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ABSTRACT

AIM: To show the effectiveness of minimally invasive surgery with external ventricular drainage systems (EVDS) in the treatment
of chronic subdural hematomas by comparing with it with classic surgery with closed drainage system (CDS) with intracranial
hematoma volume measurements and predict infection risks by comparing two different surgeries with each other with intracranial
air volume measurements.

MATERIAL and METHODS: From 2014 to 2020, the data of 28 patients with chronic subdural hematoma who underwent surgeries
two large burr holes, saline irrigation, and CDS or one small burr hole, no saline irrigation, and EVDS were retrospectively who had
preoperative computed tomography (CT) postoperative 1st-3rd day CT, and postoperative 7th-10th day CT were included in the
study. Pre- and postoperative subdural liquid collection volumes and postoperative intracranial air volumes were measured using
Sectra Medical Workstation. Results were compared between these two groups.

RESULTS: There were no significant differences in the preoperative and 7th-10th day liquid volumes between these two groups
(p > 0.05). There were significant differences in the postoperative 1st-3rd day air volume between these two groups (p < 0.001).

CONCLUSION: The statistical results showed that surgeries with EVDS are as effective as surgeries with CDS in draining chronic
subdural hematomas. We also determined that the intracranial air volume is significantly less in surgeries with EVDS. For this reason,

we believe that EVDS can reduce the risk of postoperative infection.
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ABBREVIATIONS: CDS: Closed drainage system, CSH: Chronic subdural hematoma, CT: Computed tomography, EVDS: External
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B INTRODUCTION

( :hronic subdural hematomas (CSHs) are common entity
in neurosurgical practice. Some well-known traditional
surgical methods are described in the literature.

Besides frequently performed surgeries, some less invasive

and effective surgical methods are also reported (1,6). We

found that searches in the literature are mostly in the direction
of less invasive surgery, reduced risk of infection, and effective

evacuation of hematoma (8,14).

Drainage of CSH with two large burr holes and placement of a
closed drainage system (CDS) is accepted as first-line therapy.
This frequently used technique is found to be less invasive
with decreased postoperative complications compared to
large craniotomies (13).

In the literature, some publications presented that CSH
drainage is provided effectively with a smaller incision and
smaller single burr hole. It has been estimated that there
will be fewer complications in the postoperative period in
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surgeries performed with these techniques. Moreover, this
technique would restrict air entry into the subdural space and
decrease the development of postoperative infection (4,10).

In our department, we most frequently used two large burr
holes and CDS. We also used minimal invasive technique
with small single burr hole and external ventricular drainage
system (EVDS). To show the effectiveness of minimal invasive
technique, we compared these two different techniques with
each other by measuring postoperative subdural hematoma
volumes. Additionally, to predict infection risks, we compared
these techniques with each other by measuring postoperative
subdural air volumes.

B MATERIAL and METHODS

From 2014 to 2020, a total of 132 patients with CSH treated
with burr hole craniostomy surgeries were retrospectively
investigated. Patients with multiple membranes were operated
by craniotomy and are out of the scope of this study. At the
end, this retrospective study included data from 14 patients
who had undergone CSH surgery with two large burr holes
and CDS (group 1) and 14 patients who had undergone the
same surgery with single small burr hole and EVDS (group 2).
Patients who underwent preoperative computed tomography
(CT), postoperative 1st-3rd day CT, and postoperative 7th—
10th day CT were included in the study. Patients who could
not meet this requirement and had image quality impairments
that prevented measurement in their tomography were
excluded from the study. General anesthesia was induced
with endotracheal intubation for all patients in groups 1 and
2. All patients received ceftriaxone according to their weight,
starting before incision and continuing for 3 days.

The surgical method in group 1 included two large burr holes
(2 cm diameter), saline irrigation (until the collection liquid
became clear), and CSD placement. CSD consisted of a flat
silicone catheter and silicone drainage bag. The drainage
bag had a mechanism that prevented the backflow of liquid
and air. Postoperatively, negative pressure was not applied
to the drainage bag, and only positive air pressure in the
bag was released once every 4 hours. The surgical method
in group 2 included one small burr hole (1 cm diameter), no
saline irrigation, and placement of EVDS. EVDS consisted of
a ventricular catheter and EVD bag. The EVD bag was placed
30 cm off the floor, using a fluid column gravity siphon for
continuous negative pressure. Almost all inserted drains were
removed within three days postoperatively. Rarely, this period
was extended up to the 5th day depending on the amount of
fluid draining into the bag.

Volume measurements were obtained with Sectra Medical
Workstation, which detects the selected area density and
allows automatic volume measurement in the entire intracranial
region with the same density.

In this study, to determine the efficacy of surgeries, regardless
of the clinical status of the patients, subdural collection
volumes in the preoperative period were compared with
volumes in the postoperative period. For this purpose, data
obtained from preoperative and postoperative CT (7*"-10™
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day) were used (Figure 1). Results were statistically compared
between these two groups.

