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INTRODUCTION

Chronic subdural hematoma (CSDH) is one of the most frequent types of intracranial
hemorrhage that is still associated with significant morbidity7,16,20). The CSDH is a common
disease in elderly patients, and its incidence is highest in persons older than 70 years of age17).
Although minor previous head injury is sometimes unrecognized, a mild traumatic event
has preceded the hemorrhage in 60 to 80% of reported cases2,17). Three principal techniques
have been used for resolution of CSDH : burr hole with or without irrigation and/or a closed
drainage system, twist drill trephination and craniotomy8,14,19). Burr hole trephination with
drainage is the most common procedure for treatment of a patient with CSDH. The burr hole
drainage is relatively less invasive with higher cure rate, even for older or high-risk patients2,5,20).
However, some patients suffer from the recurrence after surgery, with an incidence as variable
as 3.7 to 30%2,11,13,14). Numerous factors influencing recurrence have been reported in the
literature, but controversial findings are not uncommonly reported1,2,12,17,19). In our institute,
one burr hole with closed system drainage has been the operative technique of choice over the
last 20 years. The aim of this study is to analyze the potential risk factors in the recurrent
CSDH treated with one burr hole with a closed drainage system retrospectively.

MATERIALS AND METHODS 

The medical and radiographic records of 255 consecutive cases with CSDH who underwent
surgery for CSDH at our hospital between January 2001 and December 2006 were retro-
spectively reviewed. We defined CSDH as a SDH surrounded by a thin capsule and consisted
of dark reddish liquefied blood found at operation. If the date of head trauma was clear, a
CSDH was defined as a hematoma that had persisted more than three weeks after head trauma.
The clinical features, computed tomography (CT) findings, surgical results, and postoperative
complications were statistically analyzed to elucidate the factors affecting the recurrence of
CSDH. Recurrence of CSDH was defined as re-accumulation of the hematoma in the
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postoperative hematoma cavity on follow-up CT scans within
3 months postoperatively and the reappearance of neurologic
symptoms such as dementia, hemiparesis, headache or
aphasia. In this study, hygroma, infantile CSDH, calcified or
ossified CSDH were excluded because they were considered
to be clinically different entities. On admission, neurologic
examination was performed using the Glasgow Coma Scale
score, and diagnosis was based on brain CT in all patients.
Various informations such as history of head injury, onset of
initial symptoms, alcohol abuse, and the use of anticoagulant
or antiplatelet drugs were collected from the patient or family
members. The correlation of recurrence was evaluated with
personal and clinical factors such as age, sex, history of head
injury, and interval between onset of initial symptoms and
surgery; laboratory findings such as bleeding tendency and
liver function; CT findings such as hematoma density and
brain atrophy, the site of the hematoma (unilateral or bilateral),
and the degree of midline shift. Hematoma density was
classified into four types : low-, iso-, and high- and mixed
density relative to the brain parenchymal density (Fig. 1).
The liver function was estimated by the examination of
SGOT/SGPT/total bilirubin, protein and albumin in initial
serum of the patients. For the bleeding tendency, PT/aPTT
examined in initial serum were investigated. Brain atrophy
was classified into three stages : no or mild atrophy, definite
atrophy such as dilated sulci, and severe atrophy such as
widely dilated sulci and subdural space. 

A single burr hole was made at the site of its maximal
hematoma thickness under local anesthesia. After dural
incision, a small hole was opened in the outer membrane.

The silicon tube was inserted into the hematoma cavity
immediately, and then it was connected to a closed drainage
system. No evacuation or irrigation of the hematoma was
performed. The drainage tube was usually removed 2 days
after surgery with the confirmation of residual hematoma
amount on the follow up brain CT scan. Patients were kept
in bed with hydration until the drain was removed. Patients
were discharged as soon as symptoms related to the CSDH
had disappeared and a follow-up CT scan had shown a total
or significant reduction in the thickness of the CSDH. All
patients were followed-up for more than three months until
the clinically regarded as in remission.

Statistical analysis was performed with chi-square test and
the student t-test to assess the relationship between each
parameter and the recurrence of CSDH. For all analyses, a
p-value of ＜0.05 was considered statistically significant.

RESULTS

The clinical data of 255 consecutive cases were summarized
in Table 1. There were 150 men (58.8%) and 105 women
(41.1%). Twenty-four patients (9.4%) experienced recur-
rences. There were 11 men (45.8%) and 13 women (54.2%).
Reoperation was required in all 24 recurrent cases, and the
third operation was performed in 3 cases. Mean age (±
standard deviation) of patients in the recurrence group (RG)
(54.3±8.3) was not significantly different from that in the
non-recurrence group (NRG) (66.0±11.3). One-hundred-
eighty-one out of 255 patients had remembered their initial
head trauma. It ranged from 3 weeks to 3 months (42.9 days
on average) for the patients with the history of initial trauma
to be made as CSDH. Diabetes and cerebrovascular disease
were the common underlying disease in 255 patients, but
they were not related to the recurrence of CSDH. Bleeding
tendency such as in leukemia, liver disease and chronic renal
failure was significantly associated with recurrence of CSDH
(p=0.037).  

