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SUMMARY: From the present review it 
seems clear that the physiopathogenesis 
of the chronic subdural hematoma is far 
from being completely understood. 
However, an analysis of the known data 
can be summarized as follows: 
The development of subdural 
hematomas most likely occurs following 
minimal trauma in those patients with 
predisposing factors. 
Experimental data substantiates the fact 
that an accumulation of clotted blood in 
the subdural or subcutaneous space in
duces the formation of the fibroplastic 
neomembrane. The hypothesis that 
blood must come in contact with cere
brospinal fluid in order for the growth to 
occur, is still controversial. 

(Turn to page 224) 

RESUME: // semble clair que la physio-
pathogenese de I'hematome sousdural 
chronique est loin d'etre bien comprise. 
Cependant, une analyse des donnees 
connues peut ainsi se resumer: 

— Le developpement d'un hematome 
sousdural peut se produire apres un 
traumatisme minime chez les patients 
predisposes. 

— Des donnees experimentales in-
diquent qu-une accumulation de cail-
lots de sang dans I'espace sousdural 
ou sous-cutane entrdine la formation 
d'une neomembrane fibroplastique. 
L'hypothese selon laquelle le sang 
doit entrer en contact avec le liquide 
cephalorachidien pour que se pro-
duise la croissance, est encore 
contreversee. 

(Suite a la page 224) 
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According to Peery and Miller 
(1971), a chronic subdural hematoma 
usually results from a rupture of a 
bridging vein that crosses the sub
dural space from the arachnoid 
membrane to the dura mater. The 
most common etiologic factor is 
trauma, but chronic subdural 
hematomas have been observed in 
patients on anticoagulant therapy 
(Dooley and Perlmutter, 1964; Gar-
dus, 1964; Sveerama et al, 1973; 
Capistrant et al, 1971), hemodialysis 
therapy, low pressure syndromes 
(Leonard et al, 1969; Tallala et al, 
1970; Bechar et al, 1972; Zarowny 
and Rose, 1970), and as a complica
tion in hemophilia (Kerr, 1964), 
chemotherapy in acute lymphatic 
leukemia (Belmusto et al, 1964; 
Wolcot et al, 1970), bleeding intrac
ranial aneurysms (Boop et al, 1961; 
Clark and Walton, 1953), and follow
ing epileptic convulsions (Arieff and 
Wetzel, 1964). Chronic alcoholism is 
known to be a rather common pre
existing condition, but occasionally 
no known predisposing factors are 
evident. 

Onset of symptoms may be sud
den (Wells, 1892) or insidious. They 
are classified by Putnam and Cush-
ing (1925) as those due to increased 
intracranial pressure (headache, 
vomiting, vertigo, slow pulse, 
choked discs); those due to local 
pressure (paralysis, convulsions, 
aphasia); those due to irritation 
(Kernig's sign, stiff neck). Fluctuat
ing dementias are also commonly 
present (Labadie and Glover, 1974). 
Other changes in the brain include 
hemorrhage into the optic sheaths 
(Zacher, 1833) and destruction of the 
eighth nerve (Kasemyer, 1912). 

Clinically, symptoms appear after 
a latent interval, generally about 3 to 
6 weeks; the hematoma enlarges 
slowly, and a volume of at least 40 
ml. is probably necessary for sig
nificant cerebral compression (Aron-
son, 1960). 

The lesion itself contains a fluid, 
presumably blood initially, which 
may be dark brown to xanthoch
romic in color. The outer wall of 
the sac is surrounded by a "highly 
vascular layer of granulation tissue" 
(Gardner, 1932) while the inner wall, 
closest to the arachnoid, consists of 
a relatively thin layer of avascular 
fibrous tissue which is characteristi
cally non-adherent to the arachnoid. 
This newly formed sac tissue is cal
led the neomembrane. 

The physiopathogenesis of the 
subdural hematoma enlargement has 
been a subject of debate for nearly 
150 years. Early proposed theories 
were predominantly those of a con
tinuous and gradual hemorrhage into 
the subdural cavity (Bayle, 1826; 
Virchow, 1863), inflammation as a 
principal means of growth (Heschl, 
1855; Cruveilhier, 1856), and that the 
subdural hematoma was primarily an 
abscess (Glaser, 1886; Kluck, 1890). 
The latter hypothesis was subse
quently disproven, and only rarely is 
a truly infectious case seen (Lerner 
et al, 1972). 

Gardner (1932) proposed the 
hypothesis that traumatic subdural 
hematoma enlargement was due 
primarily to fluid drawn into the le
sion by the "osmotic tensions of the 
blood proteins contained in the 
cyst." But although Gardner de
monstrated that blood has a great 
affinity for the water content of cere 
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brospinal fluid, when both fluids 
are separated by a semipermeable 
membrane (cellophane), his experi
ment using a portion of the inner 
cyst wall from a subdural hematoma 
showed only a modest increase in 
volume of 2.9 per cent within 16 
hours. It should be noted that the 
"osmotic" properties of a given 
fluid, when measured by freezing-
point depression, are similar but not 
the same as the "oncotic" gradient 
exerted by proteins in a solution, 
and confusion in regard to these two 
terms is frequently seen in the per
tinent literature. Thus, Gardner's 
hypothesis is, by definition, an onco
tic gradient theory. 

