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1. Introduction

Alzheimer's disease (AD) is the most prevalent form 
of dementia, accounting for 60-70% of all cases 
worldwide (1). As a progressive neurodegenerative 
condition, it clinically manifests as cognitive decline, 
behavioral disturbances, and impaired activities of 
daily living (2). Pathologically, it is characterized by 
extracellular deposition of β-amyloid (Aβ) plaques, 
intracellular neurofibrillary tangles consisting of 
hyperphosphorylated tau protein, synaptic dysfunction, 
and neuroinflammation (3). According to the World 
Alzheimer Report 2023, over 55 million people 
globally are living with dementia, and this number is 
projected to exceed 139 million by 2050 (1). In China, 
the prevalence of AD is increasing rapidly due to aging 
of the population and it affects more than 10 million 
individuals, making it one of the most burdensome 
chronic neurological diseases in the country (4).
 Despite continuous progress in drug development, 
current treatments for AD remain largely symptomatic, 
aiming to temporarily improve cognition or delay 
decline. Cholinesterase inhibitors and NMDA receptor 
antagonists are commonly used, but they have limited 
impact on disease progression (5). Recently, the 
exploration of disease-modifying therapies has shifted 
attention to pathological mechanisms such as impaired 

clearance of brain-derived metabolic waste, and 
particularly Aβ and tau aggregates.
 Stem cell-based therapies have shown promise 
in preclinical studies by modulating inflammation, 
enhancing neuroprotection, and promoting neurogenesis 
(6). In China, policy support for stem cell and exosome-
based treatment of neurological diseases is growing. 
Notably, on March 22, 2025, during the Boao Lecheng 
Stem Cell Conference, Chinese regulatory authorities 
announced for the first time the official pathways 
for approval, pricing, admission criteria, and clinical 
translation of stem cells projects. Several innovative 
therapies were granted pilot application status. However, 
stem cell-based interventions for AD remain in the 
clinical trial stage and have yet to enter routine clinical 
practice (2).
 In this context, a novel microsurgical approach 
known as deep cervical lymphaticovenous anastomosis 
(LVA) has garnered increasing attention in China. This 
technique aims to enhance the clearance of cerebrospinal 
fluid (CSF) and interstitial fluid (ISF) by reconstructing 
a drainage route between the meningeal lymphatics and 
venous system (7). Several clinical centers, including 
those in Hangzhou, Shanghai, Nanjing, Harbin, 
Zhengzhou, and Zunyi, have launched exploratory 
studies using LVA in patients with AD (Table 1) (8-13). 
Preliminary results suggest potential improvements in 
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cognition, imaging biomarkers, and metabolic clearance 
efficiency (14). While preliminary clinical findings 
from China are intriguing, the field now stands at a 
critical juncture: will LVA mark a paradigm shift in AD 
treatment, or have we gotten ahead of the evidence?

