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Introduction: Growth of meningiomas secondary to postoperative chronic
subdural hematoma is extremely rare. Here, we present the first report of a
patient who developed a meningioma within the outer membrane of the chronic
subdural hematoma after burr-hole drainage for a traumatic chronic
subdural hematoma.

Case presentation: A 75-year-old man underwent burr-hole drainage for a
traumatic chronic subdural hematoma on the left side three years prior to
presentation. Postoperative follow-up computed tomography revealed no
recurrence of chronic subdural hematoma. The patient was admitted because
of dizziness and immediately underwent magnetic resonance imaging (MRI),
which also showed no recurrence of the chronic subdural hematoma; however,
an abnormal signal lesion was identified in the left frontal region. Consequently,
an enhanced MRI examination was performed, which indicated significant
contrast enhancement, suggesting the diagnosis of meningioma.
Subsequently, a frontotemporal craniotomy was performed, and the
pathological diagnosis confirmed a meningioma (meningothelial type, World
Health Organization grade ). Interestingly, during the craniotomy, the
meningioma grew under the outer membrane of the chronic subdural
hematoma, fused with the membrane, adhered tightly, and could not be
separated. Fifteen months postoperatively, the patient was in good condition
with no tumor recurrence.

Conclusions: Meningioma growth beneath the outer membrane of traumatic
chronic subdural hematoma following burr-hole drainage has not been
previously reported, which further highlights the probable significant role of
trauma and chronic subdural hematoma-induced inflammatory stimulation in
meningioma occurrence and development.

burr-hole drainage, chronic subdural hematomas, head trauma, inflammatory
stimulation, meningiomas, outer membrane, postoperative
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1 Introduction

Chronic subdural hematoma (CSDH) is one of the most
common diseases in neurosurgery.Especially in the elderly (1,
2).The formation and progression process of CSDH remains
poorly understood. Possible explanatory hypotheses include
minor head injury, inflammatory response, and transformation
from acute subdural hematoma (2).Meningiomas are the most
common intracranial tumors (3). And there may be a potential
association between its progression and head injury(23, 24) But the
reports of the relationship between meningiomas and chronic
subdural hematomas (CSDH) are rare. The few available studies
primarily observed cases of meningiomas associated with CSDH
and mainly discusses the mechanism of intracranial hemorrhage
caused by meningioma (4-8). Postoperative recurrence of CSDH is
a common and concerning issue; however, postoperative
complications of meningioma growth have rarely been reported.
Here, we report a case of meningioma growth in the surgical area
after burr-hole drainage of a traumatic CSDH, which was closely
related to the outer membrane of the CSDH.

2 Case presentation

A 75-year-old male patient presented with dizziness for 5 days.
Physical examination: The patient was alert and oriented. Bilateral
pupils were equal in size and shape, measuring 3 mm in diameter,
with brisk light reflexes. The scalp incision demonstrated excellent
healing. Muscle strength and tone were within normal limits in all
four extremities. No Babinski sign was elicited bilaterally.Since he
had a history of burr-hole irrigation drainage for traumatic CSDH
three years ago (Figure 1), a plain head MRI was initially performed,
followed by an enhanced MRI to check the detected abnormality,
which showed a markedly enhanced lesion in the left frontal region
within the previous CSDH site, suggesting meningioma and no
recurrence of CSDH (Figure 2). As the tumor was larger than 3 cm
and the patient and his family strongly desired surgery, a left
frontotemporal craniotomy for tumor resection was successfully
performed, achieving Simpson grade 1 meningioma resection.

The findings during surgery were unusual (Figure 3); after
cutting through the dura mater, we found that it was intact and
uninvaded. A membranous tissue layer was discovered covering the
brain surface, appearing reddish-gray and well-perfused, adhering
to the inner dura mater, and extending in all directions without a
clear end. Therefore, we realized that this was the external
membrane of the CSDH. After the membrane was incised, we
exposed a solid grayish-white tumor with moderate texture,
creeping growth along the membrane, and fusing together form
tumor base—the main source of blood supply. The membrane
tissue was separated from the dura to the lateral side of the tumor
border and excised. The tumor adhesion to the brain tissue was
carefully separated at the arachnoid interface under a microscope
and completely removed along with its surface membrane.