Zollinger and Gross (1934) pub
lished evidence from in vitro studies 
that showed that red cell disintegra
tion within the hematoma produced 
a significant increment in the effec
tive "osmotic" (oncotic) pressure 
gradient. They utilized a lysed whole 
blood filled subdural hematoma sac 
which was connected to a graduated 
manometer. When the sac and its 
contents were then immersed in 
isotonic saline, it resulted in an av
erage rise of fluid of 89 cm. in the 
measuring column. Although the au
thors believed the rise in fluid was 
due to osmotic phenomena, the 
blood and the saline were essentially 
iso-osmotic as measured by freezing 
point depression. Therefore, the 
pressure gradient was exerted by the 
blood proteins across the semi
permeable membrane of the sub
dural sac, and was oncotic in nature. 

A study of 105 cases by Munro 
and Merritt (1936) revealed a prog
ressive dilution of subdural fluid as 
determined by assay of the total pro
tein content. These authors believed 
this to be compatible with the 
"osmotic-(oncotic) gradient theory" 
as the "diminution in the rate of 
dilution being progressively more 
marked as the percentage of protein 
in the solution grows less." They 
also proposed that the arachnoid 
acted as a dialyzing membrane per
mitting the entry of cerebrospinal 
fluid (C.S.F.) into the enlarging sub
dural cavity. To date, there has been 
no published evidence either to sup
port or to refute the latter 
hypothesis. 
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It is also significant to note that 
Weir (1971), using freezing point de
pression measurements, detected no 
significant difference when he com
pared the osmolalities of subdural 
hematoma fluid, venous blood, and 
lumbar cerebrospinal fluid, in some 
23 cases. 

Chemical determinations by Gitlin 
(1955) revealed higher albumin-
gamma globulin and albumin-total 
protein ratios in subdural hematoma 
effusions than in corresponding 
serum samples. Rabe et al (1962), 
confirmed Gitlin's findings and also 
demonstrated in an infant that 
I-131-labeled albumin, injected in
travenously, had access to the fluid 
within the subdural cavity. Both Git
lin and Rabe believed that the fluid 
accumulation within the hematoma 
was due to effusion through dam
aged or pathologically permeable 
capillary walls. 

Further clinical support to this 
effusion-rebleeding concept has 
been presented by Labadie and 
Glover (1974) who have shown per
sistently high levels of fibrin-
fibrinogen degradation products oc
curring in reforming human subdural 
effusions. Seemingly, plasma fib
rinogen repeatedly enters the sub
dural cavity, clots, and then is 
rapidly lysed by a potent fibrinolytic 
activity available in situ. These pre
sumptive alterations of hemostatic-
fibrinolytic mechanisms, appearing 
as a local hyperfibrinolytic state, 
may explain how repetitive rebleed-
ing occurs. 

Until recently, lack of an animal 
model of the subdural hematoma 
greatly hampered research. Goodell 
and Mealey (1963) interpreted their 
failure to produce a satisfactory 
animal model as a negative reflection 
on the osmotic-(oncotic) gradient 
theory. They attempted to "prime 
the osmotic pump" by repeated in
jections of clot into the same ani
mals, simulating recurrent bleeding, 
yet the hematomas did not enlarge. 
Neither were they successful when 
inducing intracranial hypotension 
with cisternopleural shunts. 

In 1972, Watanabe et al. lay claim 
to the first successful chronic sub
dural hematoma model. They pur-
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port that cerebrospinal fluid (CSF), 
if incorporated into a clot, alters 
blood coagulation to favor the for
mation of chronic subdural 
hematomas. 

In their in vitro experiments, 
when fresh blood is mixed with CSF 
and allowed to clot and retract, and 
the clot is then immersed in distilled 
water, hemolysis of erythrocytes 
occurs rapidly and the contents dif
fuse out through the enveloping 
"membrane." They conclude that 
"this membrane is not semiperme
able, and that no osmotic effect is 
being exerted in and out of this 
membrane." However, their "clot 
membrane" bears no resemblance to 
either the subdural neomembrane 
formed in vivo nor the arachnoid. 
Furthermore, the claimed alteration 
of the fibrin ultrastructure by CSF, 
as compared to physiologic saline, 
has been shown to be due to the 
absence of activation of factor XIII 
(fibrin stabilizing factor) because of 
the lack of ionized calcium in the 
saline control, and not due to any 
particular property of CSF (other 
than that it supplies a satisfactory 
concentration of ionized calcium.) 

