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Welcome
Welcome to the 9th International Symposium on Interventional MRI. Following
our successful last Interventional MRI Symposium held in 2010 in Leipzig, we
are pleased and honored to once again host this event in Boston. We had the
largest response yet to our call for abstracts in quantity, breadth of scope, and
scientific quality, which we interpret as evidence that Interventional MRI
continues to thrive and grow as a field. The final two-day program consists of
50 oral (23 invited and 27 selected from abstracts) and 99 poster presentations
(all selected from abstracts). All presentations are assigned to ten scientific
sessions; We begin the meeting with our best attempt at Predicting the Future,
and follow it with 9 sessions of oral presentations entitled: Pelvis,
Cardiovascular, Abdomen and Thorax, MR guided Focused Ultrasound
therapy, Brain, Muscoskeletal, Cell and Drug Deliver, MRI Technology, and
Visualization, Navigation, and Robotics Technology. Each day there is a
Poster Session that is combined with lunch. On the evening of the first day,
there is a reception combined with tours of the recently launched Advanced
Multimodality Image-Guided Operating (AMIGO) suite at Brigham and
Women’s Hospital – a realization of a shared dream of our field -- a clinical test
bed for cutting-edge research in image guided interventions.
The symposium series is intended to provide you with the latest information on
fundamental ideas and concepts, available systems and devices, emerging and
established clinical applications, as well as future trends and challenges in
Interventional MRI. The meeting will also serve as a platform to communicate
your ideas, interact with peers, and meet some of the pioneers of the field.
Similar to previous symposia in this series, we are honored to have in
attendance our clinical and research colleagues from academia as well as
industry. We thank you for the continued success of this meeting by your
participation.
Sincerely,
Members of the Program and Organizing Committees
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Program at a Glance
Saturday, September 22

Sunday, September 23

Shuttle from Copley Marriot to
Conference Center
7am, 7:45am
Registration, AMIGO Tour
Signup, Poster Setup
7-8am
Breakfast 8-8:30am
Session 1. Predicting the Future
8:30-10am
Break 10-10:30am
Session 2. Pelvis
10:30am-12pm
Lunch and Poster Session
12-1pm
Session 3. Cardiovascular
1-3pm

Shuttle from Copley Marriot to
Conference Center
7am, 7:45am
Registration
7-8am
Breakfast 8-8:30am
Session 6. Brain
8:30-10:15am
Break 10:15-10:45am
Session 7. Muscoskeletal
10:45-11:45am
Lunch and Poster Session
11:45am-1:15pm
Session 8. Cell and Drug Delivery
1:15-2:15pm
Session 9
MRI Technology
2:15-3:45pm

Break 3-3:30pm
Session 4. Abdomen and Thorax
3:30-4:45pm

Break 3:45-4:15pm
Session 10
Visualization, Navigation,
Robotics
4:15-6pm
Closing Remarks
6-6:05pm
Shuttle back to Copley Marriott
6:15pm

Session 5
MR guided Focused Ultrasound
4:45-6pm
Reception and AMIGO Tours
6-8pm
Shuttle back to Copley Marriott
8:15pm

3

9th International Interventional MRI Symposium, September 22-23, 2012, Boston, USA

Detailed Program, Saturday
8-8:30am
Breakfast
8:30-10am Session 1: Predicting the Future
8:30 Ferenc Jolesz, MD
8:45 Jonathan Lewin, MD
9:00 Thomas Kahn, MD
9:15 Brad Wood, MD
9:30 Paul Bottomley, PhD
9:45 Discussion
10-10:30am
Break
10:30-12pm Session 2: Pelvis
10:30 Prostate Interventions in the AMIGO Suite
10:45 Gynecologic Brachytherapy in AMIGO
V1
V2
V3
V4
V5

11:00 Virtual real-time navigation option for transrectal MRI-guided prostate
biopsies at 3T
11:12 MR-guided focal cryoablation in patients with prostate cancer
recurrence
11:24 MRI-Guided Prostate Biopsy Prior to Focal Salvage after Radiotherapy
11:36 MR-guided temperature mapping in prostate cancer patients
11:48 MR-guided Cryoablation of Prostate Adenocarcinoma Recurrences

12-1pm
Lunch and Poster Session
1-3pm Session 3: Cardiovascular
1:00 The ups and downs of MR guided congenital cardiac interventions:
What are the lessons for the future?
1:15 X-MRI guided Atrial Fibrillation ablation in AMIGO: What's
accomplished & future improvements
1:30 iMRI for Ventricular Arrhythmia Management
V6 1:45 MR-Guided Percutaneous Sclerotherapy of Low-Flow Vascular
Malformations
V7 2:00 First clinical experience in man with the IMRICOR-MR-EP
system:Electrophysiology and ablation study guided by real-time MRI
V8 2:12 Real-time MRI of Cardiac Function and Flow at a Resolution of 35 ms
V9 2:24 3-DOF MR-Compatible Cardiac Catheter Steering Mechanism
V10 2:36 MRI-compatible 12-lead ECG for MRI-guided Cardiac
Electrophysiology
V11 2:48 In Vivo Active Visualization of an RF-ablation Guidewire for the
Revascularization of Occlusive Arterial Disease
3-3:30pm
Break

Clare Tempany, MD
Akila Viswanathan,
MD, MPH
Michael Moche, MD
Joyce Bomers, MSc
Cynthia Menard, MD
Joyce Bomers, MSc
David Woodrum,
MD, PhD

Reza Razavi, MD
Ehud Schmidt, PhD
Graham Wright, PhD
Cliff Weiss, MD
Matthias Gutberlet,
MD
Jens Frahm, PhD
Asghar Ataollahi
Zion Tse, PhD
Kevan Anderson

Oral presentations with a “V#” are accompanied by an abstract in this symposium proceedings.
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Detailed Program, Saturday (Contd.)
3:30-4:45pm

Session 4: Abdomen and Thorax

3:30 Liver and Kidney Interventions in the AMIGO Suite
3:45 Development of an MRI-Monitored IntraTIPS Local Agent Delivery
V12
Technique Using Motexafin Gadolinium: Towards Improving LongTerm Patency of TIPS
V13
3:57 MR-guided freehand biopsy of the liver: Assessment of fast dynamic
imaging sequences and the use of Gd-EOB-DTPA
V14
4:09 Performance comparison of near-harmonic reference-less proton
resonance frequency shift (PRFS) and reference-subtraction PRFS
thermometry for MRI-guided ablation in human livers
V15
4:21 Evaluation of the Biopsy and Cryoablation of Lung Tumor Using an
MRI-guided Interactive Navigation Platform
V16
4:33 MR Temperature Mapping for Monitoring of Vapor Ablation in Ex
Vivo Liver
4:45-6pm Session 5: MR guided Focused Ultrasound
4:45 MRI-guided focused ultrasound for stroke and tumor treatments
V17
V18
V19

5:00 FUS for Spine and Liver
5:15 Ultrasound Facilitated Targeted Drug Delivery: An in-vitro study of
drug uptake with a clinical MRgFUS system
5:27 Nanoparticle-enhanced thermal ablation in vivo with MR-guided HIFU
5:39 Thermosensitive liposomes modified with poly(N-isopropylacrylamideco-propylacrylic acid) copolymers for focused ultrasound-triggered
release of doxorubicin
6-8pm
Reception and AMIGO Tours

Kemal Tuncali, MD
Feng Zhang, MD
Frank Fischbach, MD
Christian Rosenberg,
MD
Lei Zhao, PhD
David Woodrum,
MD, PhD
Kullervo Hynynen,
PhD
Wady Gedroyc, MD
Dana Gourevich, BSc
Jonthan Kopechek,
PhD
Terence Ta, PhD

Oral presentations with a “V#” are accompanied by an abstract in this symposium proceedings.
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Detailed Program, Sunday
8-8:30am
Breakfast
8:30-10:15am Session 6: Brain
8:30 Intraoperative MRI and navigated fiber tractography in glioma
surgery
8:45 Brain Tumor Resection in the AMIGO Suite
V20

9:00 Merging Machines with Image-guided Microsurgery

V21

9:15 “Non-thermal” ablation in the brain via focused ultrasound
combined with an ultrasound contrast agent
V22
9:30 Complication Avoidance during Brain Tumor Ablation using
Magnetic Resonance guided Laser Induced Thermal Therapy
(LITT): Lessons Learned after One Year
V23
9:45 Improved survival in a rat glioma model after enhanced delivery of
DOXIL with focused ultrasound induced blood-brain barrier
disruption
V24
10:00 Optic Radiation Localisation during Neurosurgery with
Interventional MRI
10:15-10:45am
Break
10:45-11:45am Session 7: Muscoskeletal
V25
10:45 Augmented Reality Visualization with Use of Image Overlay
Technology for Musculoskeletal MR Imaging-guided Interventions
V26
11:00 MR-guided Percutaneous Retrograde Drilling of the
Osteochondritis Dissecans of Talus
V27
11:15 Real-time MR-guided lumbosacral periradicular injection therapy
using an open 1.0 Tesla MRI system – an outcome study
V28
11:30 A Model for a dedicated Interventional MRI Clinic: the Emory
University Experience
11:45am-1:15pm Lunch and Poster Session
1:15-2:15pm Session 8: Cell and Drug Delivery
1:15
Hybrid Systems for Stem Cell Delivery to the Heart
V29
V30
V31

1:30 MRI of Intracoronary Local Delivery of Motexafin Gadolinium:
Towards Molecular MRI-Guided Gene Therapy
1:45 Transendocardial therapeutics using real-time MR guidance at 3T
2:00 MR-guided freehand biopsy of breast lesions in an 1.0 Tesla open
MR scanner

Christopher Nimsky,
MD, PhD
Alexandra Golby, MD
Garnette Sutherland,
MD
Nathan McDannold,
PhD
Pinakin Jethwa, MD
Muna Aryal, PhD
Pankaj Daga, PhD

John Carrino, MD
Pekka Kerimaa, MD
Florian Streitparth,
MD
Michael Bowen, NP

Dara Kraitchman,
VMD, PhD
Yanfeng Meng, MD,
PhD
Shashank Hegde, PhD
Katharina Strach

Oral presentations with a “V#” are accompanied by an abstract in this symposium proceedings.
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Detailed Program, Sunday (Contd.)
2:15-3:45pm Session 9: MRI Technology
2:15 MR Acoustic Radiation Force Imaging: Applications in Focal Spot
Localization, Phase Aberration Correction, and Shear Wave
Imaging
2:30 Accelerated and Interactive Real Time Intervention:
conceptualization and feasibility
2:45 Real-time Thermometry for MR-Guided Interventions on Moving
Organ
3:00 Transmit Array Technology for Interventional MRI.
V32
3:15
Novel strategy to assess tissue damage during thermal ablations
V33

3:30 Interventional MRI “Endoscopy” Using a Transmit/Receive
Loopless Antenna at 7 Tesla
3:45-4:15pm Break
4:15-6pm Session 10: Visualization, Navigation, Robotics
V34
4:15 An Open Science Framework for Technology Assessment in
Interventional MRI
4:30 3D Slicer: An Open Source Platform for Image Guided Therapy
4:45 EU FP7 Initial Training Network : Integrated Interventional
Imaging Operating System IIIOS
V35
5:00 Update on navigation techniques for MRI-guided interventions
5:15 Uncertainty characterization in image registration for therapy
V36
5:30 Uncertainty quantification for thermal simulation of MR-guided
laser induced thermal therapy
5:45 MRI-guided Robotics for Therapy
6-6:05pm Closing Remarks. Adjourn at 6:05pm

