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ABSTRACT

Background: Acute subdural hematoma (ASDH) is a common disease and craniotomy is the first choice for
removing hematoma. However, patients for whom craniotomy or general anesthesia is contraindicated are
increasing due to population aging. In our department, we perform burr hole surgery under local anesthesia with
urokinase administration for such patients. We compared the patient background and outcomes between burr
hole surgery and craniotomy to investigate the surgical safety criteria for burr hole surgery.

Methods: We reviewed 24 patients who underwent burr hole surgery and 33 patients who underwent craniotomy
between January 2010 and April 2020 retrospectively.

Results: The median age of the burr hole surgery group was older (P = 0.01) and they had multiple pre-existing
conditions. Compared with the craniotomy group, neurological deficits and CT findings were minor in the burr
hole surgery group, whereas the maximum hematoma thickness was not significantly different. The hematoma
was excreted after a total of 54,000 IU of urokinase was administered for a median of 3 days. The Glasgow Coma
Scale score improved in all patients in the burr hole surgery group and there were no deaths. Age, especially over
65 y.0., (OR 1.16, 95% CI 1.04-1.30) and the absence of basal cistern disappearance (OR 0.04, 95% CI 0.004-0.39)
were significant factors.

Conclusion: Burr hole surgery was performed safely in all patients based on the age, especially older than 65
y.0., and the absence of basal cistern disappearance. ASDH in the elderly is increasing and less invasive burr hole
surgery with urokinase is suitable for the super-aging society.
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INTRODUCTION

Acute subdural hematoma (ASDH) is a common disease caused by traumatic brain injury (TBI).
ASDH compresses the brain and causes secondary pathologies such as cerebral ischemia and
swelling. As a result, patients have a poor prognosis. Craniotomy for the removal of hematoma

is recommended as the treatment method in the following cases: (1) The width of hematoma
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is 1 cm or greater, or the midline shift is 5 mm or greater.
(2) Patients exhibit neurological symptoms due to hematoma.
(3) The Glasgow Coma Scale (GCS) score decreased by more
than two points.”>*! However, in the super-aging society of Japan,
the incidence curve of TBI by age group is transitioning from
two peaks, 15-29 and 65-79 y.0., to a single peak representing
the elderly.”’ Therefore, patients with ASDH who are unable to
undergo craniotomy and general anesthesia due to age, general
condition, or anti-thrombotic drug use are common. In our
department, craniotomy is the first choice, but we perform burr
hole evacuation under local anesthesia with urokinase injection
on ASDH patients meeting one of the following criteria:
(1) over 80 years old, (2) bleeding tendency or anti-thrombotic
drug use, (3) on dialysis, (4) taking antipsychotic medicine, or
(5) surgeons decision that craniotomy or general anesthesia
is inappropriate. In addition, patients with extensive brain
contusion should be assessed for bleeding points and undergo
decompression; therefore, we set the following exclusion
criteria: (1) extensive brain contusion or (2) decompression
required. Several studies reported burr hole surgery or twist
drill craniostomy on ASDH patients without subsequent
craniotomy."*!l In this report, we retrospectively compared
the patient background and outcomes of burr hole surgery
and craniotomy for ASDH in our department to determine the
safety criteria for burr hole surgery.

MATERIALS AND METHODS
Patients

We reviewed patients with ASDH as the main disease
between January 2010 and April 2020 retrospectively. The
following parameters were collected: age, gender, history
of trauma, medical history, such as bleeding tendency or
anti-thrombotic drug use, preoperative GCS score, pupil
abnormality, maximum hematoma thickness, midline shift,
patency of basal cistern, and skull fracture on preoperative
computed tomography (CT). Outcomes were the length
of hospitalization and days until operation from onset,
the number of patients with urokinase administration,
administration days and total dose, reduction of subdural
hemorrhage (SDH) volume, GCS score at discharge, improved
GCS score, mortality, and hospitalization. SDH volume was
calculated as length*width*depth/2 and reduction of SDH
volume (%) was calculated as ([volume at preoperative
SDH - SDH volume at drain removal]/volume at preoperative
SDH*100). Reduction of SDH volume was rated as excellent
(275%), good (250%), fair (225%), or poor (<25%).

