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Цель. Выявить структурные особенности вентрикулярной герминативной зоны и не-

окортекса при врожденной гидроцефалии, сопряженной с аномалиями развития водопро-

вода мозга у новорожденных 22-40 недель гестации. Материалы и методы. Основная 

группа (n=10) – головной мозг новорожденных 22-40 недель гестации с гидроцефалией, 

сформировавшейся на фоне аномалий развития водопровода мозга; группа сравнения 

(n=30) – головной мозг новорожденных без видимой патологии ЦНС c шириной просвета 

боковых желудочков, не превышающей 0,5 см. Проведено комплексное патоморфологиче-

ское исследование вентрикулярной герминативной зоны и неокортекса в проекции поля 

№6 (корковое представительство двигательного анализатора). Результаты. Гидроцефалия, 

сопряженная с аномалиями развития водопровода мозга, характеризуется нарушением 

формирования борозд и извилин (микрополигирия, асимметрии и нарушение последова-

тельности гирификации), отсутствием признаков ремоделирования вентрикулярной герми-

нативной зоны и ретардацией дифференцировки III-VI цитоархитектонических слоев не-

окортекса на фоне увеличения экспрессии глиального белка S-100 в глиобластах белого 

вещества, снижения экспрессии виментина в сосудах перивентрикулярной области и отри-

цательной экспрессии металлопротеиназы-9 в глиобластах, рилина – в нейронах Кахаля-
Ретциуса, десмина – в перивентрикулярных сосудах. Заключение. Структурные особенно-

сти вентрикулярной герминативной зоны и неокортекса у новорожденных 22-40 недель 

гестации при гидроцефалии, связанной с аномалиями развития водопровода мозга, следует 

рассматривать в качестве морфологических дифференциально-диагностических критериев 

указанной патологии с внутренней водянкой головного мозга иной этиологии.  
Ключевые слова: вентрикулярная герминативная зона, неокортекс, гидроцефалия, 

аномалии развития водопровода мозга, новорожденные. 
______________________________________________________________________________ 

 
PATHOMORPHOLOGY  OF  HYDROCEPHALUS  ASSOCIATED  

WITH  ANOMALIES  OF  DEVELOPMENT  OF  THE  CEREBRAL  AQUEDUCT 
 

E.V. Protsenko, L.P. Peretyatko, N.V. Fateeva, O.P. Saryeva 
 

V.N. Gorodkov Research Institute of Maternity and Childhood of Ivanovo, 
Ivanovo, Russia 

 
Aim. The aim of the study was to reveal structural peculiarities of the ventricular germinal 

zone and of the neocortex in newborns of 22-40 weeks gestation with congenital hydrocephalus as-
sociated with anomalies in development of the cerebral aqueduct. Materials and Methods. The 
main group was the brain of newborns aged 22-40 weeks of gestation with hydrocephalus, formed 
with the underlying developmental anomalies of the cerebral aqueduct (n=10); comparison group 
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(n=30) was the brain of newborns without visible pathology of the CNS with the width of the lumen 
of lateral ventricles not exceeding 0.5 cm. A complex pathomorphological study of the ventricular 
germinal zone and the neocortex in the projection of field No. 6 (cortical representation of the motor 
analyzer) was carried out. Results. Hydrocephalus associated with anomalies of development of the 
cerebral aqueduct is characterized by disorders in formation of sulci and gyri (micropolygyria, 
asymmetry and breakage of the gyrification sequence), by absence of signs of remodeling of the 
ventricular germinal zone and by retardation of differentiation of III-VI cytoarchitectonic layers of 
the neocortex, with the underlying increased expression of S-100 glial protein in glioblasts of white 
matter, decreased expression of vimentin in vessels of periventricular region, negative expression of 
metalloproteinases-9 in glioblasts, of reelin in Cajal-Retzius neurons, of desmin in periventricular 
vessels. Conclusion. Structural peculiarities of the ventricular germinal zone and the neocortex in 
newborns of 22-40 weeks of gestation with hydrocephalus, associated with anomalies in develop-
ment of the cerebral aqueduct, should be considered as morphological diagnostic criteria for differ-
entiation of the given pathology with internal hydrocephalus of a different etiology.  

