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Background: Despite advances in surgical techniques, recurrence after chronic subdural hematoma (CSDH) evacuation remains
common. With the aging of the population, the incidence rate is still rising. Most patients require surgical treatment, but postoperative
hematoma recurrence remains an important factor affecting patient prognosis.

Objective: This study aimed to identify factors influencing recurrence following neuroendoscopic-assisted drainage.

Methods: CSDH patients who underwent neuroendoscopy-assisted hematoma drainage(NEAHD) via a single burr-hole craniostomy
between January 2021 and August 2024 were categorized based on the presence or absence of postoperative hematoma recurrence.
Binary logistic regression analysis was performed on the variables that showed statistically significant inter-group differences in
univariate analyses.

Results: In total, 121 patients with CSDH were included. The recurrence group consisted of 17 patients (14.05%). Gender, age,
smoking, alcoholism, hypertension or diabetes, perioperative use of statins, hematoma thickness, midline deviation distance, and
direction, depth, and retention time of the drainage tube were not associated with hematoma recurrence. In contrast, hematoma capsule
spanning the Sylvian fissure (P < 0.001; OR = 12.504; 95% ClI, 3.091-50.583) and non-blocking the main trunk or major branches of
the middle meningeal artery (MMA) (P = 0.006; OR = 9.955; 95% CI, 1.911-51.848) were the independent risk factors for hematoma
recurrence after NEAHD surgery.

Conclusion: Spanning of the hematoma capsule over the Sylvian fissure and absence of intraoperative occlusion of the middle meningeal
artery are independent risk factors for recurrence. These features should be considered when planning surgical strategies for CSDH.
Keywords: chronic subdural hematoma, neuroendoscopy, surgery, prognosis, recurrence

Introduction
Chronic subdural hematoma (CSDH) is a common neurosurgical disease.! It refers to an abnormal accumulation of
bloody components between the surface of the brain and the dura mater.” Its incidence rate is about 20.6/100,000 people/
year. It is more common in the elderly; among people aged over 80 years, its incidence rate can reach 127/100,000
people/year.” > With the aging of the population and the increasing use of antithrombotic drugs, the incidence rate of
CSDH and the number of surgeries are rising steadily.'*” CSDH not only affects the quality of life and survival time of
patients, but also imposes a heavy burden on families and society.

At present, it is believed that the cascade of bleeding and inflammation caused by trauma is an important cause of the
formation of CSDH.® Patients with CSDH may present with clinical manifestations such as headache, dizziness, nausea,
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vomiting, hemiplegia, and cognitive impairment. Diagnosis can be made by combining imaging examinations. The
treatment plan includes surgical and nonsurgical treatment.” For CSDH with small lesion volume, insignificant space-
occupying effect, and mild clinical discomfort symptoms, drug therapy can be used.'®'? However, for CSDH with
obvious symptoms or occupying effects, surgical treatment is required.® Given its advantages in terms of safety, minimal
damage, and rapid relief of occupying effects, burr-hole evacuation is the preferred surgical procedure for CSDH
patients.'* However, considering its high postoperative hematoma recurrence rate of 37.3%, it is currently mainly used
to treat patients with uniform hematoma density, inorganic structure, and no obvious separation.'*'®

Endoscopic CSDH clearance and middle meningeal artery (MMA) embolization have gradually been applied in
clinical practice and have become current hot topics."'*** Nevertheless, there is still controversy over the ability of
MMA embolization to reduce the risk of postoperative hematoma recurrence in CSDH patients.* ?*2>2® Thus, more
high-quality evidence is needed to support the safety of MMA embolization for CSDH treatment.''-*” Neuroendoscopy
has several advantages, such as minimal trauma and good field of view. Neuroendoscopy-assisted hematoma-removal
surgery can remove the capsule, septa, and blood clots of the hematoma, with sufficient exposure and good field of view.
It has become a commonly used surgical procedure for treating CSDH with complex conditions such as septa, capsules,
and blood clots. Compared with burr-hole evacuation, neuroendoscopy-assisted hematoma removal can reduce the risk of
postoperative hematoma recurrence in CSDH patients.”*****%° However, some patients still experience hematoma
recurrence after neuroendoscopy-assisted hematoma-removal surgery, so recurrence remains a major issue that needs
to be urgently addressed.’®*' Therefore, further exploration of the factors related to the recurrence of CSDH after
neuroendoscopy-assisted hematoma-removal surgery is of great significance for improving the efficacy and prognosis.***

