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Objective: To evaluate the effectiveness and safety of neuroendoscopic surgery for chronic 

or subacute subdural hematoma.

Patients and methods: Between September 2016 and September 2018, neuroendoscopic 

surgery was performed on 25 patients with chronic and subacute subdural hematoma. Hematoma 

evacuation was performed with a 0°, 4 mm diameter rigid neuroendoscope via a transcranial 

neuroendoscopic approach.

Results: All patients successfully underwent neuroendoscopic surgery, and no surgical com-

plications or rebleeding was observed. Postoperative computed tomography scans showed that 

the hematoma was successfully evacuated. All patients had recovered well at discharge, the 

observed 30-day mortality rate was 0%, and no patients suffered recurrence for 2–26 months 

after surgery.

Conclusion: Neuroendoscopic surgery was a safe and effective approach for the treatment of 

chronic and subacute subdural hematoma. This approach has the advantages of decent visualiza-

tion and minimal invasiveness and could reduce recurrence and the mortality rate.

Keywords: subacute subdural hematoma, chronic subdural hematoma, transcranial neuroen-

doscopic approach

Introduction
Chronic subdural hematoma (CSDH) and subacute subdural hematoma (SASDH) 

are the two most common neurosurgical diseases; the incidence of these diseases has 

been increasing, partly due to an increase in the elderly population and the use of oral 

antiplatelet and anticoagulation agents.1,2 Patients often live with these two conditions 

in the community and do not seek medical attention until they become symptomatic. 

Indeed, SASDH is rare, and the management of this condition is often similar to 

CSDH,3 which includes twist-drill and burr-hole evacuation and craniotomy.4 The 

first two approaches are less invasive, but the recurrence rate is higher due to their 

limited exposure and insufficient drainage.4 Although craniotomy has been used to 

clear the membranes to reduce potential recurrence, it also carries the risk of damage 

and significant morbidity and mortality rates due to the invasive approach.

It was estimated that the recurrence rate was ~5%–33% in CSDH, and some 

patients suffered repeated recurrences, which was troublesome for both neurosurgeons 

and patients.5 Additionally, the overall outcome of CSDH has not changed substan-

tially during the past three decades,1,6 which has prompted neurosurgeons to look for 

new approaches.
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Recently, minimally invasive surgery with a neuro-

endoscope for CSDH and SASDH has been successfully 

demonstrated.4,7,8 This technique may provide broader visu-

alization and the chance to separate the membrane of the 

intra-hematoma cavity to reduce the recurrence rate,9 which 

makes it a promising method for the treatment of CSDH and 

SASDH. To explore the safety and efficacy of this approach, 

we treated 25 patients with CSDH and SASDH by neuro-

endoscopy and reported their treatment outcomes herein.

Patients and methods
clinical-radiological features
Between September 2016 and September 2018, 25 patients 

(17 male, 8 female) affected with CSDH and SASDH were 

treated by neuroendoscopy. Patient age ranged from 42 years 

to 96 years (average 65.8 years). All patients in this study 

had undergone a computed tomography (CT) scan and/or 

magnetic resonance imaging before the operation, and find-

ings consistent with CSDH were apparent in 20 cases and 

SASDH was detected in five cases. Hematoma occurred on 

left side in 14 cases, on right side in ten cases, and on both 

sides in one case (Table 1). Among these patients, there were 

four recurrence cases, which had been treated with burr-hole 

surgery for the first time.

The presenting symptoms included headaches, mental 

status changes, weakness, seizure, gait disturbance, nausea, 

and vomiting. Two patients presented as comatose, and 

severe impairment with brain herniation occurred in one case. 

Among these patients, five were also on anticoagulation or 

antiplatelet therapy.

surgical approaches and methods
A neuroendoscopic approach was used for these patients, 

and all procedures were approved by the ethics committee of 

Renmin Hospital of Wuhan University. All patients provided 

written informed consent, and this procedure was conducted 

in accordance with the Declaration of Helsinki.

