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Comparison of the Outcomes and Recurrence with Three
Surgical Techniques for Chronic Subdural Hematoma: Single,
Double Burr Hole, and Double Burr Hole Drainage with Irrigation
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Yong-Sook Park, MD, PhD, and Taek-Kyun Nam, MD
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Objective: Chronic subdural hematoma (CSDH), a disease commonly encountered by neurosurgeons, is treated by burr hole
drainage (BHD). However, the optimal surgical technique among the three types of BHD has not been determined.
Methods: We conducted a retrospective study on BHD performed on 93 patients who were diagnosed with CSDH. The sub-
jects were divided into three groups based on the surgical technique performed: single BHD without irrigation (Group A,
n=31), double BHD without irrigation (Group B, n=32), and double BHD with irrigation (Group C, n=30). The clinical fac-
tors, radiological factors and recurrences were compared between the three groups. Moreover, independent factors affect-
ing the recurrence were analyzed.

Results: The change in hematoma thickness was 29.77+7.94%, 49.73+12.87%, and 75.29+4.32% for Group A, B, and C, re-
spectively, while the change in midline shift was 40.81+15.47%, 51.78+10.94%, and 56.16£16.16%, respectively. Thus,
Group C showed the most effective for resolution of hematoma and midline shift (p<0.05). Group A, B, and C had 12 cases
(38.7%), 8 cases (25.0%), and 3 cases (10.0%) of recurrences, respectively. Group C had a statistically significantly fewer re-
currence rate than Group A (p<0.05). Double burr hole, irrigation, and coagulopathy were each identified as independent
factors that reduce recurrence (p<0.05).

Conclusion. Among the three techniques, the double BHD with saline irrigation resulted in the fewest recurrences. It is prob-

ably the most effective technique for preventing the recurrence of CSDH.

(Korean J Neurotrauma 2015;11(2):75-80)
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Introduction

Chronic subdural hematoma (CSDH) is a disease com-
monly encountered by neurosurgeons.”” The occurrence
of CSDH in elderly patients is 3 in 100,000.” The prognosis

Received: May 29, 2015 / Revised: August 10, 2015
Accepted: August 28, 2015

Address for correspondence: Jeong-Taik Kwon, MD, PhD
Department of Neurosurgery, College of Medicine, Chung-Ang
University, 102 Heukseok-ro, Dongjak-gu, Seoul 06973, Korea
Tel: +82-2-6299-1606, Fax: +82-2-821-8409

E-mail: jtkwon@cau.ac.kr

@ This is an Open Access article distributed under the terms of Cre-
ative Attributions Non-Commercial License (http://creativecommons.
org/licenses/by-nc/3.0/) which permits unrestricted noncommercial use,
distribution, and reproduction in any medium, provided the original work
is properly cited.

of CSDH is reported to be relatively good; still, its recurrence
rate is reported to be between 3 to 34%.>'*'">'7*¥ Although
various factors are related to the recurrence of CSDH, slight-
ly contradicting results have been reported in different stud-
ies.2,]3,20,23)

Surgery is considered the treatment of choice for CSDH;
the surgical techniques include burr hole drainage (BHD),
twisted craniotomy, and craniotomy. A recent study report-
ed that BHD shows the best treatment outcome and has the
fewest complications among the three techniques.’” BHD
is performed in three different ways: single BHD without
saline irrigation, double BHD without saline irrigation, and
double BHD with saline irrigation. Although several studies
comparing the outcomes of single BHD without saline irri-
gation and double BHD without saline irrigation have
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been reported, the results regarding the superiority of one
over the other have been contradictory.>*"*¥ Moreover, even
in studies comparing BHD with or without saline irrigation,
the results were unclear.”****” Therefore, the optimal sur-
gical treatment is still controversial. To the best of our knowl-
edge, no study to date has compared all three techniques all
together.

Accordingly, the objective of this study was to simultane-
ously compare the postoperative clinical and radiological
outcomes of three surgical techniques for CSDH, along with
the postoperative recurrence rate, and to determine the most
effective technique for reducing postoperative recurrence.