Moreover, air volume measurement was performed from the
postoperative CT image of the patients to evaluate infection
risks. For this purpose, data obtained from postoperative
CT (139 day) were used (Figure 2). Results were again
statistically compared between these two groups.

In the statistical analysis, data were expressed as mean +
standard deviation. Two way-repeated measures analysis of
variance was used for time comparison according to groups
and group’s effect. Analysis was conducted using commercial
software (IBM SPSS Statistics 20, SPSS Inc., an IBM Co.,
Somers, NY). A p value < 0.05 was considered statistically
significant.

This study was approved by the Clinical Research Ethics
Committee of Tokat Gaziosmanpasa University (Date:
16.03.2022; No: 23-KAEK-077).

B RESULTS

For this study, 128 patients who had undergone surgery for
CSH were retrospectively analyzed. Patients who did not meet
the imaging criteria for the measurements were excluded from
the study. A total of 28 patients who met the imaging criteria
were included in the study: 14 patients in group 1 and 14
patients in group 2. Of the 14 patients in group 1, 10 (71.4%)
were male and 4 (28.5%) were female, and the mean age was
70.1 years. Of the 14 patients in group 2, 11 (78.5%) were
male and 3 (21.4%) were female, and the mean age was 74.5
years.

No infection was detected in the postoperative period in any
of the patients included in the study. The medical records
revealed that infection developed in the postoperative period
in two patients in group 1, and they were excluded from the
study. No infection was detected in the postoperative period
in any of the patients in group 2.

Drain occlusion did not develop in any of the patients included
in the study. However, early postoperative occlusion developed
in the drain of one patient in group 2. Thereupon, the distal
catheter was washed with heparinized fluid, and when the
drain did not work, the patient underwent surgery again, and
the subdural hematoma was drained by craniotomy.

In all included patients, subdural hematoma volume was
measured preoperatively and postoperatively (7'"-10™" day).
In all evaluated patients, the mean + standard deviation
of preoperative subdural hematoma volume was 78.46 =+
38.49 cmd. Additionally, the mean + standard deviation of
postoperative subdural hematoma volume was 14.52 + 12.96
cm?. In the comparison of preoperative subdural hematoma
volumes with the postoperative subdural hematoma volumes,
we found a statistically significant difference (p<0.001). In
all patients included in this study, postoperative subdural
hematoma volumes were significantly lower than preoperative
subdural hematoma volumes (Table I).
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Table I: Distribution of Repeated Measurements by Group

Group
Measurements Total P,
Group 1 Group 2
Preoperative Subdural Hematoma Volume (cm?) 78.46 + 38.49 (a) 76.64 +28.34 (a) 80.29 +47.61 (a) 0.807
Postoperative 1-3"" Days Subdural Air Volume (cmd) 13.27 £ 14.08 (b) 25.65 + 8.96 (b) 0.89 + 1.15 (b) <0.001
Postoperative 7-10™" Subdural Collection Volume (cm®) 14.52 £ 12.96 (b) 12.41 £10.19(c) 16.62 = 15.35 (¢) 0.401

P,

< 0.001

< 0.001 < 0.001

Data are shown as mean+standard deviation. p : Between-Subjects, p,: Within-subjects (ab): In same colomn, common letters indicate statistical

insignificance. Repeated measures ANOVA was used.

Figure 1: Measurements of preoperative and postoperative intracranial subdural collection volumes with automatic volume measurement
of software program of the imaging workstation system.

i Y 2

of the imaging workstation system.

Subdural hematoma volume was preoperatively and
postoperatively (7"-10™ day) in groups 1 and 2. In groups 1 and
2, the means =+ standard deviations of preoperative subdural
hematoma volumes were 76.64 + 28.34 cm® and 80.29 =+
47.61 cm?, respectively. Additionally, the means + standard
deviations of postoperative subdural hematoma volumes
were 12.41 + 10.19 cm?® and 16.62 + 15.35 cm?, respectively.
In the comparison of preoperative and postoperative
subdural hematoma volumes in groups 1 and 2, we found a
statistically significant difference (p<0.001). In groups 1 and
2, postoperative subdural hematoma volumes were found to
be significantly lower than preoperative subdural hematoma
volumes (Table I).

We compared the preoperative and postoperative subdural
hematoma volumes in groups 1 and group 2. There were no
significant differences between groups 1 and 2 (p=0.807,
p=0.401) (Table I) (Figure 3).
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Figure 2: Measurements of postoperative intracranial subdural air volumes with automatic volume measurement of software program
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Figure 3. Bar graph of measurments by groups

Figure 3: Bar graph of measurements by groups.



We measured the postoperative (15-3 day) intracranial air
volume of all patients included in this study. In all evaluated
patients, the mean + standard deviation of postoperative
intracranial air volume was 13.27 + 14.08 cm?3. We measured
the postoperative (18-3 day) intracranial air volume of all
patients in groups 1 and 2. In all patients in groups 1 and 2,
the means + standard deviations of preoperative subdural
hematoma volumes were 25.65 + 8.96 cm® and 0.89 =+
1.15 cm?, respectively. In the comparison of postoperative
intracranial air volumes in group 1 and postoperative
intracranial air volumes in group 2, we found a statistically
significant difference (p<0.001). Postoperative intracranial
air volumes in group 2 were significantly lower than those in
group 1 (Table |) (Figure 3).