2. Anatomical basis and therapeutic mechanism of 
LVA

The clearance of intracranial metabolic waste has long 
been a central issue in understanding the pathogenesis 
of AD (15). Traditionally, the central nervous system 
was believed to lack a conventional lymphatic system, 
with metabolic waste being primarily eliminated through 
arachnoid granulations into the venous circulation (16). 
However, recent studies have noted the presence of 
specialized lymphatic structures in the meninges, known 
as meningeal lymphatic vessels (MLVs), which connect 
with the deep cervical lymph nodes (dcLNs) (17,18). 
This discovery provides anatomical evidence supporting 
the drainage of CSF and ISF from the brain (Figure 1).
 Imaging data suggest that CSF efflux via perisinusal 
and paravascular meningeal lymphatic pathways may 
be significantly greater ‒ potentially up to 180% ‒ 
than drainage through basal dural lymphatic routes 
(19). Approximately 50% of CSF clearance is believed 
to occur through cervical lymphatic drainage into 
the cervical lymph nodes (18,20,21). The remaining 
CSF is routed through the spinal cord to mediastinal, 
iliac, and sacral lymph nodes (22,23), or drains via 
perivascular spaces (21). Toxic molecules including 
Aβ, hyperphosphorylated tau, inflammatory mediators, 
and other metabolic byproducts are transported out 
of the brain through these lymphatic channels (17,24-
26). When the meningeal lymphatic system is impaired 
or obstructed, clearance efficiency declines, resulting 
in the accumulation of neurotoxic waste in the brain, 
activation of neuroinflammation, and the progression of 
neurodegeneration (27). These processes may play a key 
role in the pathogenesis and exacerbation of AD (26,28).
 LVA has been proposed as a surgical intervention 
grounded in the clearance pathway hypothesis mentioned 
earlier. Using microsurgical techniques, LVA establishes 
an anastomosis between downstream lymphatic structures 
‒ such as deep cervical lymphatic vessels or nodes ‒ 
and adjacent venous branches (e.g., the internal jugular 
vein, IJV) to create a low-resistance drainage route, 
thereby enhancing the efflux of brain-derived metabolic 
waste (7,29). Intraoperatively, sodium fluorescein or 
indocyanine green (ICG) is often used in lymphatic 
mapping to assist in identifying functional lymphatic 
vessels (30). Under a high-magnification microsurgical 
field, lymphaticovenous anastomoses are typically 
performed using vessels with diameters between 0.5-
0.8 mm (14). The most commonly employed techniques 
include end-to-side and end-to-end anastomoses, both 
of which are designed to minimize venous reflux and 
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MLV functionality (26).
 In an animal model of AD, reduced MLV function 
is directly associated with increased Aβ accumulation 
in the cortex and hippocampus, leading to neuronal 
damage and cognitive impairment (33). The decline 
in MLV function not only impairs the clearance 
of Aβ and other metabolic waste but also triggers 
neuroinflammatory responses. Studies have shown that 
during the progression of AD, VEGF-C expression 
in meningeal tissues declines significantly, leading to 
impaired lymphangiogenesis, reduced Aβ clearance 
capacity, and localized neurotoxic inflammation (33). 
Treatment with exogenous VEGF-C has been shown 
to improve Aβ clearance by over 40%, along with a 
significant enhancement in cognitive performance (34). 

maintain the long-term patency of the connection (7,14). 
With the development of supermicrosurgery, some 
studies have explored finer anastomoses involving 
vessels smaller than 0.5 mm, which may enhance conduit 
stability and reduce tissue reactivity.
 In patients with AD, functional evaluation of the 
MLV system can be performed using contrast-enhanced 
magnetic resonance imaging (MRI) (31). Imaging studies 
have demonstrated that MLV function is significantly 
impaired in AD, and particularly in its moderate to 
advanced stages, with lymphatic flow decreasing by 
nearly 40% compared to age-matched controls (26,32). 
Further evidence suggests that CSF flow disturbances are 
strongly correlated with cognitive decline and that the 
efficiency of Aβ clearance is positively associated with 

Figure 1. Schematic diagram of the MLVs and pathways of metabolic waste clearance. Notes: Green lines indicate lymphatic routes; blue, 
venous structures; arrows, waste flow direction. Aβ, β-amyloid; CSF, cerebrospinal fluid; dcLNs, deep cervical lymph nodes; MLVs, meningeal 
lymphatic vessels; p-Tau, hyperphosphorylated tau protein; IJV, internal jugular vein.
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Additionally, mechanical stress induced by CSF flow 
dynamics may regulate VEGF-C expression and thereby 
modulate lymphatic function indirectly (35). In 5xFAD 
mice, ablation of MLVs results in a significant increase 
in meningeal macrophage populations within just one 
week, indicating that Aβ accumulation in dysfunctional 
MLVs induces local inflammation (26). Subsequent 
studies have demonstrated that restoring MLV function 
can effectively suppress microglial overactivation and 
attenuate chronic neuroinflammation within the brain 
(36). Other findings suggest that CSF hydrodynamic 
abnormalities associated with AD may impair Piezo1 
channel activation, thereby reducing the mechanosensory 
capacity of MLVs, impairing waste clearance, and 
promoting Aβ deposition in brain tissues (37).
 In summary, dysfunction of the MLV system is 
closely associated with impaired metabolic waste 
clearance and heightened neuroinflammation in 
AD. Given this mechanism, LVA represents a novel 
surgical intervention aimed at reestablishing lymphatic-
venous drainage and improving intracranial metabolic 
homeostasis. It is rapidly gaining attention as a promising 
exploratory approach in the treatment of AD.

