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Summary. 13 eases of intraeranial lipomatous hamartomas are presented, 12 of which were 
incidentally found at autopsy. Only one case, verified by biopsy, showed progressive focal 
symptoms and lipomatous infiltration of the acoustic nerve. 5 lipomatous hamartomas were 
located in the eisterna ambiens region, 3 in the cerebellopontine angle, 2 in the hypothalamie 
and 1 in the eallosal regions. 2 cases had multiple intraeranial adipose tissue masses. Extra- 
cranial malformations were present in 4 eases, whereas 8 observations showed (miero)dys- 
genesias of brain and meningeal tissues surrounding the lipomatous hamartoma (mixed 
neuroglial-mesenchymal tissue, glial dystopias, aberrant nerve fibres, "hypertrophic" nerve 
bundles, peripheral myelin, micropolygyria, eerebellar microdysgenesias). 5 cases are described 
in detail: 1. Pontine lipomatous hamartoma combined with body mMformations, frontobasal 
epidermoid cyst, tentorial osteoma and cerebellar microdysgenesias. 2. Cerebellar medullo- 
blastoma associated with fibrolipomatous meningeal hamartoma and eerebellar mieropoly- 
gyria. 3. Large lipomatous hamartoma of the callosal region encircling a colloid cyst. 4. Mul- 
tiple meningeal fatty nodules associated with facial malformations, cerebellar dysgenesias and 
tentorial osteoma. 5. Intracranial hamartomatosis with lipo-fibro-angiomatosis of meninges, 
megadoliehobasilaris and multiple "subependymomas". The origin of intraeranial fatty tissue 
is discussed; intracranial lipomatous hamartoma should be regarded as a complex mMfor- 
mation, affecting both the cerebral eetomesenchyma and brain parenchyma, and classified as 
true hamartoma (tumour-like, but primarily non-neoplastic malformation). The term "lipoma", 
implicating a neoplastic character, should be abandoned. Links to phakomatoses are suggested. 

Key words: Hamartoma --  Lipoma --  Malformation -- Medulloblastoma --  Colloid 
Cyst -- Phakomatoses. 

Introduction 

Al though  commonly  rega rded  as ex t reme  ra r i ty ,  i n t r ac ran ia l  " l i pomas"  have  
been r epor t ed  in more  t h a n  200 cases [4]. Because of g rea t  in te res t  in t he  stil l  
d i spu t ed  origin of  in t rac ran ia l  adipose  t issue,  mos t  of  these observat ions  are  r a the r  
wel l -documented ,  so t h a t  in t r ac ran ia l  " l i p o m a "  should be known  as a well-defined 
neuropa tho log ica l  en t i ty .  Thus  i t  is surpr is ing t h a t  in t r ac ran ia l  " l i p o m a "  is stil l  
classified in mos t  cases as a neoplasm,  though  a congeni tal ,  embryon ic  and  real- 
fo rma t ive  origin is r ead i ly  acknowledged  I5,14, 46]. The s t u d y  of 13 cases enables  
us to  stress t h a t  in t r ac ran ia l  adipose  t issue masses  should  be rega rded  as a t rue  
ma l fo rma t ion ;  therefore,  the  t e rm  " l ipoma" ,  impl ica t ing  a neoplas t ic  charac ter ,  
should  be abandoned .  These in t rac ran ia ]  lesions fit exac t ly  in to  the  defini t ion of  
a h a m a r t o m a  which is considered as a " tumour- l ike ,  b u t  primarily non-neoplastic, 
mal]ormation charac te r i sed  b y  abnorma l  m ix tu r e  of  the  indigenous  t issue of  the  
part with excess of one of them" [57]. 
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Material and Methods 

13 intracranial lipomatous hamartomas were found in the files of the Neurological Institute 
of Vienna University. 1 instance (case 8) was found among 4290 neurosurgical biopsy spe- 
cimens collected in the years 1964--1973. The remaining 12 cases represent autopsy material 
from various sources; 9 observations (cases 2--4, 7, 9--13) were encountered among 1956 brain 
sections of the years 1970--1973 (pre-selectcd autopsy material). Among the latter 9 cases, 
4 (cases 3, 9, 10, 13) were found in 1560 consecutive autopsies of a regional neuropsychiatric 
centre (1968-- 1973). 

The material was fixed in formalin. Paraffin sections were stained with hematoxylin-eosin, 
cresylviolet and Kliivcr-Barrera's method for myelin; some with van Gieson's, ]~odian's 
Gomori's and Kanzler's stains, PAS and combined luxol fast blue-PAS [8]. Frozen sections 
were stained with Sudan I I I  and Sudanblack B. 

