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A primer on
glymphatic and
meningeal lymphatic
brain clearance

Present understanding of glymphatic and meningeal lymphatic function

Data from rodent and human studies over the past
twelve years demonstrate that perivascular glymphatic
exchange is...

...anatomically organized and rapid.

...driven by arterial pulsation, vasomotor oscillations and
synchronous neural activity.

...supported by astroglial water transport.
...more rapid in the sleeping brain.

...coupled to meningeal lymphatic drainage.

...supports the clearance of amyloid 3, tau and o synuclein.

Perivascular “Glymphatic” Exchange
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Nedergaard Science 2014, Louveau et al. Nature 2015
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The Glymphatic System and
Meningeal Lymphatics: A Primer

Cortical
Surface
In vivo
2-photon
microscopy
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lliff et al. Sci Trans/ Med 2012

The Glymphatic System and
Meningeal Lymphatics: A Primer
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The Glymphatic System and
Meningeal Lymphatics: A Primer

No ligation

eau et al. Nature 2015

Preclinical evidence
supporting a role in
Alzheimer’s disease
pathogenesis
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Evaluating the role of glymphatic dysfunction in
Alzheimer’s disease using preclinical animal models

Alzheimer’s disease is... Alzheimer’s disease pathology

...associated with aggregation
of Ap and tau.

...influenced by non-genetic

N ?A 7 ;V:\}r\ -
B9 e

risk factors: - K A -

* Aging ‘ ; y tangle

« Chronic co-morbidities " 4 ! ‘: \

(hypertension, diabetes...) o Say =4

+ Cerebrovascular disease
* Traumatic brain injury Adapted from Jucker and Walker Nature 2013

* Chronic sleep disruption

Evaluating the role of glymphatic dysfunction in
Alzheimer’s disease using preclinical animal models
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Evaluating the role of glymphatic dysfunction in
Alzheimer’s disease using preclinical animal models

18 Months

Kress et al. Ann Neurol 2014

Evaluating the role of glymphatic dysfunction in
Alzheimer’s disease using preclinical animal models
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Glymphatic and
meningeal lymphatic
clearance is a feature
of the human brain

Lessons from Oslo: Defining glymphatic exchange and CSF
clearance in humans by intrathecal contrast-enhanced MRI

Perivascular transport
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Lessons from Oslo: Defining glymphatic exchange and CSF
clearance in humans by intrathecal contrast-enhanced MRI

Sleep-active interstitial solute clearance Eide et al. Brain 2021

Equal contrast loading
in the evening

.\lrrﬁired clearance

Overnight
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deprivation
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Lessons from Oslo: Defining glymphatic exchange and CSF
clearance in humans by intrathecal contrast-enhanced MRI

CSF solute
clearance via
cervical lymphatics

Cerebrospinal fluid
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Eide et al. Sci Rep 2018
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Brain-to-Blood
Clearance is
Reflected in Dynamic
Fluid Biomarker
Changes

Plasma-based Alzheimer’s disease biomarkers as
indicators of pathological status

Amyloid plaques
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Evening-morning changes in plasma AD biomarker
levels are influenced by sleep status

CSF Ap42 CSF/Plasma AB40 CSF/Plasma AB42
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Liu et al. Alzheimer’s & Dementia 2023

Key Take-Homes

Glymphatic exchange and meningeal
lymphatic drainage contribute to the
clearance of brain wastes, including A
and tau.

Preclinical studies support a causal
role for glymphatic impairment in the
development of Alzheimer’s
pathology.

Contrast-enhanced MRI studies have
confirmed that sleep-active brain
clearance is a feature of the human
brain.

Dynamic changes in CSF and plasma
AD biomarker levels reflect brain-to-
blood clearance of A and tau.
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Neck Lymphatic Reconstruction For Brain Disease

Meningeal
Lymphatics

Quoted Surgical Objective:

Remove hyperplastic lymph nodes in the
deep cervical region and reduce interstitial
edema in brain tissue through a lymphatic - ¢ oo
venous anastomosis or lymphatic node )
venous anastomosis procedure. Cribvighmn
By improving the pressure and flow rate of &
lymphatic return, the procedure aims to facilitate °"1‘,‘.‘.’.’.¥h'f§§:"
the excretion of metabolic substances from the . s
brain, thereby alleviating pathological symptoms,
potentially enhancing the patient's quality of life
and long-term improvement.

