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Abstract: Alzheimer’s disease (AD) is increasingly understood as a syndrome of
clearance failure rather than solely one of protein overproduction. The "glymphatic -
lymphatic continuum"—comprising a glial-mediated perivascular exchange network
and a downstream meningeal lymphatic drainage system—serves as the brain’s
primary macroscopic waste removal pathway. In 2026, research has solidified the
role of this continuum in AD pathogenesis, identifying aquaporin-4 (AQP4)
polarization, sleep architecture, and cervical lymphatic health as critical pillars for
neurological homeostasis. This review synthesizes current evidence on the
physiological drivers of clearance, the impact of the APOE ¢4 allele on lymphatic
function, and emerging therapeutic interventions, including robotic-assisted and Al-
guided diagnostics such as the DTI-ALPS index.
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1. Introduction

For decades, Alzheimer’s disease research was dominated by the "Amyloid
Hypothesis," focusing on the production and aggregation of amyloid-beta (Ap) and
tau proteins. However, the discovery of the glymphatic system in 2012, followed by
the re-discovery of meningeal lymphatic vessels (mLVs), shifted the focus toward
the "Clearance Failure Hypothesis". In 2026, the brain’s waste clearance is viewed as
a unified "continuum” where cerebrospinal fluid (CSF) and interstitial fluid (ISF)
exchange paravascularly to sweep solutes into a lymphatic drainage network that
ultimately exits into the cervical lymph nodes.

2. Anatomical Foundations: The Glymphatic-Lymphatic Unity

The glymphatic system is a glia-dependent perivascular network. It facilitates the
influx of CSF into the brain parenchyma through peri-arterial spaces and the efflux of
waste-laden ISF through peri-venous routes.

The Glial Gateway: This process is mediated by Aquaporin-4 (AQP4) water
channels concentrated on astrocytic endfeet.
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The Lymphatic Drain: Solutes cleared via the glymphatic pathway eventually
reach mLVs located along the dural sinuses. Recent evidence suggests that mLVs are
the primary determinants of total CSF clearance rate, and their decline with aging
directly mirrors the onset of AD-related pathology.

3. Physiological Drivers of Waste Clearance

By 2026, several key drivers of fluid flow within this continuum have been
established as clinical priorities.

Arterial Pulsatility: The "pump" driving CSF-ISF exchange is primarily the
pulsation of cerebral arteries. Vascular stiffness in aging or small vessel disease
dampens these pulses, leadingto "clogged" clearance pathways.

The Crucial Role of Sleep: Clearance is dramatically enhanced—by up to 60%—
during deep, slow-wave sleep (NREM). Chronic sleep fragmentation and deprivation
are now recognized as independent causative risk factors for Ap deposition due to
prolonged suppression of glymphatic flux.

Circadian Rhythms: Glymphatic activity follows a diurnal rhythm, synchronized
by the suprachiasmatic nucleus. In AD patients, the loss of these circadian cycles
often precedes visible memory loss, serving as a "pre-symptomatic" red flag.

4. Molecular Pathology: AQP4 Polarizationand APOE

The distribution of AQP4 is a critical marker of clearance health. In a healthy brain,
AQP4 is "polarized"” toward blood vessels.

Depolarization in AD: In AD, AQP4 migrates from the endfeet to the astrocyte
soma (depolarization). This redistribution is linked to astrogliosis and significantly
slows the clearance of AB and tau, creatinga vicious cycle of protein accumulation.

The APOE €4 Impact: Research in late 2025 has confirmed that the APOE
¢4 allele, the strongest genetic risk factor for late-onset AD, disrupts meningeal
lymphatic function, leading to early-stage AP clearance deficits long before plaques
are detectable by PET imaging.

5. Advanced Clinical Diagnosticsin 2026

Traditional PET and CSF biomarkers are now supplemented by non-invasive MRI-
based techniques.

DTI-ALPS Index: The Diffusion Tensor Imaging along the Perivascular Space

(ALPS) index is the 2026 gold standard for measuring glymphatic function in humans.

A low ALPS index score is highly predictive of cognitive decline and identifies "at-
risk" patients even when amyloid tests are borderline.

Dynamic MRI with Contrast: The passage of intrathecal dye (like gadolinium) is
used to map distinct perivascular channels in humans, confirming the existence of the
glymphatic network in vivo for clinical use.

6. Emerging Therapeutic Frontiers

As of 2026, AD therapy is transitioning from symptom management to enhancing
clearance.
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AQP4 Modulation: Drugs targeting AQP4 "agonists" or agents that prevent
depolarization are under clinical evaluation to "re-open" the brain’s washing system.

Lymphatic Rejuvenation: Novel surgical interventions, such as Cervical
Lymphaticovenous Anastomosis (LVA), aim to bypass age-related blockages in
lymphatic drainage to restore waste efflux.

Photobiomodulation: Non-invasive near-infrared light therapy is being tested for
its ability to repair mLVs and restore fluid turnover.

Sleep-Based Interventions: Precision sleep medicine, using dual orexin receptor
antagonists (DORAS), is shown to alleviate AQP4 depolarization and promote A
clearance.

7. Conclusion

The glymphatic-lymphatic continuum represents a major frontier in neurology. In
2026, the clinical paradigm has shifted to view AD as a systemic failure of waste
management. By prioritizing the health of this continuum through vascular
maintenance, sleep optimization, and molecular targeting of AQP4, the medical
community is moving toward a future where neurodegeneration can be delayed, if not
entirely prevented, by keepingthe brain "clean.”
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