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Abstract. N e u r o p a t h o l o g i c  eva lua t i on  o f  two infants  
wi th  t h a n a t o p h o r i c  dysp las i a  d i sp layed  typ ica l  gross  
m o r p h o l o g i c  charac ter i s t ics  and  a d is t inct  p a t t e r n  o f  
b ra in  m a l f o r m a t i o n s ,  inc lud ing  anomal i e s  o f  the t empo-  
ra l  lobe gyri  and  h i p p o c a m p u s ,  neurog l i a l  he te ro top ias ,  
f iber  t rac t  hypop la s i a ,  and  dysp la s i a  o f  deep  nuclei.  In-  
c reased  number s  o f  ho r i zon t a l  cells o f  Ca ja l -Re tz ius  were 
s t r ik ing in f requency  and  d i s t r ibu t ion .  The  p a t t e r n  o f  
abno rma l i t i e s  suggests  a r res t  o f  ce rebra l  cor t ica l  on tog-  
eny late  in deve lopment .  As  wi th  the  m u c o p o l y s a c c h a r i -  
doses,  a shared  c o m m o n  me tabo l i c  p a t h w a y  is a po ten t i a l  
m e c h a n i s m  for  d e v e l o p m e n t  o f  w idesp read  b o n y  and  so- 
ma t i c  abno rma l i t i e s  a n d  assoc ia ted  cent ra l  ne rvous  sys- 
tem anomal ies .  
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T h a n a t o p h o r i c  dysplas ia ,  a ra re  c h o n d r o d y s t r o p h i c  syn- 
d rome ,  was ini t ia l ly  r e p o r t e d  in 1967 by  M a r o t e a u x  and  
co -worke r s  [22], who  descr ibed  the typ ica l  m o r p h o l o g i c  
and  r a d i o g r a p h i c  f indings  in fou r  cases a n d  d i f fe ren t ia ted  
the s y n d r o m e  f rom a c h o n d r o p l a s i a .  Since tha t  or ig ina l  
repor t ,  a va r ie ty  o f  cen t ra l  ne rvous  sys tem abno rma l i t i e s  
have  been descr ibed  [3, 7, 10, 13, 14, 16, 23, 27, 32, 33, 37]. 
A p p r o x i m a t e l y  30 r e p o r t e d  cases have  inc luded  examina -  
t ion o f  the bra in ,  bu t  cen t ra l  ne rvous  sys tem anomal i e s  
have been incomple t e ly  d o c u m e n t e d  in m a n y  studies.  We 
r e p o r t  two cases wi th  de ta i led  n e u r o p a t h o l o g i c  f indings  
( inc luding Golg i  s tudy  o f  the cerebel lum)  and  review the 
cu r ren t  l i tera ture .  

* Present address and address for offprint requests: Department of 
Neurology, Creighton University Medical Center, 601 North 30th 
Street, Suite 2342, Omaha, NE 68131, USA 

Case presentations 

Case 1 

This term female infant was delivered to a 27-year-old gravida III, 
para 2 mother by cesarean section after fetal movement had ceased 
and ultrasound had revealed multiple skeletal anomalies. The Ap- 
gar scores were 1 and 5 at I and 5 min, respectively. Immediate 
intubation was required. Multiple anomalies characteristic of thana- 
tophoric dysplasia were noted, including a large anterior fontanel, 
flat occiput, flat facies with prominent forehead, flattened nasal 
bridge with upturned nares, high arched palate, small mandible, 
small chest, and rhizomelic shortening of all extremities with promi- 
nent skinfolds. The palmar and plantar creases were normal. The 
child weighed 3,725 g and had a fronto-occipital head circumference 
of 38 cm. The head hair was black and had one right parietal and 
two left parietal whorls. The hairline was low over the nape of the 
neck. The neck appeared short with redundant skinfolds. Skeletal 
radiographs showed findings typical of thanatophoric dysplasia. 
The infant died less than 24 h after birth. 

