Acta Neurochir (Wien) (1998) 140: 161-166

Acta Neurochirurgica

© Springer-Verlag 1998
Printed in Austria

Serum Protein Exudation in Chronic Subdural Haematomas: a Mechanism for

Haematoma Enlargement?

H. Fujisawa, S. Nomura, E. Tsuchida, and H. Ito

Department of Neurosurgery, Yamaguchi University School of Medicine, Ube, Japan

Summary

A study was conducted to investigate the role of serum protein
exudation in the aetiology of chronic subdural haematoma (SDH).
Scintigraphy after intravenous injection of **™Tc-labelled human
serum albumin (HSA) was performed in three patients with chronic
SDH and a patient with subdural effusion. In another 60 haemato-
mas, the amounts of total protein and albumin as indices of serum
exudation were measured, and then compared among low-density,
iso-density and high-density haematomas. Accumulation of *™Tc-
HSA in the haematoma cavity was seen 6 h after isotope injection
and became more evident at 24 h. However, the protein concen-
trations and albumin ratios in the haematomas exhibited a recip-
rocal relationship, suggesting that not all the protein in the haema-
tomas was derived from serum exudation. The higher the total
protein concentration in the haematoma became, the higher the
haematoma density which was observed on CT. The albumin con-
centration in low-density haematomas was lower than that in iso-
density and high-density haematomas, whereas no significant dif-
ference was seen between the latter two haematoma types. These
results provide morphological evidence for serum protein exudation
into the haematoma cavity, and therefore it is possible that serum
protein exudation plays a role in the progression of chronic SDH
and is related to changes in haematoma density on CT.

Keywords: Chronic subdural haematoma; serum albumin; scin-
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Introduction

Enlargement of chronic subdural haematoma
(SDH) has been attributed to repetitive haemorrhage
from the highly vascularized subdural outer mem-
brane [5]. Although several theories such as local
hyperfibrinolysis [4] and an osmotic or oncotic pres-
sure gradient [3, 11, 12] have been proposed to explain
the enlargement of chronic SDH, the actual patho-
genesis remains unknown. In some patients with
chronic SDH, the haematoma density on serial CT
scans gradually increases to reach a stage where sur-

gical treatment becomes necessary. Therefore, the
causative factors related to these changes are involved
in the development of chronic SDH. Haematomas
contain a high concentration of protein [1], and we
have speculated that serum protein exudation is
responsible for this and, in part, for the changes in
haematoma density. In the present study, scintigraphy
using intravenous injection of **™Tc-labelled human
serum albumin (**™Tc-HSA) was performed in pa-
tients with chronic SDH, and the protein fraction of
the haematomas was analysed in relation to the density
evident on CT. The possible role of serum protein
exudation in the aetiology of chronic SDH was then
evaluated.

Clinical Materials and Methods

In three patients with chronic SDH and a patient with subdural
effusion, serum protein exudation into the haematoma cavity was
investigated pre-operatively. For this purpose, “™Tc-HSA (740
MBq) was injected intravenously, and scintigrams were obtained
at 3, 6 or 24 h after injection of the isotope.

In another 60 haematomas and 37 plasma samples from 51
patients with chronic SDH, the protein fraction was analysed.
The patients ranged in age from 36 to 85 years (average 65.8 years),
and had not received previous treatment for chronic SDH. Pre-
operative CT examination was performed in all the patients, and
the haematomas were classified into 5 types according to their
CT appearance: low, iso, high and mixed density, and layering.
Haematomas were aspirated during surgery by puncture through
the dura mater with a plastic syringe. Protein concentrations in
the haematomas and plasma were measured, and their fractions
analysed. Each protein fraction (i. e. albumin, and alpha 1-, alpha
2-, beta- and gamma-globulin) was measured as a percentage of the
total protein concentration, and the absolute value of albumin as an
index of serum protein exudation was calculated. The red blood cell
counts and haemoglobin concentrations in the haematomas as
indices of haemorrhage were also measured. These parameters were
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Fig. 1. Left: CT; Center: Scintigram 3 or 6 h after intravenous [*™Tc]-HSA injection; Right: Scintigram 24 h after intravenous [**™Tc]-HSA
injection. (a) Case 1; 64-year-old man. Accumulation of **™Tc-HSA in the haematoma cavity was not evident 3 h after isotope injection, but
was seen at 24 h (arrows). (b) Case 2; 85-year-old man (c) Case 4: 73-year-old man with bilateral subdural effusion. Accumulation of *™Tc-

