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A Childhood Dream Come True!

Brain 
Surgery
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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 

Laser Probe

Diffusing Tip 

Laser Probe

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.
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Courtesy of Sujit Prabhu, M.D., MD Anderson

● Cell death is a function of 

temperature and time

● MRI Thermometry is used to 

calculate near real time temperature 
data in 3 planes

● Thermal dose (TDT) lines are 
contoured around heating areas and 

the user selects the dose to monitor 
while ablating

○ Tissue within the blue TDT lines 

is destroyed. 

○ Tissue between the blue and yellow 

TDT lines may experience thermal 

damage; but cell death is uncertain.

System Software - Brain Tumor
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● Laser energy penetrates tissue ~2 mm and is 

converted to heat,  progressing by thermal 
conduction away from the source (probe)

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

● The goal of LITT is to produce controlled 

hyperthermia-induced  necrosis at 43 - 85°C
within target tissue

How Laser Ablation Works
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How Laser Ablation Works
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Procedure Overview

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

Performed through a small hole in 

the skull where a bolt is placed. 

Bolt placement occurs in the OR 

or in an intraoperative MR

Robotic laser interface is used for 

precise, remote manipulation of 

laser probe position from the 

workstation in the MR suite

Ablation is visualized and 

controlled remotely

After the procedure, the skin is 

usually closed with one or two 

sutures, and the patient can return 

home after a short hospital stay



LITT-System-Animation.mp4

11

LITT Procedure
click to play

http://drive.google.com/file/d/1Mlc_NmcoPHANlEujyhlKsMMu0BuFG-ev/view
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Case Example: Recurrent Brain Met - Radiation Necrosis

Treatment Replay
click to play

Courtesy of Peter Fecci, MD, PhD
Duke Health

DUKE-194 Vue 3.17 rLung RN.mp4

http://drive.google.com/file/d/1CGUYXc4PchcRffki2Plg36aOjCo5-NfC/view
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LITT Applications in Neuro-oncology

Newly Diagnosed
Glioma

Recurrent Glioma 
(2nd, 3rd, 4th, etc. recurrence)

Difficult 
to Access

Posterior 
Fossa

Multiple 
Lesions

Early Radiographic
Progression

Glioblastoma Anaplastic Astrocytoma Pilocytic Astrocytoma Adenocarcinoma Recurrent Melanoma Radiation Necrosis 
(no interruption of immunotherapy)

LITT is used for:

● Newly diagnosed and recurrent primary tumors 

● Recurrent metastatic tumors and post-SRS progression 

● Radiation necrosis

Plus:

● Patients with previous interventions

● Deep-seated and difficult to access tumors

● Fragile patients

● Patients who prefer a minimally invasive option



LITT is Supported by 

Societal Guidelines and 

Position Statements

14
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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.”

● “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.”

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

● “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.”

1 NCCN Guidelines Version 1.2024, 05/31/24. Central 

Nervous System Cancers. 
https://www.nccn.org/professionals/physician_gls/pdf/cns.pdf

2 American Association of Neurological Surgeons and 

Congress of Neurological Surgeons Position Statement on 
Laser Interstitial Thermal Therapy for the Treatment of Brain 

Tumors and Radiation Necrosis. AANS-
CNS_Position_Statement_Paper_LITT_Tumor-
Oncology_090721.ashx
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LAANTERN Registry Overview

Study Design Study Objectives

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

All patients undergoing LITT were eligible.

● Over 1,000 patients enrolled

● Safety

● Procedural Outcomes: Local Control, Progression 

Free Survival, Overall Survival, Seizure Freedom

● Quality of Life (QoL)

LAANTERN Publications

Kim AH, et a l., Laser interstitial thermal therapy for new and recurrent meningioma: a prospective and retrospective case series. Journal of Neurosurgery (published online ahead of prin t 2024). 

Chan M, et al. Efficacy of laser interstitial thermal therapy for biopsy-proven radiation necrosis in radiographically recurrent bra in 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 g lioblastoma, Neuro-Oncology Advances. 2022.

Kim AH, et a l. Laser Ablation of Abnormal Neurologica l Tissue Using Robotic NeuroBlate System (LAANTERN): 12-month outcomes and quality of life after bra in tumor abla tion, Neurosurgery. 2020.

Renner t 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.

Laser Ablation of Abnormal Neurological Tissue using LITT (NCT02392078)
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Newly diagnosed patients followed with standard of care chemoradiation 

● OS: 16.14 mo

● PFS: 11.93 mo.

Published resection outcomes: 

● OS:10-21 mo

● PFS: 6-8 mo

Efficacy of LITT for Newly Diagnosed 
+ Recurrent IDH Wild-type Glioblastoma

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

* Recurrent disease:

● OS: 8.97 mo

● PFS: 4.83 mo

● Comparable to the overall survival range of 5-13 months 
observed with resection

● Number of recurrences at the time of LITT is not known

Survival outcomes for LITT 

are comparable to those of 
traditional resection.
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Study Summary: 

● 14 centers prospectively enrolled 

223 subjects 

● Part of ongoing LAANTERN registry 
(Monteris Medical sponsored)

● Objective to compare 12-month outcomes 

from all subjects undergoing LITT for 
intracranial tumors / neoplasms

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

Study Summary: 

● 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%

● Adverse events related to LITT / surgery – 4%

● Stable or improved 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
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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

● 5% LITT-related complication rate 

(comparable to stereotactic biopsy alone) “Comparable or shorter than the ICU and hospital 

stays associated with open cranial surgery”

Related to surgical 

manipulation

Total AE rate

“Notably, our complication rate is lower than that 
reported for open craniotomies as treatment for 

difficult to access tumors.”