Materials and Methods

Patient populations

The present study was a retrospective review of patients
who had underwent BHD following diagnosis of CSDH
between January 2010 and June 2014. In the surgical find-
ings, CSDH was defined as hematoma wrapped in a thin
capsule and consisting of dark reddish liquefied blood."”
A total of 123 cases of BHD were performed at our institu-
tion, of which, 93 cases were selected for the study. The re-
maining 30 cases were excluded because they involved a
prior history of treatment for cerebral infarction or cerebral
hemorrhage such as subarachnoid hemorrhage, or they re-
ceived ventriculo-peritoneal shunt surgery, or due to a lack
of follow-up for a minimum of 3 months. Comparisons were
made after dividing the patients into three groups based on
the surgical technique: single BHD without saline irrigation
(Group A, n=31), single BHD without saline irrigation (Group
B, n=32), and double BHD with saline irrigation (Group C,
n=30). In each cases, surgical techniques were selected ac-
cording to operator’s preferred method.

Surgical technique and postoperative management
In all patients, surgery was performed under general an-
esthesia. A high-speed drill was used to create the burr hole
in all patients, after which, the dura was opened carefully to
verify the CSDH capsule. In Group A, a single hole was
drilled at the parietal boss and a 5N silicon catheter was in-
serted to perform the drainage, without saline irrigation. In
Group B, 2 holes were drilled, one each at the parietal boss
and frontal area, to each of which, a catheter was inserted
in a mutually crossing direction, again without saline irri-
gation. In Group C, 2 holes were drilled and irrigation was
performed thoroughly with saline to confirm the complete
removal of hematoma. Next, 2 catheters were placed in the
same manner as in Group B. In all patients, catheters were
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connected to drainage bags and fixed at the same height as
the patient’s tragus to allow continuous drainage. The cath-
eters were removed when the patient showed improvement
in neurologic symptoms, and when it was determined from
computed tomography (CT) that sufficient drainage of the
hematoma had occurred. CT exams were performed imme-
diately after surgery, and 1 week and 3 months after surgery
for follow up monitoring.

Clinical factors

For comparisons of the three groups, age, gender, status
of hypertension, diabetes, hyperlipidemia, chronic renal or
heart insufficiency, chronic alcoholism, smoking, and co-
agulopathy [international normalized ratio (INR)" >1.20],
taking of anti-platelets or anti-coagulants, presence of demen-

29) . .
were 1nvesti-

tia, and preoperative Glasgow Coma Scale
gated via a chart review. For comparisons of clinical results
from each group, hospital days, recurrence and mortality
rates, and Glasgow Outcome Scale (GOS) at discharge® were
investigated. From the GOS results, good recovery and mod-
erate disability were defined as good outcomes, whereas,
severe disability, persistent vegetative state, and death were

. 6,9,16,29
defined as poor outcomes. )

Radiological factors

Recurrence in patients was evaluated by performing CTs
prior to surgery and 1 day, 1 week, and 3 months after sur-
gery. In the preoperative CT, the density of hematoma was
measured, with uniform density being defined as homoge-
nous internal architecture and mixed density being defined
as heterogeneous internal architecture (Figure 1).""” The
resolution of hematoma was compared by calculating the
change in thickness and midline shift of the hematoma from
the area with the maximal amount of hematoma seen on
CTs taken prior to and 1-day after surgery.” The change was
defined as a percentile obtained by dividing the preoperative
CT value by the difference derived from subtracting the
postoperative CT value from the preoperative CT value.

Postoperative recurrence and indication of revision
surgery

Recurrence of CSDH was defined as an increase in the
amount of hematoma in the surgical area, change in hema-
toma density, or effacement of cerebral sulci seen on CT
exam within 3 months after surgery."'” Revision surgery
was performed when neurologic symptoms was occurred,
such as mental decrease, motor weakness, and dysarthria,
clearly accompanied the recurrence.