Kim Butts, PhD
Jeff Duerk, PhD
Bruno Madore, PhD
Ergin Atalar, PhD
Chang-Sheng Mei,
PhD
Mehmet Arcan Erturk

Keyvan Farahani, PhD
Ron Kikinis, MD
Andreas Melzer, MD
Harald Busse, PhD
Sandy Wells, PhD
Jason Stafford, PhD
Noby Hata, PhD

Oral presentations with a “V#” are accompanied by an abstract in this symposium proceedings.
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Poster Session
12-1pm on Saturday / 11:45-1:15pm on Sunday
(All posters will be presented on both days)
PELVIS
1. MR Guided Prostate Cryoablation for Prostate
Cancer in Patients with Prior Rectal Cancer
David Woodrum, Akira Kawashima, Krzysztof
Gorny, Joel Felmlee, Kimberly Amrami, Matthew
Callstrom and Lance Mynderse
2. Fast T1-weighted gradient echo imaging in
monitoring MRI-guided focal cryoablation of
prostate cancer
Christiaan Overduin, Joyce Bomers, Maarten Hoes,
Tom Scheenen, Bennie ten Haken, Jurgen Fütterer
and Frank de Lange
3. Smart Template: An Actuated Needle Guide
Template for MRI-guided Transperineal
Prostate Interventions
Sang-Eun Song, Junichi Tokuda, Kemal Tuncali,
Clare Tempany and Nobuhiko Hata
4. A device for MRI-guided delivery of needles to
the prostate for focal therapy
Jeremy Cepek, Blaine Chronik, Uri Lindner, John
Trachtenberg and Aaron Fenster
5. A custom leg holder system for MR-guided
prostate cryotherapy
Laure Esteveny, Georgia Tsoumakidou, Pierre
Renaud, Bernard Bayle, Elodie Breton and Afshin
Gangi
6. Towards teleoperated needle steering in MRIguided prostate interventions
Reza Seifabadi, Iulian Iordachita and Gabor
Fichtinger
7. Real-time needle tip tracking using Fiber Brag
Grating sensors for MRI-guided prostate
interventions
Esteban Escobar Gomez, Reza Seifabadi, Gabor
Fichtinger and Iulian Iordachita
8. Design of a Novel Device for MRI Guided
Transrectal Prostate Biopsy
Nicholas Lambert, Mihailo Ristic and Nandita
Desouza
9. Teleoperated Needle Placement for Real-time
MRI-guided Prostate Interventions
Gregory Fischer, Hao Su, Weijian Shang, Gang Li,
Nobuhiko Hata and Clare Tempany

10. Clinically Optimal Design and Development of
an MRI-compatible Surgical Manipulator for the
Prostate Percutaneous Intervention
Sohrab Eslami, Gregory Fischer, Junichi Tokuda and
Iulian Iordachita
11. Multi-slice-to-volume registration for reducing
targeting error during MRI-guided transrectal
prostate biopsy
Andras Lasso, Andriy Fedorov, Janice Fairhurst,
Junichi Tokuda, Kemal Tuncali, Robert Mulkern,
Nobuhiko Hata, Clare M. Tempany and Gabor
Fichtinger
12. Image Processing for MR-guided Gynecologic
Interstitial Brachytherapy in AMIGO
Xaiojun Chen, Jan Egger, Akila Viswanathan, Neha
Agrawal, William Wells, Ron Kikinis, Clare
Tempany, Ferenc Jolesz and Tina Kapur
BRAIN
13. The utility of OsiriX Imaging Software v. 3.9.4
for intracranial tumor volume estimation in the
context of MRI guided Laser-Induced Thermal
Therapy (LITT)
Nitesh Patel, Pinakin Jethwa, Eric Hargreaves and
Shabbar Danish
14. Optimal Guide Cannula Length for
Transventricular Trajectories for Deep Brain
Stimulation Lead Placement Targeting the
Subthalamic Nucleus
David McMullen, Eric Hargreaves and Shabbar
Danish
15. Novel instrumental platform for planning
implantation of intracranial electrodes in
patients with epilepsy
Roman Rodionov, Anna Miserocchi, Christian
Vollamr, Caroline Micallef, Beate Diehl, Andrew
McEvoy and John Duncan
16. Magnetic Resonance-Guided Selective Laser
Hippocampectomy for Treatment of Mesial
Temporal Lobe Epilepsy
Sherif Nour, Amit Saindane, Jon Willie, Ashok
Gowda, Nealen Laxpati, Hiroumi Kitajima, Bobbie
Burrow and Robert Gross

8

9th International Interventional MRI Symposium, September 22-23, 2012, Boston, USA

17. Imaging Genomic Mapping of Edema/Cellular
Invasion MRI-Phenotypes in Glioblastoma
Multiforme
Rivka Colen, Bhanu Mahajan, Ferenc Jolesz and
Pascal Zinn
18. MR-Guided Laser Ablation for Medically
Refractory Seizures
David Woodrum, Robert Watson, Jamie Van
Gompel, Joel Felmlee, Krzysztof Gorny, Roger
McNichols, Gregory Worrell and Richard Marsh
19. Accessible Animal Models for Interventional
Neurosurgery Training and Research
Benjamin Grabow, Walter Block, Samuel Hurley,
Karl Sillay and Ethan Brodsky
20. Integrated Engineering Solutions for MR
Guided, Laser Thermal Ablation of Difficult-toTreat Intracranial Lesions
Richard Tyc and K. Jeff Wilson
21. Interventional and Neurosurgery IMRI
Stephan Kottmeier, Wayne Schellekens and Kirk
Champagne
22. Stereotactic surgery in an intraoperative MRI
suite
Paul Schmitt, Robert Frysinger, David Beech and
Jeffrey Elias
23. Impact of Intra-operative Surgical Planning
Tractography on Operative Procedure
Sanju Lama, Stefan Wolfsberger, Garnette R.
Sutherland

29. Molecular MR imaging for end-of-range
verification of proton beam therapy in liver
tumor patients
Ovidiu Andronesi, Christian Richter, Thomas
Bortfeld, John Wolfgang, Alexander Guimaraes,
Theodore Hong and Joao Seco
30. Intraprocedural High Field MR Imaging in
Breast Conserving Surgery: Initial Clinical
Experience
Eva Gombos, J Jayender, Mehra Golshan, Kirby
Vosburgh, Diana Caragacianu, Daniel Kacher,
Angela Kanan, Janice Fairhurst and Ferenc Jolesz
MR-GUIDED FOCUSED ULTRASOUND
31. A novel SONICATOR for in vitro studies of
focused ultrasound mediated release of NANOENCAPSULATED DRUGS for MRgFUS preclinical research
Doudou Xu, Andreas Melzer, Lijun Wang, Sandy
Cochran, Mariana Bobeica, Paul Prentice, Bjoern
Gerold, Dana Gourevich, Jallal Gnaim and Alex
Volovick
32. Temperature calibration studies for MR-guided
Focused Ultrasound Surgery
Timur Saliev, Ioannis Karakitsios, Helen McLeod,
Andreas Melzer and Benjamin F Cox
33. Investigation of cavitation detection for
MRGFUS
Bjoern Gerold, Andreas Melzer and Paul Prentice
34. Simultaneous temperature and cavitation
activity mapping with an integrated MR and US
imaging system
Costas Arvanitis and Nathan McDannold

ABDOMEN/LUNG/BREAST
24. Implantable Artificial Kidney: MRI and MDCT
Assessment
Maythem Saeed, Shuvo Roy, Rishi Kant, Alex Heller,
Jeremy Durack, Steven Hetts, Loi Do, Paul
Brakemann, William Fissel and Mark Wilson
25. The Real-time MR Guidance and Monitoring
Percutaneous Cryoablation of Renal Tumors: A
Preliminary Report
Chengli Li
26. A Technique for MRI-Guided Percutaneous
Laser Ablation of Hepatic Metastases:
Feasibility, Safety, and Initial Efficacy Results
Sherif Nour, David Kooby, Charles Staley, Hiroumi
Kitajima, Tracy Powell, Michael Bowen, Ashok
Gowda, Bobbie Burrow, William Small and William
Torres
27. Fully Automatic 3D Iceball Segmentation for
MRI-Guided Kidney Cryoablation
Xinyang Liu, Kemal Tuncali, William Wells and Gary
Zientara
28. MR-guided laser ablation of solid abdominal
and pulmonary tumors
Kirk Giesbrandt, Eric Walser, Ashok Gowda and
Anil Shetty

CARDIOCASCULAR/ BLOOD VESSEL
35. Characterization and simulation of TAVI
procedures. Is it possible to convert to MRI
guidance?
Fabiola Fernandez-Gutierrez, Ole J. Elle, Benjamin
F Cox, Daniel Wendt and Andreas Melzer
36. MR-Guided Sclerotherapy: Intra-procedural
Visualization Vascular Malformations using
Contrast-Prepared SSFP
Di Xu, Paul Dicamillo, Ozan Sayin, Aaron
Flammang, Wesley Gilson, Jonathan Lewin, Clifford
Weiss and Daniel Herzka
37. An MR-compatible 3D Monitor for Real-time
Stereoscopic MRA
Alexander Brunner, Jens Groebner, Wolfhard
Semmler and Michael Bock
38. Three-Dimensional Motion Analysis of Portal
Vein for Focal Spot Tracking using Stereoscopic
MR Images
Etsuko Kumamoto, Shunpei Iwaoka, Daisuke
Kokuryo, Toshiya Kaihara and Kagayaki Kuroda
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39. Motion correction in intravascular MRI using
projection reconstruction
Shashank Hegde and Paul Bottomley
40. Ablation Catheter and EP Recording System for
MR Guided Interventions
Tom Lloyd, Steve Wedan, Dan Sunnarborg and
Gregg Stenzel
41. Voltage-based Electro-anatomical Mapping
System for MRI-guided Electrophysiology
Zion Tse, Charles Dumoulin, Ronald Watkins, Israel
Byrd, Jeffrey Schweitzer, Raymond Kwong, Gregory
Michaud, William Stevenson and Ehud Schmidt

50.

51.

52.

MUSCOSKELETAL/NERVE
42. Development of a full MR-compatible nonelectric drilling machine for MR-guided bone
biopsies
Axel Boese, Frank Fischbach, Jens Ricke and Georg
Rose
43. Treatment of Osteoid Osteoma using CTguided Radiofrequency Ablation versus MRguided Laser Ablation: A Cost Comparison
Martin Maurer, Bernhard Gebauer and Florian
Streitparth
44. Lumbosacral nerve root infiltration therapy
under CT- and MRI-guidance : A Cost
Comparison
Martin Maurer, Bernhard Gebauer, Tony Hartwig
and Florian Streitparth
45. Contrast leakage in MR guided arthrography
Marietta Garmer, Serban Mateiescu and Dietrich
Grönemeyer

53.

54.
55.

56.

