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Let's Get LITT!

Minimally Invasive MR-guided Robotic
Thermotherapy in Neuro-oncology

Farrokh Farrokhi, MD
Neurosurgery
Virginia Mason Medical Center
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LITT System Overview

A minimally invasive surgical option for cytoreduction in the brain.

* The only minimally invasive, robotically-controlled, MR-guided
laser ablation tool designed specifically for use in the brain.

« Offers an alternative to traditional, open surgery for patients
diagnosed with brain tumors or who have epileptic seizures not
controlled by medications.

* The procedure is performed through a small hole in the skull.

* Because LITT is MR-guided, the neurosurgeon is able to
visualize the specific area of the brain to be ablated.

* The precise nature of the procedure helps to lessen the
likelihood of harm to nearby healthy brain tissue.
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Simple Parts

Directional Diffusing Tip
Laser Probe Laser Probe
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Laser Probes Robotic Probe Driver Cranial Fixation
Device
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System Hardware & Software

LITT utilizes MR-guidance to protect \’
healthy brain tissue during the

ablation.

Robotic laser interface allows for
precise, remote manipulation

of the laser probe position and
orientation at the workstation.

‘ Virginia Mason
. Franciscan Health-
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System Software - Brain Tumor

o Cell death is afunction of
temperature and time

o« MRI Thermometry is used to
calculate near real time temperature
datain 3 planes

o Thermal dose (TDT) lines are
contoured around heating areas and
the user selects the dose to monitor
while ablating

o  Tissue within the blue TDT lines
is destroyed.

Courtesy of Suijit Prabhu, M.D., MD Anderson o  Tissue between the blue and yellow
TDT lines may experience thermal
damage; but cell death is uncertain.

Franciscan Health-

Center for Neurcaclences & Splne
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How Laser Ablation Works

Perfusion o Laser energy penetrates tissue ~2 mm and is
/ . converted to heat, progressing by thermal
Conduction conduction away from the source (probe)

Absorption » Thermal exposure of tissue at the right
temperature or time-temperature combination
leads to tissue death (ablation)

Probe o The goal of LITT is to produce controlled
hyperthermia-induced necrosis at 43 - 85°C
within target tissue

Virginia Mason
Franciscan Health
Center for Heurcsclences & Splne



How Laser Ablation Works
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Virginia Mason
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37°C

Vaporization of intra- and extra-cellular water; rupture of cell membranes

Instant denaturation of proteins and cellular components; tissue coagulation
Time-dependent thermal damage; thermal denaturation of critical enzymes; cell death
Critical temperature below which thermal damage does not occur regardless of exposure time

Normal body temperature



Procedure Overview

Offers an alternative to traditional, open surgery for patients diagnosed with brain tumors or drug-resistant epilepsy

the skull where a bolt is placed.
Bolt placement occurs in the OR

Performed through a small hole in ) Robotic laser interface is used for Ablation is visualized and ) Atfter the procedure, the skin is
precise, remote manipulation of controlled remotely usually closed with one or two
laser probe position from the sutures, and the patient can return
workstation in the MR suite home after a short hospital stay

orin an intraoperative MR

Virginia Mason
Franciscan Health-
Canter for Neurcsclences & Spine
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LITT Procedure
click to play

11


http://drive.google.com/file/d/1Mlc_NmcoPHANlEujyhlKsMMu0BuFG-ev/view

Case Example: Recurrent Brain Met - Radiation Necrosis

Treatment Replay
click to play

Courtesy of Peter Fecci, MD, PhD
Duke Health

. Virginia Mason
Franciscan Health-
Center for Neurosclences & Spine
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http://drive.google.com/file/d/1CGUYXc4PchcRffki2Plg36aOjCo5-NfC/view

LITT Applications in Neuro-oncology

¥

Newly Diagnosed Recurrent Glioma Difficult Posterior Multiple Early Radiographic
Glioma (2nd, 3rd, 4th, etc. recurrence) to Access Fossa Lesions Progression
Glioblastoma Anaplastic Astrocytoma Pilocytic Astrocytoma Adenocarcinoma Recurrent Melanoma Radiation Necrosis

(no interruption of immunotherapy)

LITT is used for: Plus:
° Newly diagnosed and recurrent primary tumors ° Patients with previous interventions
° Recurrent metastatic tumors and post-SRS progression ° Deep-seated and difficult to access tumors
° Radiation necrosis ° Fragile patients

° Patients who prefer a minimally invasive option

‘ Virginia Mason
. Franciscan Health-

Center for Neurcaclences & Splne
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LITT is Supported by
Societal Guidelines and
Position Statements



National Comprehensive Cancer Network (NCCN) Guidelines Version
Central Nervous System Cancers (May 2024)1:

“LITT may be considered for patients who are poor surgical candidates (craniotomy or
resection). Potential indications include recurrent brain metastases, radiation necrosis,
glioblastomas, and other gliomas.”

September 2021: Joint CNS-AANS societies’ Position Statements on LITT
for brain tumors and radiation necrosis considering LITT2:

“For the management of primary brain tumors (gliomas/glioblastoma), recurrent tumors,
brain metastases, and radiation necrosis.”

e “LITT is an appealing option because it offers a method of minimally invasive,
targeted thermal ablation of a lesion with minimal damage to healthy tissue.”

e “Intracranial LITT is also an effective option for addressing radiation necrosis with
an overall reduction in steroid dependence for these patients.”

o “Especially in instances where the therapeutic window is narrowed such that
craniotomy is not a viable option, LITT can play an important role in treatment for
glioma or metastatic brain cancer.”

Virginia Mason
Franciscan Health

B85 5 Sl

1 NCCN Guidelines Version 1.2024, 05/31/24. Central
Nervous System Cancers.
https ://www .nccn.org/professionas/physician_gls/pdf/cns.pdf

2 American Association of Neurological Surgeons and
Congress of Neurological Surgeons Position Statementon
Laser Interstitial Thermal Therapy for the Treatment of Brain
Tumors and Radiation Necrosis. AANS-
CNS_Position_Statement_Paper_LITT_Tumor-
Oncology_090721.ashx

15



LAANTERN Registry Overview

Laser Ablation of Abnormal Neurological Tissue using LITT (NCT02392078)

Study Design Study Objectives

° Prospective, multi-center, “real world” outcomes registry. ° Safety

All patients undergoing LITT were eligible. ° Procedural Outcomes: Local Control, Progression

° Over 1,000 patients enrolled Free Survival, Overall Survival, Seizure Freedom
e  Quality of Life (QoL)

LAANTERN Publications

Kim AH, et al., Laser interstitial thermal therapy for new and recurrent meningioma: a prospective and retrospective case series. Journal of Neurosurgery (published online ahead of print 2024).
Chan M, et al. Efficacy of laser interstitial thermal therapy for biop sy-proven radiation necrosis in radiographically recurrent brain metastases, Neuro-Oncology Advances. 2023.

de Groot J, et al. Efficacy of laser interstitial thermal therapy (LITT) for newly diagnosed and recurrent IDH wild-type glioblastoma, Neuro-Oncology Advances. 2022.

Kim AH, et al. Laser Ablation of Abnormal Neurological Tissue Using Robotic NeuroBlate System (LAANTERN): 12-month outcomes and quality of life after brain tumor ablation, Neurosurgery. 2020.
Rennert RC, et al. Laser Ablation of Abnormal Neurological Tissue Using Robotic NeuroBlate System (LAANTERN): procedural safety and Hospitalization. Neurosurgery. May 2019.

Landazuri P, et al. A prospective multicenter study of laser ablation for drug resistant epilepsy — One-year outcomes, Epilepsy Research. 2020.

Rennert RC, et al. Patterns of clinical use of stereotactic laser ablation: analysis of a multicenter prospective registry. W orld Neurosurg. 2018.

& Virginia Mason
Franciscan Health-

Center for Neurcaclences & Splne
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Efficacy of LITT for Newly Diagnosed
+ Recurrent IDH Wild-type Glioblastoma

NEWLY DIAGNOSED RECURRENT DISEASE

M DMLY 8 aase NBNDN @ M % U W W 9 .

Survival outcomes for LITT
are comparable to those of
traditional resection.

Newly diagnosed patients followed with standard of care chemoradiation * Recurrent disease:
« 0S8:16.14 mo « 0S:897 mo
« PFS:11.93 mo. « PFS:4.83mo
Published resection outcomes: «  Comparable to the overall survival range of 5-13 months
. 0S:10-21 mo observed with resection
. PFS: 6-8 mo . Number of recurrences at the time of LITT is not known

Franciscan Health-

Center for Heurcsclences & Spine

. Virginia Mason
»

de Groot J, et al., Neuro-Oncology Advances, 2022 17



LAANTERN: 12-month Outcomes
+ Quality of Life After Brain Tumor Ablation

14 centers prospectively enrolled
223 subjects

NEUR&SURGERY Study Summary:
: °

Ganesh Rao, MO* Laser Ablation of Abnormal Neurological Tissue

o Using Robotic NeuroBlate System (LAANTERN):

Peter Fecch, MO, PO’ 12-Month Outcomes and Quality of Life After Brain ®

Veronica Ovang, MD™

Tumor Ablation

BACKGROUND: Laser Ablation of Abnommal Neweological Thisue wung Robotic NevroBate
Alceza M. Modamaadl O™
Sody, MO Syttem (LAANTERN) i a0 angoing muiticenter protpective Neuroiace (Montens Mecical)

UTT (laser intertitial thermmal therapy) registry collecting resl workd outcomes and L4
Andvow Sloan, MO of-ite (Qol) data. o = i
Zulwa Tovar Spinoza, MO OBIECTIVE: To compane 1m0 Outcome rom all subjects undergomng LITT for intracranial
Jamet Baumgartaer, MO mory neoplasms.
Conutantings Madjpanayls, METHOOS: Demographics, Intraprocedural Gats, adverse events, Qod. hospializations,
MO, PAD™ health economics, and servival data are collected: standerd data management and
Sxe P IMOOOnng OCOu,

RESULTS: A total of 14 centers envolied 223 subjects the median follow-p was 223 d. There

‘ Virginia Mason
'. Franciscan Health-

Canter for Neurcsclences & Spine

Part of ongoing LAANTERN registry
(Monteris Medical sponsored)

Objective to compare 12-month outcomes
from all subjects undergoing LITT for
intracranial tumors / neoplasms

Kim AH, et al., Neurosurgery, 2020

18



LAANTERN: 12-month Outcomes
+ Quallty of Life After Braln Tumor Ablation

Prenary Tumoes (N=131) Metastatc Tumers (N=02)

Study Summary:
e 33.4h median length of stay
« Most patients spent little or no time in the ICU
« Discharge to home 83.4%
« Repeat hospitalizations within 30 days — 1.8%

. Virginia Mason
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New 39 30 22 10 10
85 66 43 14 14

« Adverse events related to LITT / surgery — 4%
« Stable orimproved KPS at 6 months — 50.5%

« QOL FACT_Br (brain tumor specific) and EQ-5D (whole
person) data indicates that Qol is stabilized post LITT and
that mobility, self care and ability to participate in usual
activities are improved

Kim AH, et al., Neurosurgery, 2020
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LAANTERN: Procedural Safety + Hospitalization

Study Overview:

« Analysis of the procedural safety of LITT for intracranial lesions.