Operative technique for burr hole surgery

The incision was performed with local anesthesia under
sedation. The hematoma was aspirated as much as possible
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and a drainage tube was inserted into the subdural space.
If the hematoma did not decrease on CT the following day,
urokinase (diluted to 60,000 units in 10 ml of saline, using
18,000-36,000 units/day) was injected. After clamping for 2 h,
the hematoma drain was opened. These steps were repeated
until the effects of hematoma were reduced [Figure 1].

Statistical analysis

We used the y* test and Mann-Whitney U test in univariate
analysis, and logistic regression analysis in multivariate analysis.
In our analyses, differences were considered significant at a
value of P < 0.05. The statistical analyses were performed using
IBM SPSS Statistics 27 (SPSS Inc., Chicago, IL, USA).

Ethical statement

Informed consent was received from all patients and this
study protocol was approved by the ethics review committee
of our institution (July 2020, IRB No. 844).

RESULTS

Twenty-four patients who underwent burr hole surgery and
33 who underwent craniotomy were available for analysis

Figure 1: Computed tomography (CT) in a typical case of burr hole
surgery (a) on arrival (day 0), (b) after the operation (day 1), (c)
after drainage using urokinase (day 3), and (d) follow-up (day 8).
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among a total of 604 ASDH patients. Those who underwent
mini-craniotomy had chronic subdural hematoma, or
underwent surgery more than 5 days after onset were
excluded.

Patient characteristics are compared in Table 1. The median
age was higher in the burr hole surgery group (81.0 + 8.3 vs.
63.3 + 20.5; P = 0.01). Sixteen patients had a history of
trauma in the burr hole surgery group, with all sustaining
minor head trauma due to a fall from standing except for
one who was in a motorcycle accident. Accordingly, there
were no fractures except in one patient in the burr hole
surgery group. Twenty-three patients had a history of
trauma in the craniotomy group, which included 13 cases
of fall from standing, seven of falling, and thee motorcycle
accidents. A higher percentage of patients in the burr hole
surgery group had a medical history, with higher rates of
bleeding tendency (50% vs. 21%; P = 0.023), heart disease
(25% vs. 3%; P = 0.013), and stroke (42% vs. 6%; P = 0.001).
The median maximum hematoma thickness was slightly
larger in the craniotomy group, although the difference was

not significant (17 £ 5 vs. 19 + 5 mm; P = 0.3). However,
preoperative GCS score (9.5 £ 3.5 vs. 7.0 + 3.2; P = 0.006),
pupil abnormality (P = 0.001), midline shift (7 £ 4 vs.
14 £ 4 mm; P = 0.00), and the findings of patency of basal
cistern (P = 0.00) were minor in the burr hole surgery
group. Simple hematoma accounted for 75% in the burr hole
surgery group (vs. 42%; P = 0.01).

Craniotomy was performed on the day of admission,
whereas burr hole surgery was often performed the day
after confirming hemostasis on CT or when neurological
findings worsened [Table 2]. According to surgical records,
the hematoma was a solid component and all but one patient
required urokinase injection in the burr hole surgery group.
A median of 3 days with a total of 54,000 IU of urokinase
resulted in good hematoma excretion in many patients
and there were no complications from urokinase such as
rebleeding. The GCS score improved in all patients in the burr
hole surgery group and there were no deaths. Hemorrhage
from cerebral contusion resulted in residual SDH in a few
patients in the craniotomy group.

Table 1: Patient characteristics.
Burr hole surgery (n=24) Craniotomy (n=33) P-value
Demographic data
Age 81.0+8.3 63.3+20.5 0.01
Gender male/female 14/10 21/12 0.7
History of trauma 0.7
Present 16 (67%) 23 (70%)
Absent 1 (4%) 3 (9%)
Unknown 7 (29%) 7 (21%)
Bleeding tendency 12 (50%) 7 (21%) 0.02
Heart disease 6 (25%) 1 (3%) 0.01
Mental illness 8 (33%) 7 (21%) 0.3
Diabetes mellitus 6 (25%) 3 (9%) 0.1
Renal failure 2 (8%) 1 (3%) 0.4
Stroke 10 (42%) 2 (6%) 0.001
Preoperative neurological status
GCS 9.5+£3.5 7.0£3.2 0.006
Pupil abnormality 0.001
Normal 19 (79%) 9 (27%)
Anisocoria 4 (17%) 21 (64%)
Bilateral dilatation 1 (4%) 3 (9%)
Preoperative CT findings
Maximum hematoma 1745 1945 0.3
thickness (mm)
Midline shift (mm) 7+4 14+4 0.00
Simple hematoma type 18 (75%) 14 (42%) 0.01
Patency of basal cistern 0.00
Normal 9 (37%) 0
Compression 11 (46%) 11 (33%)
Disappearance 4 (17%) 22 (67%)
Skull fracture 1 (4%) 11 (33%) 0.01
The patients in the burr hole surgery group were older and had a more extensive medical history. The median maximum hematoma thickness was not
significantly different, whereas neurological deficits and other CT findings were mild in the burr hole surgery group. GCS: Glasgow coma scale
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Table 2: Patient outcomes.
Burr hole surgery (n=24) Craniotomy (n=33) P-value

