tumor Patients



57

ed

Fig. 4.1 (continued)

f g

the contrast behavior of tumors on SE series and on 3-D-MPR series can differ con-
siderably [ 117 ] making a comparison impossible (Fig.  4.1f–i ). An automatized 3-D 
volume calculation of brain tumors can only be used in single or limited center stud-
ies because the acquisition parameters have to be uniform.

   Diffusion weighted MRI (DWI) with the additional calculation of the ADC 
allows not only the depiction of infarcted brain but also an estimation of cellular 
density in the absence of hemorrhage [ 118 ]. Together with the signal intensity on 

4.1 Imaging Techniques



58

T2-weighted MRI the ADC is a very useful tool for differential diagnosis [ 119 ]. 
Susceptibility weighted sequences (SWI) are useful for the identifi cation of calcifi -
cations or blood degradation products. However, in pediatric brain tumors with the 
exception of craniopharyngiomas this feature is of little importance (see also Fig.   3.9f    ) 
compared to its value in the differentiation of adult high-grade gliomas [ 115 ,  116 ]. 
As SWI sequences are prone to disturbances by susceptibility artifacts the skull base 
is not a useful region.  

4.1.2     Early Postoperative Imaging 

 A residual tumor after resection can only be identifi ed within the fi rst 3 days after 
resection because after this time period a nonspecifi c reaction of the brain to the 
surgical trauma can create contrast enhancement which is virtually indistinguish-
able from residual tumor [ 120 ] (Fig.  4.2a–c ). Unfortunately also during and very 
early after resection surgery induced enhancement may cause problems in the iden-
tifi cation of a possible residual tumor especially in case of the use of electrocoagula-
tion [ 121 ] (Fig.  4.2d–g ). Therefore and because of frequent increased artifacts 
induced by air in the intracranial cavity (Fig.  4.2h ,  i ), we do not advice to enter the 
MRI directly from the operating theatre to perform the early postoperative MRI, 
which seems very attractive in terms of logistics. Ideal for the early postoperative 
MRI are day 1 and 2 after surgery. However, if in case of a contrast enhancing tumor 
this time period is missed, then the correct identifi cation of a residual tumor might 
not be possible for a long time or even forever (Fig.  4.2a–c ). Nonenhancing tumors 

h i

Fig. 4.1 (continued)

4 Imaging Guidelines for Pediatric Brain Tumor Patients

http://dx.doi.org/10.1007/978-3-319-42503-0_3


59

  Fig. 4.2    ( a – i ) If the early postoperative time period is missed, postsurgical effects might mimic an 
enhancing residual tumor ( a , morphology of a medulloblastoma on preoperative enhanced T1-weighted 
MRI;  b , regular, early-postoperative MRI on day 1, enhanced T1-weighted image without residual 
tumor;  c , enhanced T1-weighted MRI on day 8 after surgery with nonspecifi c postoperative enhance-
ment). On very early postoperative MRI immediately after surgery, false positive enhancement possibly 
after coagulation during surgery may mimic a residual tumor ( d , preoperative postcontrast T1-weighted 
MRI of a pilocytic astrocytoma in the vermis cerebelli;  e, f  T1-weighted pre- and postcontrast MRI 
immediately after surgery showing a lot of marginal enhancement also in parts of the tumor without 
preoperative enhancement, which is completely resolved without further treatment on the fi rst control 
after 3 months ( g )). Intracranial air can lead to heavy susceptibility artifacts on very early postoperative 
MRI. The sagittal T2-weighted SE image ( h ) shows a complete air fi lling of the ventricles and the 
superior parts of the subarachnoid spaces. This leads to a massive effacement on T2* images ( i )           
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can only be identifi ed on the basis of their T2/FLAIR or PD characteristics. 
Therefore, the comparability of MRI to the preoperative time point is of utmost 
importance. Also a change of magnetic fi eld strength is problematic and should be 
avoided for the pre- and postoperative comparison and also for further follow-up.