Study Summary:
« Little or no ICU time (25% no ICU; all others median 21 hours)
« Short hospitalization
« Upon discharge, 84.8% of patients went directly home

e« 5% LITT-related complication rate
(comparable to stereotactic biopsy alone)

Rate of Adverse Events

“Notably, our complication rate is lower than that
reported for open craniotomies as treatment for
difficult to access tumors.”

5.0% 9.0%
4.0% a4
Related to surgical Total AE rate

manipulation

Franciscan Healthr
Center for Heurcsclences & Spine

. Virginia Mason
»

LITT: MEDIAN HOURS IN HOSPITAL

7e

“Comparable or shorter than the ICU and hospital
stays associated with open cranial surgery”

PERCENT OF PATIENTS DISCHARGED TO LOCATION
ax 1% oon
4% [
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LAANTERN: LITT for Meningioma

Study Overview:

TOTAL COHORT LOCAL CONTROL (#~20) LOCAL CONTROL., PATIENTS

« Largest cohort of LITT for meningioma to date (N=20) ' el

Key Points "\l
e LITT for meningioma serves an unmet need in ' ’

neuro/surgical oncology

« Treatment options for malignant meningiomas are extremely
limited and are comprised of surgery and radiation

e LITT for meningioma is a safe and well-tolerated procedure

« 1-year local control was 61.4% for patients with 291% ablation

« The majority of patients and providers reported a preference for a minimally
invasive procedure

« LITT is a safe and useful tool in the limited armamentarium against meningioma,
particularly when other options are exhausted

. Virginia Mason
Y Y Franciscan Health-

Cantar for Neurcsdances & Spine Kim AH, et al., Joumal of Neurosurgery (published online ahead of print 2024) 21



LAANTERN Registry Publications

What do these studies mean for your patients?

Little to no time in the ICU, short
hospitalization, and low complication
rates offer patients possible options

LITT survival outcomes comparable
to those published for traditional
resection affords patients

A minimally invasive
procedure means

° A minimally invasive procedure with ° Little hair removal ° Go directly home rather than being
survival outcomes comparable to an discharged to a rehab facility

- ° Less scarring compared to
open resection

open resection ° Resume regular activities within
a shorter period compared to an
open resection

° The possibility of resuming cancer

treatment sooner ° Optimize time and quality of life with

a short recovery compared to an

open craniotomy ° Benefit from a LITT procedure rather
than biopsy alone with potential
additional benefits

While LITT and craniotomy have not been studied head-to-head in a randomized trial, when
compared to published literature, LITT has shown significant benefits.

& Virginia Mason
Franciscan Health-

Center for Neurcaclences & Splne



LITT for Recurrent Brain Metastases

Publications

Study Overview

Efficacy of Laser Interstitial Thermal Therapy (LITT) for Biopsy-Proven Radiation
Necrosis in Radiographically Recurrent Brain Metastases

Chan M, Tatter S, Chiang V, et al. Neuro-Oncology Advances, 2023;, vdad031.
doi: 10.1093/noajnl/vdad 031

This publication of 90 patients represents the largest prospective
series to date of LITT for pathologically proven radiation necrosis
(RN) after prior stereotactic radiosurgery (SRS) for brain metastases.

Stereotactic Laser Ablation (SLA) followed by consolidation stereotactic radiosurgery
(cSRS) as treatment for brain metastasis that recurred locally after initial radiosurgery
(BMRS): a multi-institutional experience

Pefia Pino |, Ma J, Hori YS, etal. J Neurooncol. 2022 Jan;156(2):295-306. Epub 2022 Jan 10.
doi: 10.1007/s11060-021-03893-6

Clinical outcomes of 20 patients with 21 histologically confirmed
progressive tumor brain mets (post initial SRS) were treated with LITT
followed by consolidation SRS.

Combination laser interstitial thermal therapy plus stereotactic radiotherapy increases
time to progression for biopsy-proven recurrent brain metastases
Grabowski M, Srinivasan E, Vaios E, et al. Neuro-Oncology Advances, Volume 4, Issue 1, January-December2022,

vdac086.
doi: 10.1093/noajnl/vdac086

A study to evaluate the efficacy of LITT followed by SRS (LITT+SRS) in
recurrent SRS-treated BM, and to compare outcomes to LITT alone vs.
repeat SRS alone.

Time to Steroid Independence After Laser Interstitial Thermal Therapy vs Medical
Management for Treatment of Biopsy-Proven Radiation Necrosis Secondary to
Stereotactic Radiosurgery for Brain Metastasis

Sankey E, Grabowski M, Srinivasa E, et al. Neurosurgery. Epub 2022 March 23;90(6):684-0690.
doi: 10.1227/neu.0000000000001922

Multi-center, retrospective cohort study of SRS-treated patients with
brain metastases who developed biopsy proven radiation necrosis and
were treated with LITT vs medical management (steroids).

23



Efficacy of LITT for Biopsy-Proven Radiation Necrosis
iIn Radiographically Progressive Brain Metastasis

Ne

uro-®ncolo
ADVANCES

JOURNAL ARTICLE ACCEIPTEL
Efficacy of Laser lnterstmal Thermal Therapy
(LITT) for Biopsy-Proven Radiation Necrosis in
Radxographlcally Recurrent Brain Metastases 3

Published:

Chan 8 ¢

cology Advan vdad03l, hitps

Virginia Mason
Franciscan Health-
Canter for Neurcsclences & Spine

3 March 2023 Aniclehmory

Study Overview:

90 patients across 14 US centers

The largest series to date of LITT for radiation necrosis
Biopsy-proven pure radiation necrosis

Patients required to be eligible for 2-yr follow up

Outcomes:

Time to steroid cessation
Continuation of systemic therapy
Survival

Symptom control

Safety

KPS over time

24



Efficacy of LITT for Biopsy-Proven Radiation Necrosis in
Radiographically Progressive Brain Metastasis: Study Findings

« Patients discontinued steroid use a median time of 13 days
« Symptom control: Seizure prevalence decreased by 34.4% from baseline

« KPS remained stable at 80 throughout 2-year follow up

TIME TO STERDID CESSATION

Time on Sterokds after Procedure, days
Mean (D)

Median [Min, Max) 130

“Baseling sterodd use inclsdes patients who were started on steroids
within & weeks before or 2 weeks after LITT procedure.

« Patients who had LITT experienced little or no interruption to systemic therapy regimens

Mever plopped chematheragy, Ma. [%)
Mever popped mmunotheragy. Mo, (%)

hemetherapy and immurstherapy baseling use was defrsed 23 therapy delivered within three months prior 1o the LITT procedure

& Virginia Mason
Franciscan Health-

wer for Neurcsclences

Chan, M. et al., Neuro-Oncology Advances, 2023 25



Efficacy of LITT for Biopsy-Proven Radiation Necrosis in
Radiographically Progressive Brain Metastasis: Study Findings

LITT for RN was found to be a durable, safe procedure with low patient morbidity
« Median post-procedure overall survival was 2.55 years [1.66, infinity] and 77.1% at one year

« No significant difference in risk of disease progression in those with total and near-total
ablations (91% or greater ablative coverage) versus those with sub-total ablations (<90%)

e 75% of patients did not require any further treatment for the duration of follow up

Franciscan Health-

Center for Heurcsclences & Spine

‘ Virginia Mason
. Chan, M. et al., Neuro-Oncology Advances, 2023 26



Recurrent Metastatic Tumor Studies

What do these studies mean for your patients?

LITT+SRS study: Time to Steroids Independence?:
° Biopsy at the time of LITT allows for diagnostic ° Long term steroid use can cause many different side
confirmation, ensuring the most appropriate effects and can make immunotherapy less efficacious.

. . o~ 4
treatment is being utilized. ° Brain metastasis patients with radiation necrosis are

° For recurrent brain metastasis patients, the able to stop steroids much sooner when LITT is
combination of LITT+SRS for recurrent tumor may used as an intervention.
offer superior local control and an overall survival
advantage.?

° LITT+SRS may help prevent future incidence of
radiation necrosis."

1 Chan M, Tatter S, Chiang V, et al., Efficacy of Laser Interstitial Thermal Therapy (LITT)for Biopsy-Proven Radiation Necrosis in Radiographically Recurrent Brain Metastases, Neuro-Oncology Advances, 2023; vdad031. doi: 10.1093/noajnl/vdad031
2 Grabowski M, Srinivasan E, Vaios E, et al., Combination laser interstitial thermal therapy plus stereotactic radiotherapy increases time to progression for biopsy-proven recumrent brain metastases, Neuro-Oncology Advances, Volume 4, Issue 1,
January-December 2022, vdac086. doi: 10.1093/noajnl/vdac086

3 Sankey E, Grabowski M, SrinivasaE, et al., Time to Steroid Independence AfterLaser Interstitial Thermal Therapy vs Medical Management for Treatment of Biopsy-Proven Radiation Necrosis Secondary to Stereotactic Radiosurgery for Brain
Metastasis, Neurosurgery. Epub 2022 March 23;90(6):684-0690. doi: 10.1227/neu.000000000000 1922

& Virginia Mason
Franciscan Health-

27
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Oncology Summary

Extensive prospective multi-center registry data (LAANTERN NCT02392078) and multiple retrospective
publications suggest that LITT is safe and highly effective

« Little or no ICU stay

« 33.4 hours median length of stay?