CELL AND DRUG DELIVERY
46. Intrabliary MRI-Monitored Local Agent
Delivery and Radiofrequency HeatingEnhanced Chemodrug Depositions in Bile Duct
Walls
Feng Zhang, Han Wang, Yanfeng Meng, Patrick
Willis, Tong Zhang, Baojie Wei, Stephanie Soriano
and Xiaoming Yang
47. MRI-Guided Intra-Arterial Delivery of SPIOLabeled Natural Killer Lymphocytes to
Hepatocellular Carcinoma: Tumor Response in
a Rodent Model
Alexander Sheu, Zhuoli Zhang, Reed Omary and
Andrew Larson
48. OSMOFUSOR - osmotically driven fully MRI
compatible infusor / drug applicator
Michael Friebe, Helge Adleff, Thilo Guschauski and
Bernd Tombach

57.

TECHNOLOGY: MRI
49. Dynamic 3D Localization using Spatial PhaseContrast MRI in Real Time

62.

58.
59.

60.
61.
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Klaus-Dietmar Merboldt, Dirk Voit, Martin Uecker
and Jens Frahm
RF Induced Heating during an Interventional
Scenario in a 1T Open MRI Scanner
Johannes W. Krug, Kerstin Jungnickel, Norman
Thuermer, Mandy Kaiser, Jens Ricke and Georg
Rose
Real-time MR Scanner Control with an Android
Tablet
Stefana Gartu, Julien Barbot, Christine H Lorenz
and Klaus J Kirchberg
MR-thermometry for guiding Radiofrequency
Ablation with a clinical RF-device and an
expandable RF-electrode at a 1.0 Tesla open
MRI
Katharina Lohfink, Kerstin Jungnickel, Frank
Fischbach and Jens Ricke
Developing Thiel Soft-Fix Cadavers as a suitable
model for iMRI training and research
Benjamin Cox, Roos Eisma, Martin Alexander Rube,
Marianna Gueorgiva, Helen McLeod, Erwinn Immel
and Andreas Melzer
Online Real-Time Imaging using Compressed
Sensing in Interventional MRI
Xiao Chen, Kamal Vij and Li Pan
Developments in Endovascular Multi-mode coil
Design: In-vivo Swine Study
Krishna Kurpad, Madhav Venkateswaran, Peng
Wang, Amish Raval and Orhan Unal
Endovascular Multimode Coil Characterization
Using B1 Field Mapping
Madhav Venkateswaran, Krishna Kurpad, Samuel A.
Hurley, Peng Wang and Orhan Unal
Evaluation of MR Thermometry Techniques for
RF Hyperthermia
Lorne W. Hofstetter, Wouter C.M. Numan, Jurriaan
F. Bakker, Gyula Kotek, Eric W. Fiveland, Gavin C.
Houston, Guido Kudielka, Gerard C. van Rhoon,
Margarethus M. Paulides and Desmond T.B. Yeo
A New iMRI Suite Design
Steve Hushek
MR-Mediated Radio Frequency Ablation
Jerome Ackerman, Yik-Kiong Hue, Erez Nevo,
Alexander Guimaraes, Martin Polak, John Lee and
Daniel Ackerman
Use of Compressed Sensing for Acceleration of
Volumetric MR Thermometry
Michael Marx and Kim Butts Pauly
Towards Truly Quiet iMRI: An Animal Scale
Gradient Test Platform for Acoustic Noise
Reduction
Abdel-Monem El-Sharkawy and William Edelstein
Analysis of localization accuracy of multiple
wireless coils in interventional MRI
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Djordje Brujic, Francesca Galassi, Marc Rea, Pedro
Ferreira, Nandita Desouza and Mihailo Ristic
63. Acoustic Noise Exposure During Clinical
Interventional MRI Procedures on 1.5T Open
Configuration Scanners
Hiroumi Kitajima, Kelly Young, John Oshinski,
Bobbie Burrow and Sherif Nour
64. Interventional MRI from the Internet Browser
Andrew Holbrook, Martin Alexander Rube, Andreas
Melzer and Kim Butts Pauly
65. Real-Time MR Thermometry Augmented by
Motion Tracking Coil
Peng Wang, Krishna Kurpad, Madhav
Venkateswaran and Orhan Unal
66. Rapid, low-SAR T2-weighted VAPSIF for MRGuided Percutaneous Interventions
Sunil Patil, Subashini Srinivasan, Aaron Flammang
and Wesley Gilson
67. Development of a novel cableless radiolucent
RF coil for MR-guided radiation therapy
(MRgRT)
Mike Hebb, Jeff Winter, Kirk Champagne, Boyd
McCurdy, Haoqin Zhu and Labros Petropoulos
68. Multi-Element wireless stacked phase array coil
Haoqin Zhu, Grace Wang, Mehran Fallah-Rad and
Labros Petropoulos
69. A Novel Highly Homogeneous Wireless
Birdcage Resonator Coil
Haoqin Zhu, Mehran Fallah-Rad, Michael Lang,
Wayne Schellekens, Kirk Champagne and Labros
Petropoulos
70. Parallel Imaging Combining an 8 channel
Tx/Rx Phased Array with a Wireless Birdcage
Resonator
Haoqin Zhu, Mehran Fallah-Rad, Michael Lang,
Wayne Schellekens, Kirk Champagne and Labros
Petropoulos
71. A novel multichannel wireless receive phased
array coil without integrated preamplifiers for
high field MR imaging applications
Haoqin Zhu, Mehran Fallah-Rad, Michael Lang,
Wayne Schellekens, Kirk Champagne and Labros
Petropoulos
72. Optimization for resonant characteristic of
intraluminal MRI probe
Kato Zenta, Matsunaga Tadao, Matsuoka Yuichiro,
Kuroda Kagayaki, Esashi Masayoshi and Haga
Yoichi
73. Multi-Channel Transceive Paradigm For
Interventional MRI
Greig Scott, Maryam Etezadi-Amoli, Kim Shultz,
Adam Kerr, Pascal Stang and John Pauly
TECHNOLOGY: VISUALIZATION, NAVIGATION,
AND ROBOTICS

74. Augmented Reality Visualization Using ImageOverlay for MR-guided Interventions: Technical
Performance of Spine Injection Procedures in
Human Cadavers at 1.5 Tesla
Jan Fritz, Paweena U-Thainual, Tamas Ungi, Aaron
Flammang, Gabor Fichtinger, Iulian Iordachita and
John Carrino
75. Augmented Reality Visualization Using ImageOverlay for MR-guided Interventions:
Vertebroplasty at 1.5 Tesla
Jan Fritz, Paweena U-Thainual, Tamas Ungi, Aaron
Flammang, Sudhir Kathuria, Gabor Fichtinger,
Iulian Iordachita and John Carrino
76. Accurate, rapid and automatic patient
registration of a clinical MRI navigation system
by simultaneous 3D localization of five wireless
MR markers
Harald Busse, Nikita Garnov, Gregor Thörmer,
Thomas Kahn and Michael Moche
77. Assessment of MR-guided laser ablation with
molecular bioluminescence imaging in a rat
hepatocellular carcinoma model
Scott Thompson, Matthew Callstrom, Krzysztof
Gorny, Jill Anderson, Bruce Knudsen and David
Woodrum
78. Towards MRI-guided tracked radiation delivery
on a 1.5T MRI-linear accelerator guided MRI
linear
Sjoerd Crijns, Bas Raaymakers and Jan Lagendijk
79. MRI Device Visualization Labeled by Passive
Resonant Circuits Fabricated in Different
Technologies
Mandy Kaiser, Andreas Brose, Uta Wonneberger,
Frank Fischbach, Jens Ricke, Bertram Schmidt and
Georg Rose
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Virtual real-time navigation option for transrectal MRI-guided prostate biopsies at
3 Tesla: technique, accuracy and preliminary clinical experience
M. Moche 1, G. Thörmer 1, J. Otto 1, N. Garnov 1, T. Riedel 1, A. Schmitgen 2, A. Winkel 3,
T. Kahn 1, H. Busse 1
1

Department of Diagnostic and Interventional Radiology, Leipzig University Hospital, Leipzig
2
Localite Biomedical Visualization Systems, St. Augustin, Germany
3
Invivo Germany, Schwerin, Germany

Purpose
To present a virtual real-time navigation option for transrectal MRI-guided prostate
biopsies at 3 Tesla, to estimate the targeting accuracy, and to report on the preliminary clinical
experience in 18 patients.
Methods
A commercial passive biopsy device (DynaTRIM, Invivo) was modified (Fig. 1) to
provide a real-time feedback of the virtual needle path in MR images centered at the tip position
and reformatted as standard planes or tilted along the needle axis (Fig. 2, Localite, Germany).
For that purpose, the rotation dial of the needle sleeve was equipped with three optically tracked
markers (Fig. 1). After a single calibration with respect to a reference board (Invivo) fixed to the
MR table, pre-operative device registration involved a fully automatic localization of MR markers
only (<30 sec). A prototype was implemented in a 3-T MRI with a bore size of 60 cm (Fig. 1).
The targeting accuracy was estimated by 30 phantom biopsies without any control scans using
peas (mean diameter 8.5 mm) embedded in opaque glaze as targets. With IRB approval and
written informed consent, 18 patients (52-72 y.o., mean 65) with previous negative TRUS-guided
biopsies underwent MRI-guided biopsy with a fully automatic biopsy gun. Intervention time,
complications, and biopsy findings were documented.

Fig. 1: Clinical setup of a virtual real-time navigation
option added to a passive device (DynaTRIM, Invivo)
for transrectal MRI-guided prostate biopsies.

Fig. 2:
Screenshot of navigation software (Localite) showing
overlay of virtual needle path in standard views reformatted
from 3D MRI reference data (here: SPACE pulse sequence).

Results
The additional components did not interfere with image quality nor with patient
comfort. Experimental biopsy samples contained pea material in 28/30 cases. Median
intervention time was 55 minutes (36-89 minutes) considering that two lesions were targeted in
7/18 patients (39%). No procedure-related complications were observed. On average, 4 cores
(2-6) were taken per lesion. The obtained specimens were diagnostic in all cases; in 8 patients
(44%), histopathology revealed prostate cancer (five GS 3+3, three GS 3+4).
Conclusion
The presented virtual navigation option for MRI-guided prostate
interventions is technically feasible and sufficiently accurate (<4.3 mm in 93% of the cases).
Potential stereotactic errors, in particular from prostate motion, can be rapidly detected and
corrected for by simply updating the guiding MRI dataset. The technique can basically be
adapted to other assistance devices, scanner models and field strengths as well.
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MR-guided focal cryoablation in patients with prostate cancer recurrence
Joyce. G.R. Bomers MSc1, Derya Yakar MD1, Christiaan G. Overduin BSc2, J.P. Michiel
Sedelaar MD PhD3, Henk Vergunst MD PhD4, Frank de Lange PhD1, Jelle O. Barentsz MD
PhD1, Jurgen J. Fütterer MD PhD1
1