Rate of Adverse Events
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LAANTERN: LITT for Meningioma
Study Overview:

● Largest cohort of LITT for meningioma to date (N=20)

Key Points

● 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 

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

Kim AH, et al., Journal of Neurosurgery (published online ahead of print 2024)

● 1-year local control was 61.4% for patients with ≥91% 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
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LAANTERN Registry Publications

LITT survival outcomes comparable 

to those published for traditional 

resection affords patients

● A minimally invasive procedure with 
survival outcomes comparable to an 
open resection

● The possibility of resuming cancer 
treatment sooner

What do these studies mean for your patients?

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.

A minimally invasive 

procedure means

● Little hair removal

● Less scarring compared to 
open resection

● Optimize time and quality of life with 

a short recovery compared to an 
open craniotomy

Little to no time in the ICU, short 

hospitalization, and low complication 

rates offer patients possible options

● Go directly home rather than being 
discharged to a rehab facility

● Resume regular activities within 

a shorter period compared to an 
open resection

● Benefit from a LITT procedure rather 
than biopsy alone with potential 

additional benefits
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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/vdad031

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

Peña Pino I , Ma J, Hori YS, et al. 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-December 2022, 

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).
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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 

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

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

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

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



26

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%)

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

Chan, M. et al., Neuro-Oncology Advances, 2023
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Recurrent Metastatic Tumor Studies

LITT+SRS study:

● Biopsy at the time of LITT allows for diagnostic 
confirmation, ensuring the most appropriate 
treatment is being utilized.1

● For recurrent brain metastasis patients, the 
combination of LITT+SRS for recurrent tumor may 
offer superior local control and an overall survival 

advantage.2

● LITT+SRS may help prevent future incidence of 
radiation necrosis.1

What do these studies mean for your patients?

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 inc reases time to progression for biopsy-proven recurrent brain metastases, Neuro-Oncology Advances, Volume 4, Issue 1, 
January-December 2022, vdac086. doi:  10.1093/noajnl/vdac086
3 Sankey E, Grabowski M, Srinivasa E, et al., Time to Steroid Independence After Laser Interstitial Thermal Therapy vs Medical Management for Treatment of Biopsy-Proven Radiation Necrosis Secondary to Stereotact ic Radiosurgery for Brain 

Metastasis, Neurosurgery. Epub 2022 March 23;90(6):684-0690. doi: 10.1227/neu.0000000000001922

Time to Steroids Independence3:

● Long term steroid use can cause many different side 
effects and can make immunotherapy less efficacious.

● Brain metastasis patients with radiation necrosis are 

able to stop steroids much sooner when LITT is 
used as an intervention.
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Oncology Summary

1 Rennert RC, Khan U, Bartek J,  et al. Laser Ablation of Abnormal Neurological Tissue Using Robotic Neuroblate System (LAANTERN): procedural safety and hospitalization. 
Neurosurgery. May 2019. doi: 10.1093/neuros/nyz141
2 Kim AH, Tatter S, Rao G, et al. Laser Ablation of Abnormal Neurological Tissue Using Robotic NeuroBlate System (LAANTERN): 12- month outcomes and quality of life 

after brain tumor ablat ion. Neurosurgery. 2020 April 21: nyaa071. doi: 10.1093/neuros/nyaa071
3 Chan M, Tatter S, Chiang V, et al. Efficacy of laser interstitial thermal therapy for biopsy-proven radiation necrosis in radiographically recurrent brain metastases. 
Neurooncol Adv. 2023 Mar 28;5(1):vdad031. doi: 10.1093/noajnl/vdad031. PMID: 37114245; PMCID: PMC10129388.

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

Extensive prospective multi-center registry data (LAANTERN NCT02392078) and multiple retrospective 

publications suggest that LITT is safe and highly effective

LAANTERN 12-month outcomes reports 73% 12-month overall survival2

LITT allows for the prompt cessation of steroids and the continuation of chemotherapy and/or immunotherapy3

Most patients reported an improvement or 

stabilization in quality-of-life post-LITT

Favorable hospitalization data

QoL results showed better than anticipated outcomes in patient population 

with predominantly recurrent disease and a short life expectancy.2

● Little or no ICU stay1

● 33.4 hours median length of stay2

● 83.4% of patients discharged directly to home2

● 1.8% 30-day readmission rate2

● 5-7% complication rate comparable to biopsy alone1



29

LITT Applications in Neuro-oncology

MTLE Focal Cortical Dysplasia Hypothalamic Hamartoma Cavernous Malformation

Periventricular Heterotopia Tuberous Sclerosis Non-Lesonal 
Multi-Focal

Corpus Callosotomy
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Thank You.



