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Introduction

Chronic subdural hematoma (CSDH) is one of the most 
common diseases in neurosurgical practice. CSDH tends to 
occur in elderly male patient. Head trauma is the most com-
mon cause of subdural hematoma. But, identified history 

of trauma is obvious in about only half of patients. A trivial 
trauma can also attribute subdural hematoma formation in 
elderly group. Common treatment choice of CSDH is a sur-
gical treatment, and several surgical methods included twist 
drill craniostomy, burr hole with drainage, and craniotomy 
with hematoma removal introduced up to date.2,6,13,15,18,22,28) 
During the past several decades, less invasive burr hole and 
drainage is the most common procedure. The surgical out-
come of CSDH reported in the previous literatures varies 
widely with a percentage of recurrence rate from 3% to 
30%.2,3,5,7,11,12,17,27,29) In spite of comparatively simple opera-
tive procedure, the recurrence rate is relatively high as 
compared with other traumatic brain injuries. A repeated 
operation has increased morbidity and mortality.14,16,18) 
Furthermore, the patients undergoing a repeated operation 
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have suffered financially and psychically during that peri-
od. If we can reduce the recurrence rate by to study about 
risk factors that lead to recurrence, there will be an effective 
care for CSDH patients.

Therefore, we evaluated the predicting factors for recur-
rence of CSDH in 97 patients who underwent one burr hole 
and drainage for CSDH in our department. 

Materials and Methods

This study was based on retrospective analysis of 97 sur-
gical cases of CSDH from January 2009 to October 2012. 
All patients enrolled in this study are treated with one burr 
hole and drainage, and have more than 3 months follow-up 
period. First, we diagnosed as subdural hematoma by com-
puted tomography (CT) findings. And, we prove that by to 
confirm the dark reddish liquefied subdural hematoma, in-
traoperatively. To check-up brain CT was performed at the 
first visit to our institute, immediate postoperatively, and just 
before removal of drainage tube. Thereafter, we checked-up 
CT in the only patients having new symptom. We defined 
recurrent CSDH as the case of the reaccumulation of hema-

toma on the previously operated side in follow-up brain CT 
within 3 months after the previous operation. But, remained 
hematoma cases in brain CT due to capsulation by mem-
brane were excluded. Among the 97 patients, 16 patients ex-
perienced reoperation due to recurrence of CSDH within 3 
months. We retrospectively evaluated several factors that 
affect to recurrence of CSDH. Such as age, gender, hyper-
tension (HTN), diabetes mellitus (DM), head trauma histo-
ry, drainage tube removal time and preoperative CT find-
ings were reviewed in this study. There are some factors in 
preoperative CT findings such as the thickness of hemato-
ma, the degree of midline shift, the bilaterality of hematoma 
and internal architecture of hematoma. First, we classified 
the internal architecture of hematoma into two groups ac-
cording to homogeneity in the CT images; homogeneous 
group and heterogeneous group. After then, each two groups 
were divided into three subtypes. Homogeneous group was 
divided as hyper-, iso-, and hypodensity type based on he-
matoma density. And, heterogeneous group was divided as 
separated, gradient and mixed type based on characteris-
tics of hematoma (Figure 1). In here, the separated type 
means that hematoma shows a definite horizontal separat-

FIGURE 1. Classification of internal architecture on preoperative brain computed tomography. Homogeneous group-(A) hyperdensity 
type, (B) isodensity type, and (C) hypodensity type. Heterogeneous group-(D) separated type, (E) gradient type, and (F) mixed type.
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ed line, and the gradient type doesn’t have the separated 
line, but have a gradation in the hematoma. The mixed type 
is not relevant to these two types. The thickness of hemato-
ma and the degree of midline shift were decided by measur-
ing the maximal numeric values in the CT images.