Results 

The clinical and  pathological findings are summarized  in  Table 1. The pat ients  
included 4 males and  8 females ranging in  age from 21 days to 77 years (no da ta  

available in  case 1). 
The clinical symptoms covered a wide field; only in  one pa t i en t  (case 8) focal 

symptoms,  indicat ive  of a space-occupying process, were reported. 

Case 8, a 26 year-old female, complained first at age 5 about facial pain and since age 
10 about left-sided trigeminal neuralgia. In the following years, a dermoid cyst of the right 
ovary and a fibroadenoma of the left mamma were extirpated; X-rays detected an incomplete 
lumbosacral spina bifida. At age 18, vertiginous attacks with nausea, vomiting and nystagmus 
occurred. At age 22, right-sided vestibular function was lost. 2 years later, trigeminal neuralgia 
developed also on the right side. At age 25, the patient became deaf on the right side. Panto- 
paque-cisternography suggested a right-sided cerebcllopontine tumour. A yellowish mass was 
subtotally extirpated at craniotomy. Postoperatively, the patient has been without symptoms 
for 10 months. 

Clinical symptoms  of all other pat ients  either had no direct connect ion with the 
h a m a r t o m a  (cases 2, 3, 6, 7, 9- -11)  or were due to associated body malformat ions  
(cases 4, 12, 13). Epilept ic  seizures combined with men ta l  re ta rda t ion  were 

observed in  cases 4 and  13. 
Macroscopically, there was moderate  (Fig. 3 g) to severe in terna l  hydrocephalus  

in  4 cases. 
The site of the l ipomatous  hamar tomas  was in 5 cases the cisterna ambiens-  

region (quadrigeminal  plate, pont ine  t ec tum and  t egmen tum,  superior ve rmis - -  
Figs. l a ,  c and  2b), in 3 the  cerebe]lopontine angle (Fig.2c), in 2 the posterior 

Fig. 1 a and b. Case 2. a Adipose tissue cap above posterior tectum and superior pons. 
b Lipomatous extension into pontine tegmentum with surrounding "mixed" tissue, van 

Gieson-Elastica. • 20 

Fig. 1 c--g. Case 3. c Fatty tissue between superior vermis and right cerebellar hemisphere 
connected with dorsal cerebellar meninges, d Atrophic cerebellar cortex around dorsal part 
of adipose tissue. Dystopic glial bridge between pons and cerebellar white matter (lower 
arrow). Upper arrow shows area from where :Figs. 1 e and f were taken. Kliiver-Barrera. • 3. 
c Massive collagen nerve sheathes in border area of lipomatous hamartoma, van Gieson- 
Elastica. • 400. f Numerous Sehwann-like cells and several mast cells (arrow) in same area as 
Fig. l e. Cresylviolet. • g Lipomatous extension into cerebellar white matter. Two- 
layered transitional zone between fatty tissue (above) and normal cerebellar white matter 

(below). Bodian. • 55 
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Fig.  1 a - -  g 
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Fig. 2 a and b. Case 4. a Large epidermoidal cyst frontobasally, b Fa t ty  nodule above lateral 
pontine tegmentum 

Fig.2c and d. Case 7. c Adipose tissue in eerebellopontine angle, d Irregular "mixed" tissue 
with neurons adjacent to normal ventral pontine gray matter  (lower right), t t .-E. • 100 
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hypothalamus (Fig.2f), and once the dorsal and ventral  surface of the corpus 
callosum (Fig.3g); 2 observations (cases 12, 13) had multiple lesions. 

The hamar toma size varied from tha t  of a millet to plum-size; in case 11, the 
fa t ty  tissue extended alongside the whole corpus callosum in sausage-shape; case 13 
showed extensive plate-shaped fa t ty  thickening of the cerebellar meninges (Fig. 4 a). 
In  every case, the adipose tissue was in direct connection with the leptomeninges ; 
in ease 12, the fa t ty  tissue adjacent to a tentorial osteoma adhered to the superficial 
leptomeninges. 

