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Chronic Subdural Hematomas : A Comparative Study of
Three Types of Operative Procedures
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Objective : Several surgical procedures have been reported for the treatment of chronic subdural hematoma (CSDH). We compared the results
of treatments for CSDH obtained from one burr-hole craniostomy with closed system drainage with or without irrigation, two burr-hole
craniostomy with closed system drainage with irrigation, and small craniotomy with irrigation and closed-system drainage.
Methods : Eighty-seven patients with CSDH underwent surgery at our institution from January 2004 to December 2008. Our patients were
classified into three groups according to the operative procedure; group I, one burr-hole craniostomy with closed system drainage with or without
irrigation (n = 25), group II, two burr-hole craniostomy with closed system drainage with irrigation (n = 32), and group III, small craniotomy with
irrigation and closed-system drainage (n = 30).
Results : Age distribution, male and female ratio, Markwalder’s grade on admission and at the time of discharge, size of hematoma before and
after surgery, duration of operation, Hounsfield unit of hematoma before and after surgery, duration of hospital treatment, complication rate, and
revision rate were categories that we compared between groups. Duration of operation and hospitalization were only two categories which were
different. But, when comparing burr hole craniostomy group (group I and group II) with small craniotomy group (group III), duration of post-
operative hospital treatment, complication and recurrence rate were statistically lower in small craniotomy group, even though operation time
was longer.
Conclusion : Such results indicate that small craniotomy with irrigation and closed-system drainage can be considered as one of the treatment
options in patients with CSDH.
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INTRODUCTION

Chronic subdural hematoma (CSDH) is one of the most
common clinical entities encountered in daily neurosurgical
practice. The incidence of CSDH is 1-2 cases per 100,000
populations per year20), and more common in the old age
group. As we are now living in a society that is aging, CSDH
cases seem to be on the rise. However, in spite of this increase,
the optimal treatment for CSDH is not well defined11).

There are many operation techniques for CSDH; one or
two burr hole craniostomy with or without saline irrigation

and closed-system drainage4,13), twist drill craniostomy with
or without irrigation and with or without drainage14), cra-
niotomy and excision of the subdural membranes, reservoir
shunting for continuous irrigation and drainage1), percuta-
neous needle trephination and open system drainage with
repeated saline rinsing17), replacement of the hematoma
with oxygen via percutaneous subdural tapping without
irrigation and drainage16), continuous subgaleal suction
drainage3), etc. Which one can be the treatment of choice?
Burr-hole craniostomy is accepted as the most common
treatment, but no one can say this is the best surgical tech-
nique for CSDH.

In this article, we compared three different types of opera-
tive procedures.

MATERIALS AND METHODS

Eighty-seven patients have undergone surgery, and were
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analyzed retrospectively for CSDH at our institute from
January 2004 to December 2008. There were 65 males and
22 females (M : F ratio 3 : 1) in the study group. Median age
was 65.2 with a range from 56 days old to 83 years old. We
classified our patients into three groups according to the
operative procedure; group I, one burr-hole craniostomy
with closed system drainage with or without irrigation (n =
25), group II, two burr-hole craniostomy with closed
system drainage with irrigation (n = 32), and group III,
small craniotomy (about 3-4 cm in diameter) with irrigation
and closed-system drainage (n = 30).

The neurologic performance of the patients was evaluated
with the “Markwalder’s Neurological Grading System” pre-
operatively and post-operatively which is the most commonly
used neurological grading system for CSDH9) (Table 1).
Days of post-operative hospitalization, reoperation and com-
plication rate were also used for post-operative assessment.

Diagnosis was confirmed by computed tomography
(CT) [SOMATOME SENSATION (64-slice), Siemens,
Munich, Germany] in 80 patients (92.0%), and by magnetic
resonance imaging (MRI) [Gyroscan Intergra 1.5T (R10),
Philips, Best, Netherlands] in 7 patients (8.0%). In all cases,
CT was used for post-operative assessment. With these
imaging studies, we measured size and mean Hounsfield
unit of the hematoma by STARPACS (PiViewSTAR™‚ ver.
5.0.5.2., INFINITT. Co., Ltd., Seoul, Korea) to evaluate
differences on hematoma.

All operations were performed under general anesthesia.
In group I and II, the size of burr holes was about 10 mm
in diameter, and in group III, the size of craniotomy was
about 30 mm in diameter (Fig. 1). A burr-hole, two burr-
holes or small craniotomy were made over the maximum
thickness of the hematoma. Subdural fluid was evacuated
by repeated irrigation with physiologic isotonic saline
except 12 cases in group I. Especially in group III, chronic
subdural membrane was removed about 20 mm in diameter
for the pathologic study. All patients were kept with catheter
for the closed-system drainage for 3-7 days. Duration of the
closed-system drainage was decided based on the amount
of drained subdural fluid and on brain re-expansion verified
by follow-up CT scans.