After receiving general anesthesia, the patient was 

placed in the lateral position, and a straight or curvilinear 

scalp incision was made on the parietal region. Then, a bone 

flap ~2.5–3 cm in diameter was created over the lesion. After 

the dura was suspended, it was opened in cruciform fashion. 

When the dura was retracted and retained with sutures, the 

outer membrane of hematoma was revealed. The lique-

fied blood was slowly aspirated with a syringe to decrease 

the intracerebral pressure. Then, the outer membrane was 

opened, and a 0°, 4 mm diameter rigid endoscope (Aesculap, 

Tutlingen, Germany) was inserted into the cavity; suction 

was used to remove the residual hematoma and blood clots. 

Under neuroendoscope control, the fibrin septa were cut, 

and the neovessels were coagulated. After the evacuation 

was complete, a draining catheter was introduced into the 

cavity, and irrigation was performed with normal saline at 

body temperature. Before closing the dura, the hematoma 

cavity was carefully inspected for bleeding. Finally, the bone 

flap was replaced and fixed, and then the scalp was closed 

(Figure 1A–H).

A postoperative CT scan was performed 24 hours after 

surgery, and the draining catheter was removed in 3–5 days 

based on the results of the CT scan. All patients were moni-

tored for 2–26 months after the operation, and recurrence 

was defined as hematoma reaccumulation that required 

reoperation.

Results
All patients underwent neuroendoscopic surgery success-

fully. The average operative time was 58 minutes (range 

43–75 minutes); the duration of the procedure increased 

by 25 minutes on average (16–33 minutes) because of the 

creation of the bone flap and the use of the neuroendoscope. 

The average maximum hematoma thickness was 24.3±6 mm, 

Table 1 Demographics, radiographs, intraoperative findings, 
and postoperative outcomes of the 25 patients with chronic and 
subacute subdural hematoma treated by neuroendoscopy

Characteristics No of 
patients (%) 

Demographics 
gender 

Male 17 (68) 
Female 8 (32) 

age (years) 42–96 
Type of hematoma 

csDh 20 (80) 
sasDh 5 (20) 

side of hematoma 
left 14 (56) 
right 10 (40) 
Both 1 (4) 

radiographs 
Preoperative midline shift (mm) 10.3±4 
average maximum hematoma thickness (mm) 24.3±6 

Intraoperative findings 
Trabeculae and fibrin septa 16 (64) 
Bridge veins 18 (72) 

Postoperative outcomes 
surgical complications 0 (0) 
rebleeding 0 (0) 
regression of midline shift 25 (100) 
Died at discharge 0 (0) 
30-day mortality 0 (0) 
recurrence during 2–14 months of follow-up 0 (0) 

Abbreviations: csDh, chronic subdural hematoma; sasDh, subacute subdural 
hematoma.
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and the average shift of the third ventricle from the midline 

was 10.3±4 mm. Trabeculae and fibrin septa were found 

intraoperatively in 16 cases (64%), and all septa could be cut 

under the neuroendoscope (Figure 1F). After the hematoma 

was evacuated, the subdural space and hematoma cavity were 

inspected in all cases, and the bridge veins could be found 

in most of the patients (Figure 1G). No surgical complica-

tions were encountered, and no rebleeding after endoscopic 

surgery was observed in these patients.

The symptoms improved in all patients after surgery, 

and postoperative CT scans showed the subtotal evacuation 

of the hematoma and the regression of the midline shift and 

revealed that the draining catheter had been placed in an 

ideal location (Figure 2A–L). All 25 patients recovered well; 

the modified Rankin Scale score was 0 in 19 patients, 1 in 

4 patients, and 2 in two patients at discharge. No patient had 

died at discharge, the observed 30-day mortality was 0%, 

and no patients suffered recurrence for 2–26 months after 

the surgery (Table 1).