Previous studies have reported that male gender, older age, drinking, diabetes, high density (mixed density) of
hematoma on computed tomography (CT), presence of hematoma septum or capsule (thickened intima), hematoma
thickness greater than 2 cm, and pneumocephalus are risk factors for postoperative recurrence(POR).'’>*° However,
these studies have not specifically discussed the factors influencing hematoma recurrence after endoscopy-assisted
treatment of CSDH. Because neuroendoscopy-assisted hematoma-clearance surgery can completely remove solid
components and separate the hematoma cavity during surgery, it may reduce the risk of hematoma recurrence in these
patients after surgery. However, patients undergoing such surgery may be at a higher risk of hematoma encapsulation,
which increases the risk of recurrence. The specific influencing factors are not yet clear. Thus, this study investigated

factors influencing CSDH recurrence following NEAHD using regression analysis of data from 121 patients.

Materials and Methods

This study was a retrospective analysis, and the research protocol was approved by the Ethics Committee of Ziyang
Hospital, West China Hospital, Sichuan University (Approval No. 2024199). The requirement for informed consent was
waived due to the retrospective design. For this study, we screened all CSDH patients who had received treatment at the
Neurosurgery Department of Ziyang Hospital, West China Hospital of Sichuan University from January 2021 to

August 2024, and obtained written consent from the subjects themselves or their families.

Inclusion and Exclusion Criteria

All of the CSDH patients enrolled in this study met the following criteria: age > 18 years; unilateral or bilateral CSDH on
cranial CT or head magnetic resonance (MR) imaging; presence of septa, high density, or uneven density (signal) within
the hematoma; a midline shift of more than 1 c¢m, or clinical symptoms such as headache, vomiting, limb weakness, or
numbness; patients who have received general anesthesia; patients who underwent NEAHD via a single burr-hole
craniostomy. The exclusion criteria were as follows: Patients with bilateral CSDH who underwent surgical treatment on
one side within 6 months of receiving surgical treatment on the other side for CSDH; Patients with incomplete
information; subdural hematoma caused by cerebrovascular diseases such as intracranial aneurysm, intracranial vascular
malformation, moyamoya disease, or subarachnoid hemorrhage; subdural hemorrhage caused by intracranial tumors; and

surgical contraindications, such as coagulation dysfunction and cardiac or pulmonary dysfunction.
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Data Collection

We collected data on clinical characteristics of each subject who met the eligibility criteria, including demographic data,
medical history, imaging features of hematoma (thickness, septa, midline shift, and capsule distribution), treatment status
(bone window size; occlusion of the frontal and parietal branches of the MMA; direction, depth, and duration of retention
of the drainage tube; and post operative use of statins). Patients underwent head CT or MR scans at 1, 3, and 6 months
after surgery, and whether the hematoma recurred within 180 days after surgery. A total of 143 patients met the inclusion
criteria, but 22 were excluded due to factors such as loss to follow-up or contralateral reoperation, etc. The thickness and
midline displacement distance of the hematoma were measured by the maximum thickness layer and the maximum
displacement layer of the hematoma in the horizontal plane, respectively (Figure 1A). We also recorded the distribution
of the capsule and whether it spanned the Sylvian fissure (Figure 1A). CT and MR images of the hematoma showed cord-
like density or signal within the hematoma (Figure 1A—E). The size of the bone window was recorded as the product of
the maximum longitudinal diameter and the maximum transverse diameter of the bone window (Figure 1F). The
occlusion of the frontal or parietal branch of the MMA was also noted. After surgery, thin-layer CT imaging of the
patient’s head was performed to display the main branches of the MMA and record whether the bone flap contained the
main trunk or branches of the frontal or parietal branch of the MMA (Figure 1F). Hematoma recurrence is defined as the
reoccurrence or re-increase of hematoma at the original hematoma site, confirmed by head CT or MR within 180 days
after surgery, with the hematoma volume reaching or exceeding 30% of the pre-operative volume, or with the midline
shift caused by the hematoma being no less than half of the pre-operative value, accompanied by neurological symptoms
or signs related to hematoma, such as hemiplegia, apathy, and drowsiness, requiring surgical treatment. CT and MR are
both non enhanced scans. CT scanning equipment: GE LightSpeed VCT 64 row spiral CT machine; Scanning layer
thickness: Smm; scanning conditions: 120kVp, 200mA; Brain window (width 80 HU, level 40 HU) and bone window
(width 20004000 HU, level 400-700 HU) settings were used for image review. MR scanning equipment: Siemens
Magnetom Skyra 1.5T MRI System; Scanning sequence: T1 weighted imaging (T1WI), T2 weighted imaging (T2WI),
fluid attenuated inversion recovery sequence (FLAIR); Scanning layer thickness: 1mm; Two neuroradiologists who were
blinded to the clinical outcomes jointly evaluated the above imaging data, and reached a consensus through discussion in
case of disagreement. Depending on whether or not they experienced hematoma recurrence after surgery, the patients
were divided into the recurrence group and the non-recurrence group (Figure 1).