Department of Radiology, 3Urology, Radboud University Nijmegen Medical Centre,
Nijmegen, the Netherlands
2
Technical Medicine, University of Twente, Enschede, the Netherlands
4
Department of Urology, Canisius Wilhelmina Hospital, Nijmegen the Netherlands
Purpose: Cryosurgery of prostate cancer (PCa) under transrectal ultrasound (TRUS)
guidance has been performed for several years for salvage treatment purposes after radical
prostatectomy or radiotherapy. However, high complication rates are not uncommon, due to
poor visibility.
Magnetic resonance (MR) imaging guided cryosurgery of the prostate may reduce these high
complication rates, because of the excellent soft tissue contrast. Furthermore, MR image
guidance enables both accurate lesion targeting as well as three-dimensional monitoring of
iceball growth.
The purpose of our study was to assess the feasibility and safety of MR image-guided focal
cryoablation of recurrent PCa after radiotherapy.
Methods: Since May 2011, thirteen patients with histopathologically proven local recurrence
of PCa and without evidence for distant metastases were treated under general anesthesia
in a 1.5 Tesla MR system. An urethral-warmer was inserted in the urethra. A transperineal
plate, attached to a flexible arm was placed against the perineum. Cryoneedles were
inserted with real-time MR image guidance. A rectal warmer was inserted in the rectum. Both
warmers were flushed with warm water to protect the tissue from freezing. Iceball formation
and tissue coverage was continuously monitored under near real-time MR image guidance.
Two freeze- and thaw cycles were performed. Treatment time was defined as from the
moment the first MR image was performed until the last MR image was finished. Follow-up
consisted of PSA-level measurement every 3 months and a multi-parametric MRI after 3, 6
and 12 months.
Results: MR-guided focal cryoablation was technically feasible in all 13 patients. One patient
was treated twice, in total 14 procedures were done. In one patient the urethral-warmer could
not be inserted. This procedure was cancelled and successfully repeated 2 months later.
Median age of the patients at the time of treatment was 65 years (range 52 – 76), median
PSA level was 4.0 ng/mL (range 0.9 – 14.0) and Gleason scores varied between 7 - 10. Per
patient 2 – 4 cryoneedles were used and median treatment time was 130 minutes (range 67
– 242). Median hospitalization time was 2 days (range 2 – 3). Two patients suffered from
mild urine retention and one had hematospermia.
Three months follow-up is known for the first 8 patients: their PSA level decreased and their
multi-parametric MRI showed no presence of recurrent tumor. After 6 months, 1 out of 4
assessed patients had a histopathologically proven local recurrence just above the area
previously treated. He was retreated with MR-guided cryoablation. Three months later his
PSA level decreased and multi-parametric MRI showed no signs of recurrence.
Conclusions: Transperineal focal MR-guided cryoablation of recurrent PCa after
radiotherapy was technically feasible and safe. Initial short-term results are promising, but
more patients have to be included.
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MRI-Guided Prostate Biopsy Prior to Focal Salvage after Radiotherapy
Cynthia Ménard MD1,2 , Douglas Iupati MD1, 2, , Jenny Lee MSc1, Jessamine Abed RTT1, Anna
Simeonov1,2, Peter Chung MD1,2, Kristy Brock PhD1,2, Masoom Haider MD3
1
Radiation Medicine Program, Princess Margaret Hospital, University Health Network,
2
Department of Radiation Oncology and 3 Department of Medical Imaging, University of Toronto
Purpose: To determine the technical and clinical performance of integrated MRI-guided
prostate biopsy, compared with diagnostic MRI alone, prior to focal salvage after radiotherapy.
Materials and methods: Thirty men with biochemical failure after radiotherapy were enrolled in
a prospective clinical trial approved by our institution’s research ethics board. An integrated
diagnostic MRI and interventional biopsy procedure was performed under propofol sedation in a
1.5T scanner using a prototype table and stereotactic transperineal template. Multiparametric
MRI (T2-weighted, diffusion-weighted, dynamic contrast-enhanced) was followed by targeted
biopsy of suspicious regions and random sextant sampling. Biopsy needle locations were
imaged, and histology maps were generated using rigid image registration. Two blinded expert
observers delineated tumor boundaries. These were compared against reference standard
biopsy maps to evaluate the diagnostic accuracy of MRI, and to determine the impact of the
biopsy procedure on defining tumor targets for focal salvage.
Results: The integrated procedure achieved clinically feasible workflows (mean 91 min), and
was completed in 28 patients with minimal toxicity. The majority of patients (n=22) had local
recurrence, 82% with unifocal disease. Diagnostic accuracy for identifying recurrent tumors was
best achieved using multiparametric MRI with a 5mm expansion margin (Az=0.72 and 0.86)
compared to individual image sequences (vs. T2 p<0.05) or the absence of uncertainty margin.
However, the tumor boundary was accurate in only 50% of patients, whereby targeted biopsy
altered the target volume for focal salvage in 45% of patients.
Conclusions: The integration of online guided biopsy to diagnostic MRI is feasible, and alters
delineation of the tumor target in a substantial proportion of patient considering focal salvage.

Fig. Case example of true positive tumor (blue) delineated on ADC map (right) and registered to
T2W image (left), and false positive tumor (orange) delineated on T2W image. Biopsy core
locations are overlaid on registered T2W image, and color coded according to underlying
histopathology. Targeted biopsy cores resulted in expansion of left tumor boundaries for focal
salvage.
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MR-guided temperature mapping in prostate cancer patients: stability and feasibility
J.G.R. Bomers MSc1, E. Rothgang MSc2,3, J. Roland, PhD3, J.O. Barentsz, MD PhD1, J.J.
Fütterer MD PhD1
1

Department of Radiology, Radboud University Nijmegen Medical Centre, Nijmegen, the
Netherlands 2Center for Applied Medical Imaging, Siemens Corporation, Corporate Research
and Technology, Baltimore (MD), USA 3Siemens Healthcare, MR, Erlangen, Germany
Purpose: To evaluate temperature stability in prostate cancer patients using a fast gradient
echo (GRE) echo planar imaging (EPI) sequence and to test the clinical feasibility of an
integrated workflow for MR-guided laser ablation in prostate.
Methods: Informed consent was waived by the Institutional Review Board. Nine consecutive
patients with suspicion for prostate cancer (recurrence) after a previous diagnostic multiparametric MRI and scheduled for MR-guided prostate biopsy (MRGB) were included.
Procedures were performed at a 3T MR scanner (MAGNETOM Trio, Siemens).
After biopsy needle guide placement (DynaTrim, InVivo), temperature was measured
for two minutes using a multi-slice proton resonance frequency [1] GRE EPI sequence (TR =
22 msec , TE = 12 msec, resolution = 3.1x3.0x5.0 mm, matrix = 128 x 128, flip angle = 25°,
BW=601 Hz/Pixel, TA=0.5 sec per slice). For real-time temperature visualization TMAP@IFE
[2] was used. Temperature imaging (TMAP) slices were aligned based on the position of the
needle guide in a high-resolution 3D dataset using Planning@IFE and sent directly to the MR
console (see Figure 1).
For temperature stability evaluation, six seed points were placed in each of the three
TMAP slices in line with the needle guide. Temperature was measured 20 times during
TMAP image acquisition. Median temperature per patient was calculated with and without B0
drift correction. TMAP slice alignment setup was done during DWI acquisition which was part
of the standard MRGB protocol. Extra time needed for setting up the TMAP slices was
measured.

Figure 1. Temperature imaging slices are planned using a high-resolution dataset and are automatically
transferred to the MR console for online temperature monitoring.

Results: Temperature measurement was feasible in 8 patients, 1 patient was excluded due
to extensive patient motion. The median temperature was 37.2°C (range, 36.5°C-38.0°C)
with B0 drift correction, and 36.5°C (range, 35.3°C-43.2°C) without B0 drift correction.
Median deviation from the baseline temperature was 0.73°C and 1.19°C, respectively. The
median extra time needed for TMAP slice alignment setup was 0:50 min (range 0:05 – 2:23
min).
Conclusion: MR thermometry using a fast GRE EPI sequence allows stable and fast
temperature measurement in the prostate at 3T. The results further highlight the importance
of B0 drift correction. Our initial experience suggests that the proposed integrated workflow is
clinical feasible and supports accurate ablation monitoring.
[1] Ishihara et al. MRM, vol. 34, 1995. [2] Rothgang et al. Proc. ISMRM 2012, p. 1561.
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MR-guided Cryoablation of Prostate Adenocarcinoma Recurrences
David A. Woodrum, MD/PhD, Karen Rampton, MD, Akira Kawashima, MD/PhD,
Krzysztof R Gorny, PhD, Thomas D. Atwell, MD, Joel P. Felmlee, PhD, Kimberly K.
Amrami, MD, Brad Bolster, PhD Matthew R. Callstrom, MD, PhD,
Lance A. Mynderse, MD
Radiology, Mayo Clinic, Rochester

Purpose: To establish the feasibility of MR guided cryoablation in patients with biopsy
proven local recurrence of prostate adenocarcinoma.
Methods: Retrospective review of sixteen men(57-78yo) with biopsy-proven recurrent
prostate adenocarcinoma treated with MR-guided cryoablation(Galil
Medical,Minneapolis,MN). Of 16 patients, 15 had primary surgery and 1 had primary
external beam radiation. After primary treatment, 16 patients underwent secondary
treatment and recurrence following external beam radiation (6), hormone ablative
therapy (10), and/or laser ablation (2). Afterward patients presented for additional
therapy with MR guided cryoablation. Under general anesthesia, patients were brought
into a wide-bore 1.5T MRI(Siemens Medical,Malvern,PA). Under MRI guidance, 2-5
cryotherapy probes were placed in/around the recurrence. A urethral warming catheter
was used to protect from urethral damage.
Results: The data is presented in two groups with a minor but significant change in
treatment groups where Group 1(10 patients) cryoprobes 1cm separation and Group 2(8
patients, with 2 crossover) cryoprobes 0.5cm separation. In Group 1, average
preprocedure PSA was 1.26ng/dL and 1 month postprocedure PSA was
0.13ng/dL(p<0.01). 33% of patients had undetectable PSA at 1 month with only 11%
undetectable PSA at three months. One patient in this group developed a spinal
metastasis after treatment, but the prostate bed was clear. In Group 2, average
preprocedure PSA(5/8 with followup PSA available) was 1.82ng/dL and 1 month
postprocedure PSA was 0.05ng/dL(p<0.03). 67% had undetectable PSA values at 1 and
3 months. Three patients have not yet returned for post-procedural followup, and one
developed a distant, aggressive metastasis before the 1 month followup. Complications
included worsening incontinence in one patient.
Conclusion: MR guided cryoablation of prostate cancer recurrence is safe and
feasible. Further work and long term data is necessary to define treatment durability and
proper patient selection.
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MR-Guided Sclerotherapy: Intra-procedural Visualization Vascular Malformations
using Contrast-Prepared SSFP
1

2

1

3

3

Di Xu , Paul A. DiCamillo , Ozan Sayin , Aaron J. Flammang , Wesley D. Gilson ,
2
4
1
Jonathan S. Lewin , Clifford R. Weiss , Daniel A. Herzka
1. Department of Biomedical Engineering, The Johns Hopkins University School of Medicine, Baltimore, MD,USA,
2. Department of Radiology, The Johns Hopkins University School of Medicine, Baltimore, MD, USA
3. Siemens Corporation, Corporate Research and Technology, Baltimore, MD, USA
4. Vascular and Interventional Radiology, The Johns Hopkins University School of Medicine, Baltimore, MD, USA