Favorable hospitalization data o 83.4% of patients discharged directly to home?

o 1.8% 30-day readmission rate?

o 5-7% complication rate comparable to biopsy alone'

Most patients reported an improvement or QoL results showed better than anticipated outcomes in patient population
stabilization in quality-of-life post-LITT with predominantly recurrent disease and a short life expectancy.?

LITT allows for the prompt cessation of steroids and the continuation of chemotherapy and/or immunotherapy?3

LAANTERN 12-month outcomes reports 73% 12-month overall survival?

Over 11,000 LITT patient experiences have been studied and documented in peer-reviewed publications.

1 Rennert RC, Khan U, Bartek J, et al. Laser Ablation of Abnomal Neurological Tissue Using Robotic Neuroblate System (LAANTERN ): procedural safety and hospitalization.
Neurosurgery. May 2019. doi: 10.1093/neuros/nyz141
‘ \Jirginiu MCISDFI 2 Kim AH, Tatter S, Rao G, et al. Laser Ablation of Abnomal Neurological Tissue Using Robotic NeuroBlate System (LAANTERN): 12- month outcomes and quality of life
FI'EI ﬂCiSCUi"I HEﬂ]th . after brain tumor ablation. Neurosurgery. 2020 Apri 21: nyaa071. doi: 10.1093/neuros/nyaa07 1
- 3 Chan M, Tatter S, Chiang V, et al. Efficacy of laser interstitial thermal therapy for biopsy-proven radiation necrosis in radiographically recurent brain metastases. 28
Center for Neurcsclences & Splne Neurooncol Adv. 2023 Mar 28;5(1):vdad031. doi: 10.1093/noajnl/vdad031. PMID: 37 114245; PMCID: PMC10129388.



LITT Applications in Neuro-oncology

MTLE Focal Cortical Dysplasia Cavemous Malformation

Periventricular Heterotopia Tuberous Sclerosis Non-Lesonal Corpus Callosotomy
Multi-Focal
‘ Virginia Mason
. Franciscan Health-

Canter for Neurcsclences & Spine
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Thank You.

Virginia Mason
Y Franciscan Health-

Center for Heurcsclences & Spine
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A New Way to Treat Brain Tumors:
Surgery and Radiationin One Procedure

VMFH Neurosciences and Spine Symposium
Meydenbauer Center, Bellevue, WA
May 9, 2026

Roby Ryan, MD, Neurosurgery
Virginia Mason Franciscan Health
roby.ryan@commonspirit.org

Virginia Mason
#® Franciscan Health-

A member of Common Spirit



Disclosures

 No financial disclosures

» Virginia Mason is a participating site for the STaRT Registry, participated in the
ROADS RCT, and is undergoing site selection for the BRIDGES RCT evaluating

GammaTile

@ Virginia Mason
Franciscan Health



Objectives

* Review the rationale and design of the GammaTile surgically targeted radiation

implant
« Evaluate the workflow and application of the implant

* Discuss current data and ongoing evaluations of the efficacy of surgically
targeted radiation for primary and recurrent tumors
« STaRT Registry, ROADS, BRIDGES

@ Virginia Mason
Franciscan Health

33



Localrecurrence - The
Problem

» Both primary and metastatic brain tumors

ey
Temodal 100 mg

have high local recurrence rates, especially

hard capsules ~

Tmazolomide -
bl iw

in the absence of adjuvant therapy

* Options:
Systemic therapy
EBRT

Local/cavity chemotherapy
Brachytherapy
@ Virginia Mason

® 9 Franciscan Health
A member of CommonSpirit 34



Brachytheragv Challenges

-y

Virginia Mu..... o N .
. B perative Neurosurgery
#® 8 Franciscan Health Selker, et al, Neurosurgery 51(2).p 343-357, August 2002,

A member of CommonSpirit

Lapperierre, et al, Int J Radiat Oncol Biology Phys. 1998;41(5).1005-1011.


https://journals.lww.com/neurosurgery/toc/2002/08000
https://journals.lww.com/neurosurgery/toc/2002/08000
https://journals.lww.com/neurosurgery/toc/2002/08000

GammarTile Therapy | THE DEVICE - 4 Cs-131 Seeds in Collagen Tile

Top View

TEXTURED SMOOTH
SURFACE VIEW SURFACE

Virginia Mason
#® Franciscan Health

A member of CommonSpirit 0 G a m m a-l_l I ev-



Cesium-131 Dose Distribution
And Intensity

. Like other radiation therapies, GammaTile Therapy works
by disrupting the tumor cell replication process.
. The collagen tile keeps the sources in place while the

radiation is delivered. Ko Bty .
@ CESIUM-131 SOURCES @ |

RESECTION
CAVITY

The half-life of the Cs-131 sources is 9.7 days; 90% of the \ . 4
-120 Gy** at operative beg im0 o=~ SOMIC. N LUBNE L S

dose is delivered over the first month.
After 100 days, the tiles are considered inert 50 67 ok B G O e e e e

* The collagen is broken down and absorbed over time ** Doses when used in typical applications

. The small titanium sources remain in the brain, and do not

peed o bejremoved,
# O Franciscan Health at 5Smm depth when 3+ seeds are implanted

A member of CommonSpirit

Designed to achieve 60 Gy dose of radiation

**Chiu-Tsao ST, Napoli JJ, Davis SD, et al. Dosimetry for 131Csand 125l seeds in solid water phantom using radiochromic EBT film. App/ Radiat Isot. 2014:92:102-114.



Overview of BNI Trial That Led to FDA Clearance of

GammaTile®

Study type

* Prospective, multiple-histology basket design, single arm, single
institution (NCT03088579). Opened 2/2013, closed 2/2018

Treated patients

= 108 implants in 96 adult patients with aggressive intracranial neoplasms
for whom surgery alone was considered not likely to be curative; most
patients had failed 2 2 times (range 1-4) before enrolling

Trial intervention

= Maximum safe resection (R) + Cs-131 collagen carrier tile brachytherapy
(CTBT, GammatTile) implantation; prescribed 60 to 80 Gy at 5 mm into
tumor bed

Endpoints

* |ncluded local control (LC); overall survival (OS); toxicity

(IR ILS R LS =LAy )

Histologies Treated

52 Glioma
(Incl. 28 rtGBM)

35 Meningioma
16 Mets
5 Other

-w - !
.‘ Franciscan HEﬂlth " Nakaiji P, Youssef E, Dardis G, et al: Surgically targeted radiation therapy: a prospective trial in 79 recurrent, previously irradiated
A member of CommonSpirit intracranial neoplasms. Oral presentation at: American Association of Neurological Surgeons Annual Meeting; April 2019; San Diego, CA.
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GammarTile® Therapy - Workflow

Surgery
performed in
time window
when seeds
are at optimal
potency

Number of
tiles
estimated

Surface area
of margin
estimated

Patient
assessed as
candidate

Tiles ordered

Virginia Mason
#® Franciscan Health

A member of CommonSpirit
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Case Review - 43 yo man with recurrent GBM

* Previously healthy, left handed business executive had presented with new
onset seizure

* Right parietal tumor, IDH WT, MGMT unmethylyated, complete contrast
enhancing resection

* Received standard Stupp, and continued with Optune

* 11 months after initial resection developed increasing simple partial seizures

» Surveillance imaging showed locally recurrent disease
@ Virginia Mason
Franciscan Health



A B89 mm

Virginia Mason
Franciscan Health
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Treatment planning

« Patient highly informed of standard and experimental treatment options
» Considering vaccine trial vs implanted therapy (chemo vs brachytherapy)

* Decision to proceed with:
Gleolan(5-ALA) fluorescent guidance; GA and motor mapping; additional specimen

for UK vaccine trial protocol; GammaTile implant

@ Virginia Mason
Franciscan Health



4 Tiles ordered based on surface area

calculations

\. ‘I:r-ll"1i"||.|' ‘1.?."1'."‘"'1.

Resection limited anteriorly by activation

of motor fibers — Tiles placed "smooth side

out” for increased dose (~ 8 mm 60 Gv)



Tolerated the operation well; mild L sided

symptoms that improved with PT

Discharged home on POD 3

Post op Dosimetry confirmed full coverage of

residual anterior enhancement to 60 Gy

Returned with fluid collection under scalp that

required lumbar drainage, with resolution

Back to full activity and able to resume

adjuvant chemotherapy regime ©



6 month post-op
imaging stable

Franciscan




Stable position of tiles at 6 months - continuing adjuvant

Franciscan Health




Current Studies 1. GammaTile STaRT Registry

« NCT04427384: AMulticenter Observational Study of GammaTile
Surgically Targeted Radiation Therapy (STaRT) in Intracranial Brain
Neoplasms

« Multi-center, prospectively maintained database, started 9/11/2020
« Objective: Evaluaterealworld clinicaland patient reported outcomes

« Patients(N=600) with surgically resected tumors of any pathology and
treated with STaRT

Virginia Mason
Franciscan Health
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Registry of Patients With Brain Tumors Treated With STaRT (GammaTiles)

ClinicalTrials.gov ID @ NCT04427384

e DataCollected:
O Local control
O Overall Survival

O QOL, neurocognition,
functional decline

O Surgical andradiation AEs

® Timepoints:1,3,6,9,12,18,24

months then every 6 months

@ Virginia Mason
Franciscan Health

Results:

Data will be used to
benchmark clinical outcomes
and compare to existing
standard of care treatments
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Results from theregistry

Journal of Neuro-Oncolagy (2026) 176:199

hitt ps2tfdoi.org 0100751 1060-026-05455-0

RESEARCH

Local control and leptomeningeal disease after resection and
GammaTile brachytherapy for newly diagnosed brain metastases:
results from a prospective registry

Trent Kite' - Simon Hanft® - Sabrina Zeller® - ituartLee’ M. Sean Peach® : Lindsey Sloan® - Clark C. Chen®-
Vincent DiNapoli’ - Parag Sevak® . Colette :

Sita Patel'' - Adam Robin'? - lan Lee"
Daniel Pavord" - Rodney E. Wegner'’

"’ Michael A. Garcia" David Brachrnan

Received: 29 December 2025 / Accepted: 30 January 2026 / Published online: 7 February 2026

©The Author(s) 2026
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Analyzedrates of leptomeningeal
disease in newly diagnosed brain
mets

55BMin 51 patients analyzed
Clinical Outcomes (LMD, LC,
radiation toxicity, distant control,
OS) collected and compared with
historical control

50
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A member of CommonSpirit

Very low rates of
LMD and AEs

Favorable 12
month LC vs post-
op SRS (92% vs
72% from phase llI
SRS trial)

51



Current Studies 2. ROADS Trial

 Phase 3,RCTcomparing surgicalresection of newly diagnosed brainmet
followed by:

- Standard of care external beam SRS vs.