At autopsy, the chest circumference was 32 cm. The heart had 
normal chambers and valves, and the ductus arteriosus was widely 
patent. The lungs were small and hypoplastic. Examination of the 
ribs and humeri recapitulated the radiologic observations. A nodule 
of adrenal cortex was found adjacent to one ovary. Sections of the 
growth zones in the rib, humerus, and vertebrae showed growth 
arrest lines extending across the zone of provisional ossification. 
Chondrocytes were evenly spaced, but formed only rudimentary 
columns. The placenta was meconium stained but otherwise nor- 
mal. The karyotype was 46XX, normal female. 

After formaldehyde fixation, the brain weighed 540 g. External 
examination of the brain showed that the temporal lobes were 
enlarged bilaterally. The optic tracts were hypoplastic. On coronal 
section of the cerebral hemispheres, the thickness of corpus callo- 
sum in the midline at the level of the anterior commissure was 2 mm. 

Microscopic examination of the temporal lobes showed the 
hippocampus to be grossly disorganized with poor orientation of 
the pyramidal ceils. The dentate gyrus was absent. Horizontal cells 
of Cajal-Retzius were scattered haphazardly without orientation 
throughout the molecular layer of the cortex, singly and in loose 
groupings (Fig. 1 a, b). More rostrally in the temporal lobe there 
were jumbled nests of pyramidal cells in the presumptive location of 
the amygdaloid nuclei, which could not otherwise be identified. 
Large neuroglial heterotopias were found in the subarachnoid space 
of the temporal lobes, in the molecular layer of the cortex, and the 
deep white matter of the temporal lobe. In the inferior frontal cortex 
frequent isolated Cajal-Retzius neurons were found in the molecu- 
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Fig. 1 a -c .  Case 1. Horizontal cells (neurons) of Cajal-Retzius at 
the pial membrane in the inferior temporal cortex (a), and in the 
molecular layer of the cingulate gyrus (b). H & E, original magnifi- 
cation, x 400. Coronal section showing hypoplastic optic tract (c). 
LFB-PAS-H, original magnification, x 10 

Fig. 2a, b. Case 2. Medial hemispheric surface showing hypoplastic 
corpus callosum and temporal gyral abnormalities; note deep sulci 
oriented at right angles to the long axis of the temporal lobe (a). 
Oblique view of the medial hemispheric surface (b) showing fornix 
(white arrow), posteriorly rotated hippocampus (black arrowhead), 
and uncus (U) 

lar layer. The white matter of the corpus callosum was gliotic. The 
optic tracts were hypoplastic (Fig. 1 c). The midbrain showed a 
neuroglial heterotopia in the dorsal lateral region. In the midbrain, 
the nuclei of the third cranial nerves were poorly organized, fused, 
and failed to form two discrete nuclei. In the cerebellum a few large 
heterotopic Purkinje cells were located near the roof  of the IV 
ventricle. The medullary pyramids were small. The spinal cord ap- 
peared normal. 

Case 2 

This patient was a 36-week-gestation male infant born to a 27-year- 
old gravida I, para I, woman following spontaneous rupture of the 
membranes. The Apgar scores were 4 and 6 at 1 and 5 minutes, 
respectively. Transferred to the Children's Hospital of Oklahoma at 
the age of 6 h because of respiratory distress, his weight was 2 230 g, 
length 38 cm, and fronto-occipital head circumference 36.5 cm. 
Dysmorphic features were identical to those seen in case 1. A radio- 
graphic skeletal survey showed marked bowing of the limbs with 
metaphyseal flaring, platyspondyly with narrowed interpedicular 

distances, square shape of the iliac crest and scapula, a short cranial 
base, and short ribs with flared ends. He died at the age of 3 days. 

At autopsy, the thorax was 23 cm in circumference at the level 
of the nipples. The testes were located within the inguinal canals. 
The lungs were severely hypoplastic; the heart appeared normal. 
The posterior fossa was shallow. Karyotype was 46XY, normal 
male; the placenta showed moderate ischemic changes. 

The brain weighed 502 g. The cerebellum was small. The tempo- 
ral lobes were enlarged bilaterally. The gyral pattern on the inferior 
surface of the temporal lobe was abnormal (Fig. 2 a, b). There were 
three deep sulci perpendicular to the long axis of the temporal lobe 
and the usual named gyri were difficult to identify. The hippocam- 
pus was rudimentary and found only in the most extreme postero- 
medial portion of the temporal lobe. The splenium of the corpus 
callosum was hypoplastic. 