FIGURE 1. The internal architectures of
chronic subdural hematoma (CSDH). A:
Axial view of non-enhance brain com-
puted tomography shows a homoge-
nous internal architecture of CSDH. B:
Heterogeneous internal architecture.
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TABLE 1. Factors associated with the recurrence of chronic subdural hematoma analyzed by univariate logistic regression

Variables Regression coefficient Standard error p-value Odds ratio

Double burr hole —1.074 0.496 0.030 0.342 (0.129-0.903)
Irrigation —1.432 0.666 0.032 0.239 (0.065-0.881)
Sex (female) —0.454 0.536 0.396 0.635 (0.220-1.818)
Age 0.019 0.023 0.418 1.018 (0.974-1.066)
Hypertension —0.144 0.481 0.764 0.985 (0.337-2.222)
Diabetes mellitus 0.725 0.499 0.146 2.066 (0.776—5.495)
Hyperlipidemia 0.258 0.557 0.643 1.294 (0.434-3.861)
Chronic renal failure 0.767 0.630 0.223 2.151 (0.627-7.407)
Heart failure 0.809 0.696 0.245 2.247 (0.574-8.772)
Chronic alcoholics 0.096 0.551 0.862 1.100 (0.374-3.236)
Smoking —0.301 0.516 0.560 0.740 (0.269-2.037)
Coagulopathy 1.540 0.623 0.013 4.673 (1.377-15.873)
Antiplatelet or anticoagulant 0.853 0.560 0.127 2.347 (0.784-7.042)
Dementia 0.121 0.641 0.850 1.129 (0.322-3.968)
GCS —0.228 0.129 0.078 0.796 (0.618—1.026)
Hospital day 0.052 0.021 0.014 1.054 (1.011-1.099)
Change of thickness (%) —-0.021 0.012 0.084 0.979 (0.956—1.003)
Change of midline shift (%) 0.004 0.016 0.785 1.004 (0.974-1.004)
Internal architecture (homogeneous) 2.961 0.603 <0.001 19.231 (5.917-62.5)

Unadjusted logistic models were used to identify significant variables affecting the recurrence. Variables with p<0.10 were
included in a multivariate logistic regression with conditional backward selection model. GCS: Glasgow Coma Scale

Statistical analysis

For intergroup comparisons, the distribution of the con-
tinuous data was first evaluated for normality using the Sha-
piro-Wilk test. The normally distributed data was presented
as the meantstandard deviation and the groups were com-
pared using analysis of variance and Tukey test as a post hoc
test. The non-normally distributed data was expressed in
median (Q, to ;) and this data was analyzed via the Krus-
kal-Wallis test followed by Bonferroni’s correction. Descrip-
tive variables were subjected to %* analysis or Fisher’s ex-
act test, as appropriate. Unadjusted logistic models were used
to identify significant variables affecting the recurrence

(Table 1).

Variables with p<0.10 were included in a multivariate lo-
gistic regression with conditional backward selection mod-
el. The level of statistical significance was set at p<0.05. All
analysis was performed using SPSS 21.0 (IBM Corp., Ar-
monk, NY, USA).

Results

Baseline patient characteristics
The baseline patient characteristics between Groups A, B,
and C were compared. Age, gender, status of hypertension,
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diabetes, hyperlipidemia, renal insufficiency, heart insuffi-
ciency, smoking, and coagulopathy, taking of anti-platelets
or anti-coagulants, and presence of dementia were similar
between the three groups (Table 2). The number of chronic
alcoholics was statistically significantly higher in Group
B (p<0.05). The internal architecture on preoperative CT
showed no statistically significant difference between the
groups (Table 2).

Clinical outcomes

Postoperative clinical outcomes between the three groups
were compared. When hospital days and outcome at dis-
charge (GOS) between the three groups were compared, no
statistically significant differences were found. The num-
ber of cases in which revision surgery was performed was
6 (19.4%), 6 (18.8%), and 2 (6.7%) in Groups A, B, and C,
respectively. Thus, Group C had relatively fewer revision
surgeries. The number of mortality cases was found to be 3

(9.7%), 1 (3.1%), and 1 (3.3%) in Groups A, B, and C, respec-
tively (Table 3). The causes of death were founded as fol-
lowing: there were 2 cases of ventilator-associated pneumo-
nia (VAP) and 1 case of catheter-induced sepsis (Group A), 1
case of VAP (Group B), and 1 case of unknown origin sep-
sis were investigated (Group C).

