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ABSTRACT. To explain the reported predisposition to
germinal matrix hemorrhage in premature infants, patho-
genetically important morphological features of the ger-
minal matrix should be present in the 3rd trimester and
rapidly change near term. Such features were sought in
this study of the germinal matrix and its vasculature in
normal rhesus monkey fetuses. The matrix cells, glia,
ependyma, and capillaries showed no important structural
changes during the 3rd trimester. The terminal vein tribu-
taries were greatly enlarged by 148 days, but cellular and
collagen support in their walls was minimal at this time.
The latter features developed by the final days of gestation.
These findings do not support a structural immaturity or
specialization of the germinal matrix predisposing to ger-
minal matrix hemorrhage. Our results, therefore, support
the recent emphasis on physiological parameters in the
pathogenesis and prevention of germinal matrix hemor-
rhage. (Pediatr Res 19:130-135, 1985)

Abbreviation

GMH, germinal matrix hemorrhage

GMH is well-known to have an age-related incidence. Pre-
mature infants have shown rates up to 40% (10), while in term
babies such hemorrhages are uncommon (15). The gross corre-
lation with the presence and subsequent disappearance of the
germinal matrix near term in the human is an obvious explana-
tion for these observations. However, it does not give any positive
understanding of possible predisposing factors underlying the
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occurrence of GMH, nor any rational guidance to efforts at
prevention (4, 10, 12, 15). In studies on this question, in addition
to considerable attention to physiological parameters, anatomical
predisposing factors have been described or suggested. Using
postmortem perfusion and light microscopy, rupture along cap-
illaries, and at capillary-venous junctions, but not at the larger
veins was observed in human pathological material (4, 12).
Several authors have suggested that anatomical features of cap-
illary immaturity, mainly size and thinness of endothelium, may
be important in the pathogenesis of GMH (4, 10). In contrast,
others have found and illustrated terminal vein rupture in similar
material (6). In addition to the limited resolution of light mi-
croscopy, the preservation of the material in all such studies was
necessarily compromised by the hemorrhages and by postmor-
tem changes. Another approach is to use normal, well-fixed
material from an appropriate experimental animal, rhesus mon-
key. Although actual hemorrhage is not present, the hypothesis
can be stated as follows: if the age-related incidence of GMH is
due to structural features of the germinal matrix or its vascula-
ture, these would be present in the latter part of gestation, and
disappear by term.

MATERIALS AND METHODS

The specimens were products of timed, uncomplicated preg-
nancies, delivered by hysterotomy under general anesthesia by
the veterinary staff of the California Regional Primate Center.
The 15 fetuses studied were of gestational ages (days): 60, 62, 77,
90, 91, 106, 120 (three cases), 132 (two cases), 133, 148 (two
cases), and 162. This spans the 2nd and 3rd trimesters up to 3
days prior to term. For clarity, age differences of 1-2 days are
ignored in this report. Available body and brain weights were
normal, indicating that the fetuses were healthy (5). While the
animals were still anesthetized, they were perfused through the
heart with a mixture of 1% paraformaldehyde and 1.25% glutar-
aldehyde in 0.1 M sodium cacodylate (pH 7.2) at room temper-
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ature (7). The solution was delivered through a 14-18 G needle.
External pressure of 120-150 torr was applied to the reservoir to
produce a flow rate of 40-100 ml/min for the first 2 min, and 10
ml/min for an additional 5-10 min. Brains were stored in the
same solution in two cases, and in a solution containing twice
the concentration of each aldehyde in the remainder. Samples of
the germinal matrix were dissected as coronal blocks guided by
the location of the foramen of Monro and adjoining structures.
The tissue was rinsed in buffer, and then exposed to 2% osmium
tetroxide in 0.2 M sodium cacodylate with 0.2 M sucrose and
1.5% potassium ferricyanide for 2 h. Block staining with uranyl
acetate was followed by dehydration and embedding in Durcu-
pan. Thicker sections were stained with toluidine blue for light
microscopy. Ultrathin sections were contrasted with lead citrate
and uranyl acetate prior to examination in a Hitachi EM 12.
Photomicrographs were obtained at original magnifications of
1,000-30,000.

Stereological studies were performed on photomicrographs of
unselected capillaries obtained from specimens at 62, 120, 148,
and 162 days gestation. They were measured by the area to area
method using a Zeiss Videoplan computer based image analysis
system. Nonparametric tests of significance (U test) were per-
formed on the same system.

RESULTS

Germinal matrix. At 60 days the germinal matrix of the
forebrain, the ganglionic eminence, is a prominent mass pro-
truding into the lateral ventricle. This portion of the germinal
matrix gives rise to a number of telencephalic structures, and to
the pulvinar (14). It consists of a homogeneous population of
small germinal cells, with mitoses in the ventricular zone (Fig.
1). The ganglionic eminence contains numerous small vessels
which are variable in size, from 5-100 u (Fig. 1). These vessels
are as close as 0.1 mm to the ventricular surface. At subsequent
ages the number of germinal cells in this region decreases. By
120 days they are no longer confluent, but rather are intermixed
with subependymal ¢lial cells or grouped in perivascular areas.
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Mitoses are no longer seen. By 162 days, only perivascular
germinal cells remain.