Purpose: Low-flow vascular malformations (VMs) are congenital lesions that cause pain,
cosmetic disfigurement, functional impairment, and bleeding. Currently,T2-weighted fat
suppressed turbo spin echo imaging (T2W TSE) is the best technique for diagnostic visualization
of the extent and location of VMs.1 However, interventional radiologists typically use ultrasound
(US) and X-ray angiography for needle guidance during sclerotherapy. Though real-time MRI
has been shown to overcome many of the limitations in US and X-ray angiography2, current
T2W TSE is too slow for interventional guidance. On the other hand, fast, high SNR imaging
techniques such as balanced steady-state free precession (bSSFP)3, do not have the desired
contrast or fat suppression to accurately visualize VMs during the needle placement of
Sclerotherapy (Fig 1). Here we present a new technique, Contrast-Prepared SSFP (CP-SSFP),
for visualization of VMs during needle placement as part of MR-guided sclerotherapy.
Methods:
CP-SSFP
uses
variable flip angle SSFP to
establish T2 contrast (derived
from TIDE4) with the addition of
modified spectrally selective
SSFP (S5FP)5 and a new
inversion recovery scheme for Fig. 1 Representative images from a VM patient. A) 20s breath-hold
robust
fat
suppression6, T2W-TSE (TEeff=81 ms, TR=5 o s). B) free-breathing bSSFP
(TR/TE=3.2/1.6 ms, flip angle=60 , frame rate=4 FPS). C) freeachieving a high frame rate with breathing CP-SSFP (TR/TE=3.2/1.6 ms, frame rate=3.3 FPS).
good T2 contrast. T2-weighting is
customizable, as is the degree of fat suppression via selection of flip angles in bSSFP train. For
needle guidance, 2-3 slices were interleaved in time. All experiments were carried out at 1.5T
(MAGNETOM Espree, Siemens Healthcare). Healthy subjects (N=5) and VM patients (N=2)
were imaged to compare the visualization of long T2 tissues (e.g. bladder) and VMs with current
gold-standard imaging sequences (HASTE)1 and guidance sequences (bSSFP). CNR efficiency
(CNR divided by square root of the scan time) was determined. Interventions in swine (N=2)
were used for needle guidance assessment.
Results: CNR efficiency values: Bladder-muscle: 39±0.3 (HASTE) vs. 44±1.0 (CP-SSFP); VMmuscle: 7 (bSSFP) vs. 53 (CP-SSFP); VM-fat: -7 (bSSFP) vs. 50 (CP-SSFP).
Conclusions: CP-SSFP demarks VM with contrast comparable to HASTE, and superior to
bSSFP. During needle guidance, CP-SSFP
clearly delineated the swine renal collecting
system (long T2) and needle in oblique axial
and coronal planes. (Fig. 2) CP-SSFP is
capable
of
visualizing
VMs
during
interventional
procedures
including
concurrent accurate depiction of needle
placement.
CP-SSFP
represents
an
interventional real-time MR sequence with
customizable contrast and fat suppression.
Funding: This work was funded in part by Grant
UL1RR025005 and Siemens Healthcare. References: 1.
Legiehn, Sem. Inter. Rad. 2010; 2. Legiehn, Rad. Clin. North
America 2008; 3. Weiss, ISMRM 2011; 4. Hennig, MRM
2002; 5. Derbyshire MRM 2005; 6. Lauenstein, JMRI 2008.

Fig. 2 Real-time-interleaved (a) oblique axial and (b)
oblique coronal images acquired with CP-SSFP of swine
renal collecting system in a needle guidance experiment.
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First clinical experience in man with the IMRICOR-MR-EP system:
Electrophysiology and ablation study guided by real-time MRI
Matthias Gutberlet 1, Matthias Grothoff 1, Charlotte Eitel 2, Christopher Piorkowski 2,
Philipp Sommer 2, Gerhard Hindricks 2
1
2

Department of Diagnostic and Interventional Radiology, University Leipzig – Heart Center
Department of Cardiology, Rhythmology, University of Leipzig – Heart Center

Strümpellstrasse 39, 04289 Leipzig, Germany, matthias.gutberlet@herzzentrum-leipzig.de
PURPOSE
Magnetic resonance imaging (MRI) guided electrophysiology (EP) studies facilitate
visualization of three-dimensional anatomy with the respective underlying arrhythmia
substrate, real-time visualization of functional informations and complications, as well as
lesion visualization during ablation under elimination of radiation exposure. We present our
first experience of a real-time MRI guided EP study and ablation of atrial flutter
demonstrating current possibilites and drawbacks.
METHOD AND MATERIALS
Six patients (5 male, 1 female; mean age 64.4 years (±10.2)) with symptomatic arrhythmias,
4 with typical atrial flutter, presented for isthmus ablation, 1 for an electrophysiology study
(EP) and 1 for slow pathway ablation in AV-NRT. The ablations were performed
successfully. After the conventional procedure in the EP lab five patients were transferred to
a 1.5 T whole body MRI scanner (Intera, Philips, Best, The Netherlands) for an EP
diagnostic procedure and one patient for atrial flutter ablation in the MR. Two MRI
compatible steerable diagnostic/ablation catheters (VisionTM, Imricor Medical Systems,
Burnsville, MN, USA) were inserted via the femoral sheaths and manipulated by an
experienced electrophysiologist using a commercially available interactive real-time steadystate free precession MRI sequence (TR=3 ms, TE=1ms, flip angle=35°, slice
thickness=10mm, frame rate=8 per second).
RESULTS
Using passive catheter tracking all catheters could be placed successfully in the right
ventricle and in the right atrium confirmed by intracardiac electrograms. Furthermore, simple
programmed stimulation maneuvers were performed. In one patient with atrial flutter a
complete isthmus ablation could be performed in the MRI. During and after the procedure no
adverse effects were observed in all patients.
CONCLUSION
To our knowledge this is the first pilot study of real-time MRI guided placement of multiple
catheters in humans with subsequent performance of stimulation maneuvers and one
successful complete isthmus ablation in the MRI. Challenges arise from delineation of
precise surface ECG recordings in the MRI setting along with intracardiac electrograms,
easier handling of catheters, visualization of catheters placed in the coronary sinus,
facilitation of immediate defibrillation in the MRI setting and implementation of an active
catheter tracking system.
REFERENCES
Eitel C, Piorkowski C, Hindricks G, Gutberlet M. Electrophysiology study guided by real-time
magnetic resonance imaging. Eur Heart J (2011) Nov 21 [e-pub ahead of print]
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Real-time MRI of Cardiac Function and Flow at a Resolution of 35 ms
D. Voit1, K.D. Merboldt1, M. Uecker1,2, A.A. Joseph1, J. Lotz3, J. Frahm1
1

Biomedizinische NMR Forschungs GmbH am Max-Planck-Institut für biophysikalische Chemie, Göttingen,
2
Germany; Electrical Engineering and Computer Sciences, University of California, Berkeley, United States;
3
Diagnostische Radiologie, Universitätsmedizin Göttingen, Germany

Purpose: To introduce a robust method for real-time MRI that yields high-quality images
with acquisition times as short as 35 ms [1]. Apart from cardiovascular studies of anatomical
function [2] and quantitative blood flow [3], the method should generally be applicable for
interventional MRI offering adequate spatiotemporal resolution and good SNR.
Methods: The method combines two major principles: (i) a fast low-angle shot (FLASH) MRI
technique using radial trajectories for spatial encoding, and (ii) a regularized nonlinear
inversion for image reconstruction [1]. The acquisition technique allows for rapid, continuous
and motion-robust imaging without sensitivity to off-resonance effects, while the
reconstruction algorithm ensures tolerance to pronounced data undersampling.
For tagging, two-dimensional saturation pulses and gradients were incorporated into
serial FLASH MRI acquisitions to study motions of and deformations within the myocardial
wall in real time. Phase-contrast studies of through-plane flow involved serial acquisitions of
two (interleaved) images with and without a bipolar velocity-encoding gradient.
Examinations of healthy subjects were performed during free breathing and without
ECG triggering on a clinical 3 T MRI system (Trio TIM, Siemens AG, Erlangen, Germany).
Results: Myocardial strain (Figure, left) was studied in a short-axis view by tagging at 34 ms
temporal resolution (15 spokes, radial FLASH, TR/TE = 2.28/1.46 ms, flip angle 8º,
1.5×1.5×6.0 mm3). The 8 consecutive frames represent a 239 ms period of a single cardiac
cycle demonstrating the distortion of the rectangular saturation pattern in the myocardial wall
(top left) due to systolic contraction and wall thickening (lower row).
Quantitative blood flow velocities (Figure, right) in the ascending aorta were
determined by velocity-encoded phase-contrast MRI at 37 ms resolution (2 × 7 spokes,
radial FLASH, TR/TE = 2.64/1.84 ms, flip angle 10º, 1.8×1.8×6.0 mm 3, venc = 150 cm s-1).
The figure depicts a magnitude and phase-contrast image as well as 6 consecutive velocity
profiles (185 ms) of the ascending aorta covering the rapid changes after peak systolic flow.

Conclusion: The proposed real-time MRI technique achieves both high spatial and temporal
resolution. Its extension to different functions/contrasts offers new potential to a variety of
clinical applications. For example, future versions will allow for dynamic mapping of T2* and
temperature. The robustness against motion and susceptibility artifacts demonstrates
considerable potential for monitoring surgical procedures during interventional MRI.
References: [1] M Uecker et al. NMR Biomed 23, 986-994 (2010); [2] S Zhang et al. J
Cardiovasc Magn Reson 12, 39 (2010); [3] AA Joseph et al. NMR Biomed; doi:
10.1002/nbm.1812 (2012).
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3-DOF MR-Compatible Cardiac Catheter Steering Mechanism
A. Ataollahi, T. Schaefter, K. Rhode, R. Razavi, L. D. Seneviratne and K. Althoefer
King’s College London, Department of Informatics and Rayne Institute

PURPOSE
This paper presents a novel three degree of freedom magnetic resonance (MR) compatible cardiac
catheter steering mechanism with the following
major features: miniaturized size (9 Fr in diameter),
adjustable curvature and stiffness of steerable catheter segment as well as ability to deflect in all
direction with respect to its longitudinal axis using
four steering tendons, (Fig.1 (Left)). The research
aim is to integrate the steering mechanism with an
MR compatible catheter shaft and perform cardiac
ablation procedures inside MRI scanner using image guided navigation.

Fig. 1. The prototype steerable mechanism (Left). Helical
segment structure (Right).

METHOD
The proposed structure is tendon driven and is
comprised of multiple miniature deflectable helical
segments created by a high-resolution rapid prototyping machine using ABS plastic (Projet HD3000
Plus, 3D Systems Co.). Fig. 1 (Right) shows the
helical segment structure with its four integrated
250 μm tendon channels and 1.7 mm central lumen. The shown prototype is made up of fourteen
helical segments stacked together to form a 112
mm long steering mechanism. The novel helical
segment design allows a curved deflection of the
catheter mechanism achieving a hemispherical
workspace around the catheter’s longitudinal axis
through appropriate operation of four tendons (Fig.
2 (Left)). To adjust the curvature radius of the
steerable part, a 1-mm diameter carbon fiber tube
is introduced in the central lumen which can freely
slide in and out to limit the deflectable length by
partially increasing the stiffness, as required by a
certain procedure. This additional degree of freedom improves navigation and maneuverability by
adjusting the curvature radius as well as allows
adjusting the stiffness of the catheter mechanism
and thus varying the forces that can be transmitted
by the catheter tip to the environment. To avoid
incremental twist along the steering mechanism,
alternating clockwise and counterclockwise helical
segments are employed. A polymer tube with a 1.6
mm diameter is deployed in the central channel to
fill the gap between carbon fiber tube and the
segment’s central lumen.