- Surgically targetedradiation with GammarTile

@ Virginia Mason
® 9 Franciscan Health

A member of CommonSpirit
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Current standard of care results in 72% 12-month local control,
driving the need for better outcomes™?

* Surgery — Post-operative SRS/SRT A
(Mahajan et al., Lancet Oncol. 2017) 1004, — Ohservation
* 12-month local control: - L
+ Surgery alone: 43% ¥ 8o | by
et L e R e e
* Surgery + SRT: 72% 5 L !
P o
= Ly L
* Limitations: g b y
* Typically delayed by several weeks for post-op recovery <€ 40 ' o '
* Dose limits by lesion size !5-
£ 20
HR 0-46 (95% €1 0-24-0-88); p=0-015
@ T T T 1
Mumberatrisk © 6 12 18 14
) ) ) (number censored)
1. Mah A etal L t O /. 18(8):1040-1048 (2017). 2. Weinb J, Beckham TH, LinH, N
etal.aln?]ear':n ar?al?lsis %’;;ephansceo?: rar(1d)omized contrSaIIed t)rial for(iLga?;?ento?zemi;lndiagnolged Observation 65 (1) 18(12) 15 (20} 9(25) 6(28)
metastatic brain tumors (ROADS, NCT04365374). Presented at: Congress of Neurological SRS B3 (D) 34(20) 13(32) 11(37) 7i41)

Surgeons (CNS) Annual Meeting; October 15, 2025; Los Angeles, CA.

Virginia Mason
$ 8 Franciscan Health

A member of CommonSpirit



ROADS - A Phase 3 Randomized Controlled Multicenter Trial for Newly

Diagnosed Brain Metastases’

Objective
Compare outcomes between surgery + stereotactic
radiotherapy (SRT) (Arm A) versus surgery + GammaTile

Erwolimend.

==

(Arm B).

Primary Outcome
» Surgical bed recurrence-free survival (SB-RFS)
Recurrences were centrally and independently reviewed

Secondary Outcomes

* Rates of leptomeningeal disease

LMD incidence/types were centrally and independently
reviewed

Overall survival

Toxicities

Neurocognitive Status

Quality of life (FACT-Br)

Functional status (KPS)

Factors that cause delays in SRT/SRS
Virginia Mason
'.. 1&5Q8§&ﬁﬂﬁﬁmmt al. Interim analysis of a phase 3 randomized controlled trial for reatment of newly diagnosed metastatic

braintumors (ROADS;NETB4365374). Presented at: Congress of Neurological Surgeons (CNS) Annual Meeting; October 15, 2025; Los
Angeles, CA.

Index Lesion: 2.0-7.0 cm

Up to 5 non-index lesions allowed




[

Interim patient demographics and characteristics were similar between arms
(n=168, median follow-up: 8.9 months)’

Parameter Surgery plus
SRT

Number of patients (n) 81 87
Median age in years (range) 63 (34-83) 63 (34-89)
Sex (M:F) 40:41 34:53
Ethnicity, predominantly Non-Hispanic (%) 73% 76%
Race, predominantly White (%) 66% 68%
Median resected tumor diameter in cm (range) | 3.2 (2.1 -5.8) | 3.3 (2.0 -

5.0)
Median number of brain metastases (range) 1(1-6) 1(1-6)

Median days to SRT (range)

26 (5 - 62)

Histology SRT (%) TBRT (%)
Lung 48 .1 425

Melanoma 111 11.5
Breast 8.6 14.9
Colon 4.9 3.4
Other 23.5 23.0
Renal 2.5 1.1

Unknown 1.2 3.4
Total 100 100

Reasons for radiation delay include (if past the
protocol-specified 28 days)

Virginia Mason

Rehabilitation

Prolonged hospitalization

Weather

Franciscan Health

A member of CommonSpirit

1. Weinberg J, Beckham TH, Lin H, et al. Interim analysis of a phase 3 randomized controlled trial for treatment of newly diagnosed metastatic brain tumors (ROADS,
NCT04365374). Presented at: Congress of Neurological Surgeons (CNS) Annual Meeting; October 15, 2025; Los Angeles, CA.




Surgery plus GammaTile leads to superior surgical bed control compared to
surgery plus SRT

Time to surgical bed recurrence is defined as time to recurrence at the surgical bed, with patient deaths censored.

Median time to surgical bed recurrence was 22.1 months (Arm A: SRT) versus not yet met (Arm B:
GammaTile) (HR: 0.13, 95% CI: 0.03-0.62, p=0.010).1

IUD . || Ll | Il 1L 1 l
| LI I I 11} I I
0.75 -
E‘
T 0.50 1
S — I
s
0259 __ spTrama
—_— GammaTile® Arm B
0.00 ; ; . ' . ' . ' . ' . ' . ' .
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42

Time {months})

GammaTile showed superiority in surgical bed control compared to SOC.
All recurrences were centrally and independently reviewed.
@ Virginia Mason
® 9 Franciscan Health
A member of CommonSpirit

1. Weinberg J, Beckham TH, Lin H, et al. Interim analysis of a phase 3 randomized controlled trial for treatment of newly diagnosed metastatic brain tumors (ROADS, NCT04365374). Presented at:
Congress of Neurological Surgeons (CNS) Annual Meeting; October 15, 2025; Los Angeles, CA.




Surgery plus GammaTile demonstrates superior freedom from either surgical bed
recurrence or radiation necrosis compared to surgery plus SRT?

This composite endpoint is time to surgical bed recurrence or necrosis, whichever occurs first.

Median time to freedom from SBR or RN was 16.0 months (Arm A: SRT) versus not yet met (Arm B:

GammaTile) (HR: 0.32, 95% CI: 0.12-0.82, p=0.018)"
1.00 4
0.75 1 —H
g IJ ] 1l ] L
£ T T T T
% 050
£
0.25 4
—— SKT Arm A
— GammaTile® Arm B
ﬂ.ﬂlﬂ T L] T T T T T T T T T T T T T
0 3 1] 9 12 15 1B 21 24 27 30 33 36 39 42
Time (months)

GammarTile showed superiority in overall protection from worrisome radiographic brain changes (both SBR
and RN). At the time of analysis, more than half of GammaTile patients remained free from both tumor regrowth and
radiation-related tissue damage, while in the SRT group, half of patients had one or the other by 16.0 months
- (HR:0.32).
1. Wemberg J .B;éi(han;.T.l:lr,. L|n H, et al. Interim analysis of a phase 3 randomized controlled trial for treatment of newly diagnosed metastatic brain tumors (ROADS, NCT04365374). Presented at:

Congress of Neurological Surgeons (CNS) Annual Meeting; October 15, 2025; Los Angeles, CA.




Surgery plus GammaTile demonstrates superior surgical bed recurrence-
free survival (SB-RFS) compared to surgery plus SRT

SB-RFS is defined as time to recurrence at the surgical bed or patient death, whichever occurs first.

Median SB-RFS was 11.7 months (Arm A: SRT) versus 42.5 months (Arm B: GammaTile)
(HR: 0.42, 95% CI: 0.24-0.73, p=0.0024).1

1.00
0.75
2 —t - -~ :
2 gsp
2
0.25 4
—— SRT Arm A , ,
—— GammaTile® Arm B ' :
0.00 -

0 3 6 g 12 15 18 21 24 27 30 33 36 39 42
Time (months)

GammaTile showed superiority in the primary endpoint of the study compared to SOC.
Patients who received GammatTile lived longer without tumor regrowth and there was a greater than 50% in risk of

] either tumor recurrence or death (HR: 0.42).

A member of CommonSpirit
1. Weinberg J, Beckham TH, Lin H, et al. Interim analysis of a phase 3 randomized controlled frial for treatment of newly diagnosed metastatic brain tumors (ROADS, NCT04365374). Presented at:
Congress of Neurological Surgeons (CNS) Annual Meeting; October 15, 2025; Los Angeles, CA.



GammaTile demonstrated significant gains in efficacy with no
increase in safety concerns’

Across both Arms, leptomeningeal disease and radiation necrosis rates were low,
as well as >Grade 3 TRAESs'

Surgery + SRT

Leptomeningeal disease (LMD), p = 0.402 0% 3.4%
Radiation necrosis (RN) 6.8% 6.8%
>Grade 3 treatment-related adverse 21.0% 20.7%

events (TRAEs )

@ Virginia Mason
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A member of CommonSpirit
1. Weinberg J, Beckham TH, Lin H, et al. Interim analysis of a phase 3 randomized controlled frial for treatment of newly diagnosed metastatic brain tumors (ROADS, NCT04365374). Presented at:
Congress of Neurological Surgeons (CNS) Annual Meeting; October 15, 2025; Los Angeles, CA.



Conclusion: GammarTile tile-based radiation delivers superior tumor
control compared to standard of care’

Efficacy’

+ Surgery plus GammarTile provides significantly longer time-to-surgical bed recurrence compared to
surgery plus SRT (HR: 0.13, 95% ClI: 0.03-0.62, p=0.010).

* Surgery plus GammaTile provides superior freedom from surgical bed recurrence or radiation
necrosis compared to surgery plus SRT (HR: 0.32, 95% CI: 0.12-0.82, p=0.018).

Primary Endpoint: Surgery plus GammaTile provides superior SB-RFS compared to surgery plus SRT,
with a risk reduction of >50% (HR:0.42 CI1:0.24-0.73, p=0.0024).

Safety’
* Low incidence of LMD and RN in both Arms.

+ Similar rates of 2Grade 3 TRAEs in both Arms.