One hemisphere was cut in serial step sections from the occipital 
pole to the tip of the temporal lobe. Within the calcarine cortex 
there were large neurons of Cajal-Retzius present in the outer 
molecular layer both singly and in groups. There were a few small 
nodules of heterotopic neurons in the molecular layer (Fig. 3 a), as 
well as smaller neuroglial nodules in the deep white matter. Polymi- 
crogyria was present in the sulcal depths of the posteromedial tern- 
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Fig. 3a -d .  Case 2. Dysplastic cortex in the medial 
occipital lobe (a). Nissl, original magnification, 
• 40. Polymicrogyria in the depths of a sulcus in 

the posteromedial temporal lobe (b). Nissl, original 
magnification, x 40. Coronal section of the 
hippocampus showing elongated and hyperconvo- 
luted dentate gyrus banked by disorganized 
hippocampal neurons (c). Nissl, original magnifica- 
tion, • 10. Large subarachnoid neuroglial hetero- 
topia in the posterior temporal lobe appears to 
originate from several sites in the pia (d). Arrows 
indicate pial surface. H & E, original magnifica- 
tion, • 100 



24 

Fig. 4. Camera lucida drawing of Purkinje cells showing the abnor- 
mal dendritic branching. Denn Rapid Golgi stain 

poral lobe (Fig. 3 b). A large cluster of heterotopic neurons was 
present in the deep white matter near the trigone of the lateral 
ventricle. 

At the junction of occipital and temporal lobes, the normal 
six-layered cortex became a more poorly organized cortex with a 
simplified laminar pattern. In the rudimentary, vertically oriented 
hippocampus, jumbled nests of hippocampal pyramidal neurons 
were seen, intermixed with scattered clusters of smaller granular 
neurons. In several sections, the granular ceils formed an elongated 
and hyperconvoluted dentate gyrus banked by poorly organized 
hippocampal pyramidal neurons (Fig. 3 c), with looping swirls of 
hippocampal neurons intermixed with nests of granular cells within 
the ascending portion of the hippocampus. In the inferomedial 
portion of the temporal lobe, neuroglial subarachnoid heterotopias 
were seen, at times bridging adjacent gyri (Fig. 3 d). The cortex in 
this region was grossly disorganized, whereas further laterally and 
superiorly in the temporal lobe, the cortex had a more normal 
laminar pattern. The amygdaloid nucleus could be identified and 
appeared normal. Occasional nodules of heterotopic neurons were 
found in the deep white matter of the temporal lobe. An unusual 
ependymal-lined eventration extending from the ventricular surface 
was found in the roof of the temporal horn of the lateral ventricle. 
Variably oriented Cajal-Retzius cells were occasionally identified in 
the molecular layer of all regions of the cortex, but were most 
common in the parieto-occipital regions. The thalamus showed 
abnormal nodular collections of small nuclei that appeared to be 
glial cells. The basal ganglia contained abnormal bundles of white 
matter. The inferior olives were normal, and the medullary pyra- 
mids were small. In the cerebellum, heterotopic nests of Purkinje 
cells were found near the dentate nucleus. 

Golgi stains [5] of the cerebellum were performed on both cases, 
with similar findings. Although the majority of Purkinje cells were 
normal, many Purkinje cells showed bizarre dendritic branches sin- 
gly and in small groups (Fig. 4). 

Discussion 

Many early reports of  thanatophoric  dysplasia provide 
insufficient details to determine the number  and relative 
frequency of  the various central nervous system anoma-  
lies [3, 10, 16, 23, 27, 32]. Table 1 is a compilat ion of  the 
findings of  the cases reported thus far. Temporal  lobe 
gyral abnormalit ies seem to be the most  frequently re- 
ported anomaly.  Typically the temporal  lobes are sym- 

Table 1. Neuropathologic findings in 29 cases of thanatophoric 
dysplasia 

No. 