A New Way to Treat Brain Tumors: 
Surgery and Radiation in 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
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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
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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



Local recurrence – The 
Problem 
• Both primary and metastatic brain tumors 

have high local recurrence rates, especially 

in the absence of adjuvant therapy

• Options:

Systemic therapy

EBRT

Local/cavity chemotherapy

Brachytherapy

34



Brachytherapy Challenges

Traditional Seed 

Brachytherapy

• Tricky to place

-unpredictable dosimetry 

-uneven spacing: hot, cold spots 

• Point-of-contact dose  ~2000Gy

• Long OR times

-increased staff exposure

• Historically I 125 t ½ 60 d  

• 2 early RCTs failed to show 

significant benefit in high grade 

glioma

Selker, et al, Neurosurgery 51(2):p 343-357, August 2002.

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

Wernicke, A. Gabriella; et al,

Operative Neurosurgery12(1):49-60, March 2016.

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


Operative Bed

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

20mm

4mm

3mm
10mm5mm



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.

The half-life of the Cs-131 sources is 9.7 days;  90% of the 

dose is delivered over the first month.

After 100 days, the tiles are considered inert

• The collagen is broken down and absorbed over time

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

need to be removed

**Chiu-Tsao ST, Napol i JJ, Davis SD, et al . Dosimetry for 131Cs and 125I seeds in  so lid  water phantom using radiochromic EBT film. Appl Radiat Isot. 2014;92:102-114.

Designed to achieve 60 Gy dose of radiation 

at 5mm depth when 3+ seeds are implanted



Nakaji P, Youssef E, Dardis C, et al: Surgically targeted radiation therapy: a prospective trial in 79 recurrent, previously irradiated 
intracranial neoplasms. Oral presentation at: American Association of Neurological Surgeons Annual Meeting; April 2019; San Diego, CA.  

Overview of BNI Trial That Led to FDA Clearance of 
GammaTile®

38



GammaTile® Therapy - Workflow

39
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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
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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
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4 Tiles ordered based on surface area 

calculations
Resection limited anteriorly by activation 

of motor fibers – Tiles placed “smooth side 

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



Stable position of tiles at 6 months – continuing adjuvant
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Current Studies 1. GammaTile STaRT Registry

• NCT04427384: A Multicenter Observational Study of GammaTile 
Surgically Targeted Radiation Therapy (STaRT) in Intracranial Brain 
Neoplasms

• Multi-center, prospectively maintained database, started 9/11/2020

• Objective: Evaluate real world clinical and patient reported outcomes

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



● Data Collected:

○ Local control

○ Overall Survival

○ QOL, neurocognition, 
functional decline

○ Surgical and radiation AEs

● Time points: 1, 3, 6, 9, 12, 18, 24 
months then every 6 months

49

Results:

Data will be used to 

benchmark clinical outcomes 

and compare to existing 

standard of care treatments



Results from the registry

● Analyzed rates of leptomeningeal 
disease in newly diagnosed brain 
mets

● 55 BM in 51 patients analyzed
● Clinical Outcomes (LMD, LC, 

radiation toxicity, distant control, 
OS) collected and compared with 
historical control

50
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• Very low rates of 

LMD and AEs

• Favorable 12 

month LC vs post-

op SRS (92% vs 

72% from phase III 

SRS trial)
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Current Studies 2. ROADS Trial

• Phase 3, RCT comparing surgical resection of newly diagnosed brain met 
followed by:

• Standard of care external beam SRS vs.

• Surgically targeted radiation with GammaTile



Current standard of care results in 72% 12-month local control, 
driving the need for better outcomes1,2

• Surgery → Post-operative SRS/SRT1

(Mahajan et al., Lancet Oncol. 2017)

• 12-month local control:

• Surgery alone: 43%

• Surgery + SRT: 72%

• Limitations:

• Typically delayed by several weeks for post-op recovery

• Dose limits by lesion size

1. Mahajan A, et al. Lancet Oncol.  18(8):1040-1048 (2017). 2.  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.



ROADS – A Phase 3 Randomized Controlled Multicenter Trial for Newly 
Diagnosed Brain Metastases1

Index  Lesion: 2.0-7.0 cm
Up to 5 non-index lesions allowed1. 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.

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

Objective
Compare outcomes between surgery + stereotactic 

radiotherapy (SRT) (Arm A) versus surgery + GammaTile 
(Arm B).

Primary Outcome
• Surgical bed recurrence-free survival (SB-RFS)

• Recurrences were centrally and independently reviewed



Interim patient demographics and characteristics were similar between arms 
(n=168, median follow-up: 8.9 months)1

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.

Parameter Surgery plus

SRT

Surgery plus

GammaTile

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)

Surgery plus SRT

Median days to SRT (range) 26 (5 – 62)

Reasons for radiation delay include (if past the 

protocol-specified 28 days)

Rehabilitation

Prolonged hospitalization

Weather

Histology SRT (%) TBRT (%)

Lung 48.1 42.5

Melanoma 11.1 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



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.

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

Surgery plus GammaTile leads to superior surgical bed control compared to 
surgery plus SRT1

GammaTile showed superiority in surgical bed control compared to SOC.

