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FIGURE 1: The CyberKnife Radiosurgery System

These initial animal studies confirm the feasibility of radiosurgical treatment of atrial fibrillation.
Clinical studies are needed to prove safety and efficacy in humans.




CyberKnife Sistemi

e Lineer hizlandirici

 Hareketli bir masa

* Robotik kol

» Biplan X-ray kameralar ve algilayicilar

* Temel referans 1saretleri

* Synchrony algilayicilari



CyberKnife Sistemi

* Kayit ve dogru hedefleme

Daha onceden ¢ekilmis BT gortintiileri ile tedavi
sirasindaki X-ray gortintiilerini ya sabit kemik
yapilara gore yada cerrahi veya kateter yolla
yerlestirilmis referans noktalarina olan
iliskiler1 1le degerlendirerek yapiyor.



CyberKnife Sistemi

* Hedefi 1zlemeyi 1se 2 yolla yapiyor:

1-Cerrahi veya kateter yol ile kalbe veya hedefe
yakin noktalara yerlestirilmis radioopak
referans 1saretler: 1le

2-Anatomik bolgeyi belirleyecek BT goriintiiler:
e



CyberKnife Sistemi

* Tedavi sirasinda hedef bolgenin takibi 1se
1-X-Sight spine software
2-Synchrony software

* Klinik dogruluk, eger 1.25 mm incelikte BT
kesitlert alinir 1se 1.1 +/-0.3 mm.



CyberKnife Sistemi

 Konturlama

* Klinik hedef voliimiin saptanmasi
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Noninvasive stereotactic radiosurgery (CyberHeart) for creation

of ablation lesions in the atrium

Arjun Sharma, MD,* Douglas Wong, MD, PhD," Georg Weidlich, PRD," Thomas Fogarty, MD,’
Alice Jack,' Thilaka Sumanaweera, PhD," Patrick Maguire, MD, PhD*

From *Sutter Medieal Research Instimie, Sacramentn, Caltfornia, "The Compumity Hospital of Fretno, California, and

“COvherfloart Incorporated, Menla Park, California,

BACKGROUND A variety of catheter-based energy modalities are
wsed for cardiac ablation to treat arrhythmias. Robotic radiosur-
gery is increasingly being utilized to successfully accomplish pre-
cise tissue ablation in anatomically remote areas.

OBJECTIVE The purpose of this study was to examine the exper-
imental feasibility of a nominvasive method wsing stereotactic
robotic radiosurgery (SRS) to create cardiac lesions.

METHODS Sixteen (14) Hanford-Sinclzir mini swine (weight
40-70 kg) under ganeral anasthesia were studied. Baseline com-
puted tomagraphic scars were performed, followed by electroana-
tomic mapping using the CARTO system. Stereotactic robofic ra-
diosurgery was performed wsing the CyberHeart system, with
predetermined targets at the cawvoiricuspid isthmues, AV node,
pulmonary wein-left atral junction, or left atrial appendage. From
25 to 196 days after treatment, the animals were investigated with
repeat electroanatomic voltage mapping and transesophageal
echocardiography, when paossible. The amimals then were sacri-
ficed and pathology specimens taken.

RESULTS Dose ranging suggested that 25 Gy was needed to pro-
duce an electrophysiologic effect. The time course showed an
elactrophysiologic effect consistently by 30 days. The method was

feasible for producing bidirectional cavotricuspid isthmus block
and AV nodal conduction block. The pulmonary wein-left atmal
junction and left atrial appendage showed marked valtage reduc-
bion to less than 0.05 mV. No spontaneous amhythmias were
ohsarved. Pathology specimers showed no evidence of radiation
damage outside the target. Histology samples from target sites
showed effects consistent with X-beam radiation.

CONCLUSION Stereotactic robotic radicsurgery cam  produce
cavotricuspid isthmuws block, AV nodal block, and sigrificant de-
creased woltage at the pulmonary vein-left atrizl junction. No
other organ damage was seen. The study Aindings demanstrate the
feasibility of this nonirwasive treatment method for creating car-
diac lesions. This approach merits further investigation in the
treatment of amhythmias.

KEYWORDS Arrhythmia: CyberHeart: Noninvasive ablation: Radia-
surgery: Sterentachic radiosurgary

ABBREVIATIONS CT = computed tomography; CTT = cavotricus-
pid isthmus: Gy = Gray (umit of absorbed radiation dose):
SRS = sbereotachic robotic radiosurgery

{Heart Rhwythm 2010;7:802-810) = 2010 Heart Rhythm Society. All
rights reserved.