Deep Cervical

Internal Lymph Nodes

Vasculature

Dr. QingPing Xie, Hangzhou China

Improving Lymphatic Drainage Could Improve Qutcomes

National Institutes
NIH ) Jipisde

NIH RESEARCH MATTERS

May 4, 2021

Boosting brain’s waste removal system could improve Alzheimer’s outcomes

At a Glance

« A study in mice suggests that antibody therapies targeting amyloid-beta protein may be more effective after enhancing
the brain's waste drainage system.
= The findings point to a patential strategy to help slow the progression of Alzheimer’s,

Dr. John Kipnis:

“The lymphatics are a sink and neurodegenerative diseases are characterized by protein aggregation in the
brain. If you break up these aggregates but have no way to get rid of the debris because the sink is clogged,
you didn’t accomplish much. You have to unclog the sink to really solve the problem.”

https://www.nih.gov/news-events/nih-research-matters/boosting-brains-waste-removal-system-could-i
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External Jugular Vein

Lymphatic Cluster Sewn into
Internal Jugular Vein via a sliced
node for improved drainage.

For lllustrative Purposes Only

Early Published Results Of Brain Disease Procedure

AV1451

) [Before . Béfore CSULS, *
5 Tau-PE

GeneralPsyehizty Promising outcomes 5 weeks after a
surgical cervical shunting procedure to
unclog cerebral lymphatic systems in a
patient with Alzheimer’s disease

4

Xia Li @ ' Chenpeng Zhang,® Yuan Fang,'? Mei Xin,® Jianbo Shi,
Zhiyuan Zhang,* Zhen Wang © ,"® Zhenhu Ren"

Five weeks after the surgery, clinical assessments found improved cognitive function: the Mini-Mental Status Examination score
increased from 5 to 7, and the score on the Clinical Dementia Rating-sum of boxes test improved from 10 to 8. Her depressive
mood had resolved: the Geriatric Depression Scale score dropped from 9 to 0. Her PET scan provided objective evidence of this
improvement (figure 1). The "éF-fluorodeoxyglucose PET showed an overall improvement in brain glucose metabolism, which was
most evident in the right frontal lobe. The T-sum within AD regions dropped from 92 176.3 to 81 949.8 (normal 95% prediction
limit: 11089.7). The maximum standardised uptake value increased from 8.52 to 8.98. The tau-PET showed an overall reduction of
tau in the brain. Furthermore, the index of the diffusion tensor image analysis along the perivascular space increased from 1.19 to

2.26, indicating improved brain health.

https://pubmed.ncbi.nim.nih.gov/398

8/3/2026
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. dCLVA: Patients with mild to moderate J?A@ A|zh‘é||:ners Dlseosel

o . JAD REPORTS

A surgical therapy for Alzheimer’s
disease with lymphaticovenular An Open Access Journal

Single-center, retrospective study of 41 mild-
moderate patients who receive the dcLVA
procedure.

The data demonstrate that dcLVA surgery is
an effective and safe therapy for AD in
mild-to-moderate patients with 50%
efficacy rate as measured by improvement
of the CDR-SB score and AB42/40 ratio and
P-tau181 were improved in 67% of patients

139 Severe AD Patients — Biomarker Shifts

e
patients; surgery connects neck Iymphaiics to veins
Deep cervical lymphatic-venous anastomosis attenuates to enhance brain Waste c}earance‘

cognitive dysfunction and biomarker abnormalities in severe
Alzheimer’s disease: A prospective single-arm study

o . ! ! Cognitive Outcomes: Modest MMSE score
Xiaohong Fu’ Jing Zhang® | QiwdaXiao® | Tingting Li Qijun L
gactizhinct | Vonzs |\ MiGontt | SanGar | Zusofon D improvement (+1.28 points at 6 months)

XuanZhang' | YuanjunXin' | LipingSu® | Xiaohe Tian’ | KaifengWu
Liulin Xiong”

Functional & Behavioral Gains: Improved daily
living (lower ADL scores); reduced neuropsychiatric
symptoms (lower NP, distress, and sleep issues).