Keywords: ventricular germinal zone, neocortex, hydrocephalus, anomalies in development 
of the cerebral aqueduct, newborns. 
______________________________________________________________________________ 

 
According to literature data, 43% of the 

internal hydrocephalus (HC) in newborns re-
sult from anomalies in the development of 
cerebral aqueduct (CA) etiologically related 
with recessive gene in X-chromo-some[1,2]. 
The favorable outcome, according to some 
authors [3,4] depends on early diagnosis and 
timely treatment taking into the account struc-
tural damages of the brain.  

It is well-known that alterations of the 
brain parenchyma resulting from accumula-
tion of liquor in the ventricular system in case 
of congenital HC, are manifested by atrophy 
of cerebral hemispheres, degenerative altera-
tions of axons to the extent of their disappear-
ance and demyelination of the cerebral con-
ducting pathways [5]. However, up to the 
moment there is no idea of the structural basis 
of the pathological process in the brain matter 
in inherited hydrocephalus resulting from 
chromosomal pathology. 

In connection with the above, the aim of 
this study was to study morphological peculi-
arities of the ventricular germinal zone and 
neocortex of newborns of 22-40 weeks of 
gestation in hydrocephalus coupled with 
anomalies of development of CA. 

Materials and Methods 
A complex morphological study of the 

brain of 40 still-born and live-born children 
who died after birth, of gestation age 22-40 

weeks, was conducted. The study included 
survey histology and histostereometry of the 
ventricular germinal zone (VGZ) and 
neocortex, transmission electron microscopy 
and immunohistochemical (IHC) identifica-
tion of S-100 glial protein, of matrix metallo-
proteinase-9 (MMP-9), of reelin, vimentin 
and desmin in the brain structures.  

The main group was brain of 10 new-
borns with hydrocephalus due to abnormal de-
velopment of CA, who died after birth. Hydro-
cephalus was diagnosed in screening ultra-
sound examination of fetus and was confirmed 
in autopsy on the basis of combination of dila-
tation of the lateral and III ventricles to more 
than 1.0 cm with abnormal development of 
CA. The latter was identified by filling of the 
ventricular system of the brain with the 
injectionmixture of ink and gelatin [6]. A com-
parison group (30) consisted of samples of the 
brain of newborns who died from asphyxia, 
with no pathology of the central nervous sys-
tem CNS and with the width of the lumen of 
lateral ventricles (LV) not more than 0.5 cm.  

The material for examination was 
fragments of the brain tissue including ven-
tricular germinal zone and neocortex, incised 
in the projection of cytoarchitectonic field 
№6 located in the anterior third of the 

precentral gyrus (cortical representation of 
the motor analyzer). Processing of histologi-
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cal material suggested preliminary fixation 
of the tissue in neutral formalin with subse-
quent processing and embedding in paraffin 
[7]. Tissue sections of 3-4 µm thickness 

were stained by Nissl method, and also with 
hematoxylin and eosin. Identification of the 
antigens of neurospecific S-100 protein, 
reelin, MMP-9, vimentin and desmin in pa-
renchyma and vessels of the brain was car-
ried out according to standard methods with 
thermal epitope retrieval using mononuclear 
mice antibodies in working dilutions (Dako, 
Denmark). Immune-positive complexes were 
visualized using light microscope Micros 
Austria (МС 300Х) in 100 cells of 10 differ-
ent fields of vision with 400x magnification. 
Intensity of immune-histochemical staining 
of the nuclei and cytoplasm (weak, moder-
ate, expressed) was evaluated in points from 
0 to 3. Expression index (EI) was calculated 
from the formula:  

EI = ∑ P(i)∙i/100, 
where (i) is index of staining intensity ob-
tained by summation of points, P(i) – per-
centage of positive cells and structures 
stained with different extent of intensity. 

To identify the dynamics of gestational 
structural transformations of the brain, the 
examined materials of both groups was di-
vided into subgroups (22-27, 28-32, 33-37, 
38-40 weeks) which on the basis of the mass 
and length of the body at birth, conventional-
ly corresponded to newborns with extremal 
low body mass (ELBM), very low body 
mass (VLBM), low body mass (LBM) and 
normal body mass.  

