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ABSTRACT

AIM: To determine the clinical relevance of a rigid endoscopy surgical method for subdural hematomas, as previously described in
a cadaver study.

MATERIAL and METHODS: Between May 2021 and September 2023, 21 patients underwent subdural hematoma drainage using a
0-degree rigid endoscope. Traumatic acute subdural hematomas were excluded. The demographic data of the patients, antiplatelet/
antiaggregant use, perioperative findings, and pre- and post-surgery modified Rankin Scale (mRS) scores were recorded and
analyzed.

RESULTS: The mean age of our cohort was 65.63 (+20.52), and the male/ female ratio was 3.2: 1. The hematoma was unilateral in
90.5% of the patients, and the rate of trauma history was 42.9%. The most common radiological diagnosis was chronic subdural
hematoma with septa (61.9%). The percentage of patients with a history of antiplatelet/ antiaggregant therapy was 23.8%. No
mortality related to the surgery was observed in the early postoperative period; however, two patients underwent reoperation for
further bleeding. The neurological grade was the only preoperative factor that had a statistically significant effect on the mRS score
at discharge, with significantly better discharge mRS scores in grade 1 and 2 patients (p=0.014).

CONCLUSION: The procedure was found to be safe and feasible, with surgery-related morbidity and mortality within acceptable
limits.
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B INTRODUCTION 65 (7). The incidence is rapidly increasing due to the aging
, i population (18) and the use of antiaggregant/ anticoagulant

ubdural “hematoma (SDH) is the accumulation of  4onh 00) and is predicted to have doubled by 2030 (14).
blood products in the subdural space. It can result Traditionally, a large craniotomy is recommended for acute

in neurologica! d.eficits ranging from mild headgches SDHs (24). However, in subacute and chronic SDH, the range
to coma (29). The incidence of chronic SDH (cSDH) in the of appropriate procedures includes twist-drill craniostomy,

general population is 1.72-20.6/ 100,000 people per years(3), 1, hole craniostomy, and small and large craniotomy (9).
but the figure increases to 58.1/ 100,000 in those aged over
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Recent case series have presented effective endoscopy-
assisted approaches for acute, subacute, and chronic SDHs
(8,24). There is no consensus at present as to the best type
of endoscope (rigid vs. flexible) to use with these approaches
or the optimum anatomical location for craniotomy (the place
where the hematoma is the thickest or elsewhere) (5,8,11).
Our previous cadaver study identified the most suitable
location for mini craniotomies (31). On the basis of that study,
we believe that a rigid endoscope could show the anterior/
middle fossa and falx cerebri/ tentorium by applying the same
craniotomy method to supratentorial SDHSs. This study aims to
investigate the clinical applicability of the method described in
our cadaver study (31).

B MATERIAL and METHODS
Study Design and Data Collection

The study retrospectively evaluated 21 patients who under-
went endoscopic subdural collections drainage. In our pre-
vious cadaveric study, we determined that the procedure
requires a subdural working area for the endoscope of at
least 6 mm in width to prevent cortical damage. Therefore,
patients with a hematoma thickness =6 mm were included in
the study. Patients with traumatic acute SDHs (aSDHs) were
excluded. The following data for each patient were obtained
from the electronic medical records of our institution and tele-
phone interviews: sex, trauma history, uni/ bilateral hemato-
ma, antiplatelet/ antiaggregant therapy, radiological findings
(subacute, chronic, hygroma, and presence of septa), clinical
symptoms, neurological grade (19), comorbidities, pre-/post-
operative modified Rankin Scale (mRS) scores (6), surgical
time, postoperative drainage time, complications, rebleeding/
reoperation, and followup duration.

The Pamukkale University Ethics Committee approved this
study on 09.05.2023 (approval no: 8). Written informed con-
sent to the use of their medical records and images in future
research was obtained from all patients or their relatives at the
time of hospitalization. The study was conducted in accor-
dance with the tenets of the 2013 revision of the Declaration
of Helsinki and was approved by the institutional ethics com-
mittee.

Surgical Method

The surgical method of craniotomy was as described in
our previous study (31): a 3-cm craniotomy was performed
between the mid-pupillary line and the superior temporal line
at the most convex posterior point of the parietal bone. A
0-degree rigid endoscope was used for hematoma evacuation,
septum fenestration, bridging vein coagulation, and subdural
space irrigation (Figure 1). A drain was inserted into each
patient following the procedure and removed 2-5 days later.
The bone tissue was replaced using a plate-screw system.