3. Clinical challenges and future directions

Currently, the use of LVA to treat AD remains in an 
exploratory phase. Most clinical studies conducted 
to date are observational or non-randomized, with 
small sample sizes, heterogeneity in study design, 
and inconsistent outcome measures. Critically, there 
is a lack of high-quality, multicenter, double-blind, 
prospective randomized controlled trials (RCTs), which 
significantly limits the robustness and generalizability of 
the evidence base. Given that AD is a slowly progressive 
neurodegenerative condition, short-term follow-up is 
insufficient to fully evaluate the long-term effects of a 
surgical intervention on disease trajectory. Large-scale, 
methodologically rigorous, and long-duration studies 
need to be promptly conducted to assess the sustainability 
of therapeutic benefits, clarify patient eligibility criteria, 
compare the efficacy of different surgical techniques, and 
document postoperative complications. A structured and 
scientifically sound research framework is essential.
 Notably, there is substantial variability among 
clinical centers in terms of preoperative assessment and 
inclusion criteria. The absence of standardized patient 
selection protocols and clearly defined inclusion and 
exclusion criteria undermines the reliability of the current 
findings. Given the substantial clinical and pathological 
heterogeneity inherent in AD, whether LVA offers 
universal benefit remains unclear. Future efforts should 
prioritize the development of individualized screening 
models incorporating pathology subtypes, neuroimaging 
profiles, CSF dynamics, biomarker levels, and cognitive 
assessments. Such precision-based approaches would 
optimize patient selection, enhance treatment efficacy, 

and minimize unnecessary or ineffective interventions.
 From a technical perspective, LVA is substantiated 
by a well-defined anatomical rationale, but there are 
still inconsistencies in its implementation. The type of 
anastomosis (e.g., end-to-end, end-to-side, lymphatic 
valve reconstruction), choice of target vessels, 
intraoperative imaging techniques, and postoperative 
assessment protocols vary among facilities. Given that 
the procedure requires high-level supermicrosurgical 
skills and is technically demanding, differences in the 
surgeon's experience and technique may directly impact 
outcomes. To ensure safety, reproducibility, and broader 
adoption, a unified set of technical guidelines and a 
formalized training and credentialing system should be 
established.
 Ethical and regulatory considerations are equally 
critical. As an invasive intervention, and particularly 
one in a population with cognitive impairment, the 
ethical performance of LVA must be rigorously upheld. 
Comprehensive informed consent procedures are 
essential, ensuring that patients and their caregivers 
fully understand the purpose, anticipated benefits, 
uncertainties, and potential risks of the surgery.
 Despite these challenges, LVA represents a novel 
intervention that seeks to restore the brain's metabolic 
clearance pathways—an emerging paradigm in the 
management of AD. Future studies should explore the 
potential synergy between LVA and other therapeutic 
strategies, including stem cell therapy (6), anti-Aβ 
monoclonal antibodies  (38,39), and neurorehabilitation 
techniques such as sensory-paired associative stimulation 
(SPA) (40). International research, including work 
by Louveau et al. (41) and Iliff et al. (42), has laid a 
theoretical foundation for the role of the MLV system in 
neurological disease. Future clinical trials of LVA should 
adopt internationally benchmarked methodologies, 
including multicenter, double-blind, and stratified 
randomization designs, to elevate the level of evidence 
and facilitate a global consensus.

4. Conclusion

LVA has emerged as a promising microsurgical 
technique based on the MLV system's role in clearing 
brain metabolic waste. Early clinical studies suggest 
that LVA may improve waste drainage and delay disease 
progression in AD, with preliminary evidence supporting 
its short-term efficacy and safety. China is at the forefront 
of global exploration in this area, with multiple centers 
reporting initial procedural experience and technical 
innovation.
 Nevertheless, LVA remains in the early stages of 
clinical validation. Most existing studies are limited 
in sample size and methodological rigor and lack 
standardized protocols or high-quality evidence to 
support widespread clinical adoption.
 In summary, LVA introduces a novel therapeutic 
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concept centered on reconstructing brain clearance 
pathways. It expands the scope of AD treatment beyond 
conventional pharmacology. As a technology still under 
evaluation, its future clinical relevance will depend on 
in-depth research into mechanisms, rigorous validation 
in clinical trials, and collaborative development of 
standardized procedures. Only through the convergence 
of verified efficacy, technical standardization, and robust 
regulatory oversight can LVA attain a clearly defined role 
in the evolving multimodal treatment landscape of AD.