Radiologic outcomes

Change in hematoma thickness in Groups A, B, and C was
29.77£7.94%, 49.73+12.87%, and 75.29+4.32%, respec-
tively, while change in midline shift was 40.81+15.47%,
51.78%+10.94%, and 56.1616.16%, respectively. Thus, Group
C had the most effective for resolution of hematoma and
midline shift (»p<0.05). As for recurrence, there were 12
cases (38.7%) in Group A, 8 cases (25.0%) in Group B, and
3 cases (10.0%) in Group C. Thus, Group C had a statistical-
ly significantly lower recurrence rate than Group A (p<0.05)
(Table 3).

TABLE 2. Baseline characteristics of 93 patients with chronic subdural hematoma

Group A (n=31) Group B (n=32) Group C (n=30) e}
Age (years)* 70.00 (63.00—-77.00) 72.50 (67.25-76.75) 68.00 (58.00—78.50) 0.786
Sex (male, %) 18 (58.1%) 23 (71.9%) 21 (70.0%) 0.455
Hypertension 18 (58.1%) 14 (43.8%) 15 (50.0%) 0.523
Diabetes mellitus 7 (22.6%) 13 (40.6%) 9 (30.0%) 0.298
Hyperlipidemia 9 (29.0%) 8 (25.0%) 4(13.3%) 0.315
Chronic renal failure 506.1%) 3(9.4%) 5(16.7%) 0.649
Congestive heart failure 3(9.7%) 4(12.5%) 3(10.0%) 0.925
Chronic alcoholics 4 (12.9%) 13 (40.6%)t 6 (20.0%) 0.030
Smoking 9 (29.0%) 15 (46.9%) 9 (30.0%) 0.250
Coagulopathy 4(12.9%) 6(18.8%) 3(10.0%) 0.597
Anfiplatelet or anticoagulant 7 (22.6%) 6 (18.8%) 5(16.7%) 0.838
Dementia 7 (22.6%) 3(9.4%) 5(16.7%) 0.361
Internal architecture (homogenous) 21 (67.7%) 21 (65.6%) 22 (73.3%) 0.797

Values were presented as mean +standard deviation, median (Qi—Qs), or absolute number (%). =data were compared us-
ing Kruskal-Wallis test, and presented as median (Qi1—Qs) because of abnormal distribution, tp <0.05 compared with Group A

TABLE 3. Postoperative clinical and radiological outcomes

Group A (n=31) Group B (n=32) Group C (n=30) e}

Hospital day* 13.00 (10.00—22.00) 11.50 (9.00—19.00) 11.00 (9.00—-13.50) 0.211
Revision surgery 6 (19.4%) 6 (18.8%) 2(6.7%) 0.499
Outcome 0.345

Good 22 (71.0%) 27 (84.4%) 25 (83.3%)

Poor 9 (29.0%) 5(15.6%) 5(16.7%)
Mortality 3(9.7%) 1(3.1%) 1(3.3%)
Change of thickness (%) 29.77+7.94 49.73+12.87t 75.29 +4.32t% <0.001
Change of midline shift (%) 40.81+15.47 51.78+10.941 56.16+16.16t% <0.001
Recurrence 12(38.7) 8 (25.0) 3(10.0)t 0.034

Values were presented as mean +standard deviation, median (Qi—Qs), or absolute number (%). *data were compared using
Kruskal-Wallis test, and presented as median (Qi—Qs) because of abnormal distribution, tp <0.05 compared with Group A,

0 <0.05 compared between Group B and Group C
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TABLE 4. Factors associated with the recurrence of chronic subdural hematoma analyzed by multivariate logistic regression

Variables Regression coefficient Standard error p-value Odds ratio
Double burr hole -1.092 0.547 0.046 0.336 (0.115-0.980)
Irrigation —-0.038 0.020 0.041 0.858 (0.752-0.997)
Coagulopathy 1.422 0.703 0.043 4.145 (1.045-16.451)

The level of statistical significance was set at p<0.05

Multivariate analysis for factors influencing
postoperative recurrence

The authors analyzed factors associated with the postop-
erative recurrence of CSDH by multivariate logistic regres-
sion analysis, and found that presence of coagulopathy, sin-
gle burr hole and without saline irrigation were significantly
independent risk factors associated with the recurrence of
chronic subdural hematoma (p<0.05). Therefore, double
BHD with saline irrigation is strong associated with reduc-
tion of postoperative recurrence (Table 4).

