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Summary

The authors report the role of local inflammatory mechanisms in outer membranes to define the physiopatho-
genesis of the chronic subdural hematoma enlargement. The cuter membranes in 20 adult patients of chronic
subdural hematoma were investigated by means of light and electron microscopy.

Microscopically, perivascular small hemorrhage and hemosiderin as well as fibroblasts, hemosiderin-laden
macrophages, eosinophiles and plasma cells were found around the sinusoidal channels. Perisinusoidal hemorrhage,
especially red blood cells were, usually, scparated from the hematoma cavity by the fibrous layer. Several sinusoids
could be seen coalesced to form multiple small cavities in outer membranes, with a fibroblast like lining. Such small
hemorrhagic cavities, although not often, may rupture to communicate with the hematoma cavity.

Ultrastructurally, the endothelial cells of sinusoids were rich in organelles, especially rough E.R., free ribosomes,
mitochondrias, pinocytotic vesicles, and endothelial specific bodies. The site of vascular leakage was identified
in several sinusoids as an endothelial gap, in the range of 1-8 g in diameter, presumably formed by separation
at intercellular junctions. Perivascular exudation of plasma lead to destruct the extracellular matrix of the
sinusoidal layer. Extensive accumulations of endogenous amorphous material and irregularly arranged thin collagen
fibers showed interstitial edema. Fibroblasts manufacture tropocollagen molecules within the activated rough E.R.,
which are then secreted onto the cell surface and gradually polymerized into visible microfibrils and collagen fibers.
Interstitial edema, ultimately, disappears in the fibrous layer. The fibrous layer is generally characterized by
numerous collagen fibers, fibroblasts, scrum proteins and only a few capillaries, some of which show direct openings
into the hematoma cavity. Some perivascular edematous fluid in the sinusoidal layer may pass through the fibrous
layer into the hematoma cavity.

Under scanning electron microscopy, red blood cells and fibrin strands or sheets were seen especially around the
outlets of the fibrous layer capillaries.

The results indicate that outer membranes, once developed, enlarge chronic subdural hematoma by ruptures
of small hemorrhagic cavities formed in outer membranes, direct hemorrhage from the fibrous layer capillaries, and
exudation of perisinusoidal edematous fluid into the hematoma cavity.
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Fig. 1
in the outer membrane.

Photomicrograph of a sinusoidal channel
Perivascular  small
hemorrhage and hemosiderin pigments, as well
as fibroblasts, hemosiderin-laden macrophages,
eosinophils, and plasma cells are found around the
lagoon-like enlarged vessel, which is often desig-
nated as sinusoidal channel. H.E. x 100
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Fig. 2 A: Electron micrograph of a sinusoidal channel and perivascular hemorrhage. Perivascular exudation

lead to a destruction of the extracellular matrix of the sinusoidal layer. Extensive accumulations of endogenous

amorphous material and irregularly arranged thin collagen fibers show interstitial edema.

B: Electron micrograph of an endothelial cell of the sinusoidal channel. The cytoplasm of the endothelialcell

is rich in organelles, especially free ribosomes, pinocytotic vesicles (vacuoles), and endothelial specific bodies.
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Fig. 3 A: Electron micrograph of an endothelial gap. The site of vascular leakage 15 1dentified in this sinuscidal

channel as an endothelial gap, measured 1 i in diameter. This seems presumably to be formed by the separa-

tion at the intercellular junction. The cytoplasm of an endothelial cell is rich in organelles, especially rough

endoplasmic reticulum, free ribosomes and mitochondrias.

B: Electron micrograph of an endothelal gap. The endothelial gap, measured 7-8 ¢ 1in diameter, contains a
red blood cell. The basement membrane overlying the gap seems to be discontinuous. The nucleus of an
endothelial cell has many nuclear folds and a few nuclear inclusion bodies. A few inflammatory cells can be

seen outside the sinusoidal channel.
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Fig. 4 A: Electron micrograph of macrophages beside a sinusoidal channel. Red blood cells appear in the inter-

stitium of the sinusoidal layer, but some of which are phagocytized by macrophages whose cytoplasm contain

many lysosomes and a portion of red bloed cell.

B: Electron micrograph of a macrophage in the sinusoidal layer. There are a red blood cell and many phago-

lysosomes in the cytoplasm.

Fig. 5 Electron micrograph of fibroblasts and extracellular matrix in the sinuscidal layer. The repair of the

extracellular matrix begins to proceed in the sinusoidal layer by fibroblasts. Fibroblasts apparently manufacture

tropocollagen molecules within the activated rough endoplasmic reticulum, i.e., numerous and dilated cisternae,
which are then secreted onto the cell surface by many exocytotic vesicles, where they are gradually polymerised

into visible microfibrils and collagen fibers.
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Fig. 6 A: Electron micrograph of amorphous strands of high density material (serum protein-like substances)
among collagen fibers between the sinusoidal and fibrous layer.

B: Electron micrograph of the fibrous layer. Edema of the extracellular matrix disappears in the fibrous layer,
which is characterized by numerous bundles of collagen fibers, fibroblasts and serum protein-like substances.

Note typical fibrous layer has commonly no blood cells.
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Although small in number, the fibrous layer has

Fig. 7 Photomicrograph of the layer.
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Fig. 8 Photomicrograph of serial sections (every 3 u) of a fibrous layer capillary, This shows that a fibrous layer
capillary may communicate with the hematoma cavity only through an endothelial lining, even if it is separated

from the hematoma cavity by a tight granulation tissue. H.E.
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Fig. 9 Scanning electron micrograph of the hema-
toma side of the outer membrane. New or

variously deformed red blood cells lie on the
surface of spindle shaped fibroblasts at the bottom
of the fibrous layer.
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electron micrograph of the

Fig. 10 Scanning
hematoma side of the outer membrane. Red

blood cells and platelets are seen, enmeshed with
fibrin strands and fibrin sheets, especially around
the outlets of fibrous layer capillaries.
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Fig. 11 of the
hematoma side of the outer membrane. There

Scanning electron micrograph
are a macrophage with many pseud-pod like
projections, several new red blood cells, and
numerous red blood cell ghosts.

Fig. 12 Scanning electron micrograph of a fenestra-
tion adherent to the fibrin strands and fibrin

sheets, on the hematoma side of the outer mem-
brane. The fenestration, measured 60-70 ¢ in
diameter, is composed of thin lucent membrane
with a fibrinous thrombus-like substance in the
center. This observation also appears to support
that some fibrous layer capillaries may directly
open into the hematoma cavity. Note red blood
cells wear no {ibrin fiber around the fenestration.

B EBRAICAFR L 7%, L L Apfelbaum &3, §)
POBE TIECHEA LB BHSERT®RIC 1D
61, ThOORYIIFEEE A X L CRElan, #
AmE»rLOHMABEIN LY, HAShZOETRE
BFrasZ i ZBIBRENEL, Hu—ons
Vi 2 T oA T, 27TA AT o REICE S &
L7z, L7ed-T, #o3ERMICBEERTMESE
FEoMgiG s o mEgEss, —RIcERTsZ Lt
FIETH S S, MEEZHAI LS I LEATRETHD

Fig. 13 Hematoma membranes of an autopsy
material, Upper half shows outer membrane,
while lower half shows inner membrane. Multiple

small hemorrhagic cavities (foci) of various

size can be seen in the outer membrane, one of
which bears a large fibrinous strand into the hema-
toma cavity. This is an evidence. that small
hemorrhagic foci in the outer membrane, although
not often, may rupture to communicate the
hematoma cavity. {{rom Department of pathology.
Kanazawa University)
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