Hospitalization from onset (day) 0 0 0.1
Operation from onset (day) 1.5 0 0.00
Urokinase
Case 23 (96%) 0

Administration period (day) 3

Total dose (IU) 54,000+29,000
Reduction of SDH volume 0.1

Excellent (>75%) 17 (71%) 26 (79%)

Good (=50%) 5(21%) 2 (6%)

Fair (=25%) 2 (8%) 1(3%)

Poor (<25%) 0 4 (12%)
GCS at discharge 14.0£2.5 10.0+4.0 0.001
Improved GCS score 2.0+2.7 1.0+3.3 0.1
Dead 0 4 (12%) 0.08
Hospitalization (day) 11.0+£9.0 18.0+42.5 1.0
A median of 3 days with a total of 54,000 IU of urokinase resulted in good hematoma excretion. The GCS score improved in all patients in the burr hole
surgery group and there were no deaths. SDH: Subdural hemorrhage, GCS: Glasgow coma scale

We selected 6 variables (age, bleeding tendency, GCS, simple
hematoma type, pupil abnormality, and patency of the
basal cistern) that were significantly related to the selection
of burr hole surgery. Their predictive values were analyzed
through multivariate logistic regression [Table 3]. Age
and disappearance of the basal cistern were significant in
model 1. Furthermore, the odds ratio was higher when age
was divided at 65 y.o0. in model 2.

DISCUSSION

Burr hole surgery was selected to avoid the risks of general
anesthesia and craniotomy such as bleeding or postoperative
pneumonia.’”! The craniotomy group, including patients
requiring immediate surgery or decompression, exhibited
severe neurological deficits before and after surgery. On the
other hand, the patients in the burr hole surgery group were
older and had a more extensive medical history than those in
the craniotomy group. In general, geriatric TBI has a higher
morbidity and mortality.”! However, burr hole surgery was
performed safely without death or deterioration of the GCS
score. Previous studies also reported positive results of burr
hole surgery in patients for whom general anesthesia or
craniotomy have a high risk./!!

The safety criteria for burr hole surgery in this study were
age, especially over 65 y.0., and the absence of basal cistern
disappearance. These two points may lead to safe burr hole
surgery. As the brain volume decreases in the elderly, the
volume of subdural space increases and bufters compression
of the brain by the hematoma.” In this study, the burr hole
surgery group, which was predominantly elderly, exhibited
mild neurological deficits and CT findings, whereas the
hematoma thickness was not significantly different between
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the two groups. Similarly, the absence of basal cistern
disappearance was considered to reflect mild hematoma
compression and mild increase in the intracranial pressure
(ICP). This may have been because 75% of the burr hole
surgery group had a simple hematoma. The remaining
25% lacked major contusion and diffuse subarachnoid
hemorrhage. Indeed, ASDH patients with contusion
were reported to have a higher rate of increased ICP
postoperatively than those without contusion.!'® However,
ICP was not measured in this study, but mild compression of
the brain or increased ICP due to enlargement of the subdural
space with age and simple hematoma may be important for
safe burr hole surgery.