In our institute, a single burr hole trephination and drain-
age is a first line therapy. In general or local anesthesia, a 
small single burr hole site is usually on the frontal bone 
nearby Kocher’s point or on the temporal line of parietal 
bone. And, if the reoperation was needed, we identified a 
new burr hole site in all recurrent patients. Cauterization 
of the dura was performed with a bipolar coagulator. Af-
ter opening the dura, dark reddish colored liquefied blood 
gush out. Then, we diagnose CSDH exactly. A silastic drain-
age tube was inserted into the subdural space. And, intra-
operative irrigation was done in every patient. The drain-
age tube was usually removed after two days postoperatively. 
And, early drainage removal time was defined as that re-
moval time was shorter than 24 hours after surgery.16) In all 
patients, the time of drainage tube removal was when the 

drainage volume is less than 20 milliliters in last 8 hours. 
And, early drainage removal time was defined as that re-
moval time was shorter than 24 hours after surgery. 

Statistical analyses were performed to find the signifi-
cant predicting factors of recurrence by applying chi-square 
test and logistic regression analysis. In this study, a p-value 
of ＜0.05 means statistically significant for all analyses.

Results

The characteristics of 97 patients are summarized in Ta-
ble 1. Sixteen patients (16.5%) were recurred and all patients 
underwent a reoperation. Patient’s data was similar to oth-
er previous articles. Sixty-four men and 33 women (ratio 
1.9:1) enrolled in this study, and their mean age was 70.0 
years (range, 15-93). Patients having DM are 24 (24.7%) 
and having HTN are 44 (45.4%). Sixty-one in all patients 
(62.9%) had remembered their head trauma history in the 
past few months. There are a few different features between 
recurrence group and no recurrence group. In recurrence 

TABLE 1. Characteristics of 97 patients enrolled in this study

Characteristics of patients No recurrence (n=81)

No. (%)

Recurrence (n=16)

No. (%)
Total (n=97)

Mean age (yr) 69.1 74.7 70.0 
Gender

Male 51 (79.7) 13 (20.3) 64
Female 30 (91.0) 03 (9.0)0 33

Diabetes mellitus 16 (66.7) 08 (33.3) 24
Hypertension 32 (72.7) 12 (27.3) 44
Head trauma history 52 (85.2) 09 (14.8) 61
Drainage tube removal time

＜24 hrs 06 (50.0) 06 (50.0) 12
≥24 hrs 75 (88.2) 10 (11.8) 85

TABLE 2. Relationship between recurrence rate of chronic subdural hematomas and patient’s clinical data

No recurrence (n=81)

No. (%)

Recurrence (n=16)

No. (%)
p-value* 

Age (yr) 0.709 
＜65 24 (85.7) 04 (14.3)

≥65 57 (82.6) 12 (17.4)

Gender 0.158 
Male 51 (79.7) 13 (20.3)

Female 30 (91.0) 03 (9.0)0
Diabetes mellitus 0.011 

With 16 (66.7) 08 (33.3)

Without 65 (89.0) 08 (11.0)

Hypertension 0.010 
With 32 (72.7) 12 (27.3)

Without 49 (92.4) 04 (7.6)0

*chi-square test for independence
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group, mean age (±standard deviation) of patients (74.7±
8.9) was older than no recurrence group (69.1±12.8). And 
recurrence group’s male/female ratio (4.3:1) was higher than 
that of no recurrence group (1.7:1). The recurrence rates of 
patients having a history of HTN or DM (27.3%, 33.3%) were 
also higher than those of who do not have (7.6%, 11.0%). 
And the recurrence rate of patients having a history of head 
trauma (14.8%) was lower than that found in other group 
without a history (19.4%).

In our study, old age, male, HTN or DM and early drain-
age removal generally show us tendencies of recurrence.

Relationship between recurrence rate of CSDHs and 
patient’s clinical data

CSDHs occur frequently in male elderly group in gener-
ally. And there are 64 men and 33 women (mean age, 70.0 
yrs) enrolled in this study. The recurrence rate of CSDHs 
tends to be higher in male patients (20.3%) and in the el-
derly (17.4%) than that of other groups. But, patient’s age and 
gender were not statistically significant (p=0.709, p=0.158) 
(Table 2).