Figure 3  Advance conformal treatment
plan foc night atrium. Left: Beam set that
will foous energy 2t the targes. Right:
Irestment plan thit “conformx™ to the
hreedimensionzl volume of the myocar
dium of the cavoencusped isthmus 60 man

IUZe exposures o surrounding tassue




Table 1  Saseline mapping. cardiac-gated computed tomography, Cyberknife treatment, follow-up electrophysiologic mapping, and

histology
Jose ranige Time from treatment

Target 1Ly to assessment {days) Effect

Cavotricuspid isthmus (n = 4) 32-80 25-108 Decreased voltage at all doses
Bidirectional block seen at 40 Gy and 33 days

Lest atrial appendage (n = 2) 32-80 16-33 Decreased voltage at 38 Gy and 33 days

Left pulmonary wein (n = 3) 38-40 85-196 Decreased voltage at pulmonary vein-left atrium
junction in all

AV node [n = 2) 40-70 25108 Third-degree block at 49 days

One animal euthanized early (15 days) secondary to
pacemaker packet infecTion




weemw [V=IVC Isthmus Block with Pacing

SEAS .

Figure 4 Tricuspid valve-Infenior Vena Cava (TV.IVC)
istheves block with pacing. Fluoroscopee image (left) show
ing catheter locations = right atmum and corcoary sinus.

Atrial electrograms show septzl activation mecial o the 2b
lation site from high to low, with pacing = the Jow right

atrwem (RA) just lagerad to the ablation site.
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Figure § Electroanatomic voltage maps
of left atrium in left postersor oblque
views. Left: Pretreatment. No areas of de
creased voltage are seen. Pulmonary veins
are =oe shown. Right: Posttreatment. Pul
mooary veins are marsed. I comtrast to
pretreazment, 2n area of low.amplisnde
sigmals is seen extending from the left o
penoe pulmanary vein to the left infenor
pulmomary vein, consistent with the target.

Pre Treatment

Post Treatmeant

(S




Figure 8 Histologic appecrance of the sblaton area. Normal architec
ture is absent. Vacuoles, fibrosis, and calcification are seen.



Sorular

Siniis ritmi1 disindaki ritimlerde ve spontan solunum sirasinda
BT kayaitlari ile tedavi sirasindaki ritim farkliliklar

SRS’un uzun donem sonuglari (¢evre dokular)

Miyokardin radyasyona olan yanaiti, tiir spesifik.

Saglikli dokular 1le anormal miyokardial dokularin
radyosensitivitesi ?

Uzun donem elektrofizyolojik yanit ?



First-In-Man Treatment of Arrhythmia (Ventricular Tachycardia) using
Stereotactic Radiosurgery
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Abstract

Introduction: Malignant ventricular tachycardia (VT) can be treated effectively with catheter ablation (CA). However,
many patients fail or cannot undergo CA due to inaccessible substrate or comorbidities. Stereotactic radiosurgery (SRS)
is used clinically to ablate solid tumors. We report the first use of SRS to treat arrhythmia, specifically VT, in a human
subject.

Methods: The protocol was approved by the FDA and IRB for Compassionate Use therapy. SRS was planned with
Cardioplan (CyberHeart, Portola Valley, CA) software and delivered via CyberKnife (Accuray, Sunnyvale, CA).

Results: The subject is a 71 yo man with CAD, atrial fibrillation (AF), and severe COPD (02 dependent, FEV1 0.77L),
s/p ICD. Nearly incessant VT, pace- and shock-terminated, occurred for over 2 years despite sotalol and mexilitine. VT is
monomorphic, cycle length 380-411ms per ICD. 12-lead ECG during VT is RBBB pattern, superior axis, precordial
transition V3-V4, 150bpm. Baseline ECG shows AF, IVCD and inferior infarct. Echocardiography: EF 24%, basal inferior
aneurysm, apical/infero-posterior akinesis. PET scan: non-viable distal inferior wall, hypoperfused basal-mid inferior
wall. The subject was referred for CA but deemed too high risk. A SRS treatment plan of 25Gy was designed to
encompass the inferior wall scar, with margin for cardiac motion (FIGURE: SRS plan overlaid on PET images).
Respiratory motion was compensated by dynamic target tracking using a temporary pacing lead as a fiducial marker.
SRS was delivered over 2 hrs. The patient required no sedation, tolerated the procedure well, had no immediate
complications.

Conclusions: We report first-in-man treatment of arrhythmia (VT) using Stereotactic Radiosurgery.
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