Fibrillary astrocytes appear at 90 days. By 120 days they form
an extensive subependymal population easily distinguished from
the germinal cells. Vascular end-feet with gap junctions are
present by 120 days. The apparent loose character of the sube-
pendymal zone in late gestation has been commented on by
various authors (3), suggesting low tissue support for the enlarg-
ing vessels. However, the known swelling of glia to even slight,
much less major, delays in fixation leads to caution. Our speci-
mens at 120 days, for instance, show that in the best fixed
material this sponginess is not present. The artifactual character
of the sponginess was confirmed by standard electron micro-
scopic criteria. Parenchymal glia show parallel changes at these
ages.

Ependyma. An ependymal layer is present on the ventricular
surface of the germinal matrix at all ages studied. At 60 days, the
ependymal cells are flattened (Fig. 2). They have occasional
microvilli on their luminal surface, but no cilia. Intercellular
zonula adherens are present, associated with tonofilaments (Fig.
2, inset). By 120 days, the ependyma has become a mature high
cuboidal epithelium. The luminal surface of the ependymal cells
is densely covered with microvilli, and numerous mature cilia
are present. Zonula adherens are again noted between ependymal
cells (Fig. 3, inset). There is no further change in the ependyma
at later ages.

Capillaries and their endothelium. Vessels whose wall consisted
of a single endothelial layer have been identified as capillaries,
even if one or two pericytes incompletely surrounded the endo-
thelium. Vessels with muscularis and those with complete or
multicellular adventitia and collagen were excluded from this
category in accordance with standard nomenclature (1). Capil-
laries varied in diameter between 5 and 100 u. At 60 days, the
capillary endothelium was 5-7 um thick (Fig. 4). The endothelial
cells formed tight junctions with typical projections at points of
contact. No vessels without lumina were present. Qualitatively,
the only change in individual capillaries at subsequent ages was
an increase in endothelial thickness (Fig. 5). In contrast to the

Fig. 1. Light micrograph showing part of the germinal matrix in & 60-lay-old rhesus monkey fetus, including the ventricular surface (top). The
germinal cells present a homogeneous population, except for several cells undergoing mitosis near the ventricular surface (arrows). The capillaries
(large arrow) are variable in size, but are otherwise similar in structure. Plastic embedded, 1 um section, toluidine blue stain. x108.
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Fig. 2. Electron micrograph showing part of the germinal matrix of a 60-day fetus, including the ventricular surface (fop). The ependymal layer
consists of flattened cells with zonula adherens and tonofilaments (top, left; and inset; arrows). The two daughter cells (D) resulting from a recently
completed mitosis are seen amongst portions of several germinal cells. X9,000; insert X25,000.

Fig. 3. Electron micrograph showing ependyma of a 120-day fetus. The ependyma is now a high cuboidal epithelium. The apical portions and
ventricular surface (rop) of several cells are shown. There are numberous cilia and microvilli (/arge arrow). Zonula adherens are present near the

luminal surface (inset, arrow). X9,000 inset X25,000.

adjacent areas of corpus striatum and thalamus where the num-
ber and density of capillaries both increased markedly in late
gestation, these decreased in the germinal matrix area.

Stereology on an unselected sample of capillaries from age 62—
162 days showed no change in the ratio of mitochondrial volume
to endothelium which is a measure of metabolic activity. The
values ranged from 2.66 + 0.4% to 4.2 + 0.4%. These values are
comparable to systemic, but considerably less than cerebral
vessels in adult rats (11). The ratio of lumen volume to endothe-
lial volume was also measured. It did not increase between 62
and 120 days (p > 0.1), but did increase between 120 and 148
days, from 1.7 £ 0.22 t0 5.2 = 0.4 (p < 0.01). A smaller decrease
between 148 and 162 days from 5.2 + 0.4 to 4.2 = 0.4 has a
lower probability of significance (p < 0.05). The 162-day value
is also greater than that at 120 days (p < 0.01). This pattern is in
keeping with previous observations (2, 9). The thickness of
basement membrane around these vessels averaged 20 nm at 62
days, and increased to 40 nm by 120 days, with no significant
change subsequently (p > 0.1). Therefore, this change is also
completed prior to the time of concern for GMH.

Terminal vein and its major tributaries. These vessels first
appear as several larger but still thin-walled subependymal ven-
ules at 132 days gestation. In several specimens at 148 days,
despite luminal diameters up to 400 u, the walls of these veins
consist only of the endothelium, scant pericytes, and very scant
collagen (Fig. 64). At 162 days, in contrast, the vein of similar
size and location has multiple layers of pericytes and dense
collections of collagen (Fig. 6B). Thus, enlargement of the ter-
minal vein and its tributaries during the time of interest for

GMH precedes any substantial thickening of the wall, and the
production of a thick collagen-strengthened wall around these
veins coincides with the decrease in risk of GMH near term.