Next Steps'
* Accrual of 230 randomized patients now complete.

+ Final analysis to be presented in 2026.

@ Virginia Mason
# 8 Franciscan Health "
A member of CommonSpirit

1. Weinberg J, Beckham TH, Lin H, et al. Interim analysis of a phase 3 randomized controlled trial for treatment of newly diagnosed metastatic brain tumors (ROADS, NCT04365374). Presented at:
Congress of Neurological Surgeons (CNS) Annual Meeting; October 15, 2025; Los Angeles, CA.




Current Studies 3. BRIDGES Trial

Phase 3 RCT for newly diagnosed Glioblastoma comparing surgical
resection and:

Standard Stupp protocol post-op external beamradiation/TMZ vs:

Placement of GammaTile and post-op radiationboost during
concurrent TMZ

) Viraginia Mason

Franciscan L=alth
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The Current Standard of Care for Newly Diagnosed GBM “Stupp Protocol”

Treatment Timeline

Surgery

“Maximum safe
resection”

@ Virginia Mason
® 9 Franciscan Health

A member of CommonSpirit

EBRT + TMZ AdjuvantTMZ + TTF
6 weeks of concurrent Maintenance therapy -
externalbeamradiation monthly oral chemo

(60Gy) and oralchemo
with temozolomide

Stupp et al, NEJM 2005
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Rapid Early Progression (REP): Any Tumor Regrowth Between Surgery and EBRT

Rapid early progression in glioblastoma
Incidence rate of REP: 45.9%"

Pre-Surgery Post-surgery (<48 hours) Pre-radiotherapy

(4-6 weeks after surgery)

| SR

. ~
Ca REP
Wagqar, M. et al. Rapid early progression (REP) of glioblastoma is an independent negative prognostic factor: Results from a systematic review and meta-analysis. Neuro-oncology Adv 4, vdac075 (2022). h

—

o>




Current Standard of Care

4 Sl ==

Surgery EBRT + TMZ Adjuvant TMZ + TTF

Can starting radiation immediately at surgery address rapid early progression and
improve outcome?

2 e

‘I‘* Surgery EBRT + TMZ Ad Adjuvant TMZ + TTF

Gammarile

R

04



30-fraction EBRT +
Concurrent TMZ

'

Adjuvant TMZ for 5 days
ot start of each 28-days
cycle; 6 cycles (£ TTF)

Virginia Mason

#® Franciscan Health

A member of CommonSpirit

Arm B:
GammaTile + EBRT

‘

Maximal Safe Resection
+GammaTile Implant

'

20-fraction EBRT +
Concurrent TMZ

'

Adjuvant TMZ for 5 days
at start of each 28-doays
cycle; 6 cycles (£ TTF)

Abbreviations: EBRT = external beam radiation therapy; TMZ = temozolomide; TTF = tumor treating fields

Randomized Study of Resection and GammaTile® Followed by Concurrent
External Beam Radiation Therapy (EBRT) and Temozolomide (TMZ) and Adjuvant
TMZ versus Standard of Care in Newly Diagnosed Glioblastoma (GBM)

Short title: Beginning Radiation Immediately with GammaTile at
GBM Excision versus Standard of Care (BRIDGES)

Protocol Number: GTM-105
NCT07195591
Number of Study Sites: Up to 80

Primary endpoint (superiority):
* Overall survival

Secondary endpoints (superiority):
* Progression free survival

* Quality of life

* Financial toxicity

* Time toxicity

« Time to next unplanned treatment
* Safety

Maximum number of patients: 766
Two planned interim analyses:

1) At155events (~404 patients)
2) At310events(~620 patients)

65



Arm B RT Planning: Gammarile + EBRT

Calculate brachytherapy
dose on EBRT planning CT

Generate Target Volumes and
Organs at Risk

PTV_4400 = Total Treatment
Volume -40Gy_GT

Optimize a 20-fraction EBRT
plan to deliver 4400 cGy to
PTV_4400

OAR constraints depend on
dose received from Gammarile
(obtained via online calculator)



GESTALT—Newly Diagnosed GBM (Gammatrile + Stupp) (NCT05342883)
Feasibility study
estalt

* Enrollment complete August 2025 2R VRN
* Primary aim: Feasibility of starting EBRT in timely fashion

* Secondary aim: Safety
* Tracking OS, PFS, LC, KPS

Radiographic

: 2 » Resection + GammarTile = et gigf— IMRT + Temozolomide
diagnosis

Case images courtesy of Dr. Jay McCracken and Dr. Nowlan



107 ANNUAL MEETING

Precision and Progress: Advancing Cancer Care in the Era of Personalized Medicine

Early GESTALT (NCT05342883) data: REP rate at 30 patients

Rates of rapid early progression (REP)
e 46%
o 20%

15%

%

Expected REP rate per meta-analysis (Waqar, et al REP rate on GESTALT (preliminary data)
2022)
Sloan L, Ferreira C, Neil E, Nowlan A, McCracken D), Wanebo J, Smith K, Block O, Zada G, Shah M, Richardson A, Khattab M, David J, Lee S, Peach MS, Hoeprich M, Chang E, Tumer A, Brachman D, Garcia MA, Incidence of

rapid early progression (REP) and rapid early response (RER) in patients with newly diagnosed GBM undergoing resection and im mediate post resection brachytherapy on a prospective tria. Proceedings of the American
Radium Society® 107th Annual Meeting. American Journal of Clinical Oncology (:10.1097/COC 0000000000001 223, June 13, 2025. | DOI: 10.1097/COC.0000000000001 223



Gammarile | Enrolling Clinical Studies

Memorial Sloan

Gammarile ROADS Ketterin GESTALT
. (enrollment i g (enrollment BRIDGES
Registry oomplete) Investigator complete)
P Initiated Study P
Tumor | Multi-tumor types | Newly Diagnosed Recurrent Brain Newly diagnosed | Newly Diagnosed
Type Brain Metastases Metastases GBM GBM

Design Observational Phase 3 Phase 2 Feasibility Phase 3

Registry Randomized Randomized Randomized
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Revascularizing the Occluded Brain: Contemporary
Results of Moyamoya Bypass Surgery

Jason Lee Choi, MD
Cerebrovascular Endovascular Neurosurgeon

5/9/2026

Virginia Mason
# @ Franciscan Health

A member of CommonSpirit



Moyamoya Vasculopathy

® Raresteno-occlusive disease with progressive intimal thinking of the
internal carotid arteries andits proximal branches

® Disease progressionina majority of patients

® 2/3of patients have symptomatic progression over 5 years withpoor
outcome without treatment

® 5yearstrokerisk ranges from 25-75%

Scott RM, Smith ER. Moyamoya disease and moyamoya syndrome.N Engl J Med. 2009; 360:1226-1237. doi: 10.1056/NEJMra08 04622.
Kronenburg A, Braun KP, van derZwan A, Klijn CJ.Recent advances in moyamoya disease: pathop hysiology and treatment. Curr Neurol Neurosci Rep. 2014; /4:423. doi: 10.1007/s1 1910-01 3-0423-7.

@ Virginia Mason
Zipfel GI, Sagar J, Miller JP, Videen TO, Grubb RL Jr, Dacey RG Jr, Derdeyn CP. Cerebral hemodynamics as a predictorof stroke in adult patients with moyamoya disease: a prospective observational study. Neurosurg Focus. 2009

Fﬂ] n C'I' SCOn H e | t n Apr;26(4) E6. doi: 103171/2009.01.FOCUSO8305. PMID: 19335132 PMCID: PMC2747517.

Kuroda S, Ishikawa T, Houkin K, Nanba R, Hokari M, Iwasaki Y. Incidence and clinical features of disease progression in adult moyamoya disease. Stroke. 2005 Oct;36(10)2148-53. doi: 10.1161/01.STR.0000182256.32489.99. Epub 2005
Sep 22. PMID: 16179571



Moyamoya Vasculopathy

® Thereis currently no medical treatment that can halt progression or
reverse the vasculopathy

® Asymptomatic Moyamoyadisease may be a misnomer, as 20% have silent

strokes

® Surgicalrevascularizationisthe only treatment

@ Virginia Mason
Franciscan Health
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Scott RM, Smith ER. Moyamoya disease and moyamoya syndrome.N Engl J Med. 2009; 360:1226-1237. doi: 10.1056/NEJMra08 04622.
Kronenburg A, Braun KP, van derZwan A, Klijn CJ.Recent advances in moyamoya disease: pathop hysiology and treatment. Curr Neurol Neurosci Rep. 2014; /4:423. doi: 10.1007/s1 1910-01 3-0423-7.

Zipfel GI, Sagar J, Miller JP, Videen TO, Grubb RL Jr, Dacey RG Jr, Derdeyn CP. Cerebral hemodynamics as a predictorof stroke in adult patients with moyamoya disease: a prospective observational study. Neurosurg Focus. 2009
Apr;26(4) E6. doi: 103171/2009.01.FOCUS08305. PMID: 193351 32; PMCID: PMC274751 7.

Kuroda S, Ishikawa T, Houkin K, Nanba R, Hokari M, Iwasaki Y. Incidence and clinical features of disease progression in adult moyamoya disease. Stroke. 2005 Oct;36(10)2148-53. doi: 10.1161/01.STR.0000182256.32489.99. Epub 2005
Sep 22. PMID: 16179571



Questions to consider

e WhentoBypass?
e Indirectvs Direct?
e How much flow do we need?

@ Virginia Mason
Franciscan Health



CLINICAL ARTICLE

INS

Short- and long-term outcomes of moyamoya patients
post-revascularization

Mario Teo, MD, FRCS(SN), Kumar Abhinav, MD, FRCS(SN),

Teresa E. Bell-Stephens, BSN, RN, CNRN, Venkatesh S. Madhugiri, MBBS, MCh,
Eric S. Sussman, MD, Tej Deepak Azad, MD, Rohaid Ali, MD, Rogelio Esparza, MD,
Michael Zhang, MD, and Gary K. Steinberg, MD, PhD

Department of Neurosurgery, Stanford University School of Medicine and Stanford Stroke Canter, Stanford, Caldornia

Virginia Mason
Franciscan Health

A member of CommonSpirit

96% and 73% of the adult and pediatric cohorts,
respectively, had direct revascularization, with a
4.2% per-bypass-procedure 30-day major stroke
risk

Generally, the more advanced the disease prior to
surgery, the higher the risk of complications after
the surgery.

