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Why do we need robotics?

A Complex and contact sensitive substrates are
to be addressed through minimally invasive
techniques

A Hardware challenges

A Manual skills challenges

A Endurance needed in long procedures
A Environmental issues



Why do we need robotics?

I Radiation /A
I Physical stress K

I Mental challenge of long g
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Occupational Radiation Exposure Linked

to Left-Sided Brain Tumors
Roguin A. Am J Cardiol. 2013;doi:10.1016/j.amjcard.2012.12.060
the cath lab

Cardiclogy Today's Intervention, May/June Facebook o) Tw Michael O'Riordan
February 16, 2005

Disproportionate reports of left-sided brain tumors in interver
with sustained practices involving radiation may suggest a cz
occupational radiation exposure, according to study data put

@ Comment

American Journal of Cardiclogy.

Following up on their report

See Also cases of brain cancer in inte
Brain, neck tumors reported in 3 cardiologists, researchers rt
dozen cath lab operators ... cases from around the worl
PCI|, CABG may both be options Researchers tracked the ph
in left main disease ... sex, tumor types, sides invo

(cardiologist vs. radiologist)
years in practice, based on
and interviews with the phy:
family.

Safety First: lonizing Radiation in
the Cardiac Cath Lab ...

There were 23 interventional cardiclogists, two electrophysio
interventional radiologists, all of whom had worked in an inte
with exposure to radiation. For the 26 whom career duration

latency period spanned from 12 years to 32 years (mean, 23.5 £ 5.9).

There were 17 cases (55%) of glioblastoma multiforme, five meningiomas

Journal of Cardiovascular Electrophysiclogy

Bad backs and aching necks: Occupational hazards of

in &y Print 4 Emalil

Toronto, ON - In most labs, it is usually the
patient whose long-term health is at risk.
Blocked arteries requiring intervention or
irregular heartbeats in need of a good
electrophysiologist are typically the problem
at hand. But for many interventional
cardiologists, electrophysiologists, and even
sonographers, there are occupational
hazards that go along with the job. In fact,
severe, sometimes debilitating,
musculoskeletal injuries are a fact of life.

"There is a major concern that there is
substantial occupational risk associated with
performing radiological procedures,
especially since we're standing around
wearing lead," Dr James Goldstein, an
interventional cardiologist at William
Beaumont Hospital (Royal Oak, MI) told
heart wire . "The orthopedic problems are

Prevalence and Risk Factors for Cervical and Lumbar

Spondylosis in Interventional Electrophysiologists
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Brain tumors and mobile/cordless
phone use
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Industry guidelines

A Forcertain tasks robots can be superior to
humans in terms of the quality of the work
that Is producedX @ne or more of the
following arerequired:

I High positioningprecision
I Highrepeatability
I No deviation due tdatigue

I Highly accurate inspection and measurement
usingsensors

BARA014



Workplace environment improvement

A Repetitive work
A Contaminatecenvironments

A Jobs requiring continuously high levels of
concentration

A Heawylifting "H

BARA014



Clinical Robotic System
In cardiac EP

Robotic/remote |Robotics with Mixed systems
manipulatorsof |Systemspecific
the catheters catheters

designed for

manual

manipulations

Hansen Stereotaxis { 0 SNB24 |
Amigo (Cardiac Magnetecs drive; \\'sono

Robotics)



EP robotics

A Europec15% (HansenStereotaxis Amigo)
A Canada 7% Gtereotaxi}
A USAc 5-10% GtereotaxisAmigo, Hansen)




How many are in the pipeline?

Table 1. Comparison of the RCNS presented in this paper with other robotic platforms

Made of non- Manipulates Manipulates

Remote catheter Utilizes magnetic material  steerable catheter  steerable catheter

navigation 3-  Intuitive commercial (for MRI-guided handles with plunger handles with knob Navigation

systems DOF interface* catheters interventions) mechanism mechanism accuracy

RCNS Yes Yes Yes Yes Yes No Axial: 0.1 £ 0.1 mm
Radial: 7 = 6°

Niobe (9,10) Yes No No No No No Estimated < 1 mm
from target

Sensei (11,12) Yes No No No No No Not available

Corpath (13) No No No No No No Not available

Amigo (14) Yes Yes Yes No No Yes Not available

Thakur et al. (22) No Yes Yes No No No Axial: <1 mm
Radial: < 1°

Tavallaei et al. (21) No Yes Yes Yes No No Axial: 1 £ 0.8 mm
Radial: 2 £ 2°

Wang et al. (15) No No Yes No No No Axial: < 0.5mm
Radial: Not available

Srimathvee- No No Yes No No No Axial: < 0.4mm

ravalli et al. (16) Radial: Not available

Meng et al. (17) No No Yes No No No Axial: < 1.3 mm
Radial: Not available

Marcelli et al. Yes No Yes No Yes No Axial: 0.2 £ 0.1 mm

(18,20) Radial: 1.4 +0.8°

Park et al. (19) Yes Yes No No No Yes Not available

*A user interface that takes advantage of the interventionalist’s existing natural dextrous skills and ergonomic preferences.