Clover leaf skull 
Posterior fossa hypoplasia 
Megalencephaly 
Ventricular dilation 
Temporal lobe gyral abnormality 
Subarachnoid heterotopia 
Corpus callosum hypoplasia 
Dentate nucleus dysplasia 
Inferior olive dysplasia 
Other nuclear dysplasia 
Fiber tract abnormality 

7/29 
13/29 
23/29 
14/29 
24/29 
19/29 
7/29 
8/29 
7/29 
8/29 

14/29 

metrically enlarged, with broad  flat gyri. The sulci are 
very deep and characteristically aligned perpendicularly 
or diagonally in relation to the long axis of  the temporal  
lobe, such that the usual temporal  gyri cannot  be identi- 
fied with certainty. Abnormali t ies of  the organization of  
the h ippocampal  format ion and dentate gyrus appear  
equally commonly,  al though an exact frequency cannot  
be determined. Megalencephaly, present in about  80% of  
cases, is the second-most  common  abnormali ty.  Next  in 
frequency is the presence of  neuroglial subarachnoid het- 
erotopias,  most  commonly  in the inferior and medial re- 
gions of  the temporal  lobe and typically within sulci. 
Posterior fossa hypoplasia has been reported in 45% of  
cases and may  be associated with cerebellar and brain- 
stem hypoplasia, al though this concordance has not been 
well documented. About  half  the cases have had mildly to 
severely dilated ventricles. In some cases this dilation ap- 
parently primarily involved the temporal  horns of  the 
lateral ventricles. Hypoplas ia  of  fiber tracts often in- 
volves the brainstem corticospinal tracts and the corpus 
callosum. 

Our  two cases had the typical phenotypic features of  
thanatophoric  dysplasia, which is one of  several forms of  
lethal chondrodyst rophy [17, 24, 26, 30, 34]. 

Two recent series [13, 37] have confirmed previous 
findings and emphasized abnormalit ies of  the hippocam- 
pus and brainstem, including a dysplastic or absent den- 
tate gyrus, failure of  development of  Ammon ' s  horn, 
neuroglial heterotopias in the temporal  lobe, the sub- 
ependymal region, deep white matter ,  cortex, or in the 
subarachnoid space. Many  large pyramidal  neurons were 
seen in the molecular layer of  the cortex, especially in the 
temporal  lobes [13]. Dysplasia of  brainstem and cerebel- 
lar nuclear groups was frequent but variable: a hypercon- 
voluted dentate nucleus was most  common.  Abnormali-  
ties also occurred in the inferior olive, basal ganglia, cau- 
date nucleus, thalamus,  and lateral geniculate. Fiber tract 
hypoplasia commonly  involved the internal capsule, tem- 
poropont ine  and corticospinal fibers in the midbrain and 
pons, and the medullary pyramids.  Purkinje cell hetero- 
topias were noted in the cerebellar white matter .  Golgi 
studies in one case [33] showed immature  cortical neurons 
with short dendrites. Purkinje cells had small, poorly 
branching dendritic trees. 



Table 2. Neuropathologic abnormalities in chondrodystrophic syn- 
dromes 

Syndrome Neuropathologic findings 

Achondroplasia 

Ellis-van Creveld 

Campomelic 
syndrome 

Short rib polydactyly 
syndrome (type II) 

Rhizomelic 
chondrodysplasia 
punctata 

Thanatophoric 
dysplasia 

Megalencephaly, hydrocephalus 

Heterotopic gray matter, gyral anomalies, 
cerebellar vermal atrophy, absence or 
thinning of corpus callosum, hydrocephalus 

Megalencephaly, abnormal cortex, 
thalamus, caudate; absent or hypoplastic 
olfactory tract or bulb, hydrocephalus 

Pachygyria, hypoplastic cerebellar vermis, 
absent olfactory bulbs, midbrain and 
aqueductal malformation, Dandy-Walker 
malformation 

Heterotopic gray matter, Dandy-Walker 
malformation, dysplastic dentate nucleus, 
hydrocephalus 

Megalencephaly, temporal lobe gyral 
anomalies, subarachnoid heterotopia, 
brainstem and cerebellar nuclear dysplasia, 
fiber tract abnormalities 

It is sometimes difficult to distinguish intrinsic central 
nervous system dysmorphism from the effects of defor- 
mational forces. Table 2 shows the chondrodysplasias in 
which central nervous system anomalies have been re- 
ported. For  the most part, the exact incidence of  the 
specific abnormalities in each syndrome is unknown. 