4.1.3        Meningeal Dissemination 

 All CNS tumors can disseminate in the CSF. However, for embryonal tumors like 
MB, AT/RT, and ependymomas especially during follow-up, germ cell tumors, and 
young children with LGGs of the chiasmatic region, there is a known propensity for 
higher percentage of CSF seeding. In such cases, it is very useful not only to perform 
a cranial MRI but also to add a spinal MRI after the cranial examination has been 
fi nished. For a correct staging, the visualization of the entire dural space intracranially 
and in the spinal canal is necessary. MRI is the only noninvasive method for the evalu-
ation of a leptomeningeal dissemination of tumors or a primary spinal cord tumor. 

 Enhancement can affect the leptomeninx and the pachymeninx. While pachymen-
ingeal enhancement is frequently a consequence of pressure changes in the CSF space, 
e.g., after surgery, in case of an implanted shunting system or after lumbar punctures 
leptomeningeal enhancement either represents a neoplastic or infl ammatory affection. 
Nodular enhancement of the leptomeninges is pathognomonic for nodular meningeal 
dissemination and only rarely can be explained by infl ammation like sarcoidosis. In 
laminar enhancement a lumbar tab can exclude meningitis as underlying reason. 

ih
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 In a considerable number of children with MBs or other tumors prone to a lepto-
meningeal seeding, the staging examination of the spinal canal is performed after sur-
gery. In the immediate postsurgical time period a physiological phenomenon may 
occur, which is called nonspecifi c subdural spinal enhancement. This enhancement 
closely resembles the MR images known from idiopathic CSF hypotension syndrome 
[ 122 ,  123 ], where the pachymeninges and not leptomeninges are affected and can eas-
ily be differentiated from the MRI characteristics of leptomeningeal dissemination 
[ 124 ]. Subdural enhancement must not be mixed up with leptomeningeal disease. It 
seems to be a dynamic process because we observed a progressive increase in T1-signal 
after contrast enhancement in a few patients during repetitive sequences performed 
during the same MR examination (Fig.  4.3a, b ). Patients are always without specifi c 
symptoms. In case of extensive subdural enhancement, a leptomeningeal dissemina-
tion cannot be excluded (Fig.  4.3b ) with suffi cient reliability and therefore the spinal 
MRI has to be repeated after about 1–2 weeks. Within this time period a reduction or 
complete spontaneous resolution of nonspecifi c enhancement is to be expected. 
Occasionally after surgery a fl uid level of nonenhancing spinal intradural blood mainly 
in the sacral region can be seen and resolves spontaneously as well (Fig.  4.3c–e ).

   For the visualization of possible spinal leptomeningeal dissemination exclusively 
T1 after contrast medium application is important. Rarely T2-weighted MRI is useful 
for the identifi cation of small leptomeningeal nodules or in case of nonenhancing 
leptomeningeal dissemination. For nonenhancing dissemination, thin T2 sequences 
like CISS sequences seem to be promising and should be considered for the routine 
spinal protocol. However, as the T1-sequence after contrast is usually the last of the 
standard spinal MR sequences, the clinical practice in the reference evaluation of 
children with brain tumors has shown that these important postcontrast T1-images are 
very frequently deteriorated by movement artifacts in no longer compliant awake 
patients or by a fl attening of sedation towards the expected end of the MR examina-
tion in sedated patients. We advice to focus the spinal MRI on the T1-series after 
contrast enhancement. The T2-weighted MRI may be added thereafter. If a fatty fi lum 
terminale is suspected, an additional T1 with fat suppression can clarify the situation. 
Small deposits of leptomeningeal disease may be mistaken for physiologic vessels of 
the spinal cord. Vessels are easily depicted if axial slices of all areas showing possible 
vessel enhancement on the sagittal slices are performed additionally. 