Microscopically, normal-looking large adipose cells with peripheral, sometimes 
indented ("Lochkcrn") nuclei composed the lesions; polymorphia, mitoses, and 
multivaeuolated cells were not found. Very rarely, a discrete lympho-plasmoeytie 
infiltration was encountered (Fig. 3 h). Some features were often present inside or 
around the lesions : A fibrous capsule of varying thickness, surrounding the fa t ty  
tissue as a whole, best developed in the region bordering the brain parenchyma;  
there, the fibrous tissue intermingled with adjacent glial tissue into such a close 
relationship tha t  a tightly-knit,  irregularly structured "mixed" glio-mesenchymal 
tissue resulted. This "mixed"  tissue also closely surrounded lipomatous extensions 
into brain substance (Fig. 1 b). Sometimes, "mixed"  tissue areas could be seen in 
brain parenchyma without any apparent  connection with the meningeal f a t ty  
tissue; an irregular glio-mesenehymal network then replaced the normal neuropil 
(Fig. 2 d). Calcifications in the adjacent brain tissue (Fig. 2 g) were found in 3 eases. 
Both hypothalamic nodules showed ring-shaped ossifications amidst  fa t ty  tissue 
(Fig.2g). The adipose tissue was not highly vaseularized; normal meningeal 
vessels crossed the hamar toma without any deviation. The cranial nerves were also 
undisturbed in most eases; only lipomatous distension (ease 4) or fibrous endo- 
and perineural thickening (eases 1--3) of trochlear nerves occurred without im- 
pairment. An exception was case 8, where fat  cells were detected between damaged, 
par t ly  demyelinated nerve fibers of the right acoustic nerve (Fig. 2 e) ; a moderate 
increase of endoneural connective tissue was also present. Apparent  a t rophy of 
brain parenehyma adjacent to the hamar toma was seen only once (Fig. 1 d). Small 
clusters of fat  cells in cerebellar meninges, distant from the hamartoma,  were 
observed in 2 cases. Glial dystopias in the surroundings of the lesions presented 
either as dystopic glial bridge (Fig. 1 d) or as small to large eetopias in the meninges 
(Fig.2h, i). 

A frequently encountered feature, in or around the hamartomas,  was central 
nervous fibres split off from brain parenchyma by adipose tissue; thus a variable 
number  of nerve fibres may irregularly cross extended fa t ty  masses (Fig.4e). 
Sometimes, remarkable changes were seen in both these aberrant  nerve fibres and 

Fig. 2 e. Case 8. Fat cells infiltrate acoustic nerve. H.-E. • 55 

Fig.2f and g. Case 10. f Nodule ventrally of posterior hypothalamus, g l~ing-shaped ossi- 
fication in adipose tissue areas (L). Broad connective tissue zone dorsally and extensive 

calcifications (small arrows) in bordering brain substance. Cresylviolet. X 4 

Fig.2h and i. Case 12. h Small lipomatous hamartoma (L) above inferior vermis and ex- 
tensive nervous tissue dystopias (upper right) in eerebellar meninges, tt.-E. • 8. i Inset 

from Fig. 2h. Cresylviolet. • 50 

15 Acta neuropath. (Berl.) Bd. 28 
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Fig. 3 a--h 
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nerve bundles  in "mixed"  tissue areas : in a dense collagenous matr ix ,  thick coat- 
ings sheathed myel ina ted  or unmye l ina t ed  axons or mimicked nerve fibres (Fig. t e) ; 
fur thermore,  there were numerous  Sehwann-l ike cells, sometimes in an  arrange- 
ment, similar to small onion-bulbs,  semieircling these "hyper t rophic"  nerve 
bundles ;  several mas t  eells could also be seen in the same area (Fig. 1 f). Similar 
features were seen a round  adipose tissue extensions into the ccrebellar white 
ma t t e r ;  a two-layered t rans i t iona l  zone was present  there between normal  white 
ma t t e r  and  fa t ty  tissue : first, the axons became dis tended by a moderate  a m o u n t  
of collagen fibres, and  then  merged into "hyper t rophic"  nerve bundles  in a densely 
collagenous mat r ix  immedia te ly  ad jacen t  to fat  cells (Fig. 1 g). I n  areas of "hyper-  

t rophic"  nerve changes with numerous  Schwann-l ike cells, as well as in  some 
aber ran t  nerve fibres crossing the adipose tissue (Fig. 4e), myel in  sheaths some- 

t imes s tained dark blue with the combined PAS-luxol  fast blue method  [8], indi- 
cating a peripheral type  of myelin.  