Statistical programming of the obtained 
data was carried out using Statistica software 
package with non-parametric Mann-Whitney 
test with evaluation of interquartile intervals. 
Reliable were considered differences at 
р<0.05. Correlation dependence between var-
iables was determined using correlation anal-
ysis by Spearman method with evaluation of 
degrees of correlation strength [8]. 

Results and Discussion 
According to the results of the con-

ducted study, hydrocephalus coupled with 
anomalies of development of CA, in 7 out 

of 10 cases resulted from splitting of the 
cerebral aqueduct, in 2 out of 10 cases – 
from stenosis of its distal part, and in 1 out 
to 10 case – by agenesia of CA with the un-
derlying genetically confirmed Patau syn-
drome with karyotype 46 XY, add (16) 
(g24). In all observations (n=10), abnormal 
development of CA was combined with 
other congenital malformations of the CNS, 
such as complete rachischisis, hypoplasia of 
corpus callosum, cephalocele, holoprosen-
cephaly, arrhinencephaly and premaxillary 
agenesia in different combinations which 
permitted to interpret the identified pathol-
ogy of the brain as hereditary [9]. 

Abnormalities of the structure of CA 
were accompanied by disorders in the outflow 
of the cerebrospinal fluid with its accumulation 
in the proximal part of ventricular system 
which caused uniform dilatation of the lateral 
and III ventricles to more than 1 cm, and thin-
ning of the brain matter from 0.5 to 0.2 cm.  

On the basis of the results of light mi-
croscopy, VGZ or germinal matrix, of still-
born children and of live-born ones who died 
after birth from HC associated with anomalies 
of CA in dependent of the gestation age, had 
a monomorphic cellular structure, and in con-
trast to physiological norm [10], had no signs 
of successive reduction with practically com-
plete disappearance by the 38th week of gesta-
tion. In the period from 22ndto 40thweek, VGZ 
is determined as subependymally located strip 
of cells of non-uniform thickness consisting 
of glio- and neuroblasts with hyper- and 
euchromic nuclei. The cavities of the lateral 
ventricles were lined with single-layer and in 
some places with multilayer, ependyma. On 
the epical edge of ependymocytes, microvilli 
were determined in the condition of hydropic 
dystrophy, a part of altered villi was desqua-
mated (Fig. A). 

Results of histometry of VGZ con-
firmed that practically no remodeling of the 
periventricular area took place in HC cou-
pled with anomalies of CA, since no relia-
ble differences were found between the 
widths of germinal matrix in different peri-
ods of gestation.  
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One of probable causes of disorders in 
gestational transformations of the periventric-
ular area in hereditary HC isa negative ex-
pression of matrix metalloproteinase-9 in 
glioblasts of VGZ. In physiologically normal 
conditions MMP-9 possesses high invasion 
activity, due to which it promotes migration 
of cells and thus participates in remodeling of 
tissues [11] including those of the brain [12].  

An indispensable morphological pecu-
liarity of hydrocephalus is edema of the brain 
matter that frustrates liquor mechanism of 
trophism and promotes damage to microglia 
in the form of swelling, necrobiosis and ne-
crosis with subsequent formation of zones of 
cell depletion and substitution gliosis. The 
above changes occur not only in the VGZ and 
intermediary zone, but also in the neocortex 
(Fig. B). This is evidenced by the dynamics 
of expression of S-100 glial protein (a marker 
of differentiating glia) in the zones of damage 
of the brain parenchyma (Fig. C) character-
ized by increase in the EI of S-100 propor-
tional to gestation age of newborns, and by 
the reliable differences (p=0.006) between 
expression of glial protein in the brain paren-
chyma in HC and in comparison group.  