Biomarker Shifts: Decreased CSF AR and p-Tau
post-surgery; plasma AB increased, p-Tau217
RESUATS: s anrgon G showe ety e s it e decreased, indicating better protein clearance.

Examinati ion (MMSE] scores from 88 Hour postapestively 10 é-month (ollow-up. AL

Safety: No deaths or major complications; 32%
o o R e : had temporary delirium (resolved quickly); mild side

Mo Geaths or serious procedure-related adverse

b = effects like swelling.
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Defining the surgical protocol

A Proposed Role for Lymphatic Supermicrosurgery in
the Management of Alzheimer’s Disease: A Primer
for Reconstructive Microsurgeons

Joon Pio Hong, MD, PhD, MMM'®  Wei F. Chen, MD2® Dung H. Nguyen, MD3*®  Qingping Xie, MD*

T Department of Plastic Surgery, Asan Medical Center, University of Address for correspondence Joon Pio Hong, MD, PhD, MMM,
Ulsan, Seoul, Korea Department of Plastic Surgery, Asan Medical Center, University of

2(leveland Clinic, Center for Lymphedema Research and Ulsan, 88 Olympicro 43 gil, Songpagu, Seoul 05505, Korea
Reconstruction, Cleveland, Ohio (e-mail: joonphong@amc.seoul.kr).

3stanford Women's Cancer Center, Palo Alto, California

“4Qiushi Hospital Hangzhou, Hangzhou, Peaple’s Republic of China

Arch Plast Surg

‘ ‘ ‘ ‘the aim of advanced supermicrosurgical
approaches is to preserve remnant lymphatic
...by relieving the obstruction of flow, lymphatic function and normal, physiologic flow to minimize
reconstruction along the drainage pathway could the possibility of unintended long-term
serve as a potential novel treatment consequences and potential obstruction over time

FMatic Supermicrosurgery in
4 flastic Surgery, 52(1), 9

Is A Supermicro Approach The Right Option?

The original manual technique includes severing the lymphatic bundle for anastomosis to the jugular
vein. A supermicro connection of a node/lymphatic to a vein branch, could be a safer and more
effective approach, but research is needed to prove this.

Dr. JP Hong, Thought Leader On Lymphatic
Reconstruction
Asan Medical Center, Seoul Korea

End-to-side anastomosis

“If you cut the bundle, you are potentially obstructing
the distal flow. Ideally you want a supermicro approach
with a side to end anastomosis to preserve the
lymphatic flow distal along the neck. Research coming
soon will show if this is the superior path.”

L BAPTIS
QW HEALTH

15



Robotics has revolutionized many areas of surgery

1. Prostatectomy (Radical Prostate Removal) ® Pusion
Robatic inguinal hernia repair: systematic review

« Improved Outcomes: Robotic prastatectamy has beer and meta-analysis. - PubMad

ed with reduced biood loss, lower

positive surgical margin rates, and quicker recovery of erectile and urinary function.

+ Reference: A systematic review and alysis found that
® pusies

Outcomes of robaotic- sssisted colorectal surgery

compared with laparoscopic and open surgery: a..

superior outcomes compared to open and hes, including reduced i

rates and shorter hospital stays.

s

Robotic Versus Laparoscapic Ventral Hernia Repair:
Two-Year Results From a Prospective, Multicenter.

2. Colorectal Surgery

+ Improved Outcomes: Robotic colorectal surgery has shown benefits such as lower conversic

¥4 Positive Impacts of Robotic Cardiac Surgery

to open surgery, reduced blood loss, and sharter hospital stays.

* Reference: A systematic review indicated that robotic colorectal surgery is a safe and feasibl 1. Minimally Invasive Techniques

— e et iy s
with Somiarablel shirt term outcomies tn lapaicscoplc and bpen Surgeries + Robotic systems allow surgeons to perform heart procedures through tiny incisions between the ribs.
* Result: Avoidance of full sternotomy {cutting open the chest), which reduces trauma and recovery

time.