Follow-up Assessment

Preoperative neurological grading (Markwalder grade) was
evaluated as follows: grade 0, neurologically intact; grade 1,
mild symptoms; grade 2, drowsiness or disorientation with
variable focal signs; grade 3, severe focal signs; and grade 4,
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comatose (19). All patients underwent preoperative magnetic
resonance imaging (MRI) and computed tomography (CT). In
the early postoperative period, a followup CT was performed.
Major procedural complications were defined as those
resulting in death or morbidity with mRS scores =2. A good
clinical outcome was defined as an mRS score of 0-1. All
patients underwent MRI at their 6-month followup.

Statistical Analysis

SPSS v. 11.5 was used in the analysis of the data. Mean (=
standard deviation[SD]) and median (minimum-maximum)
were used as descriptors of quantitative variables, and the
number of patients (percentage) was used for qualitative
variables. Differences between quantitative variables with
non-normal distributions were examined using the Mann-
Whitney U test. Fisher’s exact test was used to examine the
relationships between qualitative variables. The McNemar
test was used to examine differences between dependent
qualitative variables. The statistical significance level was set
at p<0.05.

B RESULTS
Patient Characteristics

Our study’s male/female ratio was 3.2:1, and the mean patient
age was 65.63 (+20.52). Hematoma was unilateral in 90.5%
(18) of patients, and the rate of antiplatelet/ antiaggregant use
was 23.8% (5/21). The proportion of patients with a history
of trauma was 42.9%, and the most common radiological
finding was cSDH with septa. The most common clinical
finding was motor weakness. Most patients (61.9%) were
neurological grade 1 and 57.1% had comorbidities. The
mean duration of surgery was 43.52 (+12.92) minutes, and
drainage was maintained for an average of 3.90 (+1.14) days.
The proportion of patients undergoing surgery because of
rebleeding was 9.5% (2/21). The preferred reoperation method
was endoscopy. The mean followup duration was 16.9 (+6.4)
months. All data are summarized in Table I.

Surgical Outcomes

Worsening of the preoperative mRS score was observed
after surgery in two patients, but no significant difference was
observed when the preoperative and discharge mRS scores
were compared (p=0.125) (Table Il). The discharge mRS scores
of those patients with neurological grades of 1 and 2 were
significantly better than those of grade 3 patients (p=0.014).
Two of the patients who were grade 3 upon admission with
worsened postoperative mRS scores were cancer patients
(lung cancer and medulloblastoma). These two patients died
in the subsequent 6 months of their comorbidities. There was
no significant relationship between the other variables and the
discharge mRS scores (Table Ill).

B DISCUSSION

Endoscope-assisted drainage is used with increasing
frequency in supratentorial SDHs, especially the subacute and
chronic types (2,5,8,12,13,27,30,33). However, despite this
increase, there has yet to be any standardization regarding the
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Figure 1: lllustrative case of left frontoparietal subacute subdural hematoma. A) Preoperative axial TIW contrast enhanced magnetic

resonance imaging (MRI) scan; B) immediate postoperative axial TITW contrast enhanced MRI; C) 3-month follow-up axial TIW MRI
showing complete resolution of the hematoma and mini craniotomy (white bracket); D) patient positioning and incision location; E) the
use of endoscopy in mini craniotomy; F) endoscopic visualization of the bridging vein; G) cauterized by bipolar electrocautery (image

from the same craniotomy).

anatomical location and size of craniotomies for this patient
population. In our previous cadaveric study (31), we found
that the anterior/ middle fossa and the falx cerebri/ tentorium
could be visualized simultaneously during craniotomies for
supratentorial SDHs using our proposed approach. The
present clinical study demonstrated that our method is safe
and effective.

Clots, membranous structures, and trabeculae can be safely
removed by direct endoscopic visualization (21,28). Using
this method, we preferred not to remove midline clots as, in
our first cases, we found it difficult to stop the bleeding in
these. Previous studies have reported cortical damage in the
presence of a blind angle (5,21). However, despite the use
of a rigid endoscope, no cortical damage was observed in
any of the patients. This was because our method eliminates
the blind angle problem, allowing command of the anterior/
middle fossa and the falx cerebri/ tentorium via the location
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of the craniotomy. Clot removal was achieved by irrigation of
all regions reachable with the endoscope, and bipolar cautery
could be used (Figure 1) when necessary, although this is not
the case in craniostomy. Direct visualization with endoscope
allows the placement of a drain in the most appropriate area.