Results were analyzed using ANOVA with p < 0.05
considered significant (SPSS 11.0 for Windows, SPSS Inc.,
Chicago, IL, USA).

RESULTS

Pre-operative evaluation
Three groups were similar with preoperative clinical data.

No statistical differences were found in the distribution of
males and females, age, laterality, and Markwalder’s grade
on admission. Distribution of males and females in each
group was 16 : 9 in group I, 27 : 7 in group II, and 24 : 6 in
group III. The average age of each group was 65.3 ± 14.3,
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Fig. 1. Postoperative simple X rays. A : One burr-hole craniostomy. B : Two burr-hole craniostomy. C : Small craniotomy. 

CA B

Table 1. Markwalder’s neurologic grading system

Grade State of patient

Grade 0 Patient neurologically normal

Grade 1 Patient alert and oriented; mild symptoms, such as headache; absent or mild symptoms or neurological deficit, such as reflex asymmetry

Grade 2 Patient drowsy or disoriented with variable neurological deficit, such as hemiparesis

Grade 3 Patient stuporous bur responding appropriately to noxious stimuli; severe focal signs, such as hemiparesis

Grade 4 Patient comatose with absent motor response to painful stimuli; decerebrate or decorticate posturing



65.3 ± 12.1 and 63.7 ± 13.0 in group I, II, and III, respec-
tively. In group I, there were 9 patients who were graded 2
by Markwalder’s neurologic grading system, 1 patient
graded 3, and other 15 patients were graded 1. Median
value of Markwalder’s grade of group I was 1.44 ± 0.58.
Median value of Markwalder’s grade of group II was 1.34 ±
0.55, and group III was 1.27 ± 0.56. Also, in the pre-
operative CT parameters, such as size and Hounsfield units
of hematoma, there were no significant differences between
each group. Mean value of hematoma size from preop-
erative CT scans was 2131.50 ± 1117.78 mm2 (group I),
2052.12 ± 1280.91 mm2 (group II), and 1661.12 ±
1005.30 mm2 (group III) in each group. Mean value of
Hounsfield unit was 35.14 ± 13.73, 40.40 ± 9.60, and
40.19 ± 8.58 in each group.

Efficiency of operation
Duration of operation, mean Hounsfield unit and hema-

toma size measured from postoperative CT scans were
three clinical data to evaluate the efficiency of operation.
The mean value for duration of operation was 47.52 ±
26.18 (group I), 78.56 ± 30.30 (group II), and 86.93 ± 29.01
(group III) minutes in each group. There was statistical
difference in duration of operation by ANOVA (p value =
0.000). Using multiple comparison study, we found that
duration of operation of group III is longer than group I,
and also group II is longer than group I, but showed no
difference between group II and III. From post-operative
CT scans, we evaluated the size of hematoma and the mean
Hounsfield unit of hematoma. Mean size of hematoma was
973 ± 658.80, 1130.17 ± 3095.77, and 762.62 ± 530.28 in
group I, II, and III, respectively. Mean value of the Houns-
field unit of hematoma was -30.22 ± 147.59, -2.23 ±
120.13, -48.15 ± 188.94 in each group. No difference was

in these two categories.

Post-operative results
Four categories were used to compare post-operative

clinical data. Categories were Markwalder’s grade at the
time of discharge from the hospital, duration of hospitali-
zation, re-operation rate and complications after operation.
At the time of discharge, there were three Markwalder’s
grade 3 patients; two in group I, and one in group III.
Clinical course of two out of three patients was due to
pneumonia that developed during post-operative period.
Only one patient was getting worse due to the recurrent
CSDH. Despite these entire factors, no difference was
found in this category. Median value of Markwalder’s grade
at the time of discharge was 0.44 ± 0.77, 0.31 ± 0.59, and
0.30 ± 0.76 in each group. Duration of hospitalization was
44.88 ± 42.19 days in group I, 29.59 ± 33.61 days in group
II, and 20.57 ± 17.60 days in group III. Using ANOVA
study, p value was 0.024. More details from multiple
comparison study showed that group I patients stayed
more days in the hospital than group III patients. No
difference was found between group II and III, as well as
group I and II. Eleven patients (12.6%) developed compli-
cations. Four patients from group I (4 out of 25 patients,
25%) developed complications such as wound infection,
decreased mentality, hemothorax, and pneumonia. Six out
of thirty-two patients (18.8%) developed complications in
group II. Each of four patients had partial seizure attack,
general-tonic-clonic seizure attack, hematochezia, pneu-
monia, and two developed left side motor weakness. One
out of thirty patients in group III (3.3%) developed pneu-
monia. Fifteen patients underwent operation again because
of CSDH recurrence. Revision rate was 0.24 in group I,
0.22 in group II, and 0.07 in group III (Table 2, 3).
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Table 2. Mean values and ANOVA study of three groups in each category