Funding: This work was supported by grants from 
National Natural Science Foundation of China (no. 
82460268), the Hainan Province Clinical Medical 
Research Center (no. LCYX202309), and the Hainan 
Province Postdoctoral Research Project (no. 403254).

Conflict of Interest: The authors have no conflicts of 
interest to disclose.

References

1. Collaborators GBDDF. Estimation of the global 
prevalence of dementia in 2019 and forecasted prevalence 
in 2050: An analysis for the Global Burden of Disease 
Study 2019. Lancet Public Health. 2022; 7:e105-e125.

2. Ma YN, Hu X, Karako K, Song P, Tang W, Xia Y. 
Exploring the multiple therapeutic mechanisms and 
challenges of mesenchymal stem cell-derived exosomes in 
Alzheimer's disease. Biosci Trends. 2024; 18:413-430.

3. Hu X, Ma YN, Xia Y. Association between abnormal lipid 
metabolism and Alzheimer's disease: New research has 
revealed significant findings on the APOE4 genotype in 
microglia. Biosci Trends. 2024; 18:195-197.

4. Wang Gang, Qi Jinlei, Liu Xinya, et al. China Alzheimer's 
Disease Report 2024. Diagnostics Theory and Practice. 
2024; 23:219-256. (in Chinese)

5. Ya-nan Ma XH, Ying Xia, Peipei Song, Wei Tang. 
Unraveling the mysteries of Alzheimer's disease: The 
critical role of the brain lymphatic system and therapeutic 
prospects. The New Perspectives Journal of Medicine. 
2024; 1:257-259. (in Chinese)

6. Hu X, Ma YN, Peng J, Wang Z, Liang Y, Xia Y. Exosomes 
derived from olfactory mucosa mesenchymal stem cells 
attenuate cognitive impairment in a mouse model of 
Alzheimer's disease. Biosci Trends. 2025. doi: 10.5582/
bst.2025.01065.

7. Hong JP, Chen WF, Nguyen DH, Xie Q. A proposed role 
for lymphatic supermicrosurgery in the management 
of Alzheimer's disease: A primer for reconstructive 
microsurgeons. Arch Plast Surg. 2025; 52:96-103.

8. Qiushi Hospital, Hangzhou. Exploring professor 
Xie Qingping's surgical team: The birthplace of a 
groundbreaking procedure to alleviate Alzheimer's 
d i s e a s e .  h t t p s : / / w w w. q i u s h i h o s p i t a l . c o m /
article/5387575015001878 (accessd March 20, 2025) (in 
Chinese)

9. The First People's Hospital of Zunyi. From forgetfulness 
to recalling memories: After surgical treatment for 
Alzheimer's disease, he called out his daughter's name. 
http://www.zunyihospital.com/culture_xxzl/2024/
xboQAYeg.html (accessd March 20, 2025) (in Chinese)

10. Shanghai Ninth People's Hospital, Shanghai Jiao Tong 
University School of Medicine. Clinical study by Shanghai 
experts: Surgery improves cerebral lymphatic circulation 
and slows the progression of severe Alzheimer's disease. 
https://www.9hospital.com.cn/djy_web/html/djy/jy_xwgg_
mtjd/2024-09-24/Detail_474011.htm (accessd March 20, 
2025) (in Chinese)

11. Zhengzhou Central Hospital. 100 cases in 9 months! First 
in the province to pioneer minimally invasive surgery for 
Alzheimer's disease. https://www.zzszxyy.com/detail/8416.
html (accessd March 20, 2025) (in Chinese)