The pathological diagnosis (Figure 4) revealed a meningioma
(meningothelial type, World Health Organization grade I), and the
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membrane consisted of small pieces of fibrous cyst wall-like tissue
with small vascular proliferation and a slight amount of
inflammatory cell infiltration.

3 Discussion

Meningiomas, usually solid and benign, have a prolonged disease
course and slow progression. Therefore, the combination of
meningiomas and intracranial hematomas is relatively infrequent
and generally presents as an intratumoral, intraventricular, or
subarachnoid hemorrhage (1). CSDH is a chronic space-occupying
lesion characterized by the accumulation of blood and its degradation
products, which form an encapsulated collection between the
arachnoid and dura mater; its formation is related to head trauma
and inflammatory responses (2, 9). Reports on the relationship
between meningiomas and CSDH are scarce. In the few available
studies, CSDH-associated meningiomas were primarily observed, and
the mechanism of intracranial hemorrhage caused by meningioma
has been reported (4-8). In contrast, in this case, the meningioma was
found 3 years after surgically removing the traumatic CSDH, and
grew under the external membrane of the CSDH and was closely
related to it. Meningiomas usually have a wide base attachment to the
dura mater because they originate from the cap cells of the arachnoid
granules, and even break through the dura mater and destroy the
skull (10, 11). Interestingly, during this surgery, the dura mater was
intact with no signs of invasion. After the dura mater was incised and
lifted, the outer membranous structure of the chronic subdural
hematoma was first observed instead of the tumor, which became
visible only after the membrane was carefully incised and lifted. The
meningioma grew together with the membrane, and there was no
obvious boundary between them. The membrane was rich in blood
supply and thickened, much thicker than the outer membrane of a
general CSDH. Blood supply of the tumor primarily came from this
membrane tissue, and pathological examination of this membrane
showed no tumor cells, but revealed angiogenic responses and
inflammatory cell infiltration.

CSDH cavity and external membrane express high levels of
HIF-1, VEGF, COX-2, Ang2, MMP, and other inflammatory
cytokines (9, 12, 13). The association between VEGF and COX-2
with meningioma growth and proliferation is well known (12).
VEGF plays an important role in the angiogenesis of meningiomas
by promoting blood vessel formation, tumor growth, and malignant
proliferation (14, 15). COX-2 primarily exerts its tumor-promoting
effects by inhibiting tumor cell apoptosis and promoting new blood
vessel formation in tumor tissues, with a synergistic effect with
VEGEF. Moreover, high-grade meningiomas express high levels of
COX-2 and VEGF in tumor cells (16, 17). HIF-1a is an extremely
potent factor involved in tumor cell growth and proliferation, and it
is highly expressed in meningiomas, with a significant positive
correlation with recurrence and pathological type (18). One of its
mechanisms is that hypoxia-inducible factor stimulates VEGF to
form new blood vessels in tumors, promoting tumor growth (19).
MMP expression is also associated with the invasive behavior and
recurrence of meningiomas (20). Ang2, which is considered a
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FIGURE 1

Computed tomography (CT) of the traumatic chronic subdural hematomas (CSDH) before and after surgery. (A) Preoperative CT showed hematoma
thicker than 2 cm (1 month after head trauma). (B) Another layer indicates that the left lateral ventricle is completely compressed. (C) Six weeks after
burr-hole drainage, CT showed no sign of recurrence. (D) The CT during the same time revealed no tumor or other abnormal lesions.

tumor-specific growth factor, is a strong enhancer of sprouting
angiogenesis and destabilizes tumor vasculature, which can change
the tumor microenvironment and promote tumor growth and
metastasis. This effect is fully demonstrated and enhanced in the
presence of VEGF (21). Moreover, Ang2 enhances tumor
invasiveness and facilitates metastasis by activating and
upregulating MMP (22). Consequently, CSDH creates a
conducive environment for meningioma occurrence and
progression. In this instance, the meningioma fused with the
outer membrane of the CSDH, potentially linked to these
inflammatory mediators.