In sixteen recurred patients, 12 patients had a history of 
HTN and 8 patients had DM. There are controversial in 
relationship between recurrence and having HTN or DM. 
But, having underlying disease (HTN, DM) was statistical-
ly related to a recurrence of CSDH after surgery in this study 
(p＜0.05)(Table 2).

Relationship between recurrence rate of CSDHs and 
head trauma history

Many patients didn’t have a cleared head trauma history. 
The experience of head injury remained in their memory in 
only 61 patients (62.9%). The analysis of correlation between 
the recurrence rate and head trauma history is shown at 
Table 3. There was no significant difference statistically 

(p=0.548). Nonrecurrent group’s trauma history rate (64.2%) 
was rather slightly higher than recurred group’s (56.3%).

Relationship between recurrence rate of CSDHs and 
drainage removal time

Drainage removal in 24 hours postoperatively was usu-
ally a little fast time. Early drainage removal was enacted 
in 12 patients of 97 patients (12.4%) in our study. All the pa-
tients’ drainage volume in last 8 hours was less than 20 mL, 
without exception. Half of them are in recurred group. The 
closed relationship between recurrence rate and drainage 
removal time is shown in the statistical analysis (p＜0.05) 
(Table 4).

Relationship between recurrence rate of CSDHs and 
preoperative CT findings

The thickness of hematoma and the degree of midline 
shift

There was no standard criterion on the division of the de-
gree of thickness in previous articles. We divided our pa-
tients into two groups on the thickness of hematoma by 15 
mm. The recurrent patients who were 15 mm or more were 
11 (19.6%), and the recurrent patients who were less than 
15 mm were 4 (10.0%). But, there was statistically no signif-
icant difference (p=0.200)(Table 5).

The degree of midline shift also didn’t have a statistical 
significance in recurrence (p=1.000). The recurrence rates 
of patients more than 10 mm and other patients (16.7%) 
were same (Table 5).

The location of hematoma 
We divided our patients into unilateral group and bilater-

al group. Three patients of bilateral group all experienced 
a recurrence. In other words, only three patients in this study 

TABLE 3. Relationship between recurrence rate of chronic subdural hematomas and head trauma history

No recurrence (n=81)

No. (%)

Recurrence (n=16)

No. (%)
p-value* 

Head trauma history 0.548 
With 52 (85.2) 9 (14.8)

Without 29 (80.6) 7 (19.4)

*chi-square test for independence

TABLE 4. Relationship between recurrence rate of chronic subdural hematomas and drainage tube removal time

No recurrence (n=81)

No. (%)

Recurrence (n=16)

No. (%)
p-value* 

Drainage removal time 0.004 
＜24 hrs 06 (50.0) 06 (50.0)

≥24 hrs 75 (88.2) 10 (11.8)

*chi-square test for independence
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have the bilaterality of hematoma, and all of them are in re-
curred group. The bilaterality had a statistical significance 
in recurrence (p＜0.001). But, there was no significant dif-
ference between right side group and left side group (p= 

0.464)(Table 5).

Internal architecture of hematoma 
Internal architecture was discussed for the recurrence 

factor of CSDH in many previous articles.2,4,7,10,11,17,23) First, 
patients were categorized into two groups in accordance 
with homogeneity, homogeneous and heterogeneous group. 
Since then, homogeneous group is divided into hyperdense, 
isodense, and hypodense type based on hematoma’s den-
sity. And, heterogeneous group is divided into separated, gra-
dient and mixed type according to hematoma’s character.

The statistical analysis about the relationship between in-
ternal architecture and recurrence shows that heterogeneous 
hematoma has a tendency of recurrence (p＜0.05). But, each 
subtypes in a homogeneous group (p=0.430) and in a hetero-
geneous group (p=0.792) are not significantly different (Ta-
ble 5). 

Discussion

The predicting factors for postoperative recurrence of 
CSDH were researched in several previous articles.1,2,4,7-11, 

16,21,23,25,29) But, each article’s definition of recurrence is slight-
ly different. And, the predicting factors of recurrence can 
be influenced by those differences. 