3. Partial Nephrectomy (Kidney-Sparing Surgery) 2. Improved Precision

«  Improved Outcomes: Robotic-assisted partial nephrectomy has been linked to less intracper

b @ Se 0 e q

* Robotic arms offer enhanced dexterity, tremor filtration, and micromation cantrol.
« Crucial for delicate tasks like valve repairs or coronary artery bypass in tight spaces
3. Faster Recovery & Shorter Hospital Stays
« Patients often experience:
* Less postoperative pain
= Lower infection risk
+ Shorter ICU and hospital stays
= Faster return to narmal activities
4. Cosmetic Benefits

4
+ Smaller incisions lead to less visible scarring—in yiortant for many patients, especially younger ones.

iC

Historical landmarks in the development of robatic
coronary bypass grafting - PMC

D3 Vinei Surgical System

® Puoiie
Historical evolution of robot-assisted cardisc
surgery: a 25-year journey - PubMed

WIRED
What Happened to the Autanamous Heart Surgery
bot?

>
Historical evolution of robat-assisted cardiac
a 25-year journey - PM

UESF performs first robatic cardiac surgery in San
Francisce | University of California

Symani Surgical System

* Designed to support the complexity and scale of
super-microsurgery
* Enabling Technology

— Very few super-microsurgeons can perform lymphatic
reconstructions on vessels this size

* Super-micro:

— Lymphatic vessel diameter: 0.1 to 0.2mm
— Healthy lymph node: 0.7 to 0.9mm
— Vein branch diameter: <0.7mm

* Motion scaling and tremor reduction:

— Stable platform allows more surgeons to treat smaller
vessels

8/3/2026
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Challenges in microsurgical procedures

* Human limitations:
— Impact of dexterity and tremor on precision
— Procedural ergonomics and fatigue
 Capabilities of current instruments:
— Difficult to access anatomy
— Innovation limited to imaging
* Access to highly skilled specialists:
— Lengthy training
— <600 supermicrosurgeons worldwide

New technologies to address current challenges can enable
microsurgery and supermicrosurgery techniques on a global scale

Tremor-reducing and motion scaling
technologies in action

Tremor Reduction Motion scaling

Precise movements to reduce Surgeon macro movements
errors and cellular damage during translated to NanoWrist
suturing microinstruments

! Robotic Anastomosis
{
LW B

n; 10(1): €4013
g a New Robotic Microsurgical System for Lymphatic Surgery

HEAL'TH

L
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Teleoperation Surgeon input translated to Symani output

Lymphatic Revascularization Intracranial and skull

reconstruction for brain STA/MCA bypass base surgery
disease (EC-IC, IC-IC, EDAS)

In clinical study Expanded indications

18
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Early Feasibility Study - FDA
EDAS

e EFS EDAS Study
— Buffalo
— Baptist Jacksonville
— Mount Sinai

— First cases- Adnan Siddiqui, MD

EDAS - First Case UBNS, 9/20/2025

MMI | Brain Applications

19



MMI | Presentation Name

REMIND

Robot Enabled

MICROSURGICAL INTERVENTION
FOR NEURODEGENERATIVE DISEASE

Clinical Study 2026 2027 2028
Application Design Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1

£ Husragna Ul

Multi center,

Alzheimer's early feasibility =

Lymphatic safety study
Repair (15 patients, 3
sites)
Alzheimer’s Multi center, &
Lymphatic pivotal safety
Repair and efficacy

study

(300 patients, 30
sites)

NCT07178210

24-36 Month Sprint: Generating clinical data and securing regulatory approval, alongside strong interest from
providers, payers, investors and government agencies

8/3/2026
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Robotic-Enabled Microsurgical Intervention for Neurodegenerative Disease —
A Global, Prospective, Early Feasibility Study in Alzheimer’s Patients

The objective of this study is to evaluate the safety and feasibility of using the Symani System and
microsurgical techniques in the deep cervical lymph nodes (dCLNs) in the setting of mild to moderate
Alzheimer’s disease and lymphatic abnormalities.

The patients selected for the REMIND Study will be adults diagnosed with mild to moderate Alzheimer’s
disease who are found to have abnormal lymphatic drainage in the neck, making them candidates for
robotic-assisted microsurgical intervention.