Megalencephaly and hydrocephalus are sometimes 
seen in achondroplasia [6], although the brain appears 
otherwise unremarkable and intelligence is usually nor- 
real. Heterotopic gray matter, gyral abnormalities, ver- 
mal atrophy, and thining of  the corpus callosum have 
been found in the Ellis-Van Creveld syndrome [2, 29], but 
most of these patients are of  average intellect. The other 
chondrodysplasias are often fatal in the neonatal period 
and show an increased incidence of  brain anomalies. In 
the campomelic syndrome, about  half  of  the brains stud- 
ied showed a lack of olfactory bulbs or tracts [1, 11, 15, 
25, 31]. Pachygyria, vermal hypoplasia, absent olfactory 
bulbs, midbrain and aqueductal malformations, and 
Dandy-Walker malformation have been described in 
some cases of the short rib-polydaetyly syndrome type II 
(Majewski type) [4, 20]. Rhizomelic chondrodysplasia 
punctata, recently found to be a disorder of  peroxisomal 
function resulting in decreased plasmalogen synthesis 
[12], has been associated with heterotopic gray matter, 
the Dandy-Walker malformation, dysplastic dentate nu- 
clei, and ventricular dilation [35]. 

The pattern of  central nervous system dysmorphism 
seen in infants with thanatophoric dysplasia appears to 
be a specific and integral component  of the syndrome, 
and not the result of  deformational factors. Although 
microgyria and abnormalities of  the posterior and middle 
cranial fossae contents have previously been ascribed to 
ischemia or hypoperfusion resulting from morphological 
abnormalities at the base of  the skull, such a hypothesis 
would not account for more widespread disturbances of 
cortical development and neuronal migration. In addi- 
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tion, Knisely and co-workers [18] have found typical 
brain changes in a 19-week fetus. The temporal lobe 
structures affected form at or before 14.5 weeks, prior to 
the time that bony deformities could produce changes, 
suggesting a developmental rather than deformational 
factor operating early in maturation. A disturbance of  
intermediary metabolism could possibly account for the 
disrupted nervous system development. Similar changes 
have been reported in known metabolic disorders. Disor- 
dered neuronal migration with gray matter heterotopia, 
polymicrogyria, dysplastic inferior olivary nucleus, and 
abnormal cerebellar Purkinje cells have been observed in 
Zellweger syndrome [8, 28 36] which, like rhizomelic 
chondrodysplasia punctata, has a deficiency of  peroxi- 
somal function [9]. Unfortunately,  investigation of  per- 
oxisomal function has not yet been undertaken in thana- 
tophoric dysplasia, although an abnormality of  proteo- 
glycan intracellular transit in fibroblasts has been identi- 
fied [19]. It is unknown whether such an abnormality 
could be causally linked to anomalies of  brain develop- 
ment. 

Of particular interest is the increased number of hori- 
zontal cells of Cajal-Retzius in the molecular layer of  the 
cortex, especially in the temporal lobe. Embryologically, 
these cells are among the first neurons to differentiate, 
and subsequent waves of  maturing neurons synapse with 
and orient in relation to these Cajal-Retzius cells [21]. A 
disturbance in the early proliferation or function of these 
cells could contribute to later abnormal neuronal migra- 
tion and hence disorganization or abnormal cortical de- 
velopment, including subarachnoid heterotopias and gy- 
ral malformations. Detailed studies of  cortical cytoarchi- 
tecture, especially in the earlier fetal periods, may yield 
additional information concerning the process of  both 
abnormal and normal brain development. Furthermore,  
investigation of  a possible metabolic disorder in thana- 
tophoric dysplasia may reveal a common biochemical 
explanation for the changes in both bone and brain. 
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