The role of prior head trauma in stimulating meningioma
development has been previously described in few studies, but
remains controversial (23, 24). Traumatic brain injury (TBI)
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represents a critical worldwide health problem.Especially the
elderly patients have a worse mortality and functional outcome,
who are also more likely to be on antithrombotic therapy,which is a
high-risk factor for chronic subdural hematoma after trauma.And
TBI triggered cascades of inflammation (25-28). It is generally
believed that chronic inflammatory responses after trauma cause or
promote meningioma development (23, 29). From this perspective,
CSDH formation after trauma creates a favorable environment for
meningioma growth, as previously noted, owing to the high
expression of inflammatory factors in both the hematoma and its
membrane. Consequently, a meningioma >3 cm was found three
years later and closely associated with the outer membrane of the
traumatic CSDH. This thus establishes a triad of reactions involving
head trauma, chronic subdural hematoma (CSDH), and

frontiersin.org


https://doi.org/10.3389/fonc.2025.1517778
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Xiong et al. 10.3389/fonc.2025.1517778

FIGURE 2
Magnetic resonance imaging (MRI) of meningioma Before and after surgery. (A) Coronal MRI at the largest level of the tumor. (B) Sagittal MRI at the

largest level of the tumor (3.3x3x1.1 cm?). (C) Coronal MRI after craniotomy. (D) Sagittal MRI after craniotomy.

FIGURE 3
Photographs of extraordinary findings intraoperative. (A) After cutting through the dura mater, we found that the dura mater was intact and

uninvaded. and a layer of membranous tissue was discovered covering the brain surface. (B) After the membrane was incised, a solid tumor was
exposed, creeping growth along the membrane and fusing together. (C) The tumor was completely removed along with its surface membrane.
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FIGURE 4

The pathological diagnosis. (A) the tumor H—E staining: meningioma, Meningothelial type, WHO grade | (magnification: 200x) and immunohistochemical
staining results: SSTR (2 +), E-cadherin (membrane+), D2-40 (+), S-100 (nerve +), CK (Pan) (=), Vimentin (+), the EMA (local +), GFAP (=) and Ki67 (+ 2%),
ER (). (B) the tumor H-E staining (magnification: 400x). (C) The membrane: small pieces of fibrous cyst wall-like tissue with small vascular proliferation

and slight inflammatory cell infiltration (magnification: 200x).

meningioma.So this may provide new evidence that trauma is a risk
factor for meningioma,Cleverly, the CSDH serves as a critical
intermediary link in the process. However, in this case, the CSDH
was cured clinically and radiologically after burr-hole drainage.
Theoretically, the inflammatory factors should be significantly
reduced or even disappear after surgery, but a meningioma still
grew rapidly in a short period of time and fuse with the membrane.
Based on our aforementioned analysis, it is evident that both the
hematoma cavity and the outer membrane of CSDH contain a
variety of inflammatory mediators. Furthermore, some of these
substances play a promoting role in the development and
progression of meningiomas. Specifically, they can directly
stimulate tumor cell growth and proliferation, induce
angiogenesis in tumors, modify the tumor microenvironment,
and enhance tumor invasivenes,So could it be considered that the
residual outer membrane is still a potential risk factor? The
necessity of surgical removal of the outer membrane of CSDH
deserves further exploration. In addition, it is widely acknowledged
that a small amount of chronic subdural hematoma (CSDH) can be
managed conservatively through medication. The primary
approach involves administering low-dose oral glucocorticoids
and atorvastatin calcium, which serve to suppress the
inflammatory response and facilitate hematoma absorption
(30).Then, the issue of whether patients who have been cured
through surgery also need to use glucocorticoids for a period of
time and take atorvastatin calcium for a long time is worth further
discussion. Anyway this suggests that if CSDH occurs after trauma,
we should be alert to the possibility of meningioma and require
regular follow-up.

4 Conclusion

We report the first case of a meningioma growing under the
outer membrane of a traumatic CSDH after burr-hole drainage.
This phenomenon further emphasizes the important role of
inflammatory stimulation caused by trauma and chronic subdural
hematoma in the development of meningiomas. This may provide a
new evidence that head trauma is a risk factor for meningioma.