Patient Surgical Methods

Anesthesia methods: All patients received general anesthesia with endotracheal intubation performed by the same
anesthesia team. Continuous monitoring of vital signs and blood oxygen saturation during surgery. Resuscitate the
patient after the surgery and remove the endotracheal tube.

Surgical methods: All patients underwent surgery performed by the same neurosurgeon team. Intraoperative naviga-
tion equipment was not used during the surgery.the patients were placed in a supine position with their head slightly
above their feet. A straight, 5-cm-long incision was made at the top of the temporal region, with the center of the incision
located on the surface projection of the hematoma center. A burr hole (approximately 1 cm in diameter) was created
using a skull drill. If the MMA was visualized beneath the burr hole, it was first occluded using bipolar electrocoagula-
tion and then divided. The dura mater was cut open in a “cross” shape, the hematoma was slowly released, and a 0°
neuroendoscope (STORZ) was inserted into the hematoma cavity through the bone window to observe whether there
were residual blood clots, septa, or other complications. If there was a large amount of residual hematoma that could not
be washed away or the hematoma cavity was well-separated, a milling cutter was used to open the skull through the burr
hole, forming a bone window with a diameter of approximately 3 cm. The size of the bone window was not
predetermined but was adjusted intraoperatively. A milling cutter was used to expand the initial burr-hole into a larger
bone window only when necessary to achieve adequate endoscopic access and maneuverability, such as in cases with
extensive fibrous septations or a tight, restrictive hematoma capsule. If the MMA was identified beneath the bone
window, it was first occluded using bipolar electrocoagulation, then divided, before proceeding to incise the dura mater.
A suction device was used under the neuroendoscope to remove the residual hematoma, and micro scissors and suction
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Figure | Chronic subdural hematoma (CSDH) on the right side. (A) Computed tomography (CT) horizontal images show high-density shadows on the inner and outer
edges of the hematoma before and after transverse rupture, with mixed high-density and low-density shadows inside the hematoma dominated by equi-density shadows, and
the midline structure shifting toward the opposite side; (B) The CT sagittal view shows high-density shadows in the anterior, posterior, and lower edge of the hematoma
capsule, with high-density septa and low-density shadows inside the hematoma cavity dominated by iso-density shadows; (C) CT coronal view shows a high-density shadow
around the edge of the hematoma capsule, a low-density shadow above the hematoma, and an iso-density shadow below, with local brain tissue being compressed; (D) MRI
TI shows a “crescent-shaped” high-signal shadow below the dura mater with low-signal streaks; (E), MRI T2 shows a slightly high-signal shadow below the dura mater with
a clear boundary with brain tissue, separated internally by a cord-like low-signal shadow; (F) Postoperative skull CT three-dimensional imaging shows a bone flap size of
approximately 1.77 cm % 2.91 cm, covering the main branches of the frontal or parietal branch of the MMA.
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devices were used to endoscopically managed the separation. After confirming that there was no active bleeding in the
surgical area, the area was repeatedly rinsed with 37°C warm saline solution, and a drainage tube was placed at the
lowest point of the hematoma cavity. The dura mater was sutured, and the fixed bone flap was repositioned. The scalp
was sutured layer by layer, and the surgery was concluded.