I n  5 cases, the l ipomatous hamar toma  was associated with other in t raeran ia l  
malformat ions  or t umours ;  these combinat ions  mer i t  a more detai led description : 

Case 4 combined body malformat ions  with suprapon t ine  hamar toma,  epider- 
mold cyst, tentor ia l  osteoma and  eerebellar mierodysgenesias:  

The mentally retarded 8 year-old girl showed multiple body deformities (mierocephaly, 
hypertelorism, microphthalmus on the right side, depression of sternum, vertebral seoliosis) 
and was operated at age 2 for Fallot's tetralogy. Since age 6, epileptic seizures occurred. In- 
creasing cardiac deeompensation eaused death at age 8. At autopsy, the small brain showed an 
egg-sized epidermoid cyst of the left frontobasal region (Fig. 2 a) and a cherry-sized lipomatous 
hamartoma in the right cisterns arabians (Fig.2b); a walnut-sized osteoma adhered to the 
right tentorium. Microscopically, cerebellar microdysgenesias (cortical heterotopias in white 
matter, Purkinje cell dystopias) were found. Additional signs of perinatal brain damage were 
ulegyria of the right parietal cortex and scarring of cerebellar folia. 

Case 5 represented a un ique  combina t ion  of cerebellar medul loblas toma with 
fibro-lipomatous hamar toma  and  eerebellar mierodysgenesias:  

The girl died at the age of 31/2 years; clinical diagnosis was cerebral tumour. We could 
study only histological slides from various cerebellar regions. These showed a rather sharply 
demarcated tumour of small apple-size in the superior vermis (Fig. 3 a). The cell-rich tumour 
was composed of closely packed, mostly irregularly arranged cells, but sometimes an alveolar 
("desmoplastic") pattern could be seen (Fig.3b). The turnout cells showed darkly stained 
oval or round nuclei with an ineonspacious nucleolus and a rather ill-defined sparse cytoplasm 
(Fig. 3 e); no distinct cytoplasmatic processes, no rosettes and only few mitoses were seen. This 
tumour infiltrated a superficial lipomatous hamartoma of cherry-size (Fig. 3c) which was 
located in the angle between turnout and eerebellar folia; some of the latter showed micro- 
polygyria (Fig. 3d). The meningeal hamartoma exhibited, besides fat cells, dense collagenous 
areas; similar plaques with irregularly structured hamartomatous tissue were seen amidst 

Fig. 3 a--f. Case 5. a Large solid tumor of superior vermis. Cresylviolet. x 1,2. b Desmo- 
plastic pattern of cell-rich tumor. It.-E. • 100. c Fatty tissue infiltrated by tumor cells 
(above). Adjacent tumor tissue with several hamartomatous plaques (below). H.-E. • 
d Cerebellar micropolygyria. H.-E. • 26. e Undifferentiated darkly staining small tumour 
cells. H.-E. • 450. f Nerve cells in hamartomatous plaque as seen in Fig. 1 c below. H.-E. • 600 

Fig. 3g and h. Case 11. g Fatty masses dorsally and ventrally of callosal splenium with 
central colloid cyst. Moderate internal hydrocephalus, h Colloid cyst epithelium with cilia. 
Underlying connective and fatty tissue with slight inflammatory infiltration. H.-E. • 230 

15" 
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Fig. 4 a - -g  
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tnmour areas bordering the hamartoma (Fig. 3 c below). These plaques were also partly in- 
filtrated by tumour cells and contained a small number of nerve ceils with poorly developed 
Nissl substance (Fig.3f). These nerve cells showed no similarity to Purkinje cells; their 
appearance suggested a more immature character. Furthermore, the structure and localisation 
of the plaques did not suggest cerebellar cortical tissue incorporated into the tumour. The 
cerebellar nuclei were maldeveloped; additional Purkinje cell heterotopias were found in the 
cerebellar white matter. 

Case 11 d i s p l a y e d  a n  e x t e n s i v e  l i p o m a t o u s  h a m a r t o m a  a r o u n d  t h e  corpus  

ca l lo sum c o m b i n e d  w i t h  a col loid cys t :  

The 73 year-old female had an uneventful clinical history and died after a stroke. The  
brain showed multiple infarctions and moderate internal hydrocephalus; extensive sausage- 
shaped fat ty  masses covered the dorsal and ventral surface of the corpus eallosmn from genu 
to splenium, where the adipose tissue encircled a cherry-sized eotloid cyst (Fig. 3 g) which was 
lined by a to-one multilayered, mostly euboidal eiliated epithelium (Fig.3h) with strongly 
PAS-positive substances in the apical cell parts. No mucoid goblet eells were seen in the rather 
uniform epithelium. The cyst eontents stained strongly PAS-positive. In  the adjacent fat ty 
tissue, several pineal eell nests were scattered, while no other parts of the eorpus pineale were 
discernible. 