Discussion

CSDH is a common disease,”” and the first choice treat-
ment is surgery, which includes BHD, twisted craniotomy,
and craniotomy. Among these, BHD is reported to have the
best treatment outcome; however, the optimal surgical tech-
nique of BHD is still controversial. Therefore, we compared
the postoperative clinical and surgical outcomes of the three
surgical techniques, along with recurrence, to determine the
technique most effective in preventing the recurrence of
CSDH at same time.

Taussky et al.” compared 63 cases of double BHD and
34 cases of single BHD, out of 97 cases of hematoma, and
reported that the single burr hole group showed a higher re-

currence rate. Ishibashi et al.®

divided patients who had un-
dergone BHD for CSDH into two groups, based on wheth-
er irrigation was performed; it was reported that the group
that underwent irrigation had better outcomes. Our study
also showed that when simple comparisons of the radiolog-
ic results were made, the recurrence rate was statistically
significantly lower in Group C than in the other two groups.
For verification, a multivariate logistic regression analysis
was performed with recurrence designated as the depen-
dent variable. The results indicated that recurrence rate could
be reduced by choosing double burr hole over single burr
hole, and performing irrigation.

Hematoma volume and midline shift are factors that have
a strong influence on patient outcome. Perel et al." described
a prediction model for outcomes in patients with traumatic
brain injury and reported that hematoma volume and mid-
line shift were very important factors. Jacobs et al.” report-

ed that, in a study on 700 patients with traumatic brain inju-
ry, a greater degree of hematoma volume and midline shift
was associated with poor outcome. In our study, the change
in hematoma thickness and midline shift was statistically
significantly higher in Group C; i.e., postoperative hema-
toma volume was distinctly reduced compared with the oth-
er two groups, and midline shift had effectively recovered.
Therefore, the double BHD with saline irrigation may be
more helpful in improving the outcome in patients with
CSDH than the other two techniques.

The CSDH contains highly concentrated vaso-active cy-
tokines, inflammatory mediators, and fibrinolytic fac-
tors.””*® Saito et al.” described that since leaving these fac-
tors in high concentrations after surgery leads to an increase
in recurrence of CSDH, complete evacuation of hematoma
during surgery is a very important surgical goal. As men-
tioned above, our results indicate that double BHD with sa-
line irrigation is the most effective technique for hematoma
resolution compared to the other two techniques. Addition-
ally, saline irrigation washes out residual cytokines and fi-
brinolytic factors; hence, it may be helpful in reducing post-
operative recurrence. In summary, double BHD with saline
irrigation may be the most effective technique for prevent-
ing the recurrence of CSDH.

Yasuda et al.”” performed a correlation analysis between
coagulation abnormality and postoperative outcome in 160
patients with CSDH, and reported that the elevated INR
resulted in increases in poor outcome and mortality index.
In our study, coagulopathy was also found to be a statisti-
cally significant independent risk factor for recurrence of
CSDH. Therefore, due consideration should be given to de-
cide whether to operate on CSDH patients with elevated
INR. Our findings may be helpful in making that decision.

Our study has the limitation of being a retrospective study.
It may also be partially limited from having strict exclusion
criteria for cases, which resulted in relatively small number
of overall cases. Thus, a prospective and randomized con-
trol study with more cases is needed.

Conclusion
Our study compared three surgical techniques of BHD for
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CSDH at once. Among the three surgical techniques, dou-
ble BHD with saline irrigation was found to be the most ef-
fective for hematoma resolution, recovery of midline shift,
and reduction of postoperative recurrence rate. Therefore, in
patients who are suspected of having a high risk of postop-
erative recurrence, selecting the double BHD with saline
irrigation technique may be ideal. Moreover, we believe that
our study will be helpful for future determination of an op-
timal surgical technique for CSDH.

m The authors have no financial conflicts of interest.
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