Fig. 2. Schematic demonstration of the two degrees of freedom deflection using four tendons (Left). Three dimensional
workspace created from trajectory experiments (Right).

used to translate the carbon fiber tube that in turn
adjusts the catheter’s curvature. A commercial 3axis magnetic coil tracking system (Aurora® EM,
NDI Co.) was used to measure the position of the
catheter-tip in trajectory experiments. The 3D
space catheter-tip trajectory experiment results are
shown in Fig. 2 (Right). MR-compatibility tests performed inside a 1.5T MRI scanner, confirm the
MR-compatibility of the prototype catheter. Force
measurements show that the stiffness of the steerable catheter mechanism can be adjusted by increasing the tension equally on all four tendons.
CONCLUSION
The proposed steering mechanism presented here
shows promising results and potential for being
employed as part of MRI-guided cardiac catheterization. The ability to deflect the catheter tip in 3D
space and its adjustability of its deflection curvature are means to improve the catheter’s maneuverability with clear advancements with regards to
positioning accuracy and reduction in operation
time. The low manufacturing costs can be considered as another advantage of the proposed manufacturing technique.

RESULTS
The prototype catheter steering mechanism's tip
trajectory in 3D space is evaluated using a robotic
actuation mechanism comprising four stepper motors to drive the tendons while a linear motor is
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MRI-compatible 12-lead ECG for MRI-guided Cardiac Electrophysiology
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Propose: 12-lead Electrocardiogram (ECG) is a clinical standard for patient physiological
monitoring. High-fidelity ECGs are essential for
patients undergoing cardiovascular interventions,
especially for patients with ischemic and stroke
history. Accurate ECGs are important for robustly
synchronizing MRI scans in arrhythmia patients.
Acquiring uncorrupted ECG traces inside MRI is
challenging due to (A) strong interference during
periods of MRI Gradient Ramps & RF pulse
transmission (GR&RF), (B) Magneto-HydroDynamic (MHD) voltages (VMHD), originating from Fig.1 Real-time 12-lead ECG : components in&outside MRI room.
blood flow in the aortic arch during late systole [1]
and (C) possible RF heating at ECG-electrodes. VMHD masks the
S-T segment, complicating acute-ischemia detection [2]. VMHD
can surpass the R-wave, making ECG-gating challenging. We
applied adaptive filtering to remove VMHD, using ECGs inside &
outside MRI [1]. An electronic blanking circuit was added,
blocking ECG signals from reaching the ECG receiver during
GR&RF. The system was tested at 1.5&3T, verifying provision of:
(1) 12-lead traces (ECGreal) without VMHD, (2) cardiac MR scan Fig.2 Gradient-RF Blanking circuit
gating, and (3) beat-to-beat stroke volumes (BTB-SV), estimated from systolic integrated VMHD.
Methods: Fig.1 is the system block diagram. In the scanner room, 10 coaxial leads are
attached to MRI-compatible ECG electrodes, transmitting ECGs to the penetration panel, with
ferrites & low-pass filters minimizing RF propagation. Outside the room, the signals pass
through an electronic switching circuit (Fig.2), preventing GR&RF noise from reaching the ECGrecording system (Cardiolab). Cardiolab streams out raw ECGs to a real-time PC which
implements real-time QRS complex detection and MHD adaptive filtering [1], and outputs
ECGreal, scan triggers and BTB-SV. 2 premature ventricular contraction (PVC), 2 atrial fibrillation
(AF) patients & 11 volunteers were studied. Cardiac imaging was performed at 1.5&3T in 4
patients & 3 volunteers, with scans triggered by the system, and simultaneous ECGs recorded.
The derived ECGreals were compared to ECGs measured outside MRI. A swine was imaged
during balloon-induced acute ischemia at the left anterior descending coronary arteries.
Results: Fig. 3 shows the AF patient’s ECG processing. (a) Raw ECG V6 is dominated by
GR&RF noise during a GRE scan. (b) GR&RF is removed using the blanking circuit, leaving
ECGreal superimposed with VMHD. (c) Extracted ECGreal, preserving S-T segment for ischemia
monitoring. (d) BTB-SV estimated from VMHD, where varying ventricular filling due to changing
heart rates is responsible for irregular BTB-SV results. Correct ECG QRS detections were
achieved at 1.5&3T (Fig. 4). The system outputted accurate scan triggers at < 30ms latency,
allowing cine MRI imaging in subjects where 4-lead ECG gating failed due to stronger VMHD
peaks. In the swine model, we clearly observed ST elevation during the acute ischemic event.
(a)Raw ECG during MRI

(b)Switching enabled(ECGreal+MHD) (c)MHD removed-extracted ECGreal

(d) Beat-To-Beat stroke volume

Fig.3 AF patient, in a 1.5T MR, ECG processing. In (b) imaging noise is removed. In (c) VMHD is removed & (d) Stroke volume is provided.
Short Axis-Early Systole

Fig 4: 3T AF patient ECG : R-wave detection

Late Systole

Mid Diastole

Late Diatole

Fig.5: 12-lead ECG-gated cardiac cine of the left ventricle in a severe PVC subject.

Conclusions: The 12-lead ECG system provides high fidelity ECGs for robust cardiac-MRI &
acute ischemia monitoring, prerequisites for MRI-guided cardio-vascular interventions.
Ref: [1] Tse, SCMR & ISMRM ’10-12, [2] Haberl, ECG pocket book ‘06.
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In Vivo Active Visualization of an RF-Ablation Guidewire for the Revascularization of
Occlusive Arterial Disease
1

K. J. Anderson1, N. Yak2, L. Biswas2, J. Barry2, R. Flor2, G. A. Wright1,2
Department of Medical Biophysics, University of Toronto, Toronto, ON. 2Imaging Research,
Sunnybrook Research Institute, Toronto, ON.

Purpose: The percutaneous revascularization of occlusive arterial disease in coronary and
peripheral arteries represents a major challenge. Procedural success is currently limited by the
inadequate soft-tissue contrast of x-ray fluoroscopy and its inability to visualize the position of a
revascularization device with respect to the occlusive lesion and vessel wall. Studies
investigating the use of MRI for lesion revascularization have focused on the development of
specialized active catheters and guidewires to enable device visualization [1]. There are many
engineering challenges associated with this approach and compromises associated with device
performance are required. The purpose of this study is to investigate the ability to visualize a
clinically available RF-ablation guidewire (PowerWire, Baylis Medical) that has been designed
specifically for revascularization. An active visualization approach is utilized and the ability to
identify the position of the guidewire inside occluded vessels in an animal model is assessed.
Methods: To enable active visualization, a coaxial device with a hollow core was constructed
that magnetically couples to guidewires and catheters that are passed through it [2]. In three
pigs, the guidewire was advanced from the femoral artery under x-ray fluoroscopy into the right
carotid artery that was occluded surgically by tying off the vessel. Once advanced to the lesion,
the animals were moved to a 1.5T MR scanner (GE Healthcare). Imaging of the lesions was
performed in vascular / device cross-sectional and longitudinal planes using a surface coil. The
length of the guidewire was visualized by acquiring a projection image in the longitudinal plane
with the coupling device and utilizing a gradient in the through-plane direction to compensate for
phase variation around the device [3]. Signal from the coupling device acquired during the
cross-sectional acquisitions was reconstructed independently from that of the surface coil to
depict the position of the guidewire within the vessel near the guidewire tip.
Results: The coupling device rendered the guidewire visible with signal characteristics similar
to that of a loopless antenna device. The length of the guidewire could be depicted in the
longitudinal plane to yield information about guidewire tortuosity and guidewire position with
respect to occlusion’s proximal and distal ends (Fig 1a-b). Signal reconstructions in crosssectional planes consisted of localized signal close to the wire that could be used to infer the
wire’s position (Fig 1c-d). Using images in this plane, the guidewire tip could be localized in the
through-plane direction to within one slice thickness (5mm).
Discussion and Conclusion: The RF-ablation guidewire could be actively visualized with no
device modifications. The use of pre-existing intravascular devices enables one to minimize
device development efforts and to pursue guidance studies with no compromise to device
properties. In addition, pre-existing regulatory clearances may minimize the hurdles
encountered on the path towards first-in-man studies.
[1] Raval et al. Circ. 2006 [2] Hillenbrand et al. ISMRM 2005 #197 [3] Overall et al. ISMRM 2007 #1117