Case 12 c o m b i n e d  fac ia l  m a l f o r m a t i o n s  a n d  m u l t i p l e  ce rebe l la r  m a c r o -  a n d  

m i e r o d y s g e n e s i a s  w i t h  t e n t o r i a l  o s t e o m a  a n d  m u l t i p l e  m e n i n g e a l  f a t t y  n o d u l e s :  

This female infant showed cheilo-gnatho-palatosehisis and died from recurrent respiratory 
tract  infections on her 21st day. At autopsy, eardiac dextroversion was found; the brain 
demonstrated severe hydrocephalus internus and marked eerebellar hypoplasia with a large 
arachnoidal cyst of the eisterna eerebello-medullaris. An olive-sized osteoma attached to the 
right tentorium with fat ty tissue in the adjacent leptomeninges. Another small lipomatous 
hamartoma was found in the meninges of the inferior vermis (Fig.2h); multiple nervous 
tissue dystopias covered the severely hypoplastie eerebellar folia (Fig. 2 h, i). 

Case 13 r e p r e s e n t e d  a u n i q u e  i n t r a c r a n i a l  h a m a r t o m a t o s i s  ( l ipo-f ibro-angio-  

m a t o s i s  o f  men inges ,  megado l i chobas i l a r i s ,  m u l t i p l e  " s u b e p e n d y m o m a s " )  : 

The 40 year-old male had a history of severe mental retardation, club-foot and occasional 
epileptic seizures. He died after head injury with epidural hematoma. The brain showed left 
parietal infarctions and severe internal hydrocephalus with multiple ventricle wall nodules of 
cherry-size. The basilar artery had serpentine configuration and was severely dilated ("mega- 
doliehobasilaris" ; Fig. 4 a, b); however, the cerebral vessels showed no arteriosclerotic changes. 
A large fat ty nodule lay around the caudal oblongata; fa t ty  meningeal thickening was seen 
above the cerebellum (Fig.4a, d). A highly vaseularized plate of connective and fat ty tissues 
replaced the meninges of midbrain and superior vermis dorsally (Fig. 4 b). This region contained 
an extensive arterio-venous malformation embedded in fibrous and adipose tissue (Fig.4c); 
the angiomatous vessels frequently showed severe endangiopathy (Fig.4g). Multiple well- 
myelinated aberrant nerve fibres in a "mixed" tissue matrix crossed the large oblongata 
lipomatous hamartoma (Fig. 4e). The ventriele wall nodules were composed of fibrillary, partly 
mierocystie glial tissue incorporating some ependymal nests and tubuli (Fig.4f). 

F ig .4a- -g .  Case 13. a Fa t t y  nodule around medulla oblongata. Dilated serpentine basilar 
artery. Fa t t y  thickening of posterior eerebellar meninges, b Highly vaseularized plate of 
connective and fat ty tissue in meninges dorsally of midbrain and superior vermis. H.-E. • 1,3. 
e Arterio-venous meningeal angiomatosis adjacent to fat ty tissue, van Gieson-Elastica. • 20. 
d Adipose tissue plate in eerebellar meninges. I-I.-E. • 9. e Well-myelinated nerve fibers 
with "mixed" tissue matrix in oblongata lipomatous hamartoma. Kliiver-Barrera. • 150. 
f Ventricle wall nodule composed of fibrillary glial tissue and some ependymM nests and 
tubuli (lower right). H.-E. • 40. g Endangiopathy of meningeal angiomatosis vessel. H.-E. 

•  
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Discussion 

This series of 13 cases of intracranial lipomatous hamartoma is the largest one 
reported to date. 9 instances were found among 1956 neuropathological autopsies 
(selected material) ; 4 cases belonged to a series of 1566 routine autopsies of one 
neuropsychiatrie hospital. This represents a rather high incidence of intracranial 
lipomatous hamartoma, when compared with 4 cases in 5000 routine autopsies 
reported by Vonderahe and Niemer [54]. The fact that all of our 12 autopsy cases 
were only incidental findings suggests that more instances of intracranial lipo- 
matous hamartoma will be found at thorough investigation of the brain, parti- 
cularly in the presence of other malformations. 

In accordance with previous surveys [20], no preponderance for distinct age 
groups or one sex was found; this contrasts with spinal "lipomas" which are more 
common in children or juvenile persons [i0]. In a total of 188 connatal intracranial 
tumours, 2 "lipomas" were found [25]. 

