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KEY TAKEAWAYS

« Safety established in a vulnerable population: No mortality, serious adverse
events, postoperative delirium, or discontinuations in any participant through 24
weeks; bilateral recipient external jugular veins remained patent in all four
participants at week 24.

« Coherent multimodal CSF biomarker signal: All four participants demonstrated
coordinated postoperative reductions in CSF AB42, total tau, and p-tau181 at day
7, with concomitant decreases in the p-tau181/AB42 ratio in 3/4 — directional
concordance across three independent analytes inconsistent with measurement
noise alone.

* Glymphatic surrogate imaging corroboration: DTI-ALPS indices increased in at
least one hemisphere at day 7 in 3/4 participants, with persistence to week 12 in 2;
this temporally tracked with the CSF biomarker shift in concordant participants.

 Sustained neuropsychiatric benefit: All three participants with baseline NPI
burden demonstrated early and sustained NPI reductions of 8-13 points at week
24 — clinically meaningful.

INTRODUCTION

Alzheimer's disease (AD) remains the leading cause of dementia worldwide, with progressive
accumulation of amyloid-B and tau driving neuroinflammation, synaptic dysfunction, and
cognitive decline’?. Despite disease-modifying anti-amyloid immunotherapies, scalable
mechanism-informed interventions that target the disease process remain limited.
Foundational work established the glymphatic system as a perivascular pathway for CSF-
interstitial fluid exchange and amyloid-B clearance3. Louveau et al. identified functional
meningeal lymphatic vessels draining to deep cervical lymph nodes, reframing CNS waste
clearance as biologically continuous with extracranial lymphatics. Experimental and human
evidence has since implicated dysfunction of these pathways in AD pathophysiology, including
impaired Aqp4 polarisation, reduced glymphatic imaging indices, and accelerated amyloid
pathology after meningeal lymphatic ablation®~’.

Cervical lymphaticovenous bypass (LVB) — a repurposing of microsurgery applied to
extremity lymphoedema — has been proposed to augment downstream cervical lymphatic
outflow and enhance brain waste clearance®. Existing reports’-'? originate entirely from a single
geographic region and are limited by retrospective designs, absent or heterogeneous biomarker
confirmation, and variable safety oversight. Independent prospective data under regulatory-
grade oversight are lacking.

The CLyVeB-AD-1 study (NCT06965062) is a prospective single-arm pilot clinical trial of bilateral
deep cervical LVB in adults with biomarker-confirmed mild-to-moderate AD, conducted at
Changi General Hospital, Singapore, under independent Data Safety Monitoring Board (DSMB)
oversight, with Singhealth Institutional Review Board (IRB) approval, and in compliance with
ICH-GCP E6(R3).

METHODS

Participants

Adults aged 50-80 years with mild-to-moderate AD meeting 2024 NIA-AA criteria, confirmed by
Flutemetamol amyloid PET (centiloid quantification) and Roche Elecsys® CSF biomarkers
(AB42, total tau, p-tau181), and assessed by multidisciplinary team to be surgical fit (ASA I-II)
are selected to participate after IRB approved consent process. Key exclusions: non-AD
cognitive decline, significant cerebrovascular/cardiovascular disease, prior cervical neck
surgery or irradiation, current anti-amyloid monoclonal antibody therapy.

Intervention

Participants underwent bilateral deep cervical
LVB in a single operative session by two
reconstructive microsurgeons. Anaesthesia:
propofol-dexmedetomidine monitored
anaesthesia care (MAC)'3 with high-flow nasal
oxygen and spontaneous ventilation;
endotracheal intubation avoided. A vascularised
cervical lymphatic flap was elevated within
Robbins levels |I-Va, and viable lymph nodes
with level |l ICG drainage were anastomosed
side-to-side to the mobilised external jugular
vein (x15-30 magnification, 8-9/0 nylon sutures).
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Diagrammatic representation of deep cervical
lymphaticovenous bypass.

Endpoints

Co-primary: Procedural feasibility; adverse events, mortality, postoperative delirium, study
discontinuation; recipient external jugular vein patency on serial Doppler ultrasonography to
week 24.