Fig 1. a) Anatomical longitudinal image of
occluded carotid artery acquired with a surface
coil. b) Image acquired from coupling device in
same orientation as (a) depicting the length of the
RF-ablation guidewire. c) Cross-sectional image
of the occluded vessel acquired with a surface
coil. d) Magnified cross-sectional image
reconstructed with signal from the coupling
device. The position of the image is
approximately 5mm from the guidewire tip.
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Development of an MRI-Monitore d IntraTIPS Local Agent Delivery T echnique Using
Motexafin Gadolinium: Towards Improving Long-Term Patency of TIPS
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Purpose: Despite ongoing technical improvements, the long-term patency of transjugular
intrahepatic portosystemic shunt (TIPS) is still dismal. We are developing a new technique of
MRI-guided intraTIPS local agent delivery to inhibit shunt stenosis.
Materials and Methods: For in vitro confirmation, human umbilical vein smooth muscle cells
(HUVSMCs) were incubated with various concentrations of Motexafin Gadolinium (MGd), and
examed by confocal microscopy and T1map-MRI. The proliferation of cells treated with MGd
were evaluated via a MTS assay. For in vivo technical validation, 17 pigs underwent TIPS
procedure. Before placement of the stent, MGd and trypan-blue mixture was locally delivered,
via a microporous balloon, into 11 shunt-hepatic vein walls under dynamic MRI monitoring,
while trypan-blue only was locally delivered into six shunt-hepatic vein walls as controls.
T1-MRI of the shunt-vein walls was taken before- and at 15, 30, 45, 60, and 75 min after
agent injections. The contrast-to-noise ratio (CNR) of the shunt wall at each time-point was
measured. After MRI, an 8-mm stent was deployed within the shunt. The shunt along with its
hepatic and portal vein segments was harvested for subsequent histology correlation and
confirmation.
Results: The in vitro study confirmed the capability of HUVSMCs in uptaking MGds in a
concentration-dependent fashion, demonstrating the suppression of cell proliferation by
MGds as well. Dynamic MRI displayed in-shunt MGd/blue penetration into the shunt-vein
walls. Comparing to the control group, MGd/blue-delivered animal group demonstrated
significantly higher CNR of shunt walls on post-delivery MRI than on pre-delivery
MRI(49.5±9.4 vs 11.2±1.6, P<0.01), which was confirmed by histologic correlation.
Conclusion: MRI-monitored intraTIPS local MGd delivery is feasible and MGd functions as a
potential therapeutic agent to inhibit the proliferation of HUVSMCs. This technique may
open new avenues to improve the long-term patency of TIPS by using MRI-integrated
drug/gene therapy.
Keywords: TIPS, shunt dysfunction, MRI-monitored, local agent delivery, motexafin
gadolinium
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PURPOSE
To evaluate initial clinical experience with a near-harmonic reference-less PRFS thermal
mapping model monitoring thermal ablation of liver malignancies. The method is compared
with an alternative reference-subtraction PRFS thermometry model in a retrospective
matched-pair cohort study.
METHODS
19 patients, carrying 30 liver tumors, underwent percutaneous ablation therapy under MRI
guidance (1.5T, TE 12 ms, TR 24 ms, FA 17°, slice thickness 5 mm). They were
retrospectively matched with cases from an older series of reference-subtraction PRFSguided tumor ablation (TE 12 ms, TR 970 ms, FA 65°, slice thickness 3 mm). The visualized
thermal zone and the consecutive necrosis (defect in portal venous phase on 24h Gdenhanced study) were sequenced, compared and statistically analysed in both groups.
RESULTS
The respiratory triggered near-harmonic reference-less PRFS Sequence was feasible in all
30 cases. Sequencing of the visualized thermal zone at 55°C and the consecutive necrosis
revealed no significant difference as compared with the matched reference-subtraction PRFS
thermometry group (22.7% predictive error as compared with 21.1%).
CONCLUSIONS
A new reference-less near-harmonic PRFS thermometry sequence is feasible in clinical
routine liver ablation. Even though more susceptible to thermal map artifacts preliminary
results confirm a good performance consistent with results from an established referencesubtraction PRFS thermometry model.
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Purpose
To evaluate the efficacy of the biopsy and cryoablation of lung tumors using an open MRI guidance
platform equipped with real-time interactive navigation system.
Methods
An MRI-compatible interactive-control enabled navigation system (Megrez®, Symbow Medical & Symbow
Medical, Beijing, China) was integrated with a 0.3T open MRI system (Centauri®, XinAoMDT, Langfang,
Hebei, China) (Figure 1). The navigation system can capture positions of a biopsy needle or a cryo-needle
in real-time and can overlay the needle position information onto the real-time acquired MRI images in 3D
(MRI acquisition repetitively during navigation) to help doctors to target with 3D visual assistance. More
over, the needle position can be transferred to the MRI console continuously, so that the following MRI
scan plane can follow the needle plane in order to create the ideal MRI scan plane so that the full needle
length and especially the needle tip position can be clearly shown in the acquired MRI images. This
interactive navigation feature allows for precise needle targeting, and can potentially improve the
diagnosis and treatment efficacy. Two group of patients, 64 with lung tissue mass and 42 with lung cancer
were recruited for the study. The first group of patients was given MR-guided biopsy to obtain
histo-pathologic diagnosis. The second group of 42 patients (tumor size from 2 - 7 cm in diameters)
accepted MR-guided cryoablation.

Figure 1.
An MRI-compatible therapy system with
interactive real-time navigation

Figure 2.
Lung tumor biopsy therapy under the guidance of
open MRI with interactive navigation

Results
Histo-pathologic tissues were obtained successfully from all 64 MR-guided lung biopsy patients. 58 cases
(90%) were successfully done in a single direct targeting. The other 6 cases required slight adjustment
without withdrawing the needles. For the treatment group, multiple needles could be placed quickly as
planned (average tip position error of 2 mm) under the MRI-guided navigation system (Figure 2). The
overall treatment effective rate was 78% after 6-month post-operative follow-up (via plain and enhanced
CT scans). For all the cases, only minor complications such as partial pneumothorax or minor bleeding
were observed. All complications were recovered soon after the procedures.
Conclusions
With the help of the MRI-guided navigation platform with real-time interactive control feature, the biopsy
and cryoablation of lung tumor were effective and safe.
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MR Temperature Mapping for Monitoring of Vapor Ablation in Ex Vivo Liver
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Purpose: Vapor ablation is an emerging therapeutic
technology that uses the high heat of enthalpy of water.
Vapor is a high level pure thermal energy that does not
impart electromagnetic energy when delivered to tissue.
Vapor ablation can rapidly and controllably produce small or
large ablations significantly faster than RF or saline assisted
RF and does not char or desiccate, and can effectively
promote hemostasis[1,2]. Vapor has also been shown to
effectively reduce tissue volume in treatment of
emphysema[2]. We hypothesize that MR thermometry can
Fig 1. Phase Temperature Mapping
with damage map projected onto the
be used to image the tissue treated by vapor ablation. The
magnitude image.
goal of this study is to demonstrate feasibility of MR
thermometry in visualizing vapor ablation within bovine liver.
Methods: An MR-compatible vapor ablation device
(NxThera, Minneapolis, MN - model Gen1) was configured
to treat for 2 minutes at 30 psi. Vapor was delivered through
a 25 foot re-circulating silicone hose with a 0.0335” ID
polyether ether ketone (PEEK) delivery catheter. The flexible
catheter was fashioned with a curved tip allowing it to be
secured along the serosal tissue surface with adhesive tape.
A freshly extirpated bovine liver was treated using the vapor
ablation device for 2 minutes within a GE 1.5T MR scanner.
Care was taken to ensure minimal movement of the tissue
during the ablation. MR thermometry was performed
gradient-recalled echo pulse sequence (echo time, 20 ms,
repetition time, 37.5 ms; flip angle, 30 degrees; bandwidth,
15 kHz; field of view 240x240 cm; matrix, 256 x 256) was
repeatedly executed approximately every 5 seconds during
vapor operation and cooling (Fig 1.).