Y ounger patients do better than older patients

Post-revascularization long-term stroke risk of
0.6% per patient year
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Stroke-Free Survival

Long-Term Follow-Up Stroke Risks
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Post-
revascularization
long-term stroke risk
of 0.6% per patient
year



When to Bypass?

Different Schools of Thought

Early Bypass Late Bypass

Bypass based on age, some imaging findings Bypass if there is an established flow deficit
and minimal symptoms

@ Virginia Mason
Franciscan Health



J N S CLINICAL ARTICLE

Short- and long-term outcomes of moyamoya patients
post-revascularization

Mario Teo, MD, FRCS(SN), Kumar Abhinav, MD, FRCS(SN),

Teresa E. Bell-Stephens, BSN, RN, CNRN, Venkatesh S. Madhugiri, MBBS, MCh,
Eric S. Sussman, MD, Tej Deepak Azad, MD, Rohaid Ali, MD, Rogelio Esparza, MD,
Michael Zhang, MD, and Gary K. Steinberg, MD, PhD

Department of Neurosurgery, Stanford University School of Medicine and Stanford Stroke Center, Stanford, California

Retrospective case series of patients between 2005-2011
769 patients with 1250 bypasses (1118 direct, 132 indirect)
741/769 (96.4%) with 6 month follow up

205 pediatric patients vs 564 adult patients

@ Virginia Mason
® 9 Franciscan Health
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Strokes

The 30-day major stroke risk was 5.3% (41/769) and 2.4% (11/467) after the
firstand second bypasses, respectively.
4.2% per-procedure major stroke risk.

O 25/52 patients (562%) improved MRS > 1 postoperatively
0.7% died of a stroke post operatively within 30 days

@ Virginia Mason
Franciscan Health



Most Significant Stroke Risk Factors

Age
Age <18,19-39,40-59,>60
DSA Score
1) stenosis/occlusion, 2) +IC-IC collateralization, 3) +EC
Collateralization
MRI Score - within 1 mo priorto surgery
O) normal, 1) Ischemia/hemorrhage/atrophy, 2) DWI+ Infarct
Hemodynamic Reserve
O) normalaugmentation, 1) impaired augmentation, 3) Steal

Virginia Mason
Franciscan Health



Age

|30 Day

[ Major postop stroke (' mRS)
I

# of patients %/pt %/procedure

4

14 4.8% r
29 11.3%
3 15.0%
50 6.5% 4.0%
3 15.0%
50 6.5% 4.0%

Virginia Mason
# 8 Franciscan Health-

A member of CommonSpirit

DSA
Score

Mo. of Patients (row %)

Variable Mo Stroke Stroke p Value
DSA score
1 16 (100.0) 0 (0) <0.0001
2 543 (95.3) 27 (4.7)
3 138 (84.7) 25(15.3)



Preoperative Risk Factors for Perioperative

Stroke

MRI score

Pre_bypass Post Lt bypaSS

MRI brain score:

0) Normal 2%

1) Ischemia/hemorrhage/atrophy 6.3%
2) DWI+ infarct 36%

@ Virginia Mason
Franciscan Health

Hemodynamic Reserve score

Post-diamox

Hemodynamic Reserve (after Diamox)
score:

0) Good augmentation 0.6%

1) Impaired augmentation 6.0%

2) Steal 22.5%



When to Bypass?

Different Schools of Thought

Early Bypass

Bypass based on age, some imaging findings
and minimal symptoms

« Patients with decreased perfusion have a
higher risk of peri-operative complications

» Earlier development of iatrogenic
collateralization, with maturity of the
bypass over time

@ Virginia Mason
Franciscan Health

Late Bypass
Bypass if there is an established flow deficit

+ Competing flows will decrease long-term
patency of the bypass

* Bypasses beyond a stenosis may lead to
complete occlusion of the parent vessel

 As cut flow index <0.5 there is an increase
in risk of vessel occlusion



Revascularization Techniques

Simple
Less Flow
Burr holes
Bone Only Craniotomy
Craniotomy with Dural Inversion
Encephaloduromyosynangiosis (EDMS)
Encephaloduroarteriosynangiosis (EDAS)
EC-IC Bypass
EC-IC Bypass with Transposition Graft

nuroduces Combination Bypass with Transposition

Clamping
Increasing
Complexity
More Flow

@ Virginia Mason
Franciscan Health



Indirect vs Direct = Controversial

# Direct versus indirect revascularization procedures for
moyamoya disease: a comparative effectiveness study

Luke Macyszyn, MD, MA, Mark Attiah, MD, MS, MBE, Tracy S. Ma, MD, Zarina Ali, MD,
Ryan Faught, BA, Alisha Hossain, BA, Karen Man, BAS, Hiren Patel, BA, Rosanna Sobota, BA,
Eric L. Zager, MD, and Sherman C. Stein, MD

Department of Neurcsurgery, Pereiman School of Medicine, Unaversity of Pennsylvania, Phiadelphia, Pennsylvania

Stroke

CLINICAL AND POPULATION SCIENCES Q@
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Advantages of Direct

Augment flow immediately after surgery Meta-analyses consistently show that direct
More consistent higher extent of bypass (as well as combined bypass) provides
collateralization superior outcomes compared to indirect

bypass alone in adult patients
The only multicentered, prospective,
randomized, case controlled trial for MMD is
the Japan Adult Moyamoya (JAM) Trial which
compares outcomes of EC-IC vs no surgery for
MMD, with significant benefit in the surgery

group

Lim, Y. C,, Lee, E., & Song, J. (2024). Outcomes of Bypass Surgery in Adult Moyamoya Disease by Onset Type. JAMA Network
Open, 7, €2415102.
T Lin, K., Sui, S., Zhao, J., Zhang, L., & Chen, K. (2021). A meta-analysis of comparisons of various surgical treatments for moyamoya
’. U"gm_l_g Mason diseases. Brain and Behavior, 11.
Franciscan Health Nguyen, V. N., Motiwala, M., Elarjani, T., et al. (2022). Direct, Indirect, and Combined Extracranial-to-Intracranial Bypass for Adult
8 member of CommanSoirt Moyamoya D|sease An Updated Systematlc Review and Meta-Analysis. Stroke, 53, 3572-3582.
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How much flow do we need?

TABLE 1. Normal blood flow ranges for individual cerebral arter-

ies as measured by noninvasive optimal vessel analysis®

arter-

Vessel
L ICA
RICA
L MCA
R MCA
L ACA
RACA
LVA
RVA
BA

L PCA
R PCA
BA

L PCA
R PCA

Range (mL/min)
190-340
180-310
110-210
100-200
60-170
60-160
80-170
80-170
160-260
50-100
50-100

160-260
50-100
50-100

M4 Vessel ~10-20 ml/min

Moyamoya M4 often 0.1-3ml/min

« Often times in the opposite
direction via collaterals



EC-IC Bypass

Donor

Superficial Temporal Artery
Occipital Artery

Posterior Auricular Artery

Recipient
M4, M3, M2, PCA, ACA

Transposition
Radial Artery
Saphenous Vein

@ Virginia Mason
Franciscan Health

Simple
Less Flow

Complex
More Flow

Technique
Single Vessel End to Side

Single Vessel Double Anastomosis
(E-S proximal STA, E-S Distal STA)

Double Barrel Bypass
(E-S Frontal and Parietal Branch)
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. e o 395-1400, 2020

' The cut flow index revisited: utility of intraoperative blood
flow measurements in extracranial-intracranial bypass blood
surgery for ischemic cerebrovascular disease 1SS

Christopher J. Stapleton, MD, Gursant S. Atwal, MD, Ahmed E. Hussein, MD, A
Sepideh Amin-Hanjani, MD, and Fady T. Charbel, MD =
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FIG. 2. Kaplan-Meier curves comparing patency over time for bypasses
with a CFl 2 0.5 versus CFI < 0.5. Bypasses with a CFl 2 0.5 were sig-
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FIG. 2. Kaplan-Meier curves comparing patency over time for bypasses
with a CFl 2 0.5 versus CFl < 0.5. Bypasses with a CFl 2 0.5 were sig- Bypass Flow
nificantly more likely to remain patent (p < 0.0001).
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56 mi/min

After Diamox
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Pre-Op STA 3year STA
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Pre-Op STA 3year STA

STA 1.4mm distal end
M4 was positive 1.6 mL/minute

Virginia Mason _ _
#® 9 Franciscan Health Post Anastomosis: 40.8 mL/minute,

A member of CommonSpirit




Pre-Op STA 6mo STA 3year STA

. Virginia Mason 1.8mm STA, Cut flow is 23.7 ml/min

$® Franciscan Health M4 Flow: -5.8 ml/min
A member of CommonSpirit distal superficial temporal artery was positive 18.5 mL/min.