Exploratory: MMSE, MoCA, CDR-SB, NPI, GDS, QoL-AD, Zarit Burden Interview at baseline and
postoperative weeks 1, 2, 6, 12, 24; paired CSF biomarkers (Roche Elecsys®) at baseline and
postoperative day 7; bilateral MRI DTI-ALPS (3T Philips Ingenia; MRtrix3) at baseline, day 7 and
week 12; FDG-PET CT (GE Discovery M|l Gen-2; MIM Neuro 6.9.9) at baseline and week 12.
Analysis: Pre-specified descriptive and exploratory; no inferential hypothesis testing. All
findings are hypothesis-generating

RESULTS

Participants and Operative Course

Between July 2025 and September 2026, four participants (mean age 68.75 = 5.68 years; all
female; 3 Chinese, 1 Indian) underwent bilateral deep cervical LVB and completed 24-week
follow-up. All met 2024 NIA-AA biomarker-confirmed AD criteria. Disease severity: mild (n=1),
moderate (n=3). Baseline MMSE 10-26; MoCA 4-28; CDR global 0.5 (n=1) or 1 (n=3). Mean
amyloid PET centiloid 70.19 £ 39.37 (range 23.16-107.3). Baseline CSF p-tau181 32.82-65.32
pg/mL. Mean operative duration 348 * 32 minutes (range 310-385 min); estimated blood loss
<20 mL in all cases. All participants resumed oral intake and ambulated on the evening of
surgery.

Safety and Vein Patency

No mortality, postoperative delirium, study-related serious adverse events, or study
discontinuations through 24 weeks. One mild adverse event: transient left occipital headache
(lesser occipital nerve neuropraxia), resolving within 2 months with simple analgesia;
adjudicated by DSMB as non-life-threatening and non-function-limiting. Bilateral recipient
external jugular veins patent in all 4 participants on Doppler ultrasonography through week 24.

EJV lumen

Lymph node

Representative
ultrasonographic
images of anastomotic
sites (Right: color
doppler signal of
venous flow).

Cognitive Trajectories

MMSE increased within one week of surgery in participants 1, 2 and 4, with gains maintained
at week 24 in participants 1 and 4. MoCA improved by week 6 in all four participants and
remained above baseline at week 24 in participants 2 and 4. No participant fell below baseline
on either MMSE or MoCA during the 24-week follow-up. The Clinical Dementia Rating—Sum of
Boxes was more variable across participants: participant 1 demonstrated an improvement of
2.5 points by week 24, participants 2 and 3 were stable, and participant 4 demonstrated an
increase of 3.5 points at week 24, driven primarily by caregiver-interview-derived domain
scores.
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Cognitive trajectory for pilot cohort (n=4) up to week 24: MMSE and MoCA scores.

Neuropsychiatric, Mood and Quality-of-Life Trajectories

Participants 2, 3, and 4 (all with measurable baseline NPl burden) demonstrated sustained NPI
reductions of 8-13 points at week 24, emerging from week 2. Geriatric Depression Scale
remained within the normal range in 3/4 participants throughout (one transient rise at week 6
coinciding with occipital headache, normalised by week 12). Participant-reported QolL-AD
increased by 1-4 points at week 6 in all four participants. Caregiver-reported outcomes were
heterogeneous.

CSF Biomarker Changes at Postoperative Day 7

All four participants had biomarker-confirmed Alzheimer's disease at baseline with elevated
CSF phosphorylated tau-181 (Table 2). On postoperative day 7, all four participants
demonstrated reductions in CSF amyloid-B42 (range —1.59% to -5.83%), phosphorylated tau-
181 (range -4.53% to -13.01%), and total tau (range -5.92% to -15.00%) (Table 2). The
phosphorylated tau 181/amyloid-B42 ratio decreased in participants 1, 2 and 4 by 9.07%,
7.72% and 4.92% respectively, while increasing slightly by 1.33% in participant 3.

MRI DTI-ALPS Indices
Change from

Baseline (%)

Baseline Week 1

(pg/ml) (pg/ml) baseline (%)
Abeta42 607.000| 597.000 -1.6474
plaui8i 65.320] 58.640 -10.2266
Total-tau 576.100 520.700 -9.6164
ptau181/Abeta42 ratio 0.1080] 0.0982 -9.0741
Abeta42 437.200] 411.700 -5.8326
pTau181 32.820 28.550 -13.0104)
Total-tau 322.000) 273.700 -15.0000
ptau181/Abeta42 ratio 0.0751 0.0693 -7.7230
Abeta42 760.900) 723.500 -4.9152
plaui8i 57.410 54.810 -4.5288
Total-tau 540.200 508.200 -5.9237
ptau181/Abeta42 ratio 0.0750] 0.0760 1.3333
Abeta42 583.600] 574.300 -1.5936
pTlau181 35.550 33.580 -5.5415
Total-tau 415.800| 383.500 -7.7682
ptau181/Abeta42 ratio 0.0610] 0.0580 -4.9180)

