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Learning Objectives

To enumerate the clinical rationale for functional radiosurgery
To discuss the radiobiologic principles of functional radiosurgery P .
Clinical Rationale

To describe the application of functional radiosurgery for specific disorders

- To recognize the outcomes and toxicities of functional radiosurgery
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Neurologic disorders have a “functional” bas

0 Neurologic disorders have a “functional” basis
Avrising from disruptions in intact complex neurologic circuitry

Movement disorders stem from disruption in neural networks

nal’ CSTC circuit

Cerebellum
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Functional Neurosurgery

Targeting neural pathways with modulétory ablative interventions

Biological Mechanisms of Radiotherapy

DNA—dama{ge driven response
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Jumeau et al. Fronteirs Card hﬂiﬂ%
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Mechanisms of Stereotactic Radiotherapy

Unique radiobiology and response?

Targets: A (Srawomeorsamionpeooy ) (Factonstes Racaton 183Gy action) )

DNA
+ Linids
" Bulas = H =

Endothelial Apoptasis

Ablative effect
Immunostimulation
Vascular sclerosis
Radiomodulation Tumor Response Tumor Response

Fuks and Kolesnick et al. Cancer Cell 2005; Brown et al IJRO“@,(‘})
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Tumr Cell Death

Radiobiology
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Biological Mechanisms of Radiotherapy

Augmented response with high-dose per fraction

rapy (SBRT) and cor

Radiosurgery for Functional Neurosurgery

Dr. Lars Leksell developed
radiosurgery (1960s) as
an alternative to potentially
morbid surgical
procedures for functional
disorders including:

» Movement disorders

« Psychiatric conditions

« Chronic Pain syndromes
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Clinical Applications
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Trigeminal Neuralgia
& <

Targeﬁng root entry zone (REZ), SOGy@100% IDL, 4mm shot

’ Colimator heimet

GKRS ONV target

DeSouza et al. Frontiers in Neuro Anat 2016; Tuleasca et al. JN

Trigeminal Neuralgia
O C

Clinical Outcomes, University of Pittsburgh

+ N=503 patients TN
4mm, 80 Gy max dose
80% patients had pain relief
41% durable relief at 5 yrs

10.5% new/incr facial nerve sxs

Probabiliy of Initial Pain Relief

pain relief (BNI grade I-111b)

complete pain relief (BN1 grade I)

Months after radiosurgery

Kondziolka et al. JJ“Z‘)(})
UGsp

Trigeminal Neuralgia

A “simble" functional disorder

Severe, unilateral electric-like pain
Medical therapy 90% effective
Neurovascular compression at REZ
Surgery for refractory patients

High potential morbidity from surgery
Treated with “radiosurgery” in 1951

DeSouza et al. Frontiers in Neuro AnZM)

Trigeminal Neuralgia
GK SRS widely adapted for TN

Gamma Knife Surgery for Tic World Wide since 1992

.
oy

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2004 2005 2006 2007 2008

Regis and Tuleasca et al. JNg 2)1%7:)

Trigeminal Neuralgia

Clinical Outcomes

Regis and Tulesasca JNS 2011
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Trigeminal Neuralgia Movement Disorders: MTLE
Clinical Outcomes, ISRS Guidelines Mesial Temporal Lobe Epilespy

TABLE 5. Final ecommendations.

Anterior temporal lobectomy
Recarmendaton
Sige-facion RS s bt hyporacionaed RS

Chronic, recurrent
howsver, conaindcate RS seizure activity

n=209, 53.7%
Anecvascaconht i ot  egahepsdcio o RS ) .
The il e doseis 700y Focally orginates in the
yols temporal lobe
A ator rget 8 postrage hve s ol affacy

i Jca + Primary treatment is

An anteriortargel, 1oy F)

o neaiia medical therapy

(1990-2010)

The maxinal effectve dose s 90 Gy

- Surgery is reserved for
Beyond 80 Gy e efcacy o roman il bt a gt compiaton e
salvage

Tuleasca et al J/\ag%; Mathon et al. Epilepsia 201 7;Sh'n 5
JCsF % UGsr

LINAC & CKR result i igher othersome hypesthesartes

Movement Disorders: Rose Trial SRS fc
SRS vs Anterior Temporal Lobectomy for refractory unilateral MTLE, n=58 pts
24 Gy@50% IDL

bsessive Compulsive Disorder
Gamma Ventral Capsulotomy (IRRF study, n=40), 120-180 Gy @100% IDL

°
kil

°

°
i

— AT
— SRS

proportion seizure-free

©

6 9 12 15 18 21 24 27 30 33 36
follow-up month

Gupta et al. Neurosurgery 2019

Radiosurgery for Celiac Plexus Neuralgia
— )

* 70-80% patients with pain

Ireatments:
. . . « Analgesic medical therapy
Emerging Applications . Chemotherapy

« Celiac plexus nerve block

* Role for radiosurgery?