12. The Second Hospital Affiliated with Harbin Medical 
University. Cervical deep lymphatic-venous anastomosis 
for the treatment of Alzheimer's disease. https://www.
hrbmush.edu.cn/info/1155/8534.htm (accessd March 20, 
2025) (in Chinese)

13. Nanj ing F i r s t Hosp i ta l . Surg ica l t r ea tment o f 
Alzheimer's disease. https://mp.weixin.qq.com/s/eF-
Xk-gLdoRi6KokTzOdqw (accessd March 20, 2025) (in 
Chinese)

14. Li Ke, Wen Ke, Ai Songtao, et al. Preliminary clinical 
observation on the treatment of Alzheimer's disease with 
cervical level II/III lymphatic-venous anastomosis. Tissue 
Engineer Reconstruct Surg. 2025; 21:10-13. (in Chinese)

15. Iliff JJ, Wang M, Liao Y, Plogg BA, Peng W, Gundersen 
GA, Benveniste H, Vates GE, Deane R, Goldman SA, 
Nagelhus EA, Nedergaard M. A paravascular pathway 
facilitates CSF flow through the brain parenchyma and the 
clearance of interstitial solutes, including amyloid beta. 
Sci Transl Med. 2012; 4:147ra111.

16. Sandrone S, Moreno-Zambrano D, Kipnis J, van Gijn J. A 
(delayed) history of the brain lymphatic system. Nat Med. 
2019; 25:538-540.

17. Li W, Chen D, Liu N, Luan Y, Zhu S, Wang H. 
Modulation of lymphatic transport in the central nervous 
system. Theranostics. 2022; 12:1117-1131.

18. Proulx ST. Cerebrospinal fluid outflow: A review of the 
historical and contemporary evidence for arachnoid villi, 
perineural routes, and dural lymphatics. Cell Mol Life Sci. 
2021; 78:2429-2457.

19. Yoon JH, Jin H, Kim HJ, Hong SP, Yang MJ, Ahn JH, 
Kim YC, Seo J, Lee Y, McDonald DM, Davis MJ, Koh 
GY. Nasopharyngeal lymphatic plexus is a hub for 
cerebrospinal fluid drainage. Nature. 2024; 625:768-777.

20. Ma Q, Ineichen BV, Detmar M, Proulx ST. Outflow of 
cerebrospinal fluid is predominantly through lymphatic 
vessels and is reduced in aged mice. Nat Commun. 2017; 
8:1434.

21. Cserr HF, Harling-Berg CJ, Knopf PM. Drainage of brain 
extracellular fluid into blood and deep cervical lymph and 
its immunological significance. Brain Pathol. 1992; 2:269-
276.

22. Jacob L, Boisserand LSB, Geraldo LHM, et al. Anatomy 
and function of the vertebral column lymphatic network in 
mice. Nat Commun. 2019; 10:4594.

23. Ma Q, Decker Y, Muller A, Ineichen BV, Proulx ST. 
Clearance of cerebrospinal fluid from the sacral spine 
through lymphatic vessels. J Exp Med. 2019; 216:2492-
2502.

24. Zou W, Pu T, Feng W, Lu M, Zheng Y, Du R, Xiao M, Hu 
G. Blocking meningeal lymphatic drainage aggravates 
Parkinson's disease-like pathology in mice overexpressing 
mutated alpha-synuclein. Transl Neurodegener. 2019; 8:7.

25. Ding XB, Wang XX, Xia DH, et al. Impaired meningeal 
lymphatic drainage in patients with idiopathic Parkinson's 



BioScience Trends. 2025; 19(2):144-149.                                                  www.biosciencetrends.comBioScience Trends. 2025; 19(2):144-149.                                                  www.biosciencetrends.com

(149)

disease. Nat Med. 2021; 27:411-418.
26. Da Mesquita S, Louveau A, Vaccari A, et al. Functional 

aspects of meningeal lymphatics in ageing and Alzheimer's 
disease. Nature. 2018; 560:185-191.