 Fat suppression is a useful method for the evaluation of bone tumors in the spine. 
However, it is not necessary for the detection and staging of spinal leptomeningeal 
dissemination and additionally caries the risk of artifacts rendering the images ine-

  Fig. 4.3    ( a – f ) T1-weighted TSE series early after contrast medium application ( a ) shows faint 
subdural enhancement and a thick leptomeningeal laminar dissemination ( arrow ) on the spinal 
cord. This dissemination is masked on the repeat postcontrast series ( b ) 20 min after ( a ). A small 
fl uid-fl uid-level can be seen as horizontally confi ned structure in prone position ( arrow ) on T2 ( c ), 
T1-weighted MRI before ( d ) and after contrast ( e ). The signal is compatible with very fresh blood 
and this lesion vanishes within a few days. The use of fat suppression techniques for the evaluation 
of a spinal leptomeningeal dissemination is not necessary and not rarely impaired by artifacts 
mainly in the transition from the chest to the neck ( f )         
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valuable mainly in the transition of the chest to the neck (Fig.  4.3f ). Other artifacts 
like pulsations or increase of T1-signal of the CSF are more frequent in 3 T than in 
1.5 T. To discriminate prominent cord veins from leptomeningeal seeding axial 
slices are advisable and a slice thickness of at least 4 mm is usually of better signal 
to noise ratio compared to extremely thin slices.  

4.1.4     Follow-Up Examinations 

 Response of tumors is traditionally evaluated by size measurement. Therefore com-
parable imaging parameters have to be used to guarantee as much accuracy as pos-
sible. In tumors only measurable on T2/FLAIR images like DIPG or nonenhancing 
tumors, a second plane of one or both of these sequences should be provided to 
enable a volume calculation. 

4.1.4.1     Differential Diagnosis Between Recurrence or Treatment Related 
Changes 

 In pilocytic astrocytomas, an intensifi cation of enhancement or a new contrast 
enhancement must not be mistaken for a malignant degeneration and progression. 
In these tumors, enhancement is strongly varying and not related to prognosis with 
[ 125 ] and without treatment [ 126 ]. We have evaluated 83 children with measurable 
LGGs irrespective of treatment or during a watch-and-wait strategy according to 
their contrast behavior and found that in general growing tumors show increasing 
enhancement and vice versa. However, the groups of tumors with reduced and 
intensifi ed enhancement also contained about 1/3 of tumors, which showed a con-
trary behavior like growing tumors with reduced enhancement and shrinking tumors 
with increasing enhancement. In conclusion, contrast enhancement alone is not 
decisive and does not mean progression in the absence of tumor growth. 

 New lesions like T2-hyperintensity and contrast enhancement in the brain paren-
chyma in embryonal tumors like MB after treatment with radiotherapy are fre-
quently misdiagnosed as recurrence. MB and probably also the other embryonal 
entities and also ependymomas show two kinds of recurrences. They either recur 
locally in the surgical bed or as leptomeningeal dissemination or both in combina-
tion. However, we never saw a recurrence in the brain outside the surgical bed. 
Therefore treatment related changes like temporary (Fig.  4.4a–d ) effects (early 
delayed reaction [ 127 ,  128 ]) or second tumors [ 129 ] (Fig.  4.4e, f ) are much more 
likely than a true recurrence of the primary tumor. To raise the suspicion of a radia-
tion reaction it has to be clarifi ed with the radiotherapist that a suffi ciently high dose 
has been applied to the affected region. Multimodal imaging like MR-spectroscopy, 
MR-perfusion, or aminoacid-PET can help in the differentiation.          
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  Fig. 4.4    ( a – f ) 9 months after complete resection of a medulloblastoma in the fourth ventricle, a new 
T2-lesion ( a ) with enhancement ( b ) is seen in the pons. This area was within the treatment dose area of 
radiation. Without specifi c treatment the changes vanished within 3 months of follow- up ( c ,  d ). However, 
early delayed radiation reactions may also increase or resolve more slowly. In a child, 7 years after com-
pleted treatment for a MB new and enlarging lesions developed in the cerebellum on the right hand side, 
the pons ( e ), and surrounding the lateral ventricles ( arrows ) with involvement of the corpus callosum and 
meaning subependymal spread ( f ). The histology of this second tumor was a glioblastoma         

a b

c d
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