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Clinical Features According to the Histological Types
of the Outer Membrane of Chronic Subdural Hematoma
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Objective: The aim of our study was to classify the outer membrane of chronic subdural hematoma (CSDH) histologically
and to determine the clinical and radiological meaning of the classified membranes.

Methods: The outer membrane specimen of 31 patients who underwent surgery for CSDH were acquired in this study. The
specimen was classified into four types and each were analyzed of the symptoms on the admission day and during the period
from trauma to surgery. The radiological features such as subdural fluid density, Hounsfield number, thickness of the hema-
toma, and midline shift were analyzed.

Results: There were 6% of type I, 29% of type 11, 39% of type 111, and 26% of type IV neomembranes. The cases of CSDH
accompanied by neurologic deficit were highest from type IV of 63%, followed by type Il with 56%. On the radiological
findings such as Hounsfield unit, hematoma thickness and midline shift, only hematoma thickness between type II and I1I
were statistically significant (»p=0.021). The hematoma thickness and midline shift were greatest in type II. On computed
tomography scans, the isodense, hyperdense and laminar type that shows the high recurrence rate formed 75% of type II and
67% of type IV while type III had the low possibility of recurrence rate (33%).

Conclusion: We have identified that the outer membrane have the tendency to develop from type I to IV in time while type

II and type I'V may have more risk of neurologic deficit and the high possibility of recurrence.

(Korean J Neurotrauma 2015;11(2):70-74)
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Introduction

Although the pathophysiology of chronic subdural hema-
tomas (CSDH) has not been clearly identified, there are many
studies in progress, including the papers on the outer mem-
brane’s role on CSDH.>"'"""" Past studies were mainly on
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the electron microscopic findings of the outer membrane.*'¥
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And these are not easy to apply in practice.

In one study, outer membrane was classified into 4 types
pathologically according to maturity and intensity of the
inflammatory reaction and hemorrhage.'” The study indi-
cated that analyzing the clinical significance of each group
of the outer membrane may be helpful to assume the prog-
nosis of patients with CSDH.

We conducted this study in order to classify our specimen
of the outer membrane of CSDH histologically and to re-
view the clinical features according to the histological types
of the outer membranes.

Materials and Methods

The outer membrane specimen of 31 patients who under-
went surgery for CSDH between November 2004 and Jan-
uary 2013 were acquired through small craniotomy and the



samples were cut to the size of 1X1 cm for the study. In the
treatment of CSDH, we were able to remove organized he-
matomas or clots by irrigation much more easily and effec-
tively with the small craniotomy (about 3 to 4 cm in diam-
eter).”

By using the paraffin blocks of the specimen, we execut-
ed hematoxylin and eosin staining and Elastica-van Gie-
son staining. Histological features of the outer membrane
were classified into 4 types according to maturity and in-
tensity of the inflammatory reaction and hemorrhage. Type
I is non-inflammatory membrane, containing immature fi-
broblasts and collagen fibers. It was associated with very
slight or sparse cell infiltration and neocapillaries. Type 11
is inflammatory membrane, consisting one layer of imma-
ture connective tissue. It was associated with marked cell
infiltration and vascularization of the whole thickness. Type
IIT is hemorrhagic-inflammatory membrane, consisted of
two or three layers. It is consisted of large capillaries on the
side of the dura mater and marked cell infiltration with many
thin new vessels on the hematoma cavity. Type IV is scar-
inflammatory membrane, which shows inflammatory cell
infiltration, neovascularization and hemorrhage in the out-
er membrane of cicatrical tissue.'”

We analyzed the clinical and the radiologic findings of
the patients applicable to each type. The clinical symptoms
on the admission day were divided into two groups, one
with the symptom of headache alone, and the other that ac-
companied neurologic deficit such as motor weakness, men-
tal change and dysarthria. And the period from trauma to
surgery was reviewed. The analyzed radiologic features in-
clude subdural fluid density, Hounsfield number, thickness
of the hematoma, and the length of midline shift. The brain
computed tomography (CT) findings of the subdural fluid
density were classified by hyperdense, isodense, hypodense,
and mixed density type; mixed density type was categorized
into laminar, separated, gradation, and trabecular type.

To assess statistical significance, we used SPSS for win-
dows version 19.0 (SPSS Inc., Chicago, IL, USA). Nonpara-
metric data were compared using the Kruskal-Wallis and
Mann-Whitney U-test. p-values <0.05 were considered sig-
nificant.

Results

Of the 31 patients, 24 were male with the average age of
61.2+15.2. Of those patients, one patient had a re-operation
on account of recurrence in the same area after 8 months
and two patients were operated the opposite side a few days
after surgery due to increase the subdural fluid volume.
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Each of them was considered as a separate case. The cause
of the head trauma of the patients are as follows; fourteen
patients had the head trauma caused by falling while 10 didn’t
know the cause, 6 from traffic accident and 1 from the assault.

Histopathological analysis revealed 2 cases (6%) of type
L, 9 cases (29%)) of type 11, 12 cases (39%) of type 111, and 8
cases (26%) of type IV neomembranes (Figures 1-4).

The cases of all 31 patients had the Glasgow Coma Scale
(GCS) scores of more than 14, therefore there was no severe
consciousness decline. In the clinical symptoms on the ad-
mission day, 17 cases reported simple headache, while 14
cases accompanied with neurological manifestation; 7 mo-
tor weakness, 5 mental changes and 2 dysarthria. The result
of the analysis shows that according to the histopathologi-
cal types of the outer membranes, neurologic deficit was

accompanied highest with type IV by 63%, seconded by
type 11, 56%, followed by 33% of type III while type I didn’t
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FIGURE 1. Photomicrograph of type | non-inflammatory mem-
brane stained with hematoxylin and eosin and Elastica-van
Gieson staining under light microscopy (original magnification,
X100).

FIGURE 2. Photomicrograph of type Il inflammatory membrane
stained with hematoxylin and eosin and Elastica-van Gieson
staining under light microscopy (original magnification, % 100).
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have any (Table 1).

The average period of trauma to surgery was 32.5+10.6
days in type I and 32.3+30.6 days, 36.3+40.1 days and
59.4+54.7 days in type II, III, IV respectively. And there
was no statistical difference between each type (type /11
p=0.994, /111 p=0.779, I/IV p=0.345, I/111 p=0.850, I/IV
p=0.404, III/TIV p=0.436).

Out of 31 cases, 24 were examined by brain CT before the
surgery while 7 used only the MRI. From the data of 24 brain
CT performed before surgery, Hounsfield unit was 44 in
type I (only one case), and type II, III, IV were 43.3+5.2,
36.4+10.3, 38.3+7.4 respectively. Immediate preoperative
thickness of subdural hematoma was 20.5+0.7 mm in
type I and 25.0+5.3 mm, 17.94+7.7 mm and 21.1+6.4 mm
in type II, III, TV respectively. The midline shift of the

preoperative image was 7.0 1.4 mm in type I and type II,
IIL, IV was 11.7+6.1 mm, 8.6+5.0 mm, and 7.0£5.9 mm
respectively (Table 2). On the radiological findings of the

FIGURE 3. Photomicrograph of type 1 hemorrhaglc mfIamma-
tory membrane stained with hematoxylin and eosin and Elastica-
van Gieson staining under light microscopy (original magnifica-
tion, xX100).

above, only hematoma thickness between type I and 111
were statistically significant (p=0.021).

On CT scans, 11 patients (46%) had mixed density types,
8 patients (33%) had isodense types, 3 patients (13%) had
hyperdense types, and 2 patients (8%) had hypodense types.
The analysis through histopathological types of the outer
membrane shows that type Il had 2 hyperdense and 4 isodense
type cases and type III and IV had a mixed density type high
with 5 and 4 cases respectively. Of the mixed density, 6 cas-
es were trabecular type, 3 were laminar type and 2 of grada-
tion type (Table 3).

Discussion

CSDH is prevalent among elderly populations worldwide,
and its pathogenesis have been discussed in the literature
for decades. With the increase of the senior population, the
prevalence rate of the disease is also increasing. This chron-

FIGURE 4. Photomlcrograph of type IV scar |nf|ammatory mem-
brane stained with hematoxylin and eosin and Elastica-van Gie-
son staining under light microscopy (original magnification, X 100).

TABLE 1. Clinical symptoms and histopathological type of chronic subdural hematoma membrane

Neurologic deficit

Pathologic type Headache -
Motor weakness Mental change Dysarthria
Type | 2 0 0 0
Type Il 4 3 2 0
Type lll 8 2 1 1
Type IV 3 2 2 1

TABLE 2. Aspects of chronic subdural hemorrhage according to the membrane type (average * standard deviation) (mm)

Pathologic type Hounsfield unit Hematoma thickness (mm) Midline shift (mm)
Type | 44 (one case) 20.5+0.7 70+1.4
Type ll 43.3+52 25.0+5.3 11.7+6.1
Type lll 36.4+10.3 17.9+7.7 8.6+5.0
Type IV 38.3+7.4 21.1+6.4 7.0+59

Only hematoma thickness between type Il and lil are statistically significant (p=0.021)
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TABLE 3. Hematoma density of the brain computed tomography and histopathological type of chronic subdural hematoma membrane

Computed tomography findings (type)

Pathologic type

Mixed density

Hyperdene Isodense Hypodense - -
Trabecular Laminar Gradation
Type | 0 1 0 0 0 0
Type I 2 4 0 2 0 0
Type lli 0 2 2 3 1 1
Type IV 1 1 0 1 2 1

ic disease has several factors that affect the progression of
the disease. Such interesting subject of study was particu-
larly focused on the outer membrane of CSDH diverse-
ly, """ and the neoformation of capillaries and vascu-
lar hyperpermeability of outer membrane found from CSDH
is reported to be correlated with the progressive enlarge-
ment of CSDH." The outer neomembrane of CSDH con-
tains multiple components, especially friable neovascula-
ture, and local fibrinolytic factors, which may influence the
formation of a hematoma.” The newly formed blood vessels
appear to be more permeable and fragile than pre-existing
vessels.”

Friede” reported four pathologic type of membranous
and membranous-hemorrhagic lesions in 46 necropsies.
His classification was neomembrane (type 1), hemorrhagic
neomembrane (type II), hematoma (type III), and fibrosis
11)

(type IV). Nagahori et al. ’ classified the histological fea-
tures of the outer membrane into four types based on the
maturity and intensity of the inflammatory reaction and
hemorrhage. They pointed out, based on a comparison of
the density of hematoma on CT and the histological findings
of outer membranes, that exudation from inflammation is
involved in the early stage of hematoma formation, and the
inflammation and hemorrhage are involved in the subse-
quent stage of hematoma enlargement. According to the his-
tological features and the period of time from trauma to
surgery, they suggested that the outer membrane is consid-
ered to have changed from type I to I1, 111, and IV, in order.”
In our study, due to the wide deviation of the data although
there was no statistical significant, however we were able
to find a similar trend to the result of Nagahori et al."
Most of the acute subdural hematomas resolves into hy-
podensity on CT within 3 weeks. The density of the CSDH
increases again slowly and continuously. The wider the sur-
face area of outer membrane is, the more extensive the neo-
vascularity becomes, and the higher the fibrinolytic activ-
ity within the hematoma is, the more blood will be mixed."”
The CT scan attenuation values and the size of the hema-
toma tended to increase with the maturity of the neomem-
branes.” In other words, the density of the CSDH changes

from isodensity to hypodensity into the mixed density as
time passes.

We have confirmed through our research that the most
of type I and II were isodense type while type I1I and IV
were mixed density with the exception of 2 cases of hy-
podense type belonging under type IIT and 3 cases of hy-
perdense type, 2 coming from type II and one from type I'V.
The result points toward the fact that the outer membrane
changes from type I to IV, assuring the result of the study
done by Nagahori et al.'’ However, a report contends that
the mixed density of CSDH is resulted from multiple epi-
sodes of trauma, usually in the aged, making it hard to con-
clude that mixed density occur only from the rebleeding
from neovascularization.

Another report shows that although histological studies
of the outer membrane can account for the development of
CSDH, the findings poorly correlate with clinical manifes-
tations. A GCS score of 12 or less exclusively had type II
neomembranes which may correlate clinically to the period
of rapid expansion of a CSDH and subsequent decompen-
sation. Type Il neomembranes may represent an early stage
of inflammatory membrane formation associated with a
higher stage of membranous exudation into the hematoma
cavity and therefore has a tendency to bleed.”

In the radiological analysis such as Hounsfield unit, he-
matoma thickness and midline shift for each pathologic
type, we had only one the statistical meaning from the he-
matoma thickness between type II and III alone. Looking
at the overall trend of other results, Hounsfield unit show
a gradual decrease in the type I, II, and III then a slight in-
crease in type IV. The hematoma thickness and midline
shift were greatest in type II. This result is consistent with
the above paper which suggested type II membrane may
be related to the rapid expansion of a CSDH.

As our study did not have the case of the significantly
lower GCS score, we did the comparisons of the clinical
features between the case only with the headache and the
case accompanied by neurologic deficit. The result shows
that type I'V and II had a high number of cases accompa-
nied by neurologic deficit, which is dissimilar with the re-
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port from above.

The appearance of hematoma on CT scans could be a pre-
dictor of the post-operative recurrence. In a clinical analy-
sis of risk factors associated with the recurrence of CSDH,
they suggest that the incidence of recurrence in the high- or
mixed-density groups was significantly higher than those
in the low- or iso-density groups."” And a prospective study
of 107 operated patients reported a different result in isodense
group and further subdivided mixed group. They conclud-
ed that the high recurrence rate was reported in the isodense,
hyperdense, laminar, and separated type, whereas the low
recurrence was in the hypodense, gradation, and trabecular
type.'” Based on the latter paper, the results of our experi-
ments are as follows. The isodense, hyperdense and lami-
nar type showed the high recurrence rate; 75% of type Il and
67% of type IV while type I1I had the low possibility of re-
currence rate (33%). Therefore, we suggested that type II
and IV needed to be observed closely as the possibility of re-
currence is higher on those types.

Conclusion

We classified the outer membrane of the CSDH in 4 types
histologically and analyzed each type with clinical and ra-
diological findings. Outer membrane was identified to have
the tendency to develop from type I to IV in time and sug-
gested that type I and type IV may have more risk on neu-
rologic deficit and the high possibility of recurrence. In the
future, the experiments will be necessary for inflammatory
change and angiogenesis of the outer membrane of CSDH.

m The authors have no financial conflicts of interest.
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