All recurrences were centrally and independently reviewed.

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



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.

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

Surgery plus GammaTile demonstrates superior freedom from either surgical bed 
recurrence or radiation necrosis compared to surgery plus SRT1

GammaTile 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).

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



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.

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

Surgery plus GammaTile demonstrates superior surgical bed recurrence-
free survival (SB-RFS) compared to surgery plus SRT1

GammaTile showed superiority in the primary endpoint of the study compared to SOC. 

Patients who received GammaTile lived longer without tumor regrowth and there was a greater than 50% in risk of 

either tumor recurrence or death (HR: 0.42).

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



GammaTile demonstrated significant gains in efficacy with no 
increase in safety concerns1

Across both Arms, leptomeningeal disease and radiation necrosis rates were low, 

as well as >Grade 3 TRAEs1

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 + SRT Surgery + GammaTile

Leptomeningeal disease (LMD), p = 0.402 0% 3.4%

Radiation necrosis (RN) 6.8% 6.8%

≥Grade 3 treatment-related adverse 

events (TRAEs )

21.0% 20.7%



Conclusion: GammaTile tile-based radiation delivers superior tumor 
control compared to standard of care1

Efficacy1

• Surgery plus GammaTile provides significantly longer time-to-surgical bed recurrence compared to 

surgery plus SRT (HR: 0.13, 95% CI: 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 CI:0.24-0.73, p=0.0024).

Safety1

• Low incidence of LMD and RN in both Arms.

• Similar rates of ≥Grade 3 TRAEs in both Arms.

Next Steps1

• Accrual of 230 randomized patients now complete.

• Final analysis to be presented in 2026.

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.
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Current Studies 3. BRIDGES Trial

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

• Standard Stupp protocol post-op external beam radiation/TMZ vs:

• Placement of GammaTile and post-op radiation boost during 
concurrent TMZ



62

6 weeks of concurrent 
external beam radiation 
(60Gy) and oral chemo 

with temozolomide 

“Maximum safe     
resection”

Maintenance therapy –
monthly oral chemo

“Stupp Protocol”

Stupp et al, NEJM 2005
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Thank you

70



Revascularizing the Occluded Brain: Contemporary 
Results of Moyamoya Bypass Surgery

Jason Lee Choi, MD
Cerebrovascular Endovascular Neurosurgeon

5/9/2026



Moyamoya Vasculopathy 

● Rare steno-occlusive disease with progressive intimal thinking of the 
internal carotid arteries and its proximal branches

● Disease progression in a majority of patients

● 2/3 of patients have symptomatic progression over 5 years with poor 
outcome without treatment 

● 5 year stroke risk ranges from 25-75%

Scott RM, Smith ER.Moyamoya disease and moyamoya syndrome.N Engl J Med. 2009; 360:1226–1237. doi: 10.1056/NEJMra0804622.

Kronenburg A, Braun KP, van der Zwan A, Klijn CJ.Recent advances in moyamoya disease: pathophysiology and treatment.Curr Neurol Neurosci Rep. 2014; 14:423. doi: 10.1007/s11910-013-0423-7.

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

Apr;26(4):E6. doi: 10.3171/2009.01.FOCUS08305. 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 

● There is currently no medical treatment that can halt progression or 
reverse the vasculopathy 

● Asymptomatic Moyamoya disease may be a misnomer, as 20% have silent 
strokes 

● Surgical revascularization is the only treatment

Scott RM, Smith ER.Moyamoya disease and moyamoya syndrome.N Engl J Med. 2009; 360:1226–1237. doi: 10.1056/NEJMra0804622.

Kronenburg A, Braun KP, van der Zwan A, Klijn CJ.Recent advances in moyamoya disease: pathophysiology and treatment.Curr Neurol Neurosci Rep. 2014; 14:423. doi: 10.1007/s11910-013-0423-7.

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

Apr;26(4):E6. doi: 10.3171/2009.01.FOCUS08305. 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.



Questions to consider

● When to Bypass? 
● Indirect vs Direct?
● How much flow do we need?



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. 

Younger patients do better than older patients

Post-revascularization long-term stroke risk of 

0.6% per patient year



Post-

revascularization 

long-term stroke risk 

of 0.6% per patient 

year 



When to Bypass?

Different Schools of Thought

Early Bypass

Bypass based on age, some imaging findings 
and minimal symptoms

Late Bypass

Bypass if there is an established flow deficit



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 



Strokes 

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

4.2% per-procedure major stroke risk.

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



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 prior to surgery 
0) normal,  1) Ischemia/hemorrhage/atrophy,  2) DWI+ Infarct

Hemodynamic Reserve
0) normal augmentation,  1) impaired augmentation,  3) Steal



Age
DSA 

Score



Preoperative Risk Factors for Perioperative 
Stroke

MRI score

Pre-bypass

MRI brain score:  

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

Pre-Diamox (Baseline)

Hemodynamic Reserve score 

Post-diamox

Post Lt bypass

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

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

Burr holes

Bone Only Craniotomy

Craniotomy with Dural Inversion 

Encephaloduromyosynangiosis (EDMS)

Encephaloduroarteriosynangiosis (EDAS)
EC-IC Bypass

EC-IC Bypass with Transposition Graft

Combination Bypass with Transposition

Simple 
Less Flow

Increasing 
Complexity

More Flow

Introduces

Ischemic 

Clamping



Indirect vs Direct = Controversial



Advantages of Direct

Augment flow immediately after surgery
More consistent higher extent of 
collateralization

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

Meta-analyses consistently show that direct 

bypass (as well as combined bypass) provides 
superior outcomes compared to indirect 
bypass alone in adult patients

Lim, Y. C., Lee, E., & Song, J. (2024). Outcomes of Bypass Surgery in Adult Moyamoya Disease by Onset Type. JAMA Network 

Open, 7, e2415102. 