The disadvantages of burr hole surgery are the inability of
hemostasis and excretion of solid hematoma. Regarding
hemostasis, burr hole surgery was performed on a wait-
and-see basis from the day after admission or at the time of
worsening of neurological findings, during which natural
hemostasis may have been achieved. In this study, as
mentioned earlier, patients in the burr hole surgery group
had mild neurological deficits and CT findings, which may
have made it possible to perform a standby operation. In
addition, the hematoma that was removed intraoperatively
was in a solid state, with only a small amount just below
the burr hole, and no intraoperative rebleeding occurred
unless the hematoma was touched at the bleeding point.
As for the remaining solid hematoma, excretion was good
after the use of urokinase and there were no complications
such as rebleeding. There is no prospective randomized
study on subdural irrigation using alteplase. According to
CLEAR 111, alteplase irrigation via an extraventricular drain
did not improve functional outcomes compared with saline
irrigation. However, protocol-based use of alteplase was
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Table 3: Multiple logistic regression analysis of factors that affect the selection of burr hole surgery.

Model 1 P-value Odds ratio 95% Confidence interval
Age 0.009 1.160 1.038-1.295
Disappearance of the basal cistern 0.006 0.037 0.004-0.388
Simple hematoma type 0.146 4.267 0.603-30.192

Pupil abnormality 0.256 7.447 0.233-237.660
Bleeding tendency 0.307 2.461 0.437-13.873

GCS 0.603 1.078 0.812-1.431
Model 2 P-value Odds ratio 95% Confidence interval
Over 65 years old 0.049 9.507 1.007-89.732
Disappearance of the basal cistern 0.006 0.059 0.008-0.441
Simple hematoma type 0.112 4.017 0.724-22.296

Pupil abnormality 0.360 6.004 0.129-278.836
Bleeding tendency 0.139 3.304 0.678-16.098

GCS 0.482 1.103 0.839-1.451

Age and disappearance of the basal cistern were significant. The odds ratio was higher when age was divided at 65 y.o. GCS: Glasgow coma scale

suggested to be safe.”! Although the evidence is lacking,
urokinase is commonly used for hematoma dissolution in
intracerebral hematoma or intraventricular hematoma.>!*!!
It was also used in previous reports of burr hole surgery for
ASDH, and no complications were reported.!"*! We also used
urokinase, expecting for hematolytic effect. A median of
3 days was required for hematoma excretion after burr hole
surgery.

In this study, half of the patients in the burr hole surgery
group had a history of bleeding tendency. However, this
was not related to the choice of operation. The number of
patients with pre-existing medical conditions is increasing
as the population ages and 30% of patients with severe
TBI aged over 65 y.o. are taking antithrombotic drugs
in Japan.'” In addition, the incidence of minor head
injuries, such as by fall from standing, is increasing in the
elderly.*””! The frequencies of intracranial hemorrhage in
patients with minor head injuries were reported to be 6.3%
with no antithrombotic drug, 8.1% with an anticoagulation
drug, 12.9% with an antiplatelet drug, and 25.8% with
dual antiplatelet drugs."® In a report comparing 36 ASDH
patients >65 y.0. and 44 ASDH patients <65 y.o., the elderly
group had a high rate of antithrombotic drug use (73%)
and 80% of the injuries were minor head injuries caused
by fall from standing. Although there was no significant
difference in the amount of hematoma, the elderly group
had a smaller amount, and the GCS score at admission
was 14.24 in the elderly group compared with 11.56 in the
young group.!'”! The results reflect the patient background
of the burr hole surgery group being older, whereas the
craniotomy group was younger. Thus, elderly patients may
be more prone to ASDH due to a higher rate of fall from
standing and antithrombotic medications. Therefore, many
elderly patients with ASDH who meet the surgical criteria
for craniotomy are likely mildly symptomatic, making

craniotomy and general anesthesia unfavorable. Due to
population aging, such ASDH patients are expected to
increase and less-invasive burr hole surgery with urokinase
may be a timely option.

LIMITATIONS

This was a single-center, retrospective study with a small
sample size. The patients exhibited severe neurological
deficits, and immediate craniotomy and decompression were
required based on CT. Therefore, there may have been a
selection bias. As there is no consensus on burr hole surgery
with urokinase in patients with ASDH, further studies with
a larger sample size and prospective randomized trials are
required.

CONCLUSION

Burr hole surgery was performed safely in all patients for
whom craniotomy and general anesthesia were unfavorable.
Burr hole surgery was selected based on age, especially
in those over 65 y.o., and the absence of basal cistern
disappearance. ASDH in the elderly due to minor head injury
is increasing due to the aging population and increased use
of antithrombotic drugs. Accordingly, burr hole surgery
with urokinase avoids the risks of craniotomy and general
anesthesia and is suitable for the super-aging society.
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