Discussion
An increasing trend in CSDH incidence has been observed 

and has primarily been attributed to an increase in the overall 

aging population resulting from an increase in life expec-

tancy. In 1975, the incidence of CSDH was 1.7/100,000/year, 

it increased to 13.1/100,000/year in 1992, and in 2011, the 

incidence was 20.6/100,000/year. It has also been observed 

that the incidence of CSDH has increased significantly more 

in the elderly. The incidence in people over 65 years was 

80.1/100,000/year in Karibe’s study, and it increased to 

127.1/100,000/year in individuals over 80 years of age. The 

peak age of onset of CSDH also increased from 50 years in 

the 1970s to 80 years more recently.9

Surgical evacuation was the gold standard for treat-

ing symptomatic CSDH, and the traditional treatment 

options included twist-drill and burr-hole evacuation with 

or without drains and craniotomy.10 Twist-drill evacuation 

was the least invasive procedure; it could create a single 

cranial opening ,1 cm in size and was often performed at 

bedside under local anesthesia. The use of a burr-hole with 

drainage under local anesthesia was the first-line treatment 

in most of the departments, even in elderly patients, due to 

its low morbidity and mortality indices. Although these two 

minimal treatments have been shown to be effective in the 

management of CSDH, recurrence still occurred in a small 

portion of patients. In contrast, craniotomy was used for cases 

with greater exposure, which enabled resection of the outer 

capsule and neomembranes and resulted in the lowest recur-

rence rate. However, due to its invasive approach, craniotomy 

was associated with a higher morbidity rate.4,11 Weigel et al 

found that the recurrence rate was 33% in the twist-drill group 

and 12% in the burr-hole group, while in the craniotomy 

group, the recurrence rate was only 10.8%. They also found 

that twist-drill and burr-hole evacuation and craniotomy had 

similar cure and mortality rates, but morbidity was higher 

in patients who underwent a craniotomy (12.3%), while 

morbidity was only 3% for the twist-drill procedure and 3.8% 

for the burr-hole procedure. This finding led to their support 

Figure 1 The basic steps of neuroendoscopic hematoma evacuation for chronic and subacute subdural hematoma.
Notes: (A) The patient was placed in the lateral position, and a straight scalp incision was made on the parietal region. (B) After a bone flap was created, the dura was 
suspended. (C) after the dura was opened in a cruciform fashion, the outer membrane of the hematoma was revealed. (D) The liquefied blood was slowly aspirated with 
a syringe to decrease the intracerebral pressure. (E) The residual hematoma and blood clots were evacuated by suction under the neuroendoscope. (F) Fibrin septa were 
checked and treated under the neuroendoscope. (G) a bridging vein was seen, and a draining catheter was introduced in the cavity under the neuroendoscope. (H) The 
bone flap was replaced and fixed.
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for the burr-hole procedure as the first-line approach in light 

of the cure-to-complication ratio.11 A recent meta-analysis 

by Ducruet et al also found that the twist-drill procedure had 

the highest rates of recurrence (28.1%) vs burr-hole evacu-

ation (11.7%) and craniotomy (19.4%). However, they also 

found that the burr-hole procedure carried significantly higher 

complication rates (9.3%) compared with twist-drill evacu-

ation (2.5%) and craniotomy (3.9%).12 Therefore, all these 

traditional treatments had advantages and shortcomings.

The technique of neuroendoscopic hematoma removal 

had been discussed extensively in the literature and was 

first introduced to SCSDH in 1988.4 It was found that 

endoscope-assisted techniques did not increase morbidity, 

and with improved intraoperative visualization, it could help 

identify and destruct neomembranes, septums, and solid 

clots and coagulate the source of bleeding, which made this 

approach more safe and effective for the treatment of CSDH.7 

Májovský et al found that a flexible endoscope-assisted 

evacuation for CSDH permitted decent visualization of the 

hematoma cavity and retained the advantages of a minimally 

invasive approach. The main advantages were the correct 

positioning of the catheter under visual control, identification 

Figure 2 Neuroendoscopic surgery for subacute subdural hematoma.
Notes: (A–C) Preoperation cT scan showing a subacute subdural hematoma on the left side. (D–I) hematoma evacuation under the neuroendoscope during the operation. 
(J–L) Post-operation cT scan showing the subtotal evacuation of the hematoma, regression of the midline shift, and ideal placement of the draining catheter.
Abbreviation: cT, computed tomography.
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of septations, and early detection of cortex or vessel injury 