Lin, K., Sui, S., Zhao, J., Zhang, L., & Chen, K. (2021). A meta‐analysis of comparisons of various surgical treatments for moyamoya 

diseases. Brain and Behavior, 11. 

Nguyen, V. N., Motiwala, M., Elarjani, T., et al. (2022). Direct, Indirect, and Combined Extracranial-to-Intracranial Bypass for Adult 
Moyamoya Disease: An Updated Systematic Review and Meta-Analysis. Stroke, 53, 3572-3582. 

https://doi.org/10.1161/strokeaha.122.039584 Cited by: 90

https://doi.org/10.1161/strokeaha.122.039584


How much flow do we need?

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

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)

Simple 
Less Flow

Complex 
More Flow





MRI NOVA



1.6mm STA 

M4 was positive 2.7 mL/min - pre anastomosis
Post anastomosis 15.4 mL/min post anastomosis 



STA 1.4mm distal end 

M4 was positive 1.6 mL/minute
Post Anastomosis: 40.8 mL/minute,



1.8mm STA, Cut flow is 23.7 ml/min

M4 Flow: -5.8 ml/min

distal superficial temporal artery was positive 18.5 mL/min.

Pre-Op STA 6mo STA 3year STA



Intraoperatively – My Approach

● Do the simplest direct  bypass 
that decreases occlusion time

○ STA to M4 E-S 

● Normocapnia
● MAP in the high normal range of 

the patient 
● Anesthesia EEG monitoring
● Burst suppression for occlusion



In Summary - My Approach

● Earlier bypass with the right patient selection to reduce peri-operative 
complication risk

● STA-M4 direct and indirect bypass to allow for immediate blow flow 
augmentation, with the lowest introduction of ischemic time and peri-
operative risk

● Aggressive peri-operative and post-operative  management of blood 
pressure to reduce prevalence of transient neurologic deficits and delayed 
ischemia 
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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 
ischemic stroke

Review the 
indications of 

anticoagulation for 
ischemic stroke

Timing for 
anticoagulation 

after stroke



History of Stroke

• Stroke was first documented by Hippocrates, the “the 

father of medicine” in the 5th century BC

• He named the condition “apoplexy” in Greek means 

“struck down by violence”

• In 1658, Dr. Johann Jacob Wepfer pathologist and 

pharmacologist performed post-mortem examinations 

and these patients' death was related to lack of blood 

supply to the brain (artery blockage by blood clots or 

bleeding in the brain)

102



Stroke
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Elements Associated with Elevated Stroke Risk
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Overview
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Conceptual Representation of Strokes and Ischemic Strokes Subtype
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Applying Class of Recommendation and Level of Evidence to Clinical Strategies, 
Interventions, Treatments, or Diagnostic Testing in Patient Care 

107

Prabhakaran, S., et al. 2026 AHA/ASA 

Guideline for the Early Management of 

Patients with AIS. Stroke



Journey of a patient with AIS

108Abbreviations: AIS indicates acute ischemic stroke; EMS, emergency medical services; EVT, endovascular thrombectomy; MSU, mobile 

stroke unit; and TNK, tenecteplase

Prabhakaran, S., et al. 2026 AHA/ASA Guideline for the Early Management of Patients 

with AIS. Stroke



Stroke severity assessment

109



ASPECTS: Alberta Stroke 
Program Early CT Score

Abbreviations: CT indicates computed tomography; and MCA, middle cerebral 
artery.
Prabhakaran, S., et al. 2026 AHA/ASA Guideline for the Early Management of 

Patients with AIS. Stroke.
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Management



112

Antiplatelet  Therapy



113Abbreviations: AIS indicates acute ischemic stroke; DAPT, dual antiplatelet therapy; IVT, intravenous thrombolytics; 

NIHSS, National Institutes of Health Stroke Scale; SAPT, single antiplatelet therapy; and TIA, transient ischemic attack



DAPT for minor noncardioembolic AIS and TIA.
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Management of Intracranial Large Artery Atherosclerosis
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Management of Extracranial Large Artery Atherosclerosis
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Cont…Management of Extracranial Large Artery Atherosclerosis
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Overall Stroke Risk Reduction Strategies
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Anticoagulation
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Reasons for prolonged anticoagulation after acute ischemic stroke

❖ Deep venous thrombosis
❖ Pulmonary embolism
❖ Left ventricular thrombus/Atrial thrombus
❖ Dissection with free floating thrombus
❖ Atrial flutter
❖ Atrial fibrillation



monsters symptoms
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Timing of Anticoagulation after Stroke or TIA
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Summary

● These studies provided reassurance of starting anticoagulation within 4-6 
days after moderate to severe ischemic stroke and as early as 48 hours in 
mild ischemic stroke in patients with nonvalvular atrial fibrillation without a 
significant risk of bleeding.