Postoperative managements: After the patient’s postoperative consciousness is restored, they will be sent back to the
ward and receive the same treatment measures. The management measures for drainage tubes are as follows: the drainage
tube approximately 10 cm below the interventricular foramen for drainage, the drainage tube was removed within
24 hours when the drainage volume was less than 30 mL or on the 5th day after surgery.

Statistical Methods

IBM SPSS software 22.0 was used for statistical analysis. Count data were presented as n (%), and inter-group
associations were based on the chi-square test or Fisher’s exact probability method. Continuous variables were presented
as mean + standard deviation. The normality of continuous variables was assessed using the Shapiro—Wilk test. Based on
this assessment, independent samples #-test was used for normally distributed data. Variables with P-values < 0.05 in the
univariable analysis of hematoma recurrence were included as the independent influencing factors in the binary logistic
regression analysis. P-values < 0.05 indicated a statistically significant. The interobserver consistency in the assessment
of imaging data was evaluated using Cohen’s kappa (k) statistic.

Results

A total of 121 patients were included in the study. There were 96(79.3%) males and 25(20.7%) females, The ratio of
males to females is approximately 3.8:1, with a minimum age of 39 years and a maximum age of 86 years, and an
average age of 67.4 + 8.2 years. There were 104(85.95%) patients in the non-recurrence group and 17 (14.05%)patients
in the recurrence group, with a recurrence rate of 14.05%. Among the 35 patients who only received endoscopic assisted
treatment after drilling, 7 (20%) experienced recurrence, and among the 86 patients who underwent neuroendoscopic
assisted treatment with milling cutters to enlarge the bone window, 10 (11.6%) experienced recurrence. There was no
statistically significant difference in the postoperative hematoma recurrence rate between these two different surgical
procedures (y*=1.444, p=0.255), however, there was a statistically significant difference in the duration of surgery
(t=4.889, p=0.015). The interobserver agreement between the two neuroradiologists for assessing imaging data was
excellent (Cohen’s k = 0.68).

Univariate Analyses

The results of the univariate analyses (Tables 1 and 2) showed that there were association inter-group in whether hematoma
capsule spanned the Sylvian fissure, the presence of septa in the hematoma cavity, and the lack of the main trunk or major
branches of the MMA under the bone flap of the bone window, while there were no association in other indicators.

Table | Univariable Analysis of Factors Influencing Hematoma Recurrence After Neuroendoscope-Assisted Chronic Subdural
Hematoma Drainage(Chi Square Test)

Factor No Recurrence | Recurrence | y’-value | P-value
Gender Male 83(79.8%) 13(76.5%) 0.098 0.751
Female 21(20.2%) 4(23.5%)
History of trauma Yes 70 (67.3%) 11 (64.7%) 0.045 0.833
Smoking history Yes 48 (46.2%) 10 (58.8%) 0.940 0.332
History of alcoholism Yes 50 (48.1%) 8 (47.1%) 0.006 0.938
Hypertension Yes 30 (28.8%) 6 (35.3%) 0.291 0.590
Diabetes Yes 16 (15.4%) 3 (17.6%) 0.056 0.730
(Continued)
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Table | (Continued).

Factor No Recurrence | Recurrence )(Z-value P-value
Imaging features of hematoma Hematoma capsule, Yes 39 (38.5%) 14 (82.4%) 11.942 0.001
Hematoma cavity separation, Yes | 46 (44.2%) 12 (70.6%) 4.067 0.044
Statins Yes 88 (84.6%) 14 (82.4%) 0.056 0.730
Bone flap covering the frontal or parietal | No 66 (63.5%) 15 (88.2%) 4.052 0.044
branches of the MMA
Milling cutter used Yes 76 (73.1%) 10 (58.8%) 1.444 0.255
Direction of drainage tube Backward 25 (24.0%) 5 (29.4%) 0.224 0.762

Table 2 Univariable Analysis of Factors Influencing Hematoma Recurrence After Neuroendoscope-Assisted
Chronic Subdural Hematoma Drainage(T-Test)