In  none of our 12 autopsy cases were clinical symptoms directly related to the 
intracranial lipomatous hamartoma. Mental retardation and epileptic seizures, 
commonly associated with this type of lesion [5,29,47], and frequent mental 
troubles [4] should be ascribed to co-existing CNS dysgenesias (cases 4, 13) [20]. 
Symptoms of a space-occupying lesion are very rare [63] ; the slowly progressing 
local symptoms in our case 8 are comparable to the typical protracted clinical 
course of spinal "lipomas" [52]. Thus, a clear clinical distinction exists between 
the usually asymptomatic intracranial lipomatous hamartomas [60,42] and their 
symptom-prone spinal counterparts [10]. The extreme rari ty of focal symptoms 
is stressed by the fact tha t  among 4290 neurosurgical biopsies, intracranial lipo- 
matous hamartoma was found only once. Only "lipomas" of the corpus callosum 
may be easily detected during life because of their characteristic sickle-shaped 
paramedian calcifications on plain X-ray films [39,42], by angiography [47], 
ventriculography [35] or scanning methods [59]. Sexual disturbances, frequently 
related to hypothalamic hamartomas [40], were not present in our cases 9 and 10. 
Neurosurgical t reatment  of callosal "lipomas" gave bad results [4, 23, 33, 39]. 

The site of intracranial lipomatous hamartoma in more than 50 ~ is the callosal 
region [4], while McLean [37] found only 280/0 in the callosal region, 200/0 in the 
tuber cinercum region, and 80/0 in the quadrigeminal plate. In our series, the 
cisterna ambiens region was the most frequent site (5 cases); only one callosal 
hamartoma was found. Generally, midline structures and basal cisterns arc pre- 
ferred sites [30], but  fa t ty  masses above the cerebral convexity also have been 
described [4, 5, 48, 60]. Multiple lesions (cases 12, 13) are not uncommon; a callosal 
"lipoma" may combine with one in the choroid plexus [3, 30, 34]. 

The size of intracranial lipomatous hamartomas varies from that  of a millet 
(case 12) to such extended fa t ty  masses (case 13) [16,48] tha t  the term "hamarto- 
matosis" seems appropriate. Internal hydrocephalus may be unrelated to the 
hamartoma (probably cases 10,11) or be caused by the specific site of the lesion 
"compressing" the aqueduct [46, 61] or may be an integrated part  of a complex 
malformation (cases 12, 13) [16]. 

Combination with extracranial mal/ormations was present in 4 instances (cases 
4, 8, 12, 13); associated congenital cardiac defects (case 4) have been described 
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only once [62], whereas spina bifida (ease 8) has been observed in some callosal 
" l ipomas"  [4,47]. This and  other  dysraphie  disorders are very  often found in 
spinal " l ipomas"  [11,41]. A facial cleft syndrome (case 12), present in one ease of  
spinal " l ipomatosis"  [58], has never been reported in intracranial  l ipomatous 
hamar toma .  

The microscopic features of intraeranial  l ipomatous hamar toma  and its sur- 
roundings stress the malformat ive  character  of  this lesion. The t ightly-knit ,  irregu- 
larly s t ruetured glio-mesenehymal "mixed"  tissue at  the h a m a r t o m a - - b r a i n  junc- 
t ion (Fig. 1 b and 2d) m a y  be found also in other  developmental  disorders of  the 
CNS in the transit ional zone between nervous pa renehyma and leptomeninges [4]. 
The int imate  relationship of neuroglial to  mesenehymal  elements in intracranial  
l ipomatous hamar toma  is fur ther  stressed by  the possible occurrence of muscle 
fibres, nerve cells and neurites, calcifications and bone format ion [42]. The nerve 
cells seen in Fig. 2 d should be interpreted as normal,  mature  neurons of  the pontine 
nuclei lying in a hamar toma tous  matr ix  replacing the neuropil ; on the other  hand, 
the immature- looking nerve cells in case 5 seem to be an integral par t  of the  
hamar toma tous  plaque. At  least in the hypotha lamus ,  l ipomatous hamar tomas  
(cases 9, 10) m a y  pass th rough  intermediate  types  to mere nerve eell-hamarto- 
mas [40]. 

Aberrant nerve fibres crossing a lipomatous hamartoma have been observed previously 
[1, 30, 44, 62]. "Hypertrophic" nerve changes with Sehwann-like cells and massive collagenous 
ensheathing of nerve fibres were noted "beneath pial lipomas where pathological incorporation 
of connective tissue in the white matter of the CNS occurs" [46]. The transition of normal 
white matter to "hypertrophic" nerves is reminiscent of the I~edlieh-Obersteiner-zones where 
spinal roots penetrate the pin. The presence of loeripheral type myelin in some of these aberrant 
fibres, suggested by histochemieal methods, may strengthen the Schwannian nature of the 
ensheathing cells. Sehwann cells and peripheral myelin within the CNS have been observed in 
a variety of experimental conditions [21] and human diseases, chiefly in multiple sclerosis 
[9, 24] ; they have been interpreted as regenerative proliferations of Sehwann cells originating 
from pial or vascular nerves. Though the histological appearance of the "hypertrophic" nerve 
changes is rather similar to hypertrophic neuropathy and amputation neuroma, their micro- 
dysgenetic nature is suggested by the incorporation into a malformative lesion, associated with 
other microdysgenesias, e.g. glial dystopias (eases 3, 9, 12) or cerebellar mierodysgenesias 
(cases 4, 5, 12) [55]. 