Category
Mean value

p value
Group I* Group II� Group III� Overall

Age (year) 65.28 ± 14.30 65.31 ± 12.12 63.70 ± 13.01 65.15 ± 12.93 NS

M : F ratio 16 : 9 25 : 7 24 : 6 65 : 22 NS

MGS on admission 1.44 ± 0.58 1.34 ± 0.55 1.27 ± 0.56 1.34 ± 0.55 NS

Size of hematoma (preoperative, mm2) 2131.50 ± 1117.78 2052.12 ± 1280.92 1666.12 ± 1005.30 1900.41 ± 1147.62 NS

Hounsfield unit of hematoma (preoperative) 35.14 ± 13.73 38.82 ± 10.77 40.19 ± 8.58 38.82 ± 10.77 NS

Duration of operation (minute) 47.52 ± 26.18 78.45 ± 30.30 86.93 ± 29.01 72.53 ± 32.77 0.000

Size of hematoma (postoperative, mm2) 973.57 ± 658.80 1130.17 ± 3095.77 762.61 ± 530.28 927.65 ± 1925.87 NS

Hounsfield unit of hematoma (postoperative) -30.22 ± 147.59 -2.2275 ± 120.13 -48.15 ± 188.94 -26.11 ± 153.97 NS

Days of hospital treatment 44.88 ± 26.18 29.59 ± 33.60 20.57 ± 17.60 30.71 ± 33.06 0.024

MGS at the time of discharge 0.44 ± 0.77 0.31 ± 0.59 0.30 ± 0.76 0.344 ± 0.68 NS

Complication rate 0.16 0.16 0.03 0.11 NS

Revision rate 0.24 0.22 0.067 0.17 NS
*Group I : one burr-hole craniostomy with closed system drainage with or without irrigation, �Group II : two burr-hole craniostomy with closed system
drainage with irrigation, �Group III : small craniotomy with irrigation and closed-system drainage (n = 30). MGS : Markwalder’s grade scale



DISCUSSION

The surgical treatment of CSDH is a controversial topic,
although most widely used technique in last 20 years seems
to be burr-hole craniostomy2,6-8,10,12,13,15,18,19). Many other
surgical techniques were reported, such as twist drill cranio-
stomy14), craniotomy and excision of the subdural mem-
branes, reservoir shunting for continuous irrigation and
drainage1), percutaneous needle trephination and open
system drainage with repeated saline rinsing17), etc. But,
these techniques are neither used worldwide, nor performed
recently. According to Isobe et al.5), craniotomy is effective
in cases with organized hematoma. They performed 4
small craniotomy and 2 enlarged craniotomy. From recent
review on CSDH, most of them were about burr-hole
craniostomy, and there were neither analysis of small
craniotomy, nor comparative study using one- or two-burr
hole craniostomy.

Herewith, we report preliminary results of a retrospective
study which compare burr-hole craniostomy with small
craniotomy. The preliminary results are based on a popul-
ation of 87 patients who were divided into 3 groups. Com-
parison of preoperative evaluation showed no significant
difference, but in the categories regarding operation, there
was difference in duration of the operation between group I
and II, I and III. Between group II and III, there was statis-
tically no significant difference. It is obvious that making
one burr-hole does take less time than to make two, and to
perform small craniotomy. The fact that more irrigation
was done during operation in group II and III than group I
can also make duration of operation longer. In comparing
group II with group III, there was no difference. Performing
craniotomy and using larger incision would take more time
than just make burr-holes. Because the chance of epidural

hematoma is higher, more careful
bleeding control with tight dural
closure, delicate and careful control of
CSDH membrane, and autologues
bone flap fixation are needed. There
should be some reasons for shallow
gap of operation time between group
II and III. Time for irrigation can be
one big reason. Irrigation through
burr hole needs quite long time, be-
cause high pressure during irrigation
can lead to brain cortical injury or
cortical vessel injury, therefore it
requires more time with less amount
of saline. On the contrary, irrigation
after small craniotomy can guarantee

larger inlet for saline irrigation, and perform irrigation more
effectively, if organized hematoma is present.