Progression of edema of the brain mat-
ter in HC is conditioned by structural peculi-
arities of vessels of the periventricular area 
characterized by the presence of endothelio-
cytes on the basement membrane of cells re-
sembling pericytes (Fig. D). Absence of 
smooth muscle fibers in the vessel walls con-
firmed by zero values of EI of desmin in dif-
ferent periods of gestation, permits to refer 
them to capillary-like vessels. Deficit of con-
nective tissue component in basement mem-
branes of vessels confirmed by reduced 
(p=0.006) local expression of vimentin, to a 
certain extent contributes to increase in their 
permeability. This is confirmed by a moderate 
negative correlation relationship (Rs=-0,6) 
between expression of vimentin in vessels 
and expression of S-100 glial protein in 
glioblasts of the periventricular area. 

Alterations in the neocortex in hydro-
cephalus coupled with abnormalities of de-
velopment of CA are interpreted by some au-

thors as «cell chaos», or inversion of 
cytoarchitectonic layers [13], or as a disorder 
in separation of the cortex into layers [14]. Re-
search completed by us permitted to identify 
dischronation of development of the neocortex 
of retardant type manifested by a disorder in 
separation of molecular, or plexiform, layer (I) 
into cellular sublayer and sublayer with scarce 
cells, and by absence of differentiation of II-VI 
layers which looked like a single monomor-
phic block until the end of gestation period 
(Fig. E). At the ultrastructural level immaturity 
of the cortex was confirmed by hypoplasia of 
organelles in the cytoplasm of neurons: mito-
chondria, elements of granular endoplasmic 
reticulum, fibrils (Fig. F). 

Besides, in all live-born and still-born 
children with HC resulting from anomalies 
in development of CA, disorders in gyrifi-
cation of the cerebral cortices were identi-
fied: micropolygyria – 55.6% (n=9) and 
breakage in the sequence of formation of 
the cortex relief in the form of untimely ap-
pearance and asymmetry of the first order 
sulci 44.4% (n=4). 

The identified disorders in differentia-
tion and gyrification of the neocortex are 
probably to a large extent determined by a 
negative expression of reelin (EI of reelin=0) 
in Cajal-Retsius neurons, since its functional 
activity determines the final arrangement of 
germinal matrix cells in the periods of fetal 
and early postnatal development [15].  

Conclusion 
Hydrocephalus in newborns of 22-40 

weeks of gestation coupled with congenital 
anomalies of the cerebral aqueduct, is charac-
terized by a number of morphological signs 
which may be used for differential diagnosis 
with hydrocephalus of other etiology: micro-
polygyria, untimely appearance of asymmet-
ric cortical sulci, atrophy of neocortex, persis-
tence of ventricular germinal zone up to the 
end of gestation period (40 weeks), absence 
of morphological signs of reduction of the 
germinal matrix, absence of differentiation of 
II-VI cytoarchitectonic layers and of vertical 
orientation of neurons and neuronal modules, 
enhanced expres sion of S-100 glial protein 
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A. Structure of VGZ in 27 weeks of gestation    B. Damages to neocortex in the form of necrobiosis, 
(staining: hematoxylin and eosin x400)     necrosis of neurons and pericellular edema in a new- 
         born of 30 weeks of gestation (staining: hematoxylin  

  and eosin x400) 

           
C. Evident expression of S-100 glial protein in glioblasts   D. Ultra structure of a vessel of periventricular area: 
of VGZ in a newborn of 33 weeks of gestation    basement membrane (↑), endotheliocyte (↑↑), pericyte 
(immunoperoxidase reaction x400)      (↑↑↑). х7500 
 

         
E. Absence of separation of molecular (I) layer into  F. Hypoplasia of organelles in the cytoplasm of neurons 
sublayers and of differentiations of the underlying layers of the outer granular (II) layer in a newborn of 38 weeks 
of the neocortex in a newborn of 37 weeks of gestation   of gestation (EM x22500) 
(staining: hematoxylin and eosin x400)    

Fig. Pathomorphology of ventricular germinal zone (VGZ) and neocortex,  
and immune reactivity of S-100 glial protein in glioblasts in hydrocephalus associated  

with anomaly of development of cerebral aqueduct
 

А B 

C D 

E F 
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in glioblasts of the white matter of the brain, 
reduced expression of vimentin in vessels of 
the periventricular area, negative expression 

of matrix metalloproteinase-9 in glioblasts, of 
reelin in Cajal-Retsius neurons and of desmin 
in periventricular vessels. 
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