B DISCUSSION

CSH is one of the most common diseases in neurosurgical
practice (1). Although different types of surgery have been
described in the literature, there is no consensus on the
method of surgical treatment (6,8,14). In previous years,
classic surgical treatment often involved drainage with wide
craniotomy. Subsequently, it was found that the subdural fluids
were also successfully drained by small craniostomies called
burr holes. Drainage with burr holes became a classic method
for CSH treatment. In the literature, burr hole craniostomy
was compared to craniotomy and found to be more effective
(4,10,13).

The studies on less invasive approaches continued recently.
Different minimally invasive methods are reported in the
literature. It was concluded that less invasive approaches
were at least as effective as classic methods (4,10). When
minimally invasive procedures are examined in the literature,
the general purpose is observed as fewer incisions, smaller
burr holes, more effective drainage, and fewer complications.
For this purpose, a single small incision and burr hole instead
of two large incisions and burr holes are frequently used in
minimally invasive methods (4,10).

Various types of drain that was used in subdural collection
drainage was also reported in the literature. The subdural
evacuating port system (Medtronic, Inc., Minneapolis, USA),
EVDS, and CDS are some of the types of the drains that were
used in minimally invasive procedures (3,7).

Our study evaluated two groups: groups 1 and 2. Group 1
underwent the surgical method that is considered a classic
method, which consisted of two large burr holes (2 cm
diameter), saline irrigation (until the collection liquid became
clear), and placement of CSD. Group 2 underwent the surgical
method that is considered as a minimally invasive method,
which consisted of one small burr hole (1 cm diameter), no
saline irrigation, and placement of EVDS.

When the literature is examined, hematoma thickness, shift
measurement, and neurological level of patients are frequently
used in determining the effectiveness of surgeries and
comparing them with other surgeries (2,9,11). In this study,
we used the measurement of intracranial total volume of the
hematoma as a criterion for determining and comparing the
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effectiveness of surgery. In this sense, there is no similar study
in the literature using intracranial volume measurement. We
believe that intracranial volume measurement of hematoma is
superior to other criteria used in the literature. We think that
hematoma thickness does not show the amount of hematoma
and shift effect, and neurological status depends on the
duration of the cerebral edema effect. In our study, we found
a statistically significant difference between preoperative and
postoperative hematoma volumes in both groups 1 and 2
(p<0.001 and p<0.001, respectively). This result supports that
the surgical methods applied in both groups are effective.
In the comparison of preoperative and postoperative
hematoma volumes between the groups, we could not detect
a statistically significant difference between groups 1 and 2
(p=0.807 and p=0.401, respectively). This result supports
that the surgeries performed in both groups are not superior
to each other in providing hematoma drainage. Our study
showed that minimally invasive surgeries are as effective as
classical surgeries. Our result is compatible with the literature.
Although there are some studies in the literature showing
that minimally invasive subdural hematoma drainage using
EVDS is an effective method, no study showed this result with
comparative intracranial hematoma volume.

The significant advantages of minimal invasive surgery include
less normal tissue damage, less postoperative pain, fewer
operative and postoperative major complications, shortened
hospital stay, faster recovery times, less scarring, less stress
on the immune system, smaller incision, reduced operative
time, and reduced infection risk (12). It is already known that
large incisions, long surgery time, and long hospitalization
increase the infection risk. It is also a well-known antithesis
that the presence of intracranial air carries risks, such as
meningitis, cerebral abscess, seizure, and herniation (5,15).

There is an opinion in recent studies that less intracranial
air is formed after minimally invasive surgeries compared to
classical CSH surgeries and that this may reduce the risk of
infection (5,12,15), but no study proved this thesis. To prove
the accuracy of this thesis, we measured the postoperative
intracranial air volumes of patients in groups 1 and 2 and
compared them between the groups. As a result of our
statistical analysis, we determined that there was a significant
difference in postoperative air volumes between the groups.
The postoperative air volumes of patients in group 1 were
significantly higher than the postoperative air volumes of
patients in group 2 (p<0.001). This result may support the
thesis that the surgical method that we used in group 2 can
reduce the risk of infection by also reducing postoperative
intracranial air formation.

We believe that the minimally invasive surgical method is at
least as effective as the classical method. EVDS also appears
to provide effective drainage using a fluid column gravity
siphon for continuous negative pressure. We detected a patient
in group 2 who was excluded in this study developed an early
catheter occlusion. This condition increases the suspicion
that the patient with a high hematoma density may be more
easily occluded due to the small diameter of the catheter of
EVDS. We also detected two patients in group 1 who were
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excluded from this study developed early cerebral infection.
No infection was detected in any patient in groups 2 . In this
case, together with the other advantages of minimally invasive
surgery, it supports the possibility that the low amount of
postoperative intracranial air may reduce the risk of infection.
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