Postoperative results were more interesting. Days of
hospitalization were significantly longer in group I than
group III, but group II was not different from group I and
III statistically. The p value of postoperative complication
and revision rate was 0.162 and 0.167, which means no
statistical significance. At this point, we questioned ourselves
about the relationship between the duration of hospital
treatment, complication and revision rate. If a patient deve-
loped complications or needs to undergo operation again,
the duration of hospital treatment gets longer as well.
Therefore, we have put group I and II together, and
compared with group III patients who underwent small
craniotomy. There were no differences in categories evaluat-
ing the preoperative condition and the operation, except
the duration of operation (p = 0.004, 86.4 ± 27.5 minutes
in small craniotomy group, 66.2 ± 32.3 minutes in burr
hole craniostomy group). However, the days of hospital
treatment, complication and revision rate showed significant
difference between group I, II patients with group III
patients. The mean value for days of hospital treatment was
20.6 ± 17.6 days in small craniotomy group, and 36.1 ±
37.9 days in burr-hole group. Complication and revision
rate were 6.7% and 3.3% in small craniotomy group,
22.8% and 17.5% in burr-hole group, respectively. P value
for complication rate between two groups was 0.037, and
for revision rate was 0.043. These results suggest that small
craniotomy group shows better prognosis than burr-hole
group, although the duration of operation is longer (Table 4).
Considering that general anesthesia is needed for all small
craniotomy and burr-hole craniostomy, the difference of
mean values of the duration of the operation, 20.2 minutes,
is not enough to be considered as better prognosis.
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Table 3. Comparison study of each category with statistic difference

Category Comparing group p value

Duration of operation I* II� 0.000

III� 0.001

II� I* 0.529

III� 0.001

III� I* 0.000

II� 0.529

Days of hospital treatment I* II� 0.019

III� 0.186

II� I* 0.510

III� 0.186

III� I* 0.019

II� 0.510
*Group I : one burr-hole craniostomy with closed system drainage with or without irrigation, �Group II :
two burr-hole craniostomy with closed system drainage with irrigation, �Group III : small craniotomy
with irrigation and closed-system drainage (n = 30)



CONCLUSION

One burr-hole craniostomy requires less time, but duration
of hospital treatment is longer than two-burr hole cranios-
tomy and small craniotomy. Performing small craniotomy
for the CSDH patients needs more time and more invasive,
but has some benefits. In this group, most of all complica-
tions and reoperation rate were lower. We can remove
organized hematomas or clots by irrigation much more
easily and effectively. Sometimes, fenestrating multiple
CSDH layers can make the prognosis better, and also can
lower the recurrence and complication rate. In our cases,
three patients who needed revision after burr-hole cranios-
tomy underwent small craniotomy, and there were no more
recurrences. That might be related with multi-layers of
CSDH and remained blood clots. Also, we can make
subdural catheter directing to the place where operator
wants more easily. In our opinion, there is no debate that
burr-hole craniostomy with or without irrigation is effective
technique for CSDH. However, small craniotomy also
needs to be considered as one of the surgical techniques of
choice, and can be a better technique if there are layers or
clots shown on CT scan or MRI.
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Table 4. ANOVA study comparing small craniotomy with burr hole craniostomy

Category
Mean value

p value
Small craniotomy Burr hole craniostomy

Age (year) 63.70 ± 13.01 65.30 ± 13.00 NS
M : F ratio 24 : 6 41 : 16 NS
MGS on admission 1.27 ± 0.56 1.39 ± 0.56 NS
Size of hematoma (preoperative, mm2) 1666.12 ± 1005.30 2013.36 ± 1203.87 NS
Hounsfield unit of hematoma (preoperative) 40.19 ± 8.58 38.12 ± 11.75 NS
Duration of operation 86.93 ± 29.01 64.95 ± 32.30 0.004
Size of hematoma (postoperative, mm2) 762.61 ± 530.28 1061.49 ± 2344.67 NS
Hounsfield unit of hematoma (postoperative) -48.15 ± 188.94 -14.51 ± 132.37 NS
Days of hospital treatment 20.57 ± 17.60 36.14 ± 37.94 0.011
MGS at the time of discharge 0.30 ± 0.76 0.37 ± 0.67 NS
Complication rate 0.03 0.16 0.037
Revision rate 0.067 0.23 0.043

MGS : Markwalder’s grade scale