We used a 0-degree endoscope similar to that used in our
cadaveric study. While there are reports in the literature on
the use of angled endoscopes, these have demonstrated the
use of different angled endoscopes, when necessary, rather
than comparing the benefits of different endoscope angles
(11,16,17). We believe that the use of angled endoscopes could
aid the success of this procedure but only after a surgeon has
become proficient in the method using a 0-degree endoscope.

In nonacute SDH surgery, craniotomy or craniostomy are
the preferred methods of modern neurosurgeons (33).
However, there is an increasing amount of research promoting
endoscopic approaches, although comparative studies are
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Table I: Demographic and Perioperative Data for all Patients Included in the Study

Variables
Mean+SD 65.63 + 20.52
Age (years) ) )
Median (Min-Max) 68.00 (17-88)
Female 5(23.8)
Gender, n (%)
Male 16 (76.2)
Unilateral 19 (90.5)
Side, n (%)
Bilateral 2 (9.5)
No 12 (57.1)
Trauma History, n (%)
Yes 9 (42.9)
Anticoagulant 1(4.7)
Antiplatelet/antiaggregant Therapy, n (%) ;
Antiaggregant 4 (19)
Subacute hematoma+septa 7 (33.3)
Radiological Findings, n (%) Chronic hematoma+septa 13 (61.9)
Hygroma 14.8)
Motor weakness 8 (38.1)
Cognitive impairment 7 (33.3)
Clinical Symptom, n (%) Headache 4 (19.0)
Headache+motor weakness 14.8)
Increased head circumference + uneasiness 14.8)
Grade 1 13 (61.9)
Markwalder Neurological Grading, n (%) (2) Grade 2 5(23.8)
Grade 3 3(14.3)
Absent 9 (42.9)
Present 12 (57.1)
Hypertension 4 (19.0)
Chronic obstructive pulmonary disease 2 (9.5)
Diabetes Mellitus 2 (9.5)
Psychosis 14.7)
Comorbidity, n (%) .
Pancytopenia 14.7)
Dementia 14.7)
Lung cancer 14.7)
Medulloblastoma 14.7)
Chronic renal failure 14.7)
Stroke 14.7)
0-1 15 (71.4)
Preoperative mRS, n (%)
2-5 6 (28.6)
Mean+SD 43.52 + 12.92
Surgical Time (min) ) )
Median (Min-Max) 40.00 (30.00-90.00)
Mean+SD 3.90+1.14

Postoperative Drainage (day)

Median (Min-Max)

4.00 (2.00-5.00)
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Table I: Cont.
Variables
No 19 (90.5)
Rebleeding, n (%)
Yes 2 (9.5)
No 19 (90.5)
Reoperation, n (%)
Yes 2 (9.5)
0-1 19 (90.5)
mRS at Discharge, n (%)
2-5 2 (9.5)
Mean+SD 16.9+ 6.4
Follow-up Time (months) ) )
Median (Min-Max) 16 (8-29)
SD: Standard Deviation, Min: Minimum, Max: Maximum.
Table Il: Comparison of Mrs Score Change in the Preoperative Period and at Discharge
mRS at Discharge
p-value
) 0-1 15 (100.0)
Preoperative mRS o5 0.1252
a: Mc-Nemar test.
Table lll: Comparison of mRS Score at Discharge with Perioperative Data
mRS at Discharge
Variables p-value
0-1 (n=19) 2-5 (n=2)
Mean+SD 64.17 £ 20.88 79.50+12.02
Age 0.190°
Median (Min-Max) 66.00 (0.17-88.00) 79.50 (71.00-88.00)
Unilateral 17 (89.5) 2 (100.0)
Side, n (%) ) 1.000°
Bilateral 2 (10.5) 0 (0.0)
No 11 (91.7) 1(8.3)
Trauma History, n (%) 1.000°
Yes 8 (88.9) 1(11.1)
Antiplatelet/antiaggregant Therapy, NO 14 (87.5) 2(12.5) 1.000°
n (%) Yes 5 (100.0) 0 (0.0) '
Subacute+septa 6 (85.7) 1(14.3)
Radiological Findings, n (%) Chronic+septa 12 (92.3) 1(7.7) 1.000°
Hygroma 1 (100.0) 0 (0.0)
Grade 1 13 (100.0) 0 (0.0)
nM(al;:;walder Neurological Grading, Grade 2 5 (100.0) 0(0.0) 0.014
Grade 3 1(33.3) 2 (66.7)
No 9 (100.0) 0 (0.0
Comorbidity, n (%) 0.486°
Yes 10 (83.3) 2 (16.7)
Mean+SD 4416 £ 13.43 37.50 + 3.54
Surgical Time (min) - - 0.4002
Median (Min-Max) 40.00 (30.00-90.00)  37.50 (35.00-40.00)
No 17 (89.5) 2 (10.5)
Reoperation, n (%) 1.000°
Yes 2 (100.0) 0 (0.0)