Fig 2. T1 FSE Post-Ablation

Fig 3. T2 FSE Post-Ablation

Results: Vapor ablation was performed in an ex vivo bovine
liver within a GE 1.5T scanner using an MR-compatible
vapor ablation device (NxThera, Minneapolis, MN). During
the vapor ablation, continuous gradient echo (GRE)temperature mapping using a proton resonance frequency
technique was performed to monitor the size of the ablation
(dashed circle) in real-time (Fig 1). Temperature mapping
Fig 4. Gross Pathology image
was successful. Gross correlation of the temperature
post-ablation
mapping images with post-ablation T1 FSE (Fig 2), T2 FSE
(Fig 3) and gross pathology (Fig 4) demonstrated similar size correlation.
Conclusions: MR temperature mapping for vapor ablation is possible and provides a new
method for monitoring in vapor ablation with the capability of providing an intraprocedural
monitoring to help tailor the ablation coverage to the desired area.
References: Ball et al, Jour Urol, 2003;170:970; Snell et al, Ann Thor Surg 2009;88(6):1993.
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Ultrasound Facilitated Targeted Drug Delivery: An in-vitro study of drug uptake with a
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Medan2, Jallal Gnaim3, Sandy Cochran1 and Andreas Melzer1.
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Purpose Recent in-vivo studies and developments in the field of MR-guided ultrasound
triggered Targeted Drug Delivery (TDD) have shown that the combination of MRgFUS and TDD
have the potential to become the first line treatment for cancer patients, treating both local and
systemic symptoms. Still, a fast growing quest for the best drug carrier raises the need for ongoing in-vitro studies. Due to the multi-modality nature of this topic, collaboration between
clinicians and scientists is necessary. The design of a dedicated in-vitro drug delivery setup
would provide an experimental protocol which would allow the repetition of experiments under
the same conditions by various research groups worldwide. In the work presented here, an invitro setup was created in order to sonicate cells under various conditions. Moreover, the
bespoke setup has proved the concept of ultrasound-facilitated drug delivery by an increase in
drug uptake in situ.
Methods Two human cancer cell lines (MCF-7 breast cancer cells and A375m human
melanoma cells) were subjected to focused ultrasound using the ExAblate 2000 system
(InSightec, Israel) with a 0.95 MHz phased array transducer. The experiments were conducted
in a specially designed setup that ensures both cell sterility and proper ultrasound propagation.
Various sonication parameters in conjunction with commercially available ultrasonic contrast
agent (Sonovue, Bracco) were applied to both cell lines in order to achieve maximal cellular
uptake of Doxorubicin with a minimal decrease in cell viability. During the sonications the subharmonic signature was recorded and attributed to the drug uptake quantity in post-processing
of the results. The amount of drug uptake was determined by fluorescence intensity
measurement and the viability of cells was evaluated using the MTT assay.
Results The application of focused ultrasound in the presence of ultrasonic contrast agent
significantly increased drug uptake of the anticancer drug Doxorubicin by cells. The increased
uptake of drug into the cells was directly correlated with the cavitation signature recorded during
the sonications. The use of the clinical MRgFUS system was found to be extremely beneficial,
since it allowed more flexibility as compared to laboratory sonicators, delivering the possibility to
control various parameters, including phase manipulations and variable transducer apertures, in
addition to collecting and recording ultrasonic spectra during sonication.
Conclusions The preliminary results show that it is possible to adapt a clinical MRgFUS system
for in-vitro cell culture experiments. Although further optimization of the US parameters is still
needed in order to achieve maximal drug uptake with minimal effect on viability of cells, the
results presented provide a platform for application of the HIFU parameters achieved in
conjunction with novel nanocarriers and microbubbles, and ultrasound and MRI contrast agents.
Acknowledgements
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Purpose: The clinical feasibility of using MR-guided HIFU to ablate solid tumors is limited by the
long treatments times (on the order of hours) and high acoustic pressures needed.
Microbubbles can accelerate HIFU-mediated heating, but microbubbles injected intravenously
do not extravasate into tumors and can cause unwanted prefocal heating in normal tissue. We
have developed a phase-shift nanoemulsion (PSNE) of lipid-coated liquid perfluorocarbon
droplets in order to accelerate the rate of heating in the tumor and enhance thermal ablation.
The liquid droplets are between 100 and 200 nm in diameter, which is the optimal size for
nanoparticle accumulation in tumors. Previous studies in vitro have shown that short, highamplitude acoustic pulses can be used to vaporize the liquid droplets into microbubbles, which
can accelerate heating locally through inertial cavitation. In this study, we used PSNE in vivo to
enhance heating and lesion formation with MR-guided HIFU in a hepatic rabbit VX2 tumor
model.
Methods: Hepatic VX2 tumors were implanted into the thighs of 3 kg male New Zealand White
rabbits. PSNE (0.5 ml/kg) was injected through the ear vein for all experiments. An initial set of
experiments examined the distribution of PSNE within the tumors of four rabbits by tagging the
droplets with gadolinium chelate. T1-weighted images were acquired before and after injection of
gadolinium-tagged PSNE for up to six hours after injection. For HIFU-mediated heating and
ablation experiments, a custom-built 1.5 MHz MR-compatible HIFU transducer was used to
insonify targeted locations within the tumor. Each location was sonicated with 100 W, 100-cycle
pulses for acoustic droplet vaporization (ADV), immediately followed with 1 million cycle HIFU
pulses at an acoustic power between 1 and 7 W. This sequence was repeated every 670 ms for
a total of 30 seconds. Cavitation activity was detected during sonication using a custom-built
650 kHz MR-compatible ring hydrophone. Changes in temperature were determined with MR
thermometry measurements every four seconds before, during, and after the sonication, using a
phase-difference fast spoiled gradient-echo MR sequence. T2-weighted MR images were
acquired before and after each sonication to image lesions formed in the tumor. Sonications and
MR measurements were performed before and after injecting PSNE intravenously in order to
evaluate the efficacy of PSNE on enhancing heating and lesion formation in the tumor.
Results: T1-weighted images of rabbit VX2 tumors before and after intravenous injection of
gadolinium-tagged PSNE indicated that the nanoemulsion accumulated in the tumor within 30
minutes and persisted for at least six hours. B-mode images from a portable ultrasound system
showed that the droplets within the tumor were vaporized into microbubbles using short, highamplitude ultrasound pulses. Acoustic cavitation activity was only observed when vaporized
PSNE were present in the tumor. MR temperature maps and T2-weighted images revealed that
the rate of heating and the lesion size in the tumor was enhanced by vaporized PSNE.
Conclusions: A nanoemulsion of liquid perfluorocarbon droplets can passively accumulate in
rabbit VX2 tumors and the droplets can be vaporized into microbubbles using HIFU pulses.
Vaporized PSNE can accelerate MRgHIFU-mediated heating and lesion formation in hepatic
rabbit VX2 tumors, as demonstrated with MR thermometry measurements and T2-weighted
images. The long-term goal is to improve the clinical feasibility of MRgHIFU by reducing the
time and acoustic intensities needed to ablate solid tumors. [Supported by NIH R21 EB009493]
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Thermosensitive liposomes modified with poly(N-isopropylacrylamide-co-propylacrylic
acid) copolymers for focused ultrasound-triggered release of doxorubicin
T. Ta1, E-J Park3, N. McDannold3, T Porter1
1
Dept. of Biomedical Engineering, 2Dept. of Mechanical Engineering, Boston University,
Boston, MA, 3Brigham & Women’s Hospital/Harvard Medical School, Boston, MA
Purpose
We have developed sterically-stable liposomes surface-modified with a copolymer that is
membrane-disruptive in mildly hyperthermic conditions. Furthermore, we employ MR-guided FUS
(MRgFUS) to noninvasively heat solid tumors locally, thus triggering release of drugs
encapsulated in polymer-modified liposomes (pTSL) selectively within tumors. The objectives of
this study were: 1) to characterize the temperature responsiveness of the pTSL in vitro, 2) to
assess circulation time and biodistribution of pTSL injected systemically, 3) to assess drug
release triggered by ultrasound-mediated heating, and 4) to investigate the cytotoxicity of
released drug in a solid tumor model.
Methods
Copolymers composed of N-isopropylacrylamide (NIPAAm) and propylacrylic acid (PAA)
were synthesized via reverse addition-fragmentation chain transfer (RAFT) chemistry. The
copolymers were terminated with a hydrophobic group, which was used to anchor the copolymer
to the outer leaflet of the liposomal shell.
Non-thermosensitive (NTSL) and traditional
thermosensitive (TSL) were prepared via extrusion and remote loaded with doxorubicin (DOX). To
make pTSL, the copolymer NIPAAm-co-PAA was post-inserted into the outer leaflet of TSL at a
2.5% copolymer:lipid molar ratio. DOX release as a function of temperature and ambient pH was
examined in HEPES buffer and serum-containing media using a heated water bath.
For biodistribution studies, rat mammary adenocarcinoma 13762 MATB III cells (2x106
cells) were injected subcutaneously in the hindlimb of Fischer rats. After injecting rhodaminelabeled TSL or pTSL via the tail vein, blood was drawn and analyzed for the presence of
fluorescent liposomes. Additionally, animals were sacrificed and organ samples (kidney, spleen,
liver, and tumor) were harvested, homogenized, and analyzed for liposome accumulation. For
treatment studies, free DOX or TSL or pTSL containing DOX were administered systemically to
rats burdened with implanted tumors via tail vein injection. MRgFUS (f = 1.15 MHz) was used to
heat solid tumors to a constant 43°C for 5 min. Rats from each treatment group were sacrificed
immediately following FUS exposure and tumors were harvested and analyzed for DOX release.
Additionally, the tumor volume in rats from each treatment group was measured over 14 days to
evaluate tumor response to treatment.
Results
While the stability of pTSL was comparable to TSL in HEPES buffer and serum-containing
media, pTSL had superior responsiveness to mild hyperthermia. The threshold temperature for
50% DOX release in HEPES buffer was 39oC for pTSL compared to 43oC for TSL. The lower
threshold temperature resulted in a significant reduction in the thermal dose required for DOX
release from pTSL compared to TSL. Both formulations had comparable biodistribution profiles
in tumor-burdened rats, with the vast majority of liposomes being cleared through the liver and
spleen and comparable percentage of injected liposomes accumulating in solid tumors (< 1%).
pTSL released significantly more DOX than TSL in tumors heated via MRgFUS to 43oC, and this
resulted in a stronger suppression of tumor growth over 14 days.
Conclusions
Studies demonstrate that pTSL is more responsiveness to applied hyperthermia than
traditional TSL, releasing more entrapped drug at lower temperatures and thermal doses.
Consequently, the combination of ultrasound-mediated heating and DOX-loaded pTSL was more
effective than free drug and DOX-loaded TSL in the treatment of solid tumors.
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Title Merging Machines with Image-guided Microsurgery
Author Garnette R. Sutherland, Department of Clinical Neurosciences and the Hotchkiss
Brain Institute, University of Calgary.
Introduction It has been over a decade since the introduction of the da Vinci Surgical
System into surgery. Since then, technology has been advancing at an exponential rate,
and newer surgical robots are becoming increasingly sophisticated, which could greatly
impact the performance of surgery. neuroArm is one such robotic system.
Methods Clinical integration of neuroArm, an MR-compatible image-guided robot into
surgical procedure has been developed over 35 cases.
Findings Only one adverse event has been encountered in the first 35 neuroArm cases,
with no patient injury. The adverse event was uncontrolled motion of the left neuroArm
manipulator, which was corrected through a rigorous safety review procedure. Surgeons
used a graded approach to introducing neuroArm into surgery, with routine dissection of
the tumor-brain interface occurring over the last 15 cases. The use of neuroArm for
routine dissection shows that robotic technology can be successfully integrated into
microsurgery.
Interpretation Surgical robots have the potential to improve surgical precision and
accuracy through motion scaling and tremor filters, although human surgeons currently
possess superior speed and dexterity. Additionally, neuroArm’s workstation has positive
implications for technology management and surgical education. neuroArm is a step
towards a future in which a variety of machines are merged with medicine.
Funding Supported by grants from the Canada Foundation for Innovation, Western
Economic Diversification, Canada, and Alberta Advanced Education and Technology.
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“Non-thermal” ablation in the brain via focused ultrasound combined with an
ultrasound contrast agent: long-term treatment effects and feasibility in a large
animal model
Nathan McDannold, Margaret Livingstone, Costas D. Arvanitis, Yongzhi Zhang, Ferenc Jolesz,
and Natalia Vykhodtseva
Background/Introduction: After more than 50 years of interest, transcranial focused
ultrasound (FUS) ablation in the brain has reached clinical trials. However, a major limitation of
current FUS technology is the narrow central region in the brain where ablation can be applied
without overheating the skull. A potential way to increase this “treatment envelope” is to
combine the sonications with an ultrasound contrast agent. With such agents, ablation can be
achieved at substantially lower pressure amplitudes. One can also dramatically reduce the duty
cycle, leading to reductions in time-averaged powers by orders of magnitude. This method
localizes the FUS-induced effects on the vasculature, leading to “non-thermal” ablation via
mechanical effects.
Methods: Two studies were completed to evaluate this method. In the first, we sonicated at four
overlapping locations in a 2×2 grid at in the rat brain with a 1.1 MHz FUS transducer within a
4.7T animal MRI (N: 15). The fate of the sonicated tissue was evaluated up to 9 weeks after
sonication with serial MRI examinations. Next, we evaluated whether the method is feasible at
deep targets in a large brain. In 4 macaques, we sonicated locations in the amygdala adjacent
to the optic tract using a clinical transcranial MRI-guided FUS system (ExAblate, 220 kHz,
InSightec) developed for brain surgery. Here the acoustic power level, which ranged from 3.56.4 W, was set to be just above the threshold for inertial cavitation, which was measured at
each target using passive cavitation detectors. The animals were sacrificed 2h or one week
after sonication, and the tissue was evaluated in histology. In both experiments, burst
sonications (10 ms bursts at 1 Hz) were applied for five min, and were combined with 20 µl/kg
IV injections of Definity microbubbles (2× the dose used for imaging).
Results: In the rats, the ablated volumes were initially enhancing in contrast-enhanced MRI and
were hypointense in T2*-weighted MRI. Two weeks after FUS, the sonicated tissue mostly
disappeared, and in most cases an empty volume filled with CSF was left behind which
remained stable over time. In the macaques, we were able to ablate tissue volumes close to the
skull base without evident thermal damage. The lesions were constrained to the focal region;
however some blood-brain barrier disruption and petechaie were evident along the ultrasound
beam path in front of the lesions. In histology, well-circumscribed lesions were found that were
consistent with FUS-induced destruction of the vasculature. When the sonicated region included
the optic tract, the damage to the nerve was substantially less than the adjacent gray matter.
Conclusions: Unlike thermal ablation, which produces thermally-coagulated tissue that can
remain for extended periods in time, this sort of ablation is rapidly resolved, and an empty cavity
remains that resembles surgical resection. This ablation can be achieved at deep brain
locations using a clinical transcranial FUS system without overheating the skull base. If methods
can be established to plan and monitor this type of ablation, it offers a potential way to greatly
expand the “treatment envelop” for transcranial FUS and offer a noninvasive alternative to
surgery to a greater number of patients.
This work was supported by the FUS Foundation and by NIH grants P41RR019703,
P41EB015898.
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Title: Complication Avoidance during Brain Tumor Ablation using Magnetic Resonance guided Laser
Induced Thermal Therapy (LITT): Lessons Learned after One Year
Author Block: Pinakin R. Jethwa, MD1, George L. Sinclair, MD1, James C. Barrese, MD1, Shabbar F.
Danish, MD2
1

Department of Neurosurgery, UMDNJ - New Jersey Medical School, Newark, NJ, USA

2

Division of Neurosurgery, UMDNJ - Robert Wood Johnson Medical School, New Brunswick, NJ, USA

Introduction: Laser induced thermal therapy is a promising tool in the neurosurgeon’s armamentarium.
This technology allows the surgeon to ablate intracranial lesions while monitoring temperature changes
in real time. We report lessons learned from 22 patients treated our first year using LITT.
Methods: Patients were chosen for LITT by the senior author. 980-nm diode laser catheters (Visualase
Inc, Houston, Tx) were placed stereotactically using Medtronic S7 Navigation system. The patients were
then transferred to the MRI suite for thermal ablation using the Visualase system.
Results: 37 lasers were placed in 22 patients. The average lesion volume treated was 7.82 ± 10.31cm3.
Registration using tracer software, fiducial landmarks, and skull pins yielded accurate placement in 8/12,
21/23, and 2/2 cases, respectively. Complications occurred in 5 patients. Two patients experienced
refractory edema – one supratentorially and the other infratentorially. Insertional hemorrhage occurred
with a lesion near the sylvian fissure. One patient required conversion to open craniotomy secondary to
inaccurate catheter placement in an infratentorial lesion. The last patient expired secondary
leukopenia/sepsis from chemotherapy.
Conclusions: Fiducial registration is adequate for supratentorial lesions, whereas