during surgery.4 Yokosuka et al performed endoscopic sur-

gery using a rigid endoscope in eleven patients with acute and 

subacute subdural hematoma and obtained good outcomes.8

A significant problem with CSDH surgery was recurrence, 

and it was estimated that 8%–33% of all patients needed reop-

eration.12 Recurrence risk factors often included older age, 

male sex, brain atrophy, use of anticoagulant or antiplatelet 

drugs, and the presence of a mixed- or high-density hematoma 

on CT.5 A septated chronic subdural hematoma (SCSDH) is 

a special type that features hematoma cavities divided into 

different portions by fibrin septa. It was an independent risk 

factor for recurrence; a burr-hole drainage approach could 

only remove the fluid but not the solid blood clot, particularly 

for a thick, widely distributed solid hematoma.13 Craniotomy 

was considered for this situation, but it was associated with 

complications due to the invasive surgery itself. Neuroen-

doscopic surgery might be a suitable treatment for SCSDH, 

and with the help of a neuroendoscope, surgeons could view 

the hematoma cavity well and tear the neomembranes by 

using microscissors or microforceps, which could reduce 

the recurrence rate. Many studies concluded that this surgery 

was superior to other surgeries in treating SCSDH.13 In Yan 

et al’s study, 28 cases of severe SCSDH were successfully 

treated with endoscopic surgery, and there was no recurrence 

at 6 months to 2 years post-discharge.14 In our study, we also 

found fibrin septa in 16 cases, and four patients suffered 

from recurrence after the first surgical approach by burr-hole 

evacuation. After the neuroendoscopic technique was used 

to clear up the fibrin septa, all patients recovered well, and 

no recurrence occurred (Figure 3A–H).

Catheter placement was another method that was used to 

reduce the recurrence rate. It was concluded that placement 

of the drain after burr-hole evacuation could reduce the risk 

of recurrence by nearly 15%.15 However, this procedure also 

had a risk of some potentially life-threatening complications 

such as inadvertent placement of the catheter into the brain 

parenchyma (Figure 4A–D) and parenchymal hematomas 

due to blindly inserted catheters.15,16 As an immediate 

verification approach, neuroendoscopic surgery could reveal 

the misplacement of 19% of catheters, and they could be 

adjusted to a desired location.4 In our study, all catheters were 

placed in an accurate location, and there were no complica-

tions due to draining catheters.

Conclusion
Based on the analysis of our data and findings of the related 

references, we could conclude that transcranial neuroen-

doscopic surgery was a safe and effective approach for 

the treatment of chronic and subacute subdural hematoma. 

Figure 3 Neuroendoscopic surgery for recurrent csDh.
Notes: (A) cT scan showing a csDh on the right side. (B) MRI showing fibrin septa in the hematoma cavity. (C) cT scan showing the incomplete evacuation of the 
hematoma one day after the first burr-hole surgery. (D) CT scan showing hematoma reaccumulation 10 days after the first burr-hole surgery. (E) cT scan showing the 
hematoma in the subdural area 1 day after the second burr-hole surgery. (F) Mri showing that the hematoma had not disappeared 15 days after the second burr-hole surgery. 
(G) Operation view showing fibrin septa in the hematoma cavity during the third surgery via the neuroendoscope. (H) Forty days after the third surgery by neuroendoscope 
shows no recurrence.
Abbreviations: csDh, chronic subdural hematoma; cT, computed tomography; Mri, magnetic resonance imaging.
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Figure 4 incorrect placement of the draining catheter by burr hole.
Notes: (A, B) Mri showing a csDh on the left side before the operation. (C, D) cT scan showing inadvertent placement of the catheter in the brain parenchyma after 
burr-hole surgery.
Abbreviations: csDh, chronic subdural hematoma; cT, computed tomography; Mri, magnetic resonance imaging.

This approach has the advantages of decent visualization 

and minimal invasiveness and could reduce recurrence and 

mortality rate.
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