● We’re not talking about the patients with HT and patients with high risk of 
bleeding from any other etiologies

129



Anticoagulants
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Other considerations:
Extracranial Carotid Artery Dissection
Cardiac etiologies
Hypercoagulable State
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Secondary Stroke Prevention with Prosthetic Heart Valves

134



Secondary Stroke Prevention in cardiomyopathy and intra-cardiac thrombus
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Hypercoagulable State
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Shared Decision-Making & Adherence

138
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Take Home message

❑ Antiplatelets:  TIA/Minor ischemic stroke within 72 hours, for 21-30 days, 
atherosclerotic disease (large artery aspirin 325 mg); DAPT  Not greater 
than 90 days;  ESUS

❑ Warfarin: Valvular Afib, mechanical heart valve, congenital heart disease, 
triple positive APLA, LV/LA thrombus

❑ DOAC:  non-valvular Afib even after LAA exclusion or ablation
❑ Factor XI inhibitors: New class to AC  (Asundexian, Milvexian) to prevent 

stroke (Afib related and non-cardioembolic) with lower bleeding risks 
than current DOACs. Potentially safer, not more effective at least in Afib

❑ Pregnancy: Aspirin and LMWH
❑ Dissections:  risk stratification and either SAPT, DAPT or DOAC
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Questions?



Thank you
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Frequently asked  questions if none from the audience

▪ Repeat HCT prior AC?
▪ Stroke w/mass effect
▪ Definition of HT when deciding on AC
▪ HT and starting AC
▪ HT+ Big PE and starting AC
▪ Cerebellar infarct > 3 cm w/HT



Stroke Care Beyond the Acute Event:
Blood Pressure Targets & 
Hypertension Management 
After Stroke 
John Greenert, MD, MPH 
VMMC/VMFH Stroke Medical Director, Neurohospitalist

05/09/26
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Objectives
●Review ideal blood pressure goals in adults per updated American 

Heart Association / American Stroke Association guidelines.

●Identify blood pressure goals following acute ischemic strokes with 
and without stroke interventions.

●Identify blood pressure targets following hemorrhagic strokes 
(both intraparenchymal and subarachnoid). 

●Review IV and oral anti-hypertensives for use in the acute stroke 
setting and for secondary stroke prevention. 
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Blood Pressure Categories
● Updated 2025 AHA/ASA Guidelines for management of high blood pressure 

define 4 categories for blood pressure: 

○ (1) Normal, (2) Elevated, (3) Stage 1 HTN,  (4) Stage 2 HTN 
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Hypertension & Stroke
● Approx 80% of acute stroke patients will present with hypertension 

● Blood pressure targets / goals are dependent on type of stroke: 

○ ischemic vs hemorrhagic (including intraparenchymal & 
subarachnoid)

○ Both have a U-shaped relationship - early, aggressive BP 
reduction and late-stage uncontrolled HTN resulting in 
increased mortality in stroke patients 

● ISCHEMIC stroke →  cerebral autoregulation in the ischemic 
penumbra is abnormal and perfusion pressure is necessary for 
adequate blood & oxygen

○ Goal: enhance cerebral perfusion while minimizing edema & risk 
for hemorrhagic transformation (hence permissive HTN) 

○ Rapid reduction of BP can thus be detrimental (“starving the 
penumbra”), BUT may be indicated in those with comorbid 
conditions (e.g. ACS, acute HF, aortic dissection, pre-
eclampsia/eclampsia)
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Acute ISCHEMIC Strokes
● Acute phase (initial 48-72 hrs), NO interventions

○ BP >220/110 → treatment “unclear” (2b) but tend to treat 

■ 2025 HTN guidelines state it is “reasonable” (2b) to lower by 15% in initial 24hrs

○ BP <220/110 → no benefit to treating (3)

■ *spontaneous BP lowering will occur w/ 75% of patients w/in 2-3 days
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Acute ISCHEMIC Strokes
● Acute phase (initial 24hrs) & candidate 

for IV thrombolytic (tPA / alteplase or 
TNK / tenecteplase) 

○ PRE-treatment: BP <185/110

○ POST-treatment: maintain BP 
<180/105 (ideal SBP 140 - 180)

■ No benefit found from intensive 
BP lowering (BP <140) 
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Acute ISCHEMIC Strokes
● Acute phase (initial 24hrs) & candidate for endovascular thrombectomy (EVT)

○ PRE-treatment: BP <185/110 (2a)

○ ***POST-treatment: maintain BP <180/105 (ideal SBP 140 - 180)

■ recent RCTs demonstrated worsened clinical outcomes for those with SBP 
targets <140 (especially <120) within 24-72 of treatment 
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Acute HEMORRHAGIC Strokes
● Elevated BP is prevalent in pts with acute ICH / IPH & SAH 

○ uncontrolled HTN  → hematoma / hemorrhage expansion → neurologic worsening 
and potentially death or increased dependency