HSA in the haematoma cavities is indicated by arrows
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Table 1. Protein Fractions in the Haematomas and Plasma (%)

n Protein Albumin (%) Globulin (%)
(g/dl)
Alpha 1 Alpha 2 Beta Gamma
Haematomas 39 8.3 4+0.5° 48.9 4+ 3.0° 29+0.2° 17.0 £+ 3.6 23.0 +3.9° 10.3 +0.7°
Plasma 22 62+0.1 623+ 1.0 3.6 +0.2 99+0.5 9.6 +04 141+04

Values are the mean + SEM. “Indicates a significant difference from plasma (Student’s t test), p < 0.05; *p < 0.005 (Student’s t test).

then compared among the low-density (n = 8), iso-density (n = 17)
and high-density haematomas (n = 14). Mixed-density haematoma
and layering haematomas were excluded from these analyses be-
cause of their heterogeneous nature, preventing complete aspiration
through the dura mater, which therefore made it impossible to
know whether the samples obtained were derived from an area of
the same density.

Values were expressed as mean + standard error of the mean
(SEM). Differences and correlations between two parameters were
tested using Student’s t test and Spearman’s rank correlation test,
respectively. Differences among multiple parameters were tested by
one-way analysis of variance (ANOVA), followed by Scheffé’s
F-test for multiple comparisons.

Results
9mTe-HSA Scintigraphy

Case 1 was a 64-year-old man with a left chronic
SDH (Fig. 1 a). Accumulation of *Tc-HSA in the
haematoma cavity was not evident 3 h after isotope
injection, but was seen at 24 h. Case 2 was a 85-year-
old man with a right chronic SDH (Fig. 1 b), and case
3 was a 68-year-old man with bilateral chronic SDH.
In both patients, accumulation of *™Tc-HSA in the
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Fig. 2. Correlation between total protein concentration and albumin
ratio in haematomas. The higher the protein concentration in the
haematoma became, the lower the observed albumin ratio (r = 0.84,
p < 0.0001 by Spearman’s rank correlation test

haematoma cavities was seen 6 h after isotope in-
jection, and became more evident at 24 h. Case 4 was a
73-year-old man with bilateral subdural effusion (Fig.
1 ¢). No isotope accumulation was seen in the subdural
fluid 3 h and 6 h after isotope injection, but was seen
slightly at 24 h.

Protein Concentrations

The total protein concentration in the haematomas
was significantly higher than that in plasma (Table 1).
The protein fraction in chronic SDH showed a unique
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Fig. 3. Comparisons of the amounts of total protein, albumin, red
blood cells and haemoglobin among three density types of haema-
tomas. *p < 0.05 by one-way analysis of variance (ANOVA), fol-
lowed by Scheffé’s F-test for multiple comparisons



164 H. Fujisawa et al.: Serum Protein Exudation in Chronic Subdural Haematomas

Table 2. Protein Fractions in the Low-Density, Iso-Density and High-Density Haematomas (%)

n Albumin (%) Globulin (%)
Alpha 1 Alpha 2 Beta Gamma
Low-density 8 574 +£8.5 0.240.02 1.0+0.8 21+ 1.7 0.5+0.1
Iso-density 17 48.1 +49 0.3 +£0.04 24409 1.2+03 0.6 +0.1
High-density 14 449 + 3.6 0.3 +0.03 2.1+08 28 +0.7 0.6 +0.1

Values are means + SEM.

pattern: a low albumin ratio, and high alpha 2- and
beta-globulin ratios. Figure 2 shows the relationship
between the protein concentration in the haematomas
and the ratio of albumin: the higher the protein con-
centration, the lower the albumin ratio.

Figure 3 shows comparisons of the total protein
and albumin concentrations, and the amounts of red
blood cells and haemoglobin among the three types of
haematomas. Haematomas with higher protein con-
centrations showed a higher density on CT. The albu-
min concentration in low-density haematomas was
significantly lower than those in iso-density and high-
density haematomas. However, there was no signifi-
cant difference in albumin concentration between the
latter two haematoma types. The red blood cell counts
and haemoglobin concentrations of the low-density
haematomas tended to be lower than those of the iso-
density and high-density haematomas. The albumin
ratio in the haematomas became lower as the haema-
toma density on CT increased (Table 2). There was no
significant correlation between albumin concentration
and red blood cell count or haemoglobin concentra-
tion in the haematomas.