27. Kim K, Abramishvili D, Du S, Papadopoulos Z, Cao J, 
Herz J, Smirnov I, Thomas JL, Colonna M, Kipnis J. 
Meningeal lymphatics-microglia axis regulates synaptic 
physiology. Cell. 2025. doi:10.1016/j.cell.2025.02.022

28. Laaker C, Baenen C, Kovacs KG, Sandor M, Fabry 
Z. Immune cells as messengers from the CNS to the 
periphery: The role of the meningeal lymphatic system 
in immune cell migration from the CNS. Front Immunol. 
2023; 14:1233908.

29. Xie Q, Louveau A, Pandey S, Zeng W, Chen WF. Rewiring 
the brain: The next frontier in supermicrosurgery. Plast 
Reconstr Surg. 2024; 153:494e-495e.

30. Gan Cheng, Kong Zhengdong, Ran Xiaoye, et al. Short-
term outcomes of deep cervical lymph node–venous 
anastomosis in the treatment of Alzheimer's disease. Chin 
J Plastic Surg. 2025; 41:130-143. (in Chinese)

31. Ringstad G, Vatnehol SAS, Eide PK. Glymphatic MRI in 
idiopathic normal pressure hydrocephalus. Brain. 2017; 
140:2691-2705.

32. Kress BT, Iliff JJ, Xia M, Wang M, Wei HS, Zeppenfeld D, 
Xie L, Kang H, Xu Q, Liew JA, Plog BA, Ding F, Deane 
R, Nedergaard M. Impairment of paravascular clearance 
pathways in the aging brain. Ann Neurol. 2014; 76:845-
861.

33. Da Mesquita S, Papadopoulos Z, Dykstra T, et al. 
Meningeal lymphatics affect microglia responses and anti-
Abeta immunotherapy. Nature. 2021; 593:255-260.

34. Wen YR, Yang JH, Wang X, Yao ZB. Induced dural 
lymphangiogenesis facilities soluble amyloid-beta 
clearance from brain in a transgenic mouse model of 
Alzheimer's disease. Neural Regen Res. 2018; 13:709-
716.

35. Nikolenko VN, Oganesyan MV, Vovkogon AD, et al. 
Current understanding of central nervous system drainage 
systems: Implications in the context of neurodegenerative 
diseases. Curr Neuropharmacol. 2020; 18:1054-1063.

36. Virenque A, Koivisto H, Antila S, Zub E, Rooney EJ, 
Miszczuk D, Muller A, Stoka E, Marchi N, Alitalo 
K, Tanila H, Noe FM. Significance of developmental 
meningeal lymphatic dysfunction in experimental post-
traumatic injury. Brain Behav Immun Health. 2022; 
23:100466.

37. Xiao B. Levering mechanically activated Piezo channels 
for potential pharmacological intervention. Annu Rev 
Pharmacol Toxicol. 2020; 60:195-218.

38. Lu D, Dou F, Gao J. Development of amyloid beta-
directed antibodies against Alzheimer's disease: Twists 
and turns. Drug Discov Ther. 2023; 17:440-444.

39. Yang P, Sun F. Aducanumab: The f irst targeted 
Alzheimer's therapy. Drug Discov Ther. 2021; 15:166-
168.

40. Peng Y, Zou Y, Asakawa T. The glamor of and insights 
regarding hydrotherapy, from simple immersion to 
advanced computer-assisted exercises: A narrative review. 
Biosci Trends. 2025; 19:10-30.

41. Louveau A, Herz J, Alme MN, et al. CNS lymphatic 
drainage and neuroinflammation are regulated by 
meningeal lymphatic vasculature. Nat Neurosci. 2018; 
21:1380-1391.

42. Zeppenfeld DM, Simon M, Haswell JD, D'Abreo D, 
Murchison C, Quinn JF, Grafe MR, Woltjer RL, Kaye 
J, Iliff JJ. Association of perivascular localization of 
Aquaporin-4 with cognition and Alzheimer disease in 
aging brains. JAMA Neurol. 2017; 74:91-99.

Received March 14, 2025; Revised April 8, 2025; Accepted 
April 12, 2025.

*Address correspondence to:
Wei Tang, International Health Care Center, National Center 
for Global Health and Medicine, Japan Institute for Health 
Security, Tokyo 162-8655, Japan.
E-mail: politang-tky@umin.ac.jp

Released online in J-STAGE as advance publication April 15, 
2025.