Micropolygyria adjacent  to intraeranial  l ipomatous h a m a r t o m a  (case 5) has 
been observed in the cerebral [4,5,16,48] or cerebellar cortex [49]. Cortical 
a t rophy  m a y  be distinguished from malformat, ive c, hanges only with difficulty, 
if ever ; t rue atrophic nervous tissue changes around intracranial  hamar toma  have 
therefore been denied to exist [47]. 

Calcifications and bone formation,  to a less extent  cartilagineous areas, are 
f requent ly  found in l ipomatous h a m a r t o m a  and/or  in the surrounding brain 
tissue [3, 5, 28, 34, 40, 42, 48, 49, 54, 55] and interpreted in mos t  cases as meta-  
plasia [62]. However,  the possibility t h a t  these components  m a y  result  f rom a 
complex malformat ion  has also to be considered. 

I n  contrast  to  spinal " l ipomas"  which sometimes infiltrate spinal roots [10], 
cranial nerves are unaffected by  intracranial  l ipomatous hamar tomas  [30]. An  
exception is case 8, where fat  cells could be demonst ra ted  inside the acoustic nerve. 
This histological finding and the progressive symptoms  are evidence of  extremely 
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rare, secondary growth in the primary malformative lesion. Nevertheless, rapid 
growth and malignant change with metastasis have never been reported [28, 63]. 

The origin of intraeranial fatty tissue is still a matter of speculation; besides 
theories of only historical interest, two mechanisms are generally discussed: 
1. Displacement of tissues or of their "anlage" during development; and 2. Dys- 
genesia of indigenous tissue without displacement. The displacement theory, 
holding that mesenehyma [40]--possibly accompanied by fragments of the neu- 
taxis [46]--or parts of the dermal anlage (as in dermoid and epidermoid cysts--2) 
become dislocated during CNS development, is based on dysraphic disturbances 
frequently associated with spinal and, to a lesser degree, intracranial "lipomas" 
and the preferred midline location. Agenesis of the eorpus eMlosum, occurring 
in 480/0 of all lipomatous hamartomas of this region [62] and interpreted as a dys- 
raphie disorder [40], also argues in favour of the dislocation hypothesis. However, 
a co-existing epidermoid cyst (case 4) is the only feature in our series which might 
support this theory. On the other hand, it was argued convincingly that even 
eallosal "lipomas" cannot be due to dysraphism alone [62] ; the various hamartoma 
sites, sometimes distant from the midline and from areas prone to dysraphic dis- 
orders, evidently rules out a direct pathogenetic connection of intraeranial lipo- 
matous hamartomas to dysraphism [30]. Therefore, only the theory stressing dys- 
genesia of indigenous tissue, without displacement, may explain the wide spectrum 
of maldevelopmentM features found in intraeranial lipomatous hamartomas. 
Krainer [30] suggested abnormal differentiation of the meninx primitiva which 
may persist in the eisternal spaces. Demus [4] adopted that selaeme, modifying it 
according to Wassermann's [56] theory of adipose tissue development from capil- 
lary mesenehyma; he interpreted CNS "lipoma" to originate from persisting 
mesenehyma of the embryonic capillary net, stressing the high vaseularisation 
found in some CNS "lipomas" [48, 51,54]. In our series, however, vascularisation 
of the adipose tissue was not considerable. A high content of blood vessels in some 
CNS lipomatous hamartomas is better explained as dysgenetie "angiomatous" 
feature; associated vascular malformations support that suggestion (ease 13) 
[5,16, 51]. In our opinion, it is not very relevant whether intracranial fatty tissue 
develops from the primitive meninges [30] or persisting pericapillary mesen- 
ehyma [4]. More interesting are the frequent dysgenesias of the surrounding brain 
tissue and meninges, found in 8 of 13 eases, which suggest a more complex malfor- 
mation. Therefore, a intracranial lipomatous hamartoma has to be understood as 
a true dysgenetic lesion, affecting both mesenchymal and neuroectodermal tissue 
components. Since at least part of the leptomeninges is likely to develop from the 
neural crest [18,19], as well as a great part of the cranial mesenehyma ([22]; 
"eetomesenchyma"), a complex malformation, affecting both the cerebral ecto- 
mesenchyma and the neuroglial tissue [55], may produce the features of intra- 
cranial lipomatous hamartoma. 