Discussion

Albumin labelled with specific markers such as
radiotisotopes and Evans blue dye has been used as
an index of serum protein exudation into certain
pathological areas, and such exudation is known to
be caused by increased vascular permeability. The
present results of *™Tc-HSA scintigraphy provided
morphological evidence for serum protein exu-
dation into the haematoma cavity. The haema-
toma cavity is encapsulated by the inner and outer
membranes. Since the inner membrane consists of col-
lagen bundles and is non-vascular, the highly vascu-
larized outer membrane must be the source of serum
protein exudation.

Within the haematoma, however, the higher the

protein concentration became, the lower the albumin
ratio observed, suggesting that all the protein in the
haematoma was not derived from serum protein exu-
dation. Subdural effusion or hygroma following minor
head injury sometimes develops into chronic SDH
[7, 8], and neurosurgeons often encounter patients
in whom the haematoma density on CT gradually
increases to reach a stage where surgical irrigation of
the haematoma becomes necessary. Although hae-
morrhage into the haematoma cavity may play a role
in this change, the actual factors responsible have not
been fully determined. In fact, the present study dem-
onstrated that the amounts of red blood cells and
haemoglobin in high-density haematomas were lower
than those in iso-density haematomas. Therefore,
haemorrhage per se is not the only factor responsible
for the changes in CT findings. On the other hand, the
present finding that protein concentrations were higher
in haematomas showing higher density on CT in-
dicates that haematoma density is related to the pro-
tein concentration present. Although the albumin
concentration in low-density haematoma was lower
than those in iso-density and high-density haemato-
mas, there was no significant difference between the
latter two haematoma types. Furthermore, the albu-
min ratio became lower as the haematoma density in-
creased on CT. Therefore, serum protein exudation
also is not entirely responsible for the changes seen in
haematoma density. Haemorrhage into the haema-
toma cavity, in turn, results in haemolysis within the
cavity. We speculate that such haemolysis is another
factor responsible for both the high protein concen-
tration in the haematoma and the changes in haema-
toma density.

Most patients with chronic SDH can be cured by
surgical irrigation of the haematoma cavity. This leads
to the question of why such a simple treatment can
achive complete cure, since the source of haemorrhage
and protein exudation (i.e. from the outer membrane)
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remains after the treatment. The same question can
be applied to spontaneous resolution of the haema-
toma observed in some patients. It has been suggested
that local hyperfibrinolysis in the outer membrane is
a major aetiological factor of chronic SDH [2, 4, 6].
Intermittent cycles of bleeding, coagulation and fibri-
nolysis have been suggested to cause haematoma en-
largement [9]. In addition, we have reported previously
that the increase of vascular permeability and con-
sequent serum exudation caused by activation of
the kallikrein-kinin system may also play a role in the
progression of chronic SDH [1]. Morphologically,
the outer membrane is composed of granulation tissue
containing many vessels [10]. Irrigation of the haema-
toma cavity may restore a normal haemostatic balance
[2, 9] to facilitate absorption of the residual haema-
toma or fluid in the cavity and organisation of the
outer membrane. During such a process, haemorrhage
and protein exudation into the haematoma cavity may
decrease. In cases of spontaneous resolution of chronic
SDH, a normal haemostatic balance may be restored
spontaneously and the process described above may
therefore occur.

In this study, we have obtained morphological evi-
dence for serum protein exudation into chronic SDH
and a difference in the protein fractions between the
haematoma and plasma. We speculate that serum
protein exudation caused by increased vascular per-
meability in the outer membrane is one of the mecha-
nisms responsible for the clinical progression of
chronic SDH and subdural effusion or hygroma.
However, it may be necessary to perform a further
quantitative study on the effects of inhibition of such
exudation on the clinical stability of chronic SDH.