In consideration of the definition of CSDH recurrence, 
the time interval between the initial surgery and recurrence 
varies in each articles from within 3 months1,2,4,7,10,11,17,29) to 
6 months or more.20,21,26) And, the recurrent cases of only 
ipsilateral hematoma were enrolled in the study in most of 
articles,4,7,10,17,21,25,26) but both ipsilateral and contralateral 
hematoma recurrent cases came under the study in several 
articles.16,20) There are also some trivial differences, aside 
from these two differences. We defined recurrent CSDH 
as the case of the reaccumulation of hematoma on the only 
operated side within 3 months after the previous surgery. 
We exclude reoperative cases for remaining hematoma due 
to septation of wall and contralateral hematoma recurrence. 
Only complete resolution cases were comprised in this 
study. So, the results may be possibly different from the 
previous articles, notably in the internal architectures.

The internal architecture of hematoma is a important 
predicting factor of postoperative recurrence in a few pre-
vious articles.2,4,7,10,11,17,18,23) Nomura et al.19) previously di-
vided CSDHs into five types according to hematoma’s ap-
pearance on preoperative brain CT (known as the internal 
architecture): hyperdensity, isodensity, hypodensity, mixed-
density and layering types. And, Tsutsumi et al.26) analyzed 

TABLE 5. Relationship between recurrence rate of chronic subdural hematomas and preoperative computed tomography findings
No recurrence (n=81)

No. (%)

Recurrence (n=16)

No. (%)
p-value* 

Thickness 0.200 
＜15 mm 36 (90.0)0 04 (10.0)0
≥15 mm 45 (80.4)0 11 (19.6)0

Midline shift 1.000 
＜10 mm 45 (83.3)0 09 (16.7)0
≥10 mm 35 (83.3)0 07 (16.7)0

Location ＜0.001
Unilateral 81 (86.2)0 13 (13.8)0 0.464 

Right 41 (83.7)0 08 (16.3)0
Left 40 (88.9)0 05 (11.1)0

Bilateral 00 (0.0)00 03 (100.0)

Internal architecture 0.002 
Homogeneous 45 (95.7)0 02 (4.3)00 0.430 

Hyperdensity 06 (100.0) 00 (0.00)0
Isodensity 24 (92.3)0 02 (7.7)00
Hypodensity 15 (100.0) 00 (0.00)0

Heterogeneous 36 (72.0)0 14 (28.0)0 0.792 
Separated 05 (62.5)0 03 (37.5)0
Gradient 13 (72.2)0 05 (27.8)0
Mixed 18 (75.0)0 06 (25.0)0

*chi-square test for independence
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the difference of recurrence rate among these types. There 
were no statistical differences in recurrence rate in the report.

Nakaguchi et al.17) classified the internal architecture of 
the hematoma in other way. They divided internal architec-
ture of CSDHs into four types: homogeneous stage (hyper-
density, isodensity, and hypodensity subtype), laminar stage 
which be considered to be a subtype of the homogeneous 
stage, separated stage (including the gradient stage), and tra-
becular stage which features septation of wall. In this clas-
sification, the mixed-density type in the classification of 
Nomura et al.19) divided into the trabecular and laminar 
types, because the laminar type has a higher recurrence rate 
than the trabecular type, in spite of their similar mixed-den-
sity appearance. The laminar and separated type had a high 
recurrence rate, statistically. 

In our study, patients were divided into two groups in ac-
cordance with homogeneity: homogeneous and heteroge-
neous group. After then, each group was divided into three 
subtypes. In the statistical analysis, the heterogeneous group 
had a high recurrence rate than homogeneous group (p= 

0.002). But, there were no statistical differences in recurrence 
among each subtype. 

These differences of the results among the articles are due 
to various reasons. Though difference of classification is 
one of the reasons, the different definition of recurrence can 
be also the reason. The recurrence of laminar type is almost 
due to incomplete resolution of hematoma. But, the reoper-
ative cases due to incomplete resolution were excluded in 
our study. Because, we defined recurrence as reaccumula-
tion of hematoma on the operated side after previous com-
plete resolution. An identical conception in a definition of 
recurrence is going to be needed for deduction of accurate 
risk factors.