Interesting pathogenetic aspects arise in combination with colloid cyst (case 11), 
cerebellar medulloblastoma (case 5) and "subependymomas" (case 13): 

Case 11, featuring a colloid cyst amidst callosal lipomatous hamartoma, is 
comparable to a "lipoma" of the corpus callosum in direct communication with a 
subcutaneous scalp "lipoma" ; in the centre of the eallosal "lipoma", a cherry-sized 
colloid cyst with ependymal lining was observed [39]. Sinee intraeranial lipoma- 
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tous hamartoma is frequently associated with dysgenesia of the surrounding 
tissue, a malformative origin of these cysts from the neighbouring third ventricle 
roof may be suggested. The cyst epithelium resembled ependyma, a finding 
recently confirmed by ultrastructural investigation of a colloid cyst of the third 
ventricle [32]. 

Combination of intraeranial lipomatous hamartomas with intracranial tumours 
(case 5) is very rare. Nippe [38] described a parietal "gfiosarcoma" completely 
encircling a fatty tissue mass. Henschen [20] observed a "lipoma" above the 
quadrigeminal region associated with a walnut-sized "spongioblastoma" of the 
cerebellum. Treip [53] reported a medulloepithelioma of midbrain and cerebellum 
with adjacent large meningeal lipomatous hamartoma. In our case, the tumor is 
classified as partly "dcsmoplastie" mcdullob]astoma [45]. The fibro-]ipomatous 
hamartoma, the nerve cell-containing plaques, the cerebellar micropolygyria--all 
this is in such an intimate relation to the medulloblastoma that we cannot avoid 
suggest ing a deve lopmen ta l  connect ion.  W e  do no t  i n t e rp re t  the  nerve cells in 
t u m o u r  border  areas  as gangl iomatous  m a t u r a t i o n  in medu l lob la s toma  [7, 27, 46] 
nor  as Pu rk in j e  cell r e m n a n t s  of in f i l t ra ted  cerebel lar  cortex,  bu t  as p a r t  of a large 
meningeal ,  mos t l y  l ipomatous  h a m a r t o m a ,  in f i l t ra ted  secondar i ly  b y  t u m o u r  cells. 
On morphologica l  grounds,  the  histogenesis  of  medu l lob l a s toma  is stil l  under  dis- 
cussion [26,43 vs. 13,15,36], whereas recent neuroehemical studies give some 
evidence for a ncuroectodermal histogenesis [17]. Our case of medulloblastoma 
associated with meningeal hamartoma and cerebellar micropolygyria emphasizes 
the maldevelopmental nature of medulloblastoma; hence, the term "hamarto- 
blastoma" might eharacterise the dysgenetic origin of some medulloblastomas. 
This is in accordance with medulloblastomas associated with congenital malfor- 
mations [6] and teratoid formations observed in homologous twins [12]. 

Case 13 represents a unique intracranial hamartomatosis, comprising "lipo- 
fibro-angiomatosis" of meninges of the posterior fossa, megadolichobasilaris, 
internal hydrocephalus and multiple ventricle wall nodules. The histology of the 
latter fits exactly into the description of "subepcndymomas" [42], which are con- 
sidered to be built up by subependymal astroglia. Combined with the extensive 
intracranial hamartomatosis, these ventricle wall nodules demand to be regarded 
also as hamartomas [46]. Since such fibrillary subependymal glial nodules and 
angiomatous malformations are sometimes encountered in central neurofibro- 
matosis and other phakomatoses [31,42], this observation may emphasize the 
links between intracranial lipomatous hamartoma(tosis) and the phakomatoses, 
a connection already suggested by the description of "encephalocraniocutaneous 
l i pomatos i s "  [16]. 
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Addendum 
Since the submittance of this paper, one additional case was observed (case 14): A 64year- 

old female with a clinical diagnosis of dementia presented at autopsy a pea-sized lipomatous 
hamartoma in the right paramedian fossa interpeduncularis; the right oculomotor nerve was 
split into several bundles with severe proliferation of endoneural tissue. Unique in our series, 
numerous striated muscle fibres crossed the hamartoma, thus stressing once more the primarily 
malformative character of intracranial lipomatous hamartoma. 
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