References

1. Fujisawa H, Ito H, Kashiwagi S, ez al (1995) Kallikrein-kinin
system in chronic subdural haematomas: its roles in vascular
permeability and regulation of fibrinolysis and coagulation. J
Neurol Neurosurg Psychiatry 59: 388-394

2. Fujisawa H, Ito H, Saito K, et a/ (1991) Immunohistochemical
localization of tissue-type plasminogen activator in the lining
wall of chronic subdural hematoma. Surg Neurol 35: 441-445

3. Gardner WIJ (1932) Traumatic subdural haematoma with par-
ticular reference to the latent interval. Arch Neurol Psychiat
27: 847-858

4. Ito H, Yamamoto S, Komai T, e al (1976) Role of hyper-
fibrinolysis in the etiology of chronic subdural haematoma. J
Neurosurg 45: 26-31

5. Ito H, Yamamoto S, Saito K, et a/ (1987) Quantitative estima-
tion of hemorrhage in chronic subdural haematoma using the
SICr erythrocyte labeling method. J Neurosurg 66: 862—864

6. Kawakami Y, Chikama M, Tamiya T, et a/ (1989) Coagulation

and fibrinolysis in chronic subdural hematoma. Neurosurgery
25:25-29
7. Ohno K, Suzuki R, Masaoka H, et a/ (1987) Chronic subdural
haematoma preceded by persistent traumatic subdural fluid
collection. J Neurol Neurosurg Psychiatry 50: 1694—1607
8. Park CK, Choi KH, Kim MC, ef a/ (1994) Spontaneous evolu-
tion of posttraumatic subdural hygroma into chronic subdural
haematoma. Acta Neurochir (Wien) 127: 41-47
9. Saito K, Ito H, Hasegawa T, et a/ (1989) Plasmin-a2-plasmin
inhibitor complex and o;-plasmin inhibitor in chronic subdural
hematoma. J Neurosurg 70: 68—72
10. Sato S, Suzuki J (1975) Ultrastructural observations of the cap-
sule of chronic subdural hematoma in various clinical stages. J
Neurosurg 43: 569-78
11. Weir B (1980) Oncotic pressure of subdural fluids. J Neurosurg
53:512-515
12. Weir B, Gordon P (1983) Factors affecting coagulation: fibri-
nolysis in chronic subdural fluid collections. J Neurosurg 58:
242-246

Comments

The authors have studied the protein contents of chronic sub-
dural haematoma fluid in a large number of patients, including
protein electrophoresis. They have equated protein content with CT
appearances. The illustrations of this phenomenon are convincing.
They have also studied the extravasation of radio-labelled albumin
into the subdural fluid in four other patients prior to evacuation of
the dural fluid with scintigraphy. In three of the four, there was
relatively convincing evidence that labelled albumin actually accu-
mulated within the subdural fluid compartment within 24 hous of
intravenous injection. This too is new information.

J. T. Hoff

The authors of this study test the hypothesis that serum protein
exudation is a mechanism for the clinical evolution of chronic sub-
dural haematomas (SDHs). Using an in vivo morphometric study,
they show that *™Tc-labelled human serum albumin (HSA) accu-
mulates in the chronic SDHs of three patients. This is shown con-
vincingly in the scintigraphs for Patients 1 and 2. Accumulation of
mTc-labelled HSA in Patient 4, who presented with bilateral sub-
dural effusions, is not well visualized (Fig. 2 C).

The authors also speculate that the density of chronic SDHs is a
function of total protein concentration. Although low-density
chronic SDHs had a lower total protein concentration compared
with iso or hyperdense chronic SDHs, no difference was observed
among the latter two, suggesting that other mechanisms must be
involved in the computerized tomography appearance of chronic
SDHs. These comparisons are made between patients and not for
and individual patient, whose total protein and albumin levels are
unique. A more meaningful analysis would involve several sam-
plings of an evolving chronic SDH; however, this would be un-
acceptable to most ethics committees.

Distribution of protein fractions in chronic SDHs and plasma
differs, and is statistically significant in this study. Surprisingly, the
fraction of albumin in the total protein pool of chronic SDHs is less
than that found in plasma. This supports the idea that other plasma
proteins (Alpha-2 and Beta globulin) may play a greater role than
albumin in the clinical progression of chronic SDHs. The authors
do not directly test whether these other serum proteins accumulate
by means of serum protein exudation.
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In summary, the author’s main contribution is the observation
that the distribution of plasma proteins in chronic SDHs is different
than that of plasma. By using scintigraphy the authors also showed
that albumin accumulates in chronic SDHs over a twenty-four hour
period. This suggests that serum protein exudation may be a
mechanism included in the clinical progression of chronic SDHs.
However, direct evidence for this is not provided, and the authors

would need to show that inhibition of serum protein exudation
results in clinical stability of chronic SDHs.
J. Tew
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