Frontiers in Oncology

Data availability statement

The datasets presented in this article are not readily available
because of ethical and privacy restrictions. Requests to access the
datasets should be directed to the corresponding author/s.

Ethics statement

The studies involving humans were approved by Ethics
Committee of Zhejiang hospital. The studies were conducted in
accordance with the local legislation and institutional requirements.
The participants provided their written informed consent to
participate in this study. Written informed consent was obtained
from the individual(s) for the publication of any potentially
identifiable images or data included in this article.

Author contributions

TX: Visualization, Writing — original draft, Writing - review &
editing, Conceptualization, Investigation. W-XL: Conceptualization,
Writing - review & editing. Z-XT: Conceptualization, Writing -
review & editing. J-CM: Visualization, Writing - review & editing.
HS: Conceptualization, Supervision, Writing — review & editing.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fonc.2025.1517778
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Xiong et al.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,

References

1. Masaaki U, Hiroyuki T, Satoshi H. Chronic subdural hematoma in elderly
patients: is this disease benign? Neurol Med Chir (Tokyo). (2017) 57:402-9.
doi: 10.2176/nmc.ra.2016-0337

2. Feghali J, Yang W, Huang J. Updates in chronic subdural hematoma:
epidemiology, etiology, pathogenesis, treatment, and outcome. World Neurosurg.
(2020) 141:339-45. doi: 10.1016/j.wneu.2020.06.140

3. Roland G, Pantelis S, Michael D, Felix S, Christian M, Damien CW, et al. EANO
guideline on the diagnosis and management of meningiomas. Neuro Oncol. (2021)
23:1821-34. doi: 10.1093/neuonc/noab150

4. Kumar S, Tatke M, Husain Z. Chordoid meningioma associated with chronic
subdural hematoma. Indian Pediatr. (1996) 33:783-5.

5. Di Rocco F, Mannino S, Puca A, Lauriola L, Pompucci A. Intracranial
meningiomas associated with non-traumatic chronic subdural hematoma. Acta
Neurochir (Wien). (2006) 148:1097-102. doi: 10.1007/s00701-006-0861-y

6. Teramoto S, Tsunoda A, Kawamura K, Sugiyama N, Saito R, Maruki C. Malignant
subdural hematoma associated with high-grade meningioma. Surg J (N Y). (2018) 4:
€91-5. doi: 10.1055/s-0038-1660511

7. Nery B, Costa R, Pereira L, Quaggio E, Coronatto LH, Tirapelli D, et al.
Spontaneous subdural hematoma associated with microcystic meningioma: first case
report in the literature. Br J Neurosurg. (2019) 33:428-31. doi: 10.1080/
02688697.2017.1346172

8. Worm PV, Ferreira MP, Ferreira NP, Cechetti F. Subdural haematoma in a
patient with meningioma. Arq Neuropsiquiatr. (2009) 67:308-10. doi: 10.1590/s0004-
282x2009000200028

9. Edlmann E, Giorgi-Coll S, Whitfield PC, Carpenter K, Hutchinson PJ.
Pathophysiology of chronic subdural haematoma: inflammation, angiogenesis and
implications for pharmacotherapy. J Neuroinflammation. (2017) 14:108. doi: 10.1186/
512974-017-0881-y

10. Marosi C, Hassler M, Roessler K, Reni M, Sant M, Mazza E, et al. Meningioma.
Crit Rev Oncol Hematol. (2008) 67:153-71. doi: 10.1016/j.critrevonc.2008.01.010

11. Salehi F, Jalali S, Alkins R, Lee JI, Lwu S, Burrell K, et al. Proteins involved in
regulating bone invasion in skull base meningiomas. Acta Neurochir (Wien). (2013)
155:421-7. doi: 10.1007/s00701-012-1577-9

12. Bounajem MT, Campbell RA, Denorme F, Grandhi R. Paradigms in chronic
subdural hematoma pathophysiology: current treatments and new directions. ] Trauma
Acute Care Surg. (2021) 91:e134-41. doi: 10.1097/TA.0000000000003404