Factor No Recurrence | Recurrence | t-value | P-value
Age Years 67.10£8.41 69.47+6.39 —1.112 | 0.268
Maximum hematoma thickness (cm) | 2.47+0.49 2.69+0.44 —1.790 | 0.076
Midline shift (mm) 0.90+0.31 0.83£0.26 0.836 0.405
Bone window size em? 5.62+3.07 5.24+4.14 0.362 0.722
Depth of drainage tube | cm 2.48+0.42 2.45+0.58 0.204 0.841
Operative time Minutes 82.71 +7.89 80.04+7.24 1.604 0.113
Duration of drainage Day 2.55+0.80 2.41£1.06 0.621 0.536

Table 3 Multivariable Analysis of Hematoma Recurrence After Neuroendoscopic Assisted Drainage for Chronic Subdural

Hematoma
Factor B S.E. | Wald | p Exp(B) | 95%C.I.
Hematoma capsule, Yes 2.526 | 0.713 | 12.550 | <0.001 | 12.504 | 3.091~50.583
Bone flap covering the frontal or parietal branches of the MMA, No | 2.298 | 0.842 | 7.449 0.006 9.955 1.911~51.848
Hematoma cavity separation, Yes 1.212 | 0.639 | 3.596 0.058 3.359 0.960~11.751

Multivariate Analysis

Multivariate binary logistic regression analysis was performed to determine the factors affecting POR of CSDH.
Specifically, the POR of CSDH was selected as the dependent variable, while the significant factors from the univariate
analyses were included as the independent variables. The final logistic regression model demonstrated good fit, as
indicated by a non-significant Hosmer-Lemeshow test (3> =0.687, p =0.995). The results showed that hematoma capsule
spanning the Sylvian fissure and the bone flap of the bone window that did not include the main trunk or the frontal or
parietal branch of the MMA were the independent risk factors for POR of CSDH (Table 3).

Discussion
To the best of our knowledge, We reported for the first time that the distribution of the hematoma capsule across the Sylvian
fissure pool and non-blocking the MMA during surgery were the risk factors for POR of CSDH. Although there have been
previous studies on the factors influencing POR of CSDH, these studies did not specifically focus on NEAHD and specific
CSDH patients.' 324941 In this study, the overall recurrence rate was 14.05%, which is consistent with previously reported
recurrence rates of 10%-20%.> Due to the differences in the details and adaptability of patients undergoing NEAHD surgery
compared with other surgical methods, the factors affecting POR may not be entirely consistent.

First, NEAHD can endoscopically managed solid components and partition the hematoma cavity under direct
visualization. This eliminates the previously reported hematoma cavity separation as a risk factor for POR in
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CSDH.**~° In theory, this should reduce the risk of recurrence for patients. In this study, inter-group comparisons
revealed that the presence of hematoma compartment separation was a significant risk factor for postoperative hematoma
recurrence (P = 0.044), but the significance was lost in the multivariate analysis (P = 0.058; 95% CI, 0.960-11.751). This
may be due to the lack of medical treatment for the separation of hematoma cavities duringtwist drill evacuation or burr-
hole evacuation, which could affect the POR of hematoma. However, in NEAHD surgery, the separation of hematoma
cavities was appropriately treated in all patients. Thus, the separation of hematoma cavities in these patients no longer
existed after surgery and had no effect on hematoma recurrence.

Second, NEAHD often requires drilling larger holes in the skull or milling a small bone flap with a milling cutter.
This may increase the possibility of postoperative intracranial gas accumulation, which means that the risk of POR may
increase.*® Yet, larger bone pores or flaps are beneficial for residual hematoma or exudate to flow out through the bone
window and be absorbed by soft tissues such as the temporal muscle in the head, which plays a role in subperiosteal
drainage.*” In this study, we compared the size of the bone window formed during surgery between the two groups of
patients and found no significant difference between them. The inter-group comparison (P = 0.722) did not indicate that
the size of the bone window had an impact on POR. Interestingly, we found significant inter-group differences in terms of
whether the bone flaps formed by milling cutters crossed the main trunk or major branches of the MMA. Among the 17
patients in the recurrence group, 15 patients (88.2%) had bone flaps that did not cover the aforementioned arteries, while
in the non-recurrence group, the proportion was 63.5%. The inter-group difference was statistically significant (P =
0.044), even after multivariate analysis (P = 0.006; OR = 9.955; 95% CI, 1.911-51.848). The difference between the two
groups of patients suggests the absence of the bone window spanning the main trunk or major branches of the MMA as
a associated factor for POR. The reason for this difference may be as follows: when the MMA branches were below the
bone flap, intraoperative hemostasis and electrocoagulation were performed on these arteries when cutting open the
meninges, causing their occlusion and playing a role similar to interventional embolization. Interventional embolization
treatment for CSDH is achieved by embolization of the MMA under interventional surgery, resulting in occlusion of the
MMA.'?%* After surgery, the blood supply to the meninges in these vascular supply areas is significantly reduced or
even completely eliminated, thereby reducing or blocking the blood supply to the hematoma capsule in the corresponding
area and consequently reducing recurrence. Consequently, we recommend that in surgical planning for CSDH patients
undergoing NEAHD, the bone window be designed to cover the main trunk or major branches of the MMA, with
intraoperative blocking performed. To our knowledge, there is currently no literature reporting this strategy.