Intraoperatively - My Approach

® Dothesimplestdirect bypass ® Normocapnia
that decreases occlusiontime ® MAPIinthe highnormalrange of
the patient

® Anesthesia EEG monitoring

O STAtoM4E-S . .
® Burstsuppressionforocclusion

@ Virginia Mason
Franciscan Health



In Summary - My Approach

® Earlierbypasswiththe right patient selectiontoreduce peri-operative
complicationrisk

® STA-M4directandindirect bypass to allowforimmediate blow flow
augmentation, with the lowest introduction of ischemic time and peri-
operative risk

® Aggressive peri-operative and post-operative management of blood
pressuretoreduce prevalence of transient neurologic deficits and delayed
ischemia

@ Virginia Mason
Franciscan Health



Thank you
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Stroke Care Beyond
the Acute Event
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Anticoagulation/Antiplatelet Indications and Management
After Stroke (Ischemic and Hemorrhagic)

Fatima Milfred, MD
Neurohospitalist, Vascular Neurology
5/9/2026
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Objectives

Review the

indications of
antiplatelet use for
iIschemic stroke

Virginia Mason
8@ Franciscan Health

A member of CommonSpirit

Review the
indications of
anticoagulation for
ischemic stroke

Timing for

anticoagulation
after stroke

101



History of Stroke

»  Stroke was first documented by Hippocrates, the “the

father of medicine” in the 5 century BC

* He named the condition “apoplexy” in Greek means

“struck down by violence”

* In 1658, Dr. Johann Jacob Wepfer pathologist and
phamacologist performed post-mortem examinations
and these patients' death was related to lack of blood

supply to the brain (artery blockage by blood clots or

@blesdingriihel brain)
$ 8 Franciscan Health
A member of CommonSpirit 102




Stroke

Ischemic Hemorrhagic

M

) Qason
ranciscan Heolth
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Elements Associated with Elevated Stroke Risk

S

3
. =
Adverse Social Determinants of Inadequate Management of Commonly Unrecognized Risk-
Health Common Risk Factors enhancing Factors
* Poor Access to Care * Undiagnosed Risk Factors * Lipoprotein(a)
* Socioeconomic Disadvantage * Untreated Risk Factors * Thrombophilias
* Lack of Social and Community » Best Practices Not Followed * Endometriosis
Support * Lack of Shared Decision Making * Early Menopause
* Poor Access to Education * Health System Barriers * Complications of Pregnancy
* Racism and Discrimination =

De-Emphasis of Lifestyle Factors
(Life’s Essential 8)

@ Virginia Mason
® 9 Franciscan Health

A member of CommonSpirit 104



Overview

Annual Ischemic Stroke and TIA Incidence Pillars of Prevention
Total Recurrent Blood Pressure Control
Strokes: Stroke
~795K 185K
Diet
Physical Activity
k Smoking Cessation
Guiding Principle: Secondary prevention for Stroke and TIA patients is identical!
Virginia Mason Abbreviation: TIA indicates transient ischemic attack.

#® Franciscan Health

A member of CommonSpirit
Kleindorfer, 0.0, et al. {2021). 2021 AHASASA Guideline For the Prevention of Stroke in Patients With Stroke and Transient schemic Attack.

Strovke,
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Conceptual Representation of Strokes and Ischemic Strokes Subtype

2%
10%

88% I intracerebral Hemorrhage

I subarachnoid Hemorrhage
Bl 1schemic Stroke

Stroke

T77%

- Lacunar (Majority due to small vessel disease)

23% . MNon-Lacunar

Ischemic Stroke

35%
3%

ﬁ._____‘

45% Cardicembolic Large Artery
[ cryptogenic Il other

Mon-Lacunar Stroke 17%

50% ESUS

Cryptogenic Stroke 0 non-Esus

Virginia Mason
#® Franciscan Health

A member of CommonSpirit 106



Applying Class of Recommendation and Level of Evidence to Clinical Strategies,

Interventions, Treatments, or Diagnostic Testingin Patient Care
CLASS (STRENGTH) OF RECOMMENDATION LEVEL (QUALITY) OF EVIDENCE!

Class 2a (MODERATE) Benefit >> Risk
m‘rmmu-mmm
. 3
*  Can be useful/effective/beneficial
+  Comparative Effectiveness Pheases | : Level C-LD MM)
- 'strategy A is probably recommended/ . or
Indlicated in peeference to treatment 8 wmmmm-amum
~  Itis reasonable to choose treatment A over +  Metaanalyses of such studies
treatment 8 *  Physiclogical or mechanistic studies in human subjects

Level C-EO (Expert Opinion)
+  Consensus of expert opinion based oa clinical
oxpenence

OORandl.Otucdﬂammednﬂepmdm COR ma
be paited with any LOE). (o v
Aaeootmtmdﬂlonnlhlﬂ(ﬁdoesnoth that the
4 clinical questions
addcm«l in guideines ¢o not lhormdvn 1o clinical
s a1¢ unavailadle, there may be a very

lesr clinical coneens that 8 particular tost of thorapy is
useful or effective

* The cutcome o unﬂ_lthhc intervention should be

an imp of
&omw‘: a)cwucy or incremental prognostic

t Fo' 8.
YRR studies that 1
S use of c:;rw-rl'té;‘mm invotve direct Prabhakaran, S., et al. 2026 AHA/ASA
IIII-"‘II"gII"!II{II Mason Class 3: HARM (STRONG) Risk > Benefit eing evaluated > Guideline for the Early Management of
i . LS At S ¥ The mathod of assessing gualiy is evolving including Patients with AIS. Stroke
®@ Franciscan Health BOMAad isess o ey st ndotons S el e
A member of CommonSpirit ¢ c ey ws, the Incofp of an » 107

COR indicates Class of Recommendation; EO, expert opinlon:
hb henited dau to%cL’.vﬂ of Endence, NR, mun'dmxod
© illed trial




Journey of a patient with AlS

Emergency brain Imaging
Is koy o evalunie ischermic burden

Continuous quality improvement
stroko soverity documentation
&nd data regisiry parcipation

L )
mulitdisciplinary

team

Timely assossment for
SUSPeciod stroke in
adults and childron

Siroka code activabion, and
transier protocols

Mobie Stroke Units Emergency
improve onset of treatments department

and ouicomes

Early recognition n
pasionts of all agos

dentification of
candisates for treatment

EVT in patients
ASPECTS 3-10

Virginia Mason TNK is a reasonable
." Franciscan Health- and equivalent option
A member of CommanSgirit Abbreviations: AlS indicates acute ischemic stroke; EMS, emergency medical services; EVT, endovascular thrombectomy; MSU, mobile 108

stroke unit; and TNK, tenecteplase
Prabhakaran, S., et al. 2026 AHA/ASA Guideline for the Early Management of Patients



Stroke severity assessment

COR RECOMMENDATIONS

In patients with suspected AlS, the
use of a stroke severity rating scale,
preferably the NIHSS, is

1 recommended for measuring
clinical
deficits at baseline and after
reperfusion therapies.

'h-‘ ’ 'd"
- o
Consciousness Orientation
£ &
alpin
Motor Arm/fLeg Limb Ataxia

Virginia Mason
Franciscan Health

A member of CommonSpirit

Why NIHSS?

¥

Score Stroke Severity

Rapid, reproducible assessment
P P 0 Mo stroke symptoms

Quantifies neurological deficit

1-4 Minor stroke

Facilitates communication across teams

Identifies candidates for IV thrombaolysis & 5-15 Moderate stroke
thrombectomy

Moderate to severe
Tracks change over time 16-20

stroke
Predicts complication risk (e.g, ICH)

21-42  Severe stroke
NIHSS Components
© s

Commands Gaze Visual Fields Facial Movements
i & @ A
Sensory Language Articulation Extinction/
Inattention

Abbreviations: ICH indicates intracerebral hemarrhage; and NIHSS, Mational Institutes of Health Stroke Scale

109



ASPECTS (Alberta Stroke Program Early CT Score)

ASPECTS: Alberta Stroke
Program Early CT Score

Cavdate

Putamen

Internal capsule
Insular cortex
Anterior MCA cortex
(frontal operculum)

Posterior MCA cortex
(posterior temporal lobe)

Abbreviations: CT indicates computed tomography; and MC
artery.

Prabhakaran, S., et al. 2026 AHA/ASA Guideline for the Early Mz
Patients with AIS. Stroke.

Virginia Mason
#$ 8 Franciscan Health
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Thalami (1 point each)

Pons (2 points)
Occipital lobes {1 point sach) Midbrain (2 points) Cercbedlar hemespheres (1 point ¢



Management
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Antiplatelet Treatment

COR RECOMMENDATIONS

In patients with minor (NIHSS score <5) noncardioembolic AlS or high-risk TIA (ABCD? score 24) within 24 to
72 hours from stroke onset, or NIHSS score of 4 to 5 within 24 hours from onset, who did not receive IVT,
with presumed atherosclerotic cause (250% stenosis of intracranial or extracranial stenosis that was likely to
have accounted for clinical presentation or acute new infarctions on imaging of presumed large artery
atherosclerosis origin), DAPT (clopidogrel and aspirin) for 21 days followed by SAPT is reasonable to reduce
the 90-day risk of recurrent stroke.

2a

3: No  |n patients with AIS treated with IVT within 3 hours after symptom onset, adjunctive treatment with IV
Benefit eptifibatide is not recommended to reduce disability at 3 months.

@ Virginia Mason
Franciscan Health

F CommaonS

2pint Abbreviations: AIS indicates acute ischemic stroke; DAPT, dual antiplatelet therapy; IVT, intravenous thrombolytics; 13
NIHSS. National Institutes of Health Stroke Scale: SAPT. sinale antiplatelet therapv: and TIA, transient ischemic attack
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DAPT for minor noncardioembolic AIS and TIA.
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NIMSS 53
ABCDZ a4

o VS

LKN <24 hr NO

Acute noncar
Ischemic stroke or TIA

+

Chgible for ves —3 Thrombolysis
v revascularizatwon? y and MT section

LEN 24-72 hr
+ NIMSS =5
or ABCD =4

- 21 days

NO P NIHSS 4-5

Allele testing cypzcie

2o
Clopidogre!l + Asa INSPIRES

e s e
| Loss of function
allele carrler = 21 days (patients with presumed athero)
x = on
Ticagrelor + Asa
no I ves = 30 days THALES
Clopidogrel + Asas CHANCE Ticagrelor + Asns
= 271-90 days POINT = 21 days CHANCE 2
on

Ticagrelor + Asa

| 30 daya THALES

Virginia Mason
#$ 8 Franciscan Health
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" Abbreviations: ABCD2 indicates Age, Blood Pressure, Clinical Features, Duration, and Diabetes (TIA risk score): AlS, acute
ischemic stroke; Asa, aspirin; Athero, atherosclerosis; CHANCE, Clopidogrel in High-risk patients with Acute Nondisabling
Cerebrovascular Events; CHANCE 2, Clopidogrel versus Ticagrelor in High-risk Patients with Acute Nondisabling
Cerebrovascular Events: DAPT, Dual Antiplatelet Therapy: INSPIRES, Innovative Stroke Prevention and Intervention Research
Study; LKN, last known normal; MT, mechanical thrombectomy; NIHSS, National Institutes of Health Stroke Scale; POINT,
Platelet-Oriented Inhibition in New TIA and Minor Ischemic Stroke; SAPT, Single Antiplatelet Therapy: THALES, Acute Stroke
or Transient Ischemic Attack Tr d with Ticagrelor and ASA for Prevention of Stroke and Death; and TIA, transient ischemic
ottack.