- UGs Health f 7 ucs
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Ventricular
tachycardia in the ventricles at a rate of >100bpm. Regular QRS
Soenb

Radiosurgery for Celiac Plexus Neuralgia
Pancreatic cancer pain disorder

Pilot Trial Sheba Med Center

25 Gy in one fraction

T12-L2 aorta plus prox tumor
Primary obj: 3 wk pain response

Side projection Anterior p}ojection

Lawrence et al. Asaﬁl%
UCsr

Cardiac Radioablation for Arrhythmias
Morbidity of Ventricular Tachycardia (VT) andAtLLaLELhnlLamn.(AD

RS compl

(>305), unsustained (more than three beats, terminating
spontaneously), monomorphic (symmetrical
morphology from beat to beat) and polymorphic
(unstable and multiform QRS morphology from

beat to beat)

Atrial fibrillation Absent P wave combined with an irregular ventricular

rate; the isoelectri line can be characterized by either
or just

orwi ithin 7 days of istent
(continuous atri on thatlssustainedfor 7 days)
and longstanding persistent (continuous atial fbrillation
for >12 months)

Grune et al. Nat Rev Cardiology 2021; Wang and Estes Crrcula!iaf

UGk

Cardiac Radioablation for Arrhythmias

Radiosurgery for

Non-invasive high-dose
radiation to ar
target in heart

Requires precise image-

guidance and motion
management strategies

Jumeau et al. Fronteirs Card hﬂ%%)
UCsr

Radiosurgery for Celiac Plexus Neuralgia
Bancreatic cancer pain disorder: Pilot trial n=34 (21)

Decrease in NRS pain score

Three weeks post RT Six weeks post RT

Pain was eliminated in 33% of patients during follow-up.
Lawrence et al. ASCG#2! li

Ongoing international Phase I trial (n=100) UGsr

Cardiac quloablfmon for Arrhythmias
and.AmaLEhnﬂamMAE)

- ——
Cardiac Catheter Ablation for Atrial Fibilation |
tionally damaging 3 small art

o anert sk s Pharmacologic therapy
- Temporary Pacing
Permanent Pacemaker/Defibrillator
Cardiac C .
+ Radiofrequency Ablation

(coe)

+ Cryoablation

Singh et al . JAMg2(

Cardiac R’Ldloqblanon for Arrhythmias
Radiosurgery for and_Am_a,l_ELanLa_tm_uﬁE)

« Electroanatomical Mapping

Motion Management

* Tracking

* Internal Target Volume
« External Pacing

Lydiard et al lJROBQ")
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Cardiac Radioablation for Arrhythmias Cardiac Radioablation for Arrhythmias
Radiosurgery for Ventricular Tachycardia (VT) and Atrial Fibrillation (AF) Radiosurgery for Ventricular Tachycardia (VT) and Afrial Fibrillation (AF)

Monthly Assessment of All VT Episodes per Patient ‘Washington University, USA
N Republic Switzerland
4 Patient 1
10 10
6(61-78) 664775
4 Patient 5 a2

No antiarrhythrmic medication

§
3
5
b
s

+ 2 cases of radiation « 1 case of nausea
preumonts * 1 case of broken b

Months after Treatment

Cuculich et al. NE./(% rator Y ey
: a ! Lydiard et al. LIROBP 2020

Summary

Functional radiosurgery is safe and effective for non-invasive management
of numerous non-malignant conditions

High-dose technique requires precise mapping for ablation Thank You
Well-established efficacy and safety for treatment of trigeminal neuralgia SRV bmunstein@ucsf edb

Additional indications include eplipsy and obsessive compulsive disorder
Expanding applications including sites of neuralgia, cardiac arrhythmia

UGsr Health
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