Third, in this study, we observed a significant difference in the spatial characteristics of the hematoma capsule
between the two groups of patients (P < 0.001; OR = 12.504; 95% CI, 3.091-50.583). Namely, the recurrence group had
a greater proportion of cases with hematoma capsule spanning the Sylvian fissure (82.4%) compared with the non-
recurrence group (38.5%). This finding is similar to previous reports that the capsule is a risk factor for postoperative
hematoma recurrence in CSDH patients.'®?3*3¢ However, our study further described which form of capsule was more
likely to cause postoperative hematoma recurrence. Specifically, when performing surgical treatment for CSDH patients
with hematoma capsule spanning the Sylvian fissure, the risk of POR should be fully considered, and NEAHD should be
carefully selected. Further research is needed to determine the optimal surgical plan for such patients.

Fourth, in this study, there were no significant inter-group differences in gender, age, smoking, alcoholism, hyperten-
sion or diabetes, perioperative use of statins, hematoma thickness, midline deviation distance, and drainage tube
direction, depth, and retention time. These findings disagree with previous reports.**~%*' In addition to the differences
in patient disease factors and surgical methods, we used ¢ tests for continuous variables such as age, hematoma thickness,
midline offset distance, and drainage tube depth and retention time. We only conducted binary analysis on the use of
statins and drainage tube direction during the perioperative period. If we convert continuous variables into categorical
variables or further collect data on the relationship between statin dosage and weight, drainage tube direction, and
hematoma center and position, we may obtain different results. Still, these changes would only alter the role of the factors
we are currently discussing, and the previously obtained results would remain unaffected.

This study has some limitations. First, this was a single-center retrospective study, which may not represent diverse
populations across different geographic regions or healthcare systems, such as the operational details and proficiency of
different surgeons, patient race and lifestyle, which may have affected the obtained results, potentially limiting the
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applicability of our results to broader populations. Second, We reliance on electronic health records for inclusion/
exclusion, it may have introduced selection bias. Specifically, patients who did not complete follow-up visits after
discharge, patients who died within 6 months after surgery, and patients who refused surgical intervention were excluded
from the study. These patients might differ systematically from those retained, potentially skewing outcome estimates.
Third, the sample size of this study was relatively small, especially in the recurrence group. Fourth, a major limitation of
this study is the potential confounding effect of surgical heterogeneity, particularly regarding the decision to perform
bone-window expansion. While this reflects real-world clinical practice, it represents a source of potential bias that must
be considered when interpreting the results. Therefore, further multicenter prospective randomized controlled trials are
needed to clarify the factors influencing hematoma recurrence after NEAHD in the treatment of CSDH. Ceritically, the
proposed mechanism of MMA occlusion requires confirmation in future prospective studies that incorporate preoperative
and postoperative vascular imaging (eg, CTA) to directly verify hemodynamic changes.

Conclusion
The hematoma capsule spanning the Sylvian fissure and non-blocking the main trunk or major branches of the MMA
during surgery are associated with hematoma recurrence after NEAHD for CSDH treatment.

When formulating treatment plans for CSDH patients, it is necessary to fully consider the associated factors of POR.
If choosing to perform NEAHD surgery, the bone window designed for the surgical approach could potentially cover the
hematoma capsule spanning the Sylvian fissure and the main trunk (or major branches) of the MMA, destroy this capsule
and occlude these vasculars during surgery to reduce the risk of postoperative hematoma recurrence.
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