REMIND is an Investigational Device Exemption (IDE) study that will be run in up to 3 sites globally.

Status: Active, enrolling

Objective: The objective of this investigational device exemption (IDE) study is to evaluate the safety and
feasibility of using the Symani System and microsurgical techniques in the deep cervical lymph node region in the
setting of mild to moderate Alzheimer’s disease and lymphatic abnormalities

Primary Endpoints:
Device-related serious adverse events at 30 days

Secondary Safety Endpoints: Secondary Effectiveness endpoints:
All serious adverse events (SAEs) Change in amyloid PETcentiloidvalue
All adverse events (AEs) Change in plasma biomarkers: amyloidB-42 and 40, ptau-217,NfL,GFAP
Anastomosis-specific reoperation rate Anastomosis patency prior to closure
Intraoperative conversion to manual approach

Exploratory Endpoints Change in Montreal Cognitive Assessment (MoCA) score at
Change in Clinical Dementia Rating Scale-Sum of Boxes 6 months from baseline
(CDR-SB) Score at 6 months from baseline Change in Mini Mental State Examination (MMSE) score at
Change in Clinical Dementia Rating Scale-Sum of Boxes 6 months from baseline
(CDR-SB) domains at 6 months from baseline Change in Functional Activities Questionnaire (FAQ) at 6
Change in Alzheimer’s Disease Assessment Scale- months from baseline
Cognitive (ADAS-Cog13) score at 6 months from baseline Change in Gait Speed and Quality, as assessed by Timed
Up and Go (TUG) test at 6 months from baseline
Hospital length of stay

/. “These data may inform a larger pivotal trial in the future
.

o .
REYfIND:study describes an investigational use of the Symani Surgical System. The investigational use of the Symani Surgical System described herein has been approved by FDA under the Code of Federal R
12 as &Iy stigetional Device Exermption.

21
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Inclusion/Exclusion Criteria

Inclusion

To be eligible to participate in this study, individuals must meet all the
following criteria:

1. Patient aged 50 or older

2. Patient has confirmed mild to moderate Alzheimer’s Disease according to
the National Institute of Aging-Alzheimer’s Association (NIA-AA) criteria
(alt text: International Working Group (IWG) Patient and has a positive
core 1 Alzheimer biomarker according to the Alzheimer’s Association (AA)
criteria)
Patient has a positive amyloid PET test and/or a positive CSF t-
tau/amyloid-beta-42 test
Patient has an MMSE score within the mild to moderate range (10-26)
Females only: Postmenopausal or taking medically acceptable form of
birth control.
Investigator deems the candidate acceptable for lymphatic surgery with a
robotic-assisted microsurgical anastomosis in accordance with the
Symani System’s Instructions for Use (IFU)
Patient or their legally authorized representative agrees to participate in
the study, return for all required follow-up visits, complete all study
procedures, and has willingly provided written informed consent after
receiving all information related to the study, its requirements, and the
robotic assisted procedure

Pre-Procedure Index Procedure Discharge

Exclusion

Il be excluded from participating in this study if any of the

\
following criteria are met:

1.

2.

Patient (or their legally authorized representative) is unwilling to provide
informed consent

Patient has suspected dementia of other type, e.g., Lewy body, frontotemporal
disorder, vascular, etc.

Patient has documented or suspected neurological or intracranial conditions
such as cerebrovascular accident, tumors, intracranial space occupying lesions,
seizures or other intracranial/neurological conditions that may affect their safety
in the study.

History of head and neck radiation exposure

Patient with severe kidney disease (GFR <30 mL/min/1.73m2)

Patient with acute kidney injury

Active systemic infection under treatment with intravenous antibiotics

Patient has a modified Rankin Score (mRS) of >4

Clinically significant cardiovascular, digestive, respiratory, endocrine, or central
nervous system disorders, untreated sleep apnea, previous mental disorders, or
other disorders that may significantly affect the data collection or the ability to
comply with the protocol per the investigator’s discretion

Known history of significant bleeding, coagulopathy, or Von Willebrand's
disease

Patient with an active cancer diagnosis and/or currently receiving treatment for
cancer or has received treatment within the past 6 months