Tavallaeet al2015
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Event-Free Survival (%)
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Table 2

Efficacy end-point results.
All patients Amigo RCS Control P value
1-Year ablation success (%) 42 (84) 37(74) NS
Per arrhythmia type
Atrial fibrillation (n, %) 17 (74) 14(61) NS
Common atrial flutter (n, %) 11 (92) 11(92) NS
Atrioventriailar node reentrant tachycardia(n, %) 5 (100) 5(100) NS
Accessory pathway (n, %) 3 (100) 2(67) NS
Atypical atrial flutter/atrial tachycardia (n, %) 1 (50) 2(100) NS
Ventricular tachycardia (n, %) 4 (100) 2(50) NS




Remote Catheter Navigation (Hansen
vsmanual PVI

A Roboticassisted ablation results more
frequent of permanentiRV) encirclement
guantifiedon CMR

A A significantly less LGE signal regression from
acute tolate scann the robotic recurrences
group suggestmore durable lesions

A A significantly lower number of rdo
proceduresoverthe mean3 yearsclinical
follow-up period

Arujunaet al2015



Catheter Stability

A Dauvis, et al, PACE 7/2008 (Ottawa)
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MNS Control Mean difference Mean difference

Study (year) Mean SD Total Mean SD Total Weight (%) IV, fixed, 95% CI  Ref. IV, fixed, 95% CI

Kerzner et al. (2006) 5 5 28 8 7 28 18.2 -3.00 [-6.19, 0.19] [8]

Moreno etal. (2009) 3 2 19 3 3 18 67.7 0.00 [-1.65, 1.65]  [11]

Ricardetal. (2010) 4 2 26 26 6 11 14.0 -2.00 [-5.63, 1.65]  [12]

Total (95% Cl) 73 57 100.0  -0.83[-2.19, 0.53]

Heterogeneity: Chi2 = 3.15; df =2 (p = 0.21); 12=37% 4I 2' (') '2 4'1

Test for overall effect: z=1.19 (p = 0.23) Favours MNS  Favours control

Fgure 5. Ablation time analyzed among controlled trials.
IV: Inverse variance; MNS: Magnetic navigation system; SD: Sandard deviation.

MNS Control Odds ratio Odds ratio
Study (year) Events Total Events Total Weight (%) Mi H, fi xed, R{H % CIMi H, Fixed, 959
Thornton et al. (2006) 0 0 0 0 Not estimable [13]
Kerzner et al. (2006) 2 28 3 28 74.8 0.64 [0.10, 4.17] (8 i
Kim et al. (2008) 0 10 0 149 17.6 Not estimable [9]
Wood et al. (2008) 0 0 0 0 Not estimable [14]
Dauvis et al. (2008) 0 16 0 16 Not estimable [5]
Moreno et al. (2009) 0 19 0 18 Not estimable [11]
Ricard et al. (2010) 1 26 0 11 1.35[0.05, 35.79] [12] -
Bauernfeind et al. (2011) 1 29 0 70 7.6 7.42[0.29, 187.61] [4 -
Zhang et al. (2012) 0 20 0 20 Not estimable [16]

Total (95% ClI) 148 312 100.0 1.28 [0.33, 4.96]
Total events 4 3

Heterogeneity: Chi? = 1.66, df =2 (p = 0.44); I?= 0% f t t t i
Test for overall effect: Z = 0.36 (p = 0.72) 001 01 1 10 100
Favors MNS Favors control

Figure 6. Complications analyzed among controlled trials.
M7 H: Manteli Haenszel; MNS: Magnetic navigation system.

Shurraly..Crystak013



Remote Magnetic Navigation in AF

A Similar success rate both acutely and
chronically

A Minor extension of the procedural time with
very low fluoroscopic time

A Better safety with 50% reduction in
complications (perforation/pericarditis) and
no esophageal fistulas reported

Shurraly.. Crystal et al, 1 JZD13
Danon..Crystal2015