Change from

Participant| CSF Fluid Biomarkers Change from

Baseline (%)

Laterality Baseline Week 1 Week 12

Left 1.551 1.323 -14.7002 1.369 -11.7344

Right 1.590 1.584 -0.3774 1.627 2.3270

Left 1.601 1.840 14.9282 1.762 10.0562

Right 1.216 1.251 2.8783 1.213 -0.2467

Left 1.504 1.380 -8.2447 1.302 -13.4535

Right 1.335 1.477 10.6367 1.232 -7.7513

Left 1.188 1.704 43.4343 1.514 27.4411

Right 1.310 1.652 26.1069 1.402 7.0229

CSF fluid and MRI biomarker changes before and after surgical intervention in pilot cohort.
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MRI DTI-ALPS Indices

DTI-ALPS index improved by postoperative day 7 in at least one hemisphere in 3 of 4
participants (range +10.6% to +43.4%), with persistence above baseline at week 12 in 2 of
these 3. Concordant DTI-ALPS and CSF biomarker changes were observed in 3 of 4 participants.

FDG-PET CT Imaging

"®F-FDG-PET was performed at baseline and three months post-operatively; pons-normalised Z-
scores were derived against a normative database, with |AZ| = 0.5 adopted as the threshold for
meaningful interval change. Participants 1 and 3 exhibited progressive multi-network
hypometabolism above threshold, most pronounced in the default mode network (DMN; AZ
-0.87 and -1.01) and temporal/memory networks, with hippocampal AZ of -0.86 and -1.68
respectively. Participants 2 and 4 demonstrated metabolic stabilisation: DMN network-level
changes remained within the noise floor (AZ -0.06 and -0.14), with near-zero interval change in
posterior cingulate gyrus and precuneus in both participants. Participant 2 additionally showed
cerebellar metabolic improvement (AZ +0.83-+0.90).

DISCUSSION

CLyVeB-AD-1 is, to our knowledge, the first registered prospective pilot trial of deep cervical LVB
for Alzheimer's disease conducted outside China, with independent DSMB oversight and pre-
specified multi-modal biomarker endpoints spanning paired Roche Elecsys® CSF analytes,
bilateral MRI DTI-ALPS, and '°F-FDG-PET.

The propofol-dexmedetomidine monitored anaesthesia care (MAC) pathway — with avoidance
of endotracheal intubation and structured early mobilisation — was feasible and well-tolerated
across all four participants. Although anaesthetic agents may transiently modulate glymphatic
function’s, this regimen represents an ethically and pragmatically justified approach for surgical
trials in cognitively impaired populations.

The multi-modal biological signal is internally coherent across independent modalities:
directionally concordant reductions in three independent CSF analytes at day seven, transient
DTI-ALPS increases in three of four participants, sustained neuropsychiatric improvements, and
— in two participants — metabolic stabilisation of posterior cingulate gyrus and precuneus
contrasting with progressive multi-network hypometabolism in the remaining two. Critically, the
two participants demonstrating FDG-PET stabilisation were the same two in whom CSF analyte
and DTI-ALPS trajectories were directionally favourable, constituting cross-modal biological
coherence consistent with — though insufficient to establish — a lymphatic-mediated
mechanism.

Limitations: (1) n=4; not powered for efficacy evaluation; all findings are hypothesis-generating.
(2) Open-label single-arm design; placebo and observer-expectancy effects cannot be
excluded. (3) 24-week follow-up is short relative to Alzheimer's disease natural history. (4) CSF
sampled at a single post-operative timepoint (day 7). (5) All-female cohort; generalisability
across sex cannot be assumed. (6) Inter-operator and inter-centre surgical reproducibility not
yet established.

CONCLUDING REMARKS

Bilateral deep cervical LVB in adults with biomarker-confirmed mild-to-moderate AD was
procedurally feasible with a favourable short-term safety profile through 24 weeks.
Directionally consistent multimodal biomarker signals observed were encouraging. These
findings warrant cautious further prospective investigation under formal trial conditions. They
do not establish efficacy and do not justify off-protocol clinical adoption at this time.
Future priorities: cohort expansion with sex stratification; additional plasma and CSF
biomarker timepoints (currently pending pooled analysis); harmonised multi-centre imaging
protocols; follow-up to 212-24 months; and comparator-based designs including delayed-start
or synthetic-controlled approaches where ethically feasible.
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