● current recommendations based on data from 3 largest trials (INTERACT2 & 3 + 
ATACH-2) 

● SUBARACHNOID HEMORRHAGE (SAH): 

○ 2023 guidelines do NOT give a specific BP target 

○ if initial SBP >180, then generally aim for SBP goal <160 mm Hg initially (meta-analyses 
showed early re-bleeding when SBP >160 but not with SBP <140)

■ post intervention (clipping vs coiling), higher SBP goals may be allowed in order to help 
prevent vasospasm & delayed cerebral ischemia (DCI) 

○ avoid hypotension (mean arterial pressure, MAP <65 mm Hg)
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Acute HEMORRHAGIC Strokes

● INTRACEREBRAL / INTRAPARENCHYMAL 
HEMORRHAGES (ICH & IPH) 

● if initial SBP 150 - 220, then aim for target 
range: SBP 130 - 150 (hence the <140 goal) 

● if initial SBP >220, reasonable to aim for 
target SBP <160 (guidelines say consider SBP goal 160 
- 180) 

○ AVOID lowering SBP <130 (associated 
with cerebral HYPOperfusion & 
worsened outcomes) 
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Acute Medical Management
● In acute setting (within initial 24 - 72 hours) for ALL stroke types (AIS, ICH / 

IPH, & SAH) when rapid BP control indicated, advise use of IV infusions 
initially over PRN IV pushes or oral meds

○ IV infusion → nicardipine or clevidipine (calcium channel blockers)

○ supplement with IV PRNs such as: labetalol (alpha & beta blocker) 
+/- hydralazine (vasodilator) 

● ISCHEMIC STROKE: permissive HTN period = 24 - 72 hrs 

○ following this period, tend to recommend restarting or initiating oral anti-
hypertensives 

● HEMORRHAGIC STROKES: concern for H.E. in initial 24 hrs

○ if hemorrhage remains stable, tend to recommend restarting or initiating 
oral anti-hypertensives 
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Secondary Stroke Prevention
● Post stroke (AIS or ICH), BP goal:

○ <130 / 80 mm Hg 

○ optimal timing per 2025 HTN guidelines 
are unclear

● Recommended anti-hypertensives:

○ thiazide-type diuretic (e.g. HCTZ)

○ Angiotensin-converting enzyme inhibitors 
(ACEi) (e.g. lisinopril)

○ Angiotensin II receptor blockers (ARB) 
(e.g. losartan) 

○ *Pregnant pts: labetalol or ER nifedipine

○ **limited data on calcium channel 
blockers (CCBs) and their  efficacy for 
secondary stroke prevention 157



Secondary Stroke Prevention
● Other considerations when treating HTN in 

post stroke patients:

○ Obstructive sleep apnea (OSA) 

■ treatment with CPAP shown to 
reduce BP in pts w/ mod-severe 
OSA & resistant HTN 

○ Modifiable risk factors, including:

■ Weight 

■ Diet / Nutrition 

■ Physical activity

■ Substance use / abuse (including 
tobacco & alcohol use) 
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Secondary Stroke Prevention
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Blood Pressure Cheat Sheet 
● Acute ISCHEMIC Stroke – no interventions:

○ Treat BP >220/110 mm Hg (lower by approx 15%) 

○ Permissive HTN: 24 - 72 hrs & then GRADUAL goal BP <130/80 

● Acute ISCHEMIC Stroke - IV thrombolytic candidate (tPA or TNK):

○ Pre: Attain BP <185/110 & Post: Maintain BP <180/105

● Acute ISCHEMIC Stroke – endovascular thrombectomy:

○ Pre: ideal <185/110 & Post (*new*): <180/105 (typically SBP 140 - 180)  

● Acute HEMORRHAGIC stroke (ICH / IPH or SAH):

○ Subarachnoid: generally SBP goal <160 (aim for 140), MAP >65

○ ICH/IPH: SBP 130 - 150 (if initial 150 - 220) or SBP <160 (if initial >220) 
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Questions?
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Objectives
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● Differentiate between Post-Stroke Fatigue (PSF) vs 

sleepiness in stroke 

● Review screening tools and treatment modalities for PSF and 

sleepiness post stroke

● Discuss poststroke depression (PSD) and current 
recommendations for screening and treatment



Post-Stroke Fatigue
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● Persistent feeling of tiredness, lack of 

energy, low motivation, and difficulty 
concentrating that is disproportionate to 
exertion and not relieved by rest/sleep

● One of the most common and debilitating 
sequelae of stroke

● Largely impacts rehabilitation 
engagement, quality of life

Epidemiology
● Affects ~30-75% of individuals with 

stroke
● Stroke severity and location not 

directly correlated to degree of PSF

● Can persist for months to years 

Clinical features

● Sense of exhaustion distinct from weakness or 
sadness

● Lack of energy interfering with daily activities 

of living
● Mental fatigability

● Worse with cognitive load
● May not be relieved by rest and can fluctuate 

throughout the day

Pathophysiology 
● Poorly understood: Likely combination of 

neuroinflammation, disturbances in cortical 
excitability, and alteration in neurotransmitters