Recurrence of CSDHs generally occurs more in the el-
derly and male patients group. That was explained by a 
capacity of brain re-expansion. Age and sex are not statis-
tically significant in almost articles.2,4,7-11,16-18,20,23,25,29) In the 
present study, elderly male patients also had a higher recur-
rence rate, but there are not statistically significant.

HTN and DM have been considered to be risk factors of 
recurrence in previous study. They related to recurrence of 
CSDHs in this study (p=0.010, p=0.011). In most previous 
literatures, HTN was not significant for a recurrence fac-
tor.4,8,9,11,16,25,29) But, DM was a significant risk factor of re-
currence of CSDHs in several articles. Yamamoto et al.,29) 
recurrence rate of patients without DM had a higher recur-
rence rate than those with DM. They asserted that DM de-
creases rebleeding in CSDH patients, because the blood of 
patients with DM has a hyperviscosity, high osmotic pres-

sure and increased platelet aggregation. In contrast to this 
result, DM may play a role in recurrence of CSDHs in sev-
eral articles. Exudate of macrocapillaries in the outer mem-
brane had an influence on recurrence of CSDH.4,24,25) The 
significance of HTN and DM as an independent risk factor 
for recurrence are still controversial.

Drainage tube removal time can be taken into consider-
ation as a predicting factor of recurrence of CSDHs. Drain-
age tube removal within 24 hours is an independent risk 
factor of recurrence of CSDHs in this study (p=0.004). In 
the results of Oh et al.,20) patients who underwent removal 
of drainage within 24 hours had a higher recurrence rate 
than the other patients, but there are not statistically signif-
icant (p=0.192). Early drainage tube removal is necessary 
for to reduce an incidence of infection. But, too early remov-
al of drainage tube can cause reaccumulation of subdural 
hematoma. The drainage tube removal time should be decid-
ed with due regard to amount of drainage and color of drain-

TABLE 6. Univariate logistic regression analysis was used for 
finding significant predicting factors of recurrence

Variables
Univariate logistic regression

OR 95% CI p-value

Age
＜65 yrs Reference
≥65 yrs 1.263 0.37-4.31 0.709

Gender

Male Reference

Female 0.392 0.10-1.49 0.169

Hypertension

Without Reference

With 4.593 1.36-15.5 0.014

Diabetes mellitus

Without Reference

With 4.063 1.32-12.48 0.014

Trauma history

Without Reference

With 0.717 0.24-2.13 0.549

Drainage removal
＜24 hrs Reference
≥24 hrs 7.501 2.02-27.8 0.003

Thickness of hematoma
＜15 mm Reference
≥15 mm 2.2 0.65-7.49 0.207

Midline shift
＜10 mm Reference
≥10 mm 1 0.34-2.95 1.000 

Internal architecture

Homogeneous Reference 

Heterogeneous 8.772 0.02-0.54 0.006
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age fluid. An ideal time of drainage removal is controver-
sial.

There are a few limitations of this study. The present study 
was a small size retrospective study, and follow-up period 
was a bit short. There are some sources of bias and limita-
tion. But, the results of this study are enough significant by 
look at that almost results are similar to previous articles. 
We also conducted a univariate logistic regression study for 
accurate results. The results are same in the analysis (Table 6).

Conclusion

There are some differences among the previous articles 
and our study. These differences are due to several different 
limitations in these studies. So, a cooperative study of vari-
ous hospitals and a large well-defined prospective study 
should be needed in the future. In accordance with our re-
sults, the heterogeneous type hematoma and the bilaterali-
ty are the significant recurrent factors in preoperative CT 
findings. If predicting factors related to recurrence will been 
displayed on preoperative brain CT, the more deliberate sur-
gical consideration will have to be needed. And, the post-
operative care such as drainage tube removal is also impor-
tant to reduce the recurrence rate of CSDHs.

■ The authors have no financial conflicts of interest. 
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