Patient is currently receiving treatment or has been treated with anti-amyloid-
beta monoclonal antibody therapy within the past 3 months

Patient has contraindication for MRI

Currently enrolled in any other investigational clinical studies that the
investigator believes may impact patient safety or study outcomes

Patient is ineligible to participate for other reasons in the judgment of the
investigator

Follow-Up Visits

12 mos 6

Window

Within 30 days
prior to index
procedure

Within 12-24
hours prior to
discharge

30 days +10 days
post index
procedure

3 mos +2 weeks
post index
procedure

6 mos +4 weeks
post index
procedure

weeks post
index
procedure

Patient Eligibility Criterial

X

Medical History*

X

MR Imaging**

Adverse Event
Assessment

Amyloid PET

Plasma Markers

Cerebrospinal Fluid
Biomarkers

Cognitive and Functional|
Questionnaires

Gait A

Anastomosis Procedure
Details

Intraoperative
Assessment

Study Exit

* If the patient’s APOE4 test is not already documented in their medical history, genetic testing for APOE4 shall be conducted.
. **MR Imaging at pre-procedure and 6-months includes intrathecal contrast; 12 months does not include intrathecal contrast.
SN
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First Case April 30th 2026
Baptist Jacksonville

Michael DeFazio - Plastic Surgery
Ricardo Hanel - Neurosurgery
Steve Toenjes - Neurology

Strong Cross Specialty Execution Between Neurology, Neurosurgery
& Plastics

Diagnostic Imaging

Intra Operative

REMIND
First Three Patients in the US Complete

Patient Profiles

Patient 1
» April 30, 2026
» 77 Years Old Male
* Moderate Alzheimer’s Disease

Patient 2
+ May 4, 2026
* 67 Years Old Male
* Moderate Alzheimer’s Disease

Patient 3
+ May 4, 2026
* 71 Years Old Female
* Mild Alzheimer’s Disease

Advanced Imaging Techniques

Lymph Node Selection
Supported By ICG & Fluorescein

borer B —

Lymph node 1

Cannon Ultra-High
Frequency Ultrasound

Procedure details & learnings
from first 3 cases

Bi-Lateral LNVA procedures

Confirmed lymph node anomalies
via high frequency ultrasound

IV anesthesia, no gas

Total procedure times ranged from
4-5 hours (2-3 hour procedure time
anticipated after initial learning
curve)

No perioperative AEs reported
All patients discharged next day
Safety Data through 30 days

* Three patients — mild AEs
(unrelated to device)

* No Serious Adverse Events

Confirmation of
Anastomosis

8/3/2026
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Mean Age
Sex

72 yrs (67-77)
2 male, 1 female

Mean BMI 23.9 kg/m? (20.2-29.8)

mRS Score
APOE4 Status

Baseline MMSE
AD Duration

Mean OR Time

2 (all)

2 copies (n=1)
1 copy (n=2)

12514521
64 mo (36-96)

49 hrs (4.6-5.3)

Mean 4.6 hrs (4.2-5.1), IV only

Anesthesia Time

Procedure Type Bilateral Lymph Node to
Vein Anastomosis (all)

Discharge Day after surgery (all)

REMIND EFS | Future Research Plans

7 MMI

UPDATE - MMI Receives IDE Approval
from FDA for First Robotic Microsurgical
Study in Alzheimer's Patients

First-of-its-kind study represents the potential for rabotic-
enabled microsurgical intervention for neurodegenerative
diseases, including Alzheimer's

These data may inform
a larger pivotal trial

||
QN

\ BAPTIST]
HEALTH

MMI Receives FDA Approval to Advance to Phase Il of Patient Enrollment in

Groundbreaking REMIND Early Feasibility Study in patients with mild to moderate
Alzheimer’s Disease

E7IY 15‘12'2535@eetin§:

8/3/2026
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Conclusions

A lot to be learned
Patient selection will be key
The surgical procedure is simple and safe

Are we changing the course of this dreadful condition?
— We will learn a lot soon
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Thank you!!!

drricardohanel@icloud.com
+1-904-4872469
Instagram @drricardohanel
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