● Medical contributors: pain, 

medications,deconditioning



Sleepiness in stroke
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● Often referred to as excessive daytime 

sleepiness 
● Increased physiologic drive to fall 

asleep

Etiologies 

● Sleep-disordered breathing (~60%)
● Medication side effects

○ Sedatives, spasticity treatment, 

antiepileptics
● Thalamic/brainstem involvement 

● Circadian disruption 
● Mood disorders 

Clinical features

● Falling asleep during the day
● Unable to stay awake during tasks such as 

sitting, reading, watching television

● Associated with a drive for sleep
● Rest can be restorative 



Screening tools

Post-Stroke Fatigue

● Fatigue Severity Scale (FSS)

● Fatigue Impact Scale

● Multidimensional Fatigue Inventory 

169

Sleepiness

● Epworth Sleepiness Scale
● STOP-BANG score
● Sleep study

● Evaluate contributors: Medications, mood, other 
comorbidities 



Treatment of PSF
Non-pharmacologic

● Physical activity 

● Aerobic (3-5 days per week, 20-60 min 

sessions, 40-60% VO2 reserve)

● Muscular strength/endurance

● Flexibility/balance

● Cognitive behavioral therapy (CBT)

● Randomized control trial showed that 

CBT and graded activity training over 

12 weeks improved PSF over CBT 

alone (Zedlitz et al.,Stroke,2012)

● Conservation of Energy

● Scheduling rest periods through the 

week, pace/plan/prioritize, utilize 

technology
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Pharmacologic

● Modafinil 200 mg/day (MIDAS Trial, Bivard et al., 
Stroke, 2017)

● Methylphenidate 5-15 mg twice daily (Grade et al., 
Arch Phys Med Rehabil, 1998)

● Current literature has not supported 
antidepressants for treatment of PSF 

● Timing? Duration of treatment?



Treatment of Sleepiness 

● Treatment of obstructive sleep apnea

● Pharmacologic therapies vs avoiding polypharmacy 

● Delirium precautions (during hospitalization)

● Treatment of other contributing sleep disorders
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Poststroke Depression
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DSM-5:“Mood disorder due to a general medical condition (i.e. stroke)” with the specifiers of depressive 

features, major depressive-like episodes, manic features, or mixed features”. 

● Symptoms lasting at least 2 weeks

Epidemiology 

● Common mood disorder after stroke affecting one third of stroke survivors 

● Cumulative incidence of 55%

● Can develop:

○ Within weeks

○ Months to years later (frequency is highest in first year)

Pathophysiology

● Poorly understood; evidence suggests biological component and not just psychological response to 

new disability

○ Late onset depression associated with white matter disease and small silent infarcts

○ Increased depression after transient ischemic attack and minor stroke



Poststroke Depression
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Clinical significance

● Associated with:

○ Increased mortality

○ Poor functional recovery

○ Reduced medication adherence

Risk factors for PSD

● Prior history of depression

● Stroke severity and disability

● Cognitive impairment

● Social isolation

● Female sex (in some studies)

Clinical Pearl:

● Fatigue and depression frequently coexist but require separate evaluation



Recommended in all stroke survivors

Gold Standard:

● Structured psychiatric interview, meeting DSM criteria 

Primary tool:

● PHQ-9

○ High diagnostic accuracy first 2 months post stroke

Alternative tools:

● Hospital Anxiety and Depression scale (HADS)

● Geriatric Depression Scale (GDS)

● Hamilton Depression Scale (HDS)

AHA Guidance:

● Routine screening recommended, timing uncertain

● Pitfalls: No validated scales for patients with aphasia/cognitive impairments

174

Screening for PSD
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Treatment of PSD

Pharmacologic 

● Selective serotonin reuptake inhibitors (SSRIs)

● Tricyclic antidepressants 

Non-pharmacologic

● Repeated transcranial magnetic stimulation (rTMS)

○ 2017 meta-analysis by Shen et al demonstrated benefit from rTMS

● Psychotherapy:

○ Cognitive behavioral therapy

● Acupuncture

○ Meta-analysis of 13 RTCs:The combined therapy of acupuncture with antidepressants 

led to a significant reduction in the HDS score when compared with antidepressant 

therapy alone (Zhang et al.,Medicine (Baltim),2021)

● Music therapy

● Exercise 

● Support groups
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Summary

Post-Stroke Fatigue (PSF) 

● Affects nearly 3 in 4 stroke survivors and is frequently underrecognized

● Characterized by persistent exhaustion not relieved by rest

● No single effective therapy → 

○ Pharmacologic strategies

○ Functional strategies (exercise, energy conservation)

Sleepiness in stroke

● Characterized by excessive daytime fatigue and physiologic drive to fall asleep

● Recognizing/treating OSA and other sleep disorders is paramount 

Post-Stroke Depression (PSD)

● Affects ~30% of patients 

● Associated with:

○ Worse recovery

○ Increased mortality

● Routine screening with PHQ-9 or other tool is recommended

What to Do in Practice

● Screen all stroke patients for:

○ Fatigue (clinical assessment ±

FSS) and OSA

○ Depression (PHQ-9)

● Treat contributing conditions and initiate 

therapy early

● Reassess regularly—symptoms evolve 

over time
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