Preoperative CT findings were summarized in Table 2. The
recurrence of CSDH occurred on the right side in 10 patients
(41.6%), left side in 12 (50.0%), and bilateral in 2 cases
(8.3%). There was no significant difference in relation to
location between two groups (p＜0.656). However, hematoma
density was significantly different between two groups (p
＜0.001). The incidence of recurrence in the high-density
group (33.3%) and mixed-density group (50%) was higher
than that in any other groups. Mixed density consisted of a
low- or iso-density at upper layer and a high-density lower
layer, so could be considered as closely related with the high-
density category. Classification of the hematomas into two
groups combining the high-density and mixed-density groups,

Fig. 1. Chronic subdural hematoma is classified according to its density
on brain CT scans. A : High-type, B : Iso-type, C : Low-type, D : Mixed-type.
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and the low-density and iso-density groups showed that the
incidence of CSDH recurrence in the former group (23.5%)
was significantly higher than those in the latter group (2.4%);
p＜0.001 between the two groups. 

Degrees of midline shift of preoperative CT scan are shown
in Table 3. Mean midline shift (±standard deviation) of
patients in the RG (11.6±3.0 mm) was greater than that
in the NRG (7.9±1.7 mm). Patients who had midline
shift of less than 10 mm (8.0%) had a lesser chance of
recurrence in comparison with patients with more than
10 mm (16.7%). However, the difference in both groups
was not statistically significant (p=0.772). There was no

correlation between the incidence of
recurrence and severity of brain atrophy
(Table 4).

DISCUSSION

Burr hole drainage could be the best
modality as the initial treatment for
CSDH. Recently, lower recurrence
rates using a burr hole and closed drain-
age system without irrigation have been
reported11,17). The intention of irriga-
tion is to remove the hematoma com-
pletely or at least to dilute its content.
However, repeated irrigation induces
the abrupt decrease in intracranial pres-
sure, resulting in complications such as
convulsions, brain edema and cerebral
hemorrhage17). In this study, the recur-
rence rate of CSDH was 8.7%. It is
generally considered that craniotomy
is mandatory if burr hole drainage fails.
However, craniotomy has a greater
associated morbidity and mortality3).
We performed repeated burr hole
drainage at the previous operation site,
which provided good results. Our
study suggests that burr hole drainage
using the previous burr hole appears to
be effective treatment in the recurred
CSDH. Craniotomy should be saved
in a patient with a solid hematoma or
who suffers multiple recurrences4).

Risk factors for CSDH recurrence
are divided into three categories. Fac-
tors associated with patient charac-
teristics, such as old age, brain atrophy,
poor performance status on admission,

bleeding tendency, kidney diseases, liver dysfunction, chronic
alcoholism, diabetes, epilepsy, dementia, hemodialysis, use
of anticoagulants, antiplatelet and chemotherapeutic agents,
intracranial hypotension (cerebrospinal fluid shunt surgery),
have commonly been reported1,16,20). Factors associated with
the pathogenesis of CSDH include large hematoma, bilateral
CSDHs, septum formation or multiple membranes in the
hematoma cavity, mixed-density and high-density hematoma
on the CT scan2,9,10,12,14,20). Factors associated with surgery such
as 1) insufficient drainage intraoperatively and postoperatively,
2) air collection in the hematoma cavity, 3) early surgery when
the hematoma has a poorly developed capsule are thought

Table 2. Preoperative computed tomographic findings and incidences of recurrence

RG (n=24)           NRG (n=231)          Total (n=255)         p value

Hematoma locations p=0.656

Right 10 (41.6%) 92 (39.8%) 102 (40.0%)

Left 12 (50.0%) 119 (51.5%) 131 (51.4%)

Bilateral 2 (8.3%) 20 (8.6%) 22 (8.6%)

Hematoma density p＜0.001*

Low 1 (4.16%) 51 (22.1%) 52 (20.4%)

Iso 3 (12.5%) 115 (49.8%) 118 (46.2%)

High 8 (33.3%) 21 (9.1%) 29 (11.3%)

Mixed 12 (50%) 44 (19.4%) 56 (22.0%)

*p-value reveals the relationship between low/iso-density group and high/mixed-density group, RG : recurrence
group,  NRG : non-recurrence group

Table 3. Midline shift and incidences of recurrence

Midline shift RG (n=24) NRG Group (n=231) Total (n=255) p value

＜10 mm 17 (8.0%) 196 (92.0%) 213 (100%) p=0.087

䥱10 mm 7 (16.7%) 35 (83.3%) 42 (100%)

* RG : recurrence group, NRG : non-recurrence group

Table 4. Types of brain atrophy and incidences of recurrence

Brain atrophy RG (n=24) NRG (n=231) Total (n=255) p value

No or mild atrophy 16 (66.6%) 149 (64.5%) 165 (64.7%) p=0.977

Definite atrophy 5 (20.8%) 52 (22.5%) 57 (22.3%)