DISCUSSION

The relevance of the present observations to GMH in human
neonates rests on several issues. The use of well-fixed normal
material to test the hypothesis of the present study clearly is
necessary. The use of rhesus monkeys and the validity of extrap-
olation from this species to humans is supported by the major
similarities of neuroembryology in these two species (13, 14).
However, despite a few attempts, GMH does not appear to have
been produced in rhesus monkeys. The most direct support for
the proposed extrapolation is the similarity between the earlier
specimens in the present study and the early human material
studied electron microscopically by Povlishock ef al. (13).

There is some difficulty in relating the time of predilection for
GMH in humans, 24-36 wk postconception, to specific gesta-
tional ages in rhesus monkeys. Although there are detailed and
well-correlated staging systems for the embryonic period proper
in these two species, there is no staging system for the fetal period
of either. Also there are no detailed comparisons available for
this period which encompasses the latter two-thirds of gestation.
However, there is a comparable development of the nervous
system at the beginning of the fetal period, which occurs at 8 wk
in humans and 45 days in rhesus monkeys (5), and at birth. That
is, there is a general equivalence of the 32-wk fetal period in
humans and the 17-wk fetal period in the rhesus. This implies
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Fig. 4. Electron micrograph showing capillary endothelium at 60 days. The lumen is at fop. An intercellular tight junction with typical projections
is seen (arrow). Pericyte processes (P), basement membrane (open arrow) and portions of matrix cells (M) are below. x48,000.

Fig. 5. Electron micrograph showing capillary endothelium at 162 days. The lumen is at top. An intercellular tight junction with typical
projections is seen (arrow). Pericyte process (/eft, P), basement membrane (open arrow) and glial processes are seen. Glial filaments are present in
processes at lower left and center. A gap junction between two glial processes is present at large arrow. There are no qualitative differences in the

endothelium compared to the 60-day fetus (Fig. 4). X48,000.

an exponential rather than a linear relationship, so that devel-
opment in rhesus fetuses would be somewhat ahead of that in
human fetuses through most of this time. Another relevant
criterion for the present purposes is the presence of the ganglionic
eminence. This structure is absent in human fetuses by about 36

wk and in rhesus fetuses after 148 days. These considerations
indicate that the interval from 24-36 wk gestation in humans
corresponds to 110-150 days of rhesus gestation.

The methodology used in the present study was designed to
achieve optimal fixation for electron microscopic study. The
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Fig. 6. Electron micrographs showing wall of a large terminal vein tributary at 148 days (4) and at 162 days (B). 4 and B are at the same
magnification. In both the endothelium (arrow) is near the top, with the lumen above. In A scanty perivascular cells and minimal collagen form the
vessel wall. The perivascular space (*) may be enlarged artifactually, but there is no other vein wall structure. In B, there are multiple layers of
perivascular cells intermixed with collagen (C). A basement membrane separates the perivascular space from the germinal matrix (open arrow).
Portions of several matrix cells (G) are present at the bottom of the figure. A and B, X15,000.

sampling of germinal matrix was based on surrounding land-  vasculature, as well as the regression of the ganglionic eminence.
marks, including the foramen of Monro and the thalamus. Furthermore, sampling rather than systematic study of all levels
However, direct comparability between specimens is complicated  of the vasculature was performed. This limitation has been
by the rapid growth and development of both the brain and its  considered in formulating our conclusions. It is less of a con-
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founding factor in comparing the vein walls between 148 and
162 days of gestation which is the most problematic comparison.
Therefore, the present material is generally satisfactory for the
purposes of this study. Good to excellent fixation has been
obtained in the ganglionic eminence and in the brain, several
regions of which have been studied in various laboratories (8).
Recognition and classification of cell types, and various types of
blood vessels has not been a problem. No unanticipated or new
anatomical features were uncovered. The stereological analysis
was performed by standard methods using a computer-based
digitizing system.

The use of time correlations to demonstrate pathogenesis is
far short of proof. The strongest case is actually made with regard
to some of the negative correlations of the present study. For
example, the ependyma and capillary endothelium were both
advanced in their development prior to 120 days of gestation.
After this time only the lumen to endothelial ratio changes
further, and this is completed prior to 148 days. This lack of
correlation to the time of predilection for GMH makes it very
unlikely that these structures have anatomical properties corre-
lating with GMH.

On the other hand, some care is appropriate in interpreting
the main positive correlation found in the present study. This is
the observed enlargement of the terminal vein and its tributaries
during the time of predilection for GMH preceding their acquir-
ing a well-developed, collagen reinforced adventitia. The adven-
titia does develop rapidly and markedly around these vessels
shortly before term, correlating nicely with the expected time of
decreasing predilection for GMH. However, these are correla-
tions and a pathogenetic role can only be considered possible
and suggestive. It would be unwise to ignore the evidence against
rupture of these veins in human cases of GMH (12), even though
it is contradicted by others (6). With this possible exception, the
present findings contradict previous suggestions of structural
factors in the pathogenesis of GMH, such as immaturity of the
capillaries (4, 10, 12). Thus, there is only one suggestive anatom-
ical feature of the germinal matrix which might predispose to

135

GMH, and no unsuspected or apparently insurmountable fea-
tures which stand in the way of preventing GMH by attention
to physiological parameters (10, 12, 15).
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