SD: Standard Deviation, Min: Minimum, Max: Maximum, a: Mann-Whitney U test, b: Fisher-exact test.
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limited. In a single-center study of 106 cSDH patients who
underwent standard craniotomy or an endoscopic procedure,
the morbidity rate, average operation time, and blood loss
were significantly lower in the endoscopy group, showing
the endoscopic method to be safer and more effective (33).
Another study comparing craniotomy and endoscopy reported
a significantly lower rebleeding/ reoperation rate in the
endoscopy group, with no increase in surgical complications
(2). However, craniotomy remains the primary treatment
for recurrent hematoma, hematoma with clot, allowing re-
expansion of displaced brain tissue, and relieving mass
effect of brain edema on the hemisfere (33). The endoscopic
approach is believed to be more suitable for recurrent SDH
(13). While we concut with other three indications; we also
perform craniotomy for hematomas with clots, to allow re-
expansion of brain tissue and to relieve mass effect.

Limitation of endoscopic approach in management of
subdural hematomas is the septation in subacute and chronic
hematomas which renders risk of recurrence in these cases
(10,25). This issue was discussed in the literature that majority
of the studies still demonstrated effectiveness of endoscopic
approach in septated subdural hematomas (2,8,34), while
some studies indicated that burr hole craniostomy is more
effective (32). Yan et al. found no significant difference in
recurrence rates between the two methods (32). However,
other studies have reported significantly less recurrence this
s in their endoscopic patients (2,8,34). The main reason for
this difference may be due to the smaller sample size in the
study by Yan et al. (32). Craniostomy was considered superior
by Yan et al. due to the shorter surgical time and the lesser
financial burden in the endoscopic method (32). Other studies
have confirmed the higher surgical duration of the endoscopic
method (8,34). These disagreements over the optimum
approach may be resolved in the future by large prospective
randomized studies.

Risk factors for recurrence include bilateral cSDH with a
septum, clots, trabecular structures, male sex, age =60
years, a poor Markwalder grade, preoperative midline shifts
of <10 mm, ambient cistern compression, membranectomy,
postoperative midline shifts of >10 mm, and neo-vessels
(1,4,28,32). A histopathological study found that the outer
membrane can be classified as red, yellow, or white, with white
membranes increasing the risk of recurrence (16). Among our
cohort, those patients requiring reoperation for recurrence
were male, aged =60 years, and had poor Markwalder grades.
We did not record the outer membrane color.

Traditionally, a large craniotomy is recommended for aSDH,
but the endoscope-assisted approach has been popularized
by recent research (12,15,16,17,20,23). The mean age of the
patient groups in these studies is generally above 65 years,
which is unsurprising as an atrophic brain will not swell
enough to require decompressive craniectomy in cases of
SDH. The number of endoscopically treated aSDH data
is limited and only 122 patients were found in a literature
review published in 2021 (23). Although favorable outcomes
reported range between 26.7-96.4% in cases since 1990,
mortality in these cases was between 0-40%. Katsuki et al.
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argue that the endoscopic approach is preferable in patients
with comorbidities likely to increase the morbidity risk of
large craniotomy performed under general anesthesia, in
patients whose CT scan and clinical findings indicate that
decompressive craniectomy is not required, and those whose
hematoma is not expanding. They suggest that, while an
endoscopic approach does not improve functional outcomes
in patients over the age of 70, it reduces intraoperative blood
loss and surgical duration (16). All published reports have
found the approach effective and efficient in selected patients.
In addition, although the present study excluded patients with
aSDH, the endoscopic procedure has been found effective in
aSDH (26).

The retrospective nature of this study may have caused
selection bias. Moreover, the small sample size was also a
limitation. However, the patient number was limited because
the surgical approach used was determined by treating
clinicians on a case -by-case basis. The lack of a SDH group
drained by craniotomy for a comparison of efficacy can also
be considered a limitation.

B CONCLUSION

This study showed that the rigid endoscope surgical method
described in our previous cadaveric study to be effective and
safe for use with nonacute SDHs. The use of this method
in nonacute SDHs will likely increase with technological
advances that improve the comprehensiveness of the
endoscope’s visualization and the increasing experience of
the surgical team.
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