Prabhakaran, 5., et al. 2026 AHASASA Guideline for the Early Management of Patients with AIS. Stroke.

Clopidogrel + Asa

INSPIRES
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Management of Intracranial Large Artery Atherosclerosis

RECOMMENDATIONS

Antithrombotic Therapy

1. In patients with a stroke or TIA caused by 50% to 99% stenosis of a major intracranial artery, aspirin 325 -
mg/d is recommended in preference to warfarin to reduce the risk of recurrent ischemic stroke and vascular
death.

2. In patients with recent stroke or TIA (within 30 days) attributable to severe stenosis (70%-99%) of a E o
2a major intracranial artery, the addition of clopidogrel 75 mg/d to aspirin for up to 90 days is reasonable to
further reduce recurrent stroke risk.

3. In patients with recent (within 24 hours) minor stroke or high-risk TIA and concomitant ipsilateral >30%
2b stenosis of a major intracranial artery, the addition of ticagrelor 90 mg twice a day to aspirin for up to 30
days might be considered to further reduce recurrent stroke risk.

4. In patients with stroke or TIA attributable to 50% to 99% stenosis of a major intracranial artery, the
2b addition of cilostazol 200 mg/day to aspirin or clopidogrel might be considered to reduce recurrent stroke
risk.

: 5. In patients with stroke or TIA attributable to 50% to 99% stenosis of a major intracranial artery, the
2b usefulness of clopidogrel alone, the combination of aspirin and dipyridamole, ticagrelor alone, or cilostazol
alone for secondary stroke prevention is not well established.

@ Virginia Mason
) Franciscan Health Abbreviations: TIA indicates transient ischemic attack.

A member of CommonSpirit
Kleindorfer, D. 0., et al. (2021). 2021 AHA/ASA Guideline for the Preventicn of Stroke in Patients With Stroke and Transient Ischemic Attack



Management of Extracranial Large Artery Atherosclerosis

COR

RECOMMEMDATIONS

1. In patients with a TIA or nondisabling ischemic stroke within the past & months and ipsilateral severe (70%~99%) carotid artery
stenosis, carotid endarterectomy (CEA) is recommended to reduce the risk of future stroke, provided that perioperative morbidity
and mortality risk is estimated to be <6%.

2. In patients with ischemic stroke or TIA and symptomatic extracranial carotid stenosis who are scheduled for carotid artery
stenting (CAS) or CEA, procedures should be performed by operators with established periprocedural stroke and mortality rates of
<b% to reduce the risk of surgical adverse events.

3. In patients with carotid artery stenosis and a TIA or stroke, intensive medical therapy, with antiplatelet therapy, lipid-lowering
therapy, and treatment of hypertension, is recommended to reduce stroke risk.

4. In patients with recent TIA or ischemic stroke and ipsilateral moderate (50%—69%) carotid stenosis as documented by catheter-
based imaging or noninvasive imaging, CEA is recommended to reduce the risk of future stroke, depending on patient-specific
factors such as age, sex, and comorbidities, if the perioperative morbidity and mortality risk is estimated to be <6%.

5. In patients 270 years of age with stroke or TIA in whom carotid revascularization is being considered, it is reasonable to select
CEA over CAS to reduce the periprocedural stroke rate.

6. In patients in whom revascularization is planned within 1 week of the index stroke, it is reasonable to choose CEA over CAS to
reduce the periprocedural stroke rate.

@ Virginia Mason

® 9 Franciscan Health

A member of CommonSpirit

Abbreviations: CAS indicates carotid artery stenting: CEA, carotid endarterectomy: and TIA, transient ischemic attack.

Klelndorler, 0. 0., et al. (3021). 2071 AHASASA Guideline Tor the Prevention of Stroke In Patients With Strake and Translent Ischemle Arvack
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Cont..Management of Extracranial Large Artery Atherosclerosis

COR

2a

2a

2b

2b

3: No Benefit

RECOMMENDATIONS

7. In patients with TIA or nondisabling stroke, when revascularization is indicated, it is reasonable to perform the procedure within
2 weeks of the index event rather than delay surgery to increase the likelihood of stroke free outcome.

&. In patients with symptomatic severe stenosis (270%) in whom anatomic or medical conditions are present that increase the risk
for surgery (such as radiation-induced stenosis or restenosis after CEA) it is reasonable to choose CAS to reduce the periprocedural
complication rate,

9. In symptomatic patients at average or low risk of complications associated with endovascular intervention, when the internal
carotid artery stenosis is 270% by noninvasive imaging or >50% by catheter-based imaging and the anticipated rate of
periprocedural stroke or death is >6 %, CAS may be considered as an alternative to CEA for stroke prevention, particularly in
patients with significant cardiovascular comorbidities predisposing to cardiovascular complications with endarterectomy.

10. In patients with a recent stroke or TIA (past 6 months), the usefulness of transcarotid artery revascularization (TCAR) for
prevention of recurrent stroke and TIA is uncertain.

11. In patients with recent TIA or ischemic stroke and when the degree of stenosis is <50%, revascularization with CEA or CAS to
reduce the risk of future stroke is not recommended.

12. In patients with a recent (within 120 days) TIA or ischemic stroke ipsilateral to atherosclerotic stenosis or occlusion of the
middle cerebral or carotid artery, extracranial intracranial bypass surgery is not recommended.
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Abbreviations: CAS indicates carotid artery stenting: CEA, carotid endarteresctomy: and TIA, transient ischemic attack.
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Overall Stroke Risk Reduction Strategies
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Reasons for prolonged anticoagulation after acute ischemic stroke

Deep venous thrombosis

Pulmonary embolism

Left ventricularthrombus/Atrial thrombus
Dissectionwithfree floating thrombus
Atrial flutter

Atrial fibrillation
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Figure 9 Initiation or continuation of anticoagulation in atrial fibrillation patien
ts after a stroke or transient ischaemic attack. This approach
based on consensus rather than prospective data. : . it 5 L



Timing of Anticoagulation after Stroke or TIA

DAY 0

Ischemic stroke or
TIA

DAY 0-2 DAY 2 - DAY 14 DAY 14 AND ON
Tlﬁ;nd o nd Stroke and atrial fibrillation (HIGH
non-valvular atria risk for hemorrhagic conversion*)
fibrillation (Class 2a)
(Class 2a)

*Large cerebral infarcts (NIHSS>15, lesions involving complete arterial territory or more than one arterial territory), evidence of
hemorrhage on neuroimaging, or other features which place patient at increased risk of hemorrhagic conversion following acute
stroke.
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Recommendations for AF

support recommendations are symmarized in

Referenced studies that
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6.In pntientswiﬂ\mkeatﬁghriskofhamr-
magicoonvorsioninthesett'ngofAF.itb
reasonable to delay initiation of oral antico-
agulation beyond 14 days to reduce the risk
OflCH.‘M'

| 7. In patients with TIA in the setting of nonvalvu-
lar AF., it is reasonable to initiate anticoagu-
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thatiemswithAFandsuokeor'l'lA.oral
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the AF pattern is paroxysmal, persistent, or
permanent.*”

lation immediately after the index event to
reduce the risk of recurrent stroke. N
8. In patients with stroke or TIA in the setting of

nonvalvular AF who have contraindications
for lifelong anticoagulation but can tolerate

s.hpniontswithstrokaorTIAmdAthodo
not have moderate to severe mitral stenosis
or a mechanical heart valve, apixaban, dabi-
gatran, edoxaban, or rivaroxaban is recom-
mended in preference to warfarin to reduce
the risk of recurrent stroke, '

at least 45 days, it may be reasonable to
oonsid«percutanoousclmooflholoﬂ
attialappondagewiththev\htd\mandovioo
to reduce the chance of recurrent stroke and

L. In patients with stroke at Iownm

. In patients with atrial flutter and stroke or TIA,
anticoagulant therapy similar to that in AF
is indicated to reduce the risk of recurrent
stroke.**

rhagicoonversionhthesettingofAF.itmay
be reasonable to initiate anticoagulation 2 to
14daysaﬂorme'ndexeventtomduoetho

5. In patients with AF and stroke or TIA, without
moderate to severe mitral stenosis or a
mechanical heart valve, who are unable to
maintain a therapeutic INR level with warfa-
rin, use of dabigatran, rivaroxaban, apixaban,
or edoxaban is recommended to reduce the
risk of recurrent stroke.

dgk of recurrent stroke ‘3844w

10. In patients wilh AT I SITORS O A who
have end-stage renal disease or are on
dialysis, it may be reasonable to use warfarin
or apixaban (dose adjusted if indicated) for
anticoagulation to reduce the chance of
recurrent stroke.*>®




the first 14 days

ranges substantially
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« Recurrent ischemic stroke risk is 0.5% per day to 1.3% per day in

mmendations come from?

» The rate of symptomatic hemorrhagic transformation after stroke

* 6% to 21% of patients who receive acute thrombolysis
* 1% to 7% who do not receive acute thrombolysis
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Early recurrent embolism associated with

nonvalvular atrial fibrillation: a
retrospective study.
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Hemorrhagic Transformation in Acute

Ischemic Stroke : The MAST-E Study
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HAS-BLED score

CHA,DS,-YASc score

Category Thromboembolic Category Bleeding event
event rate/year rate/year

0 0 0 059-1.13

1 0.6-1.3 1 1.02-1.51

2 1.6-22 2 1.88-3.20

3 3.2-39 3 3.74-19.51

4 1.9-4.0 4 8.70-21.43

5 3.2-67

6 3.6-98

7 8.0-9.6

8 6.7-11.1

9 >15.2

“The optimal timing of initiating oral anticoagulation should

be individualized for each patient’s risk of hemorrhage
versus recurrent embolism”
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Figure 1. Anticoagulation algorithm in various indications, These are general guidelines: & nuanced patient-specific approach is rec-
ommended based on risk of hemorrhagic and early recurrence ischemic events, Abbreviations: AlS, acute ischemic stroke; DAPT, dual
antiplatelet therapy: DOAC, direct aral anticoagulation: ICH, intracranial hemorrhage: IVC, inferior vena cava: LAA, left atrial appenc-
age: PH, parenchymal hemorrhage: VKA, vitamin K antagonist,
. .. TDOACs are noninferior for