Despite these shortcomings, the in 
vivo experiments of Watanabe et al, 
cannot be discounted. They found 
that when a blood clot formed in the 
presence of CSF is inoculated into 
the subdural or subcutaneous space 
of dogs or monkeys, a progressive 
enlargement of the lesions ensued, 
having identical histological 
neomembrane characteristics, as 
compared with those found in 
human subdural hematomas. The 
growth is attributed to the peculiar 
mixture of blood and CSF. 
Watanabe et al also utilized inocula
tion of fibrin-cerebrospinal fluid clot 
mixtures, which later on were found 
to have fresh erythrocytes within. 
Presumably, this offers further evi
dence of chronic rebleeding. 

Apfelbaum et al (1974), attempting 
to reproduce the results of Watanabe 
et al, verified that they could pro
duce the main histological features 
of the "evolution of the subdural 
hematoma" in a dog and cat model, 
but concluded that they could not 
demonstrate any significant en-
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largement of the lesions. However, 
they did report that several of the 
subcutaneous lesions swelled iy2 to 
2 times their original size, but con
cluded that the growth was "unre
lated to the composition of the im
plant." Apfelbaum et al extend their 
own theory that "the tendency to
ward an increased bleeding time 
combined with less effective absorp
tion, superimposed upon low intrac
ranial pressure states, may explain 
the clinical features of chronic sub
dural hematoma formation in man 
and the failure to achieve these in 
small experimental animals." 

The long term follow-up of pa
tients with chronic subdural 
hematomas, arteriographically ver
ified, who have been treated by med
ical means only (Bender, 1974) has 
shown that their natural evolution is 
toward a slow but complete reab
sorption. This clinical data adds 
support to the concept of a balance 
between production and reabsorp-
tive capacity, mostly explained by 
physical laws of the relationship be
tween the membranes total surface 
and the volume of liquid contained in 
its semispherical shape. Volume 
would then increase at a faster rate 
than the sac surface as the lesion 
enlarges (Apfelbaum et al, 1974). 
Furthermore, most of the surgically 
treated cases (approx. 80%) show a 
definite "cure" when the effusion is 
aspirated once. Those cases in 
which re-accumulations do occur, 
show a progressive decrement in 
volume as the re-aspirations are con
tinued (Labadie and Glover, 1974). 

SUMMARY 
(Continued from page 222) 

It has been virtually disproven that os
mosis, referring to the electrolyte gra
dient as measured by freezing point de
pression, has any significance as a 
growth inducing factor. 
The protein oncotic gradient theory, hav
ing been the most widely accepted exp
lanation as to the progressive enlarge
ment of the subdural hematoma sac, has 
little experimental data supporting it. 
A larger body of clinical evidence exists 
supporting the concept that plasma 
and/or erythrocytes continuously penet
rate into the subdural cavity, where 
enhanced fibrinolytic activity is present. 

However, this chronic rebleeding cannot 
fully explain the observed growth, be
cause the composition of the hematoma 
fluid is somewhat different from serum 
or plasma, and the protein content is 
also progressively diluted by fluid arising 
from an unknown source. 
There is some clinical and experimental 
evidence to suggest that a production -
reabsorption balance may be a signific
ant growth variable. 
No work has been done to define the 
role, if any, of local inflammatory 
mechanisms in the chronic subdural 
hematoma. 

Sound clinical evidence has shown that 
after the initial formation of the subdural 
clot, growth follows, then a slow, com
plete reabsorption usually occurs. Aside 
from the plausible production - reab
sorption balance concept, it is not known 
why the evolution proceeds in this 
manner. 

RESUME 
{Suite de la page 222) 

— II a ete defait refute qu'un mecanisme 
osmotique, i.e. le gradient electro-
lytique, mesure par I'abaissement du 
point de congelation, aie quelque sig
nification comme facteur entrdinant 
la croissance de I'hematome. 

— La theorie du gradient oncotique pro-
teinique qui fut Vexplication la mieux 
acceptee de Vaugmentation progres
sive du sac de I'hematome sousdural, 
est en fait supportee par peu de 
donnees experimentales. 

— Certains faits cliniques supportent le 
concept que le plasma etjou les 
globules rouges, penetre continuelle-
ment dans la cavite sousdurale, en 
plus d'une activite fibrinolytique 
augmentee. Cependant, ce saigne-
ment chronique ne peut pas expliquer 
entierement la croissance observee, 
parce que la composition du liquide 
de I'hematome est quelque peu dif-
ferente du serum ou plasma, et que 
le contenu proteique est egalement 
dilue progressivement par un liquide 
prouvenant d'une source inconnue. 

— 11 y a quelques evidences cliniques et 
experimentales qui suggerent qu'une 
balance production-reabsorption peut 
etre une variable significative du me
canisme de croissance. 

— // n'y a pas eu de travaux faits pour 
definir le role, s'il existe, du me
canisme inflammatoire local dans 
I'hematome sousdural chronique. 

— Apres la formation initiale d'un cail-
lot sousdural, la croissance est la 

deuxieme etape, suivie d'une lente et 
complete reabsorption. Sauf par le 
concept plausible de la balance pro
duction-reabsorption, on ne saitpour-
quoi revolution se poursuit de cette 
fag on. 

We wish to express our thanks to Dr. E. D. 
Warner for reviewing this manuscript and to 
Catherine McVeigh for help in preparation. 
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