13. Kalamatianos T, Stavrinou LC, Koutsarnakis C, Psachoulia C, Sakas DE,
Stranjalis G. Plgf and svegfr-1 in chronic subdural hematoma: implications for
hematoma development. J Neurosurg. (2013) 118:353-7. doi: 10.3171/
2012.10.JNS12327

14. Pfister C, Pfrommer H, Tatagiba MS, Roser F. Vascular endothelial growth factor
signals through platelet-derived growth factor receptor beta in meningiomas in vitro. Br
J Cancer. (2012) 107:1702-13. doi: 10.1038/bjc.2012.459

15. Schmid S, Aboul-Enein F, Pfisterer W, Birkner T, Stadek C, Knosp E. Vascular
endothelial growth factor: the major factor for tumor neovascularization and edema
formation in meningioma patients. Neurosurgery. (2010) 67:1703-8. doi: 10.1227/
NEU.0b013e3181fb801b

16. Ragel BT, Jensen RL, Gillespie DL, Prescott SM, Couldwell WT. Celecoxib
inhibits meningioma tumor growth in a mouse xenograft model. Cancer. (2007)
109:588-97. doi: 10.1002/cncr.22441

Frontiers in Oncology

06

10.3389/fonc.2025.1517778

or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2025.1517778/
full#supplementary-material

17. Kato Y, Nishihara H, Mohri H, Kanno H, Kobayashi H, Kimura T, et al.
Clinicopathological evaluation of cyclooxygenase-2 expression in meningioma:
immunohistochemical analysis of 76 cases of low and high-grade meningioma. Brain
Tumor Pathol. (2014) 31:23-30. doi: 10.1007/s10014-012-0127-8

18. Li RL, He LY, Zhang Q, Liu J, Lu F, Duan HX, et al. Hif-1lalpha is a potential
molecular target for herbal medicine to treat diseases. Drug Des Devel Ther. (2020)
14:4915-49. doi: 10.2147/DDDT.S274980

19. Butta S, Gupta MK. Hif 1 alpha - a promising target for the treatment of
meningiomas. Med Pharm Rep. (2023) 96:170-4. doi: 10.15386/mpr-2059

20. Coven I, Ozer O, Ozen O, Sahin FI, Altinors N. Presence of matrix
metalloproteinase-2 and tissue inhibitor matrix metalloproteinase-2 gene
polymorphisms and immunohistochemical expressions in intracranial meningiomas.
J Neurosurg. (2014) 121:1478-82. doi: 10.3171/2014.8.JNS13515

21. Park JS, Kim IK, Han S, Park I, Kim C, Bae J, et al. Normalization of tumor
vessels by tie2 activation and ang2 inhibition enhances drug delivery and produces a
favorable tumor microenvironment. Cancer Cell. (2016) 30:953-67. doi: 10.1016/
j.ccell.2016.10.018

22. Hu B, Jarzynka MJ, Guo P, Imanishi Y, Schlaepfer DD, Cheng SY. Angiopoietin
2 induces glioma cell invasion by stimulating matrix metalloprotease 2 expression
through the alphavbetal integrin and focal adhesion kinase signaling pathway. Cancer
Res. (2006) 66:775-83. doi: 10.1158/0008-5472.CAN-05-1149

23. Francois P, N’Dri D, Bergemer-Fouquet AM, Ben IM, Papagiannaki C, Cottier
JP, et al. Post-traumatic meningioma: three case reports of this rare condition and a
review of the literature. Acta Neurochir (Wien). (2010) 152:1755-60. doi: 10.1007/
s00701-010-0730-6

24. Kuan AS, Chen YT, Teng CJ, Wang SJ, Chen MT. Risk of meningioma in
patients with head injury: a nationwide population-based study. J Chin Med Assoc.
(2014) 77:457-62. doi: 10.1016/j.jcma.2014.06.005

25. Syrmos N, Iliadis C, Valadakis V, Grigoriou K, Paltatzidou K, Marakaki C, et al.
Severe traumatic brain injuries in the elderly. . Ann Gen Psychiatry. (2010) 9:S85.
doi: 10.1186/1744-859X-9-S1-S85

26. Ganau M, Syrmos N, Paris M, Ganau L, Ligarotti GKI, Moghaddamjou A, et al.
Current and future applications of biomedical engineering for proteomic profiling:
predictive biomarkers in neuro-traumatology. Medicines (Basel). (2018) 5:19.
doi: 10.3390/medicines5010019

27. Dasic D, Morgan L, Panezai A, Syrmos N, Ligarotti GKI, Zaed I, et al. A scoping
review on the challenges, improvement programs, and relevant output metrics for
neurotrauma services in major trauma centers. Surg Neurol Int. (2022) 29:13.
doi: 10.25259/SN1_203_2022

28. Ganau L, Syrmos N, Ligarotti GKI, Ganau M. Seeking a fine balance between
effective antithrombotic prophylaxis and safety drug profile in the elderly population:
the special case of traumatic brain injury. Acta Neurochir (Wien). (2023) 165:2215-8.
doi: 10.1007/s00701-023-05699-z

29. Shah DS, Sanan A, Morell AA, Eichberg DG, Shah AH, Luther E, et al.
Traumatic brain injury and subsequent brain tumor development: a systematic
review of the literature. Neurosurg Rev. (2022) 45:3003-18. doi: 10.1007/s10143-022-
01819-y

30. Wang D, Gao C, Xu X, Chen T, Tian Y, Wei H]J, et al. Treatment of chronic
subdural hematoma with atorvastatin combined with low-dose dexamethasone: phase
II randomized proof-of-concept clinical trial. J Neurosurg. (2020) 134:235-43.
doi: 10.3171/2019.11.JNS192020

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2025.1517778/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2025.1517778/full#supplementary-material
https://doi.org/10.2176/nmc.ra.2016-0337
https://doi.org/10.1016/j.wneu.2020.06.140
https://doi.org/10.1093/neuonc/noab150
https://doi.org/10.1007/s00701-006-0861-y
https://doi.org/10.1055/s-0038-1660511
https://doi.org/10.1080/02688697.2017.1346172
https://doi.org/10.1080/02688697.2017.1346172
https://doi.org/10.1590/s0004-282x2009000200028
https://doi.org/10.1590/s0004-282x2009000200028
https://doi.org/10.1186/s12974-017-0881-y
https://doi.org/10.1186/s12974-017-0881-y
https://doi.org/10.1016/j.critrevonc.2008.01.010
https://doi.org/10.1007/s00701-012-1577-9
https://doi.org/10.1097/TA.0000000000003404
https://doi.org/10.3171/2012.10.JNS12327
https://doi.org/10.3171/2012.10.JNS12327
https://doi.org/10.1038/bjc.2012.459
https://doi.org/10.1227/NEU.0b013e3181fb801b
https://doi.org/10.1227/NEU.0b013e3181fb801b
https://doi.org/10.1002/cncr.22441
https://doi.org/10.1007/s10014-012-0127-8
https://doi.org/10.2147/DDDT.S274980
https://doi.org/10.15386/mpr-2059
https://doi.org/10.3171/2014.8.JNS13515
https://doi.org/10.1016/j.ccell.2016.10.018
https://doi.org/10.1016/j.ccell.2016.10.018
https://doi.org/10.1158/0008-5472.CAN-05-1149
https://doi.org/10.1007/s00701-010-0730-6
https://doi.org/10.1007/s00701-010-0730-6
https://doi.org/10.1016/j.jcma.2014.06.005
https://doi.org/10.1186/1744-859X-9-S1-S85
https://doi.org/10.3390/medicines5010019
https://doi.org/10.25259/SNI_203_2022
https://doi.org/10.1007/s00701-023-05699-z
https://doi.org/10.1007/s10143-022-01819-y
https://doi.org/10.1007/s10143-022-01819-y
https://doi.org/10.3171/2019.11.JNS192020
https://doi.org/10.3389/fonc.2025.1517778
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Meningioma growth beneath the outer membrane of a traumatic chronic subdural hematoma after burr-hole drainage: a case report and literature review
	1 Introduction
	2 Case presentation
	3 Discussion
	4 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