Severe atrophy 3 (12.5%) 30 (13.0%) 33 (13.0%)

RG : recurrence group, NRG : non-recurrence group

Table 1. Characteristics and clinical findings in the recurrence group (RG) and the non-
recurrence group (NRG)

RG (n=24) NRG (n=231) Total (n=255) p value

Sex 0.821

Male 11 (45.8%) 139 (60.2%) 150 (58.8%)

Female 13 (54.2%) 92 (39.8%) 105 (41.1%)

Mean age 54.3±8.3 66.0±11.3 64.8±10.1 0.09

History of head injury 9 (37.5%) 172 (74.4%) 181 (71.0%) 0.39

Diabetes mellitus 3 (12.5%) 29 (12.5%) 32 (12.5%) 0.421

Cerebrovascular disease 2 (8.3%) 33 (14.3%) 35 (13.7%) 0.184

Bleeding tendency 5 (20.8%) 17 (7.4%) 22 (8.6%) 0.037

Anticoagulant 1 7 8

Liver disease 2 6 8

Hematologic disease 2 2 4

CRF 0 2 2

RG : recurrence group, NRG : non-recurrence group
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to increase the risk of recurrence17). We therefore attempted
to confirm the risk factors in our series, and finally following
variables were found to be correlated with the recurrence
of CSDH : 1) preoperative bleeding tendency, 2) high- or
mixed-density group on the preoperative CT scan.

The pathogenesis of the formation and development of
CSDH is complex. Membrane formation around the
hematoma and secondary enlargement of the hematoma
are characteristic features of CSDH. Repeated micro-
hemorrhages from the neocapillary network in the outer
membrane or abnormally high vascular permeability is
thought to be responsible for hematoma enlargement in
CSDH21). Neomembrane in recurrent cases is vulnerable
to repeat microbleeding into hematoma cavity over the short
term. The density of CSDH reflects the proportion of fresh
blood clots in hematoma cavity, and high density indicates
that the hematoma involves in much fresh bleeding16).
High proportion of fresh blood clots means the active
growth of blood vessels into the membrane of CSDH. Several
reports have shown the variation of rebleeding tendency
in different hematoma stages13,15). Nakaguchi et al.13)

advocated three different phases of hematoma development
based on the neuroimaging : a homogenous stage (stage 1),
a seprated or multilayered stage (stage 2), and a trabecular
stage (stage 3). During the stage 1 (homogenous type on
CT scans), the rebleeding tendency is low because the
balance between fibrinolysis and coagulation is maintained.
The neuroimaging appearance of the hematoma is pre-
dominantly homogenous, hypo- or isodense according to
whether the bleeding is more or less recent. During stage
2 (separated or multilayered stage), hyperfibrinolysis and
the rebleeding from the neomembrane is high. This process
ceases in stage 3 (trabecular stage) because the membrane
has a large fibrous component, and therefore, bleeding
tendency is extremely low2,13). In this study, the incidence of
CSDH recurrence in the high-density and mixed-density
groups was significantly higher than that in the low-density
and iso-density groups (p＜0.001). These results suggest
the CSDH with rapid progression in the relatively acute
phase appears as high density on CT have a high incidence
of recurrence. It is clear that the phase of initial brain CT and
neurologic condition are the most important factors in the
treatment of CSDH. The possibility of recurrence is high
in the case of the short period of time between the onset
of symptoms and the operation. Early surgery when the
hematoma has a poorly developed capsule could increase
the risk of recurrence. Therefore, if the CSDH with rapid
progression in the acute phase as high density on CT scan is
likely to recur, the operation could be delayed unless severe
symptoms are present. The surgical procedure may be

performed in the later stage when the density of CSDH
changes to be iso- or low-density on CT scan. 

In most case of CSDH, the origin of hematoma is the torn
bridging vein. Owing to the venous bleeding, the initial
subdural hemorrhage is small and does not usually induce
a sudden increase in intracranial pressure. Additionally, the
wide sulci and atrophic brain allows for some enlargement
before the onset of significant neurololgical symptoms. Large
hematoma, older age and brain atrophy have been reported
as risk factors for the recurrence4). There are many occasions
when hematoma progresses for a long time after its occurrence
without the effect of elevated intracranial pressure in old
patients due to severe brain atrophy. In the present study,
older age, brain atrophy and midline shift were not associated
with recurrent CSDH. It seems that the older the patient,
the longer it takes for the brain to be restored. It is possible
that prolonged reaccumulations of blood within the hema-
toma cavity might have been misunderstood as unnecessarily
subjective to reoperation6,18). Additional studies are needed
to confirm those factors associated with the recurrence in
the future.

CONCLUSION

In the present study, two major risk factors, hematoma
density and underlying bleeding tendency, might be helpful
in predicting the recurrence of CSDH after burr hole drainage.
In case of high-density on CT scan, the operation could be
delayed unless severe symptoms are present. In addition,
burr hole drainage using the previous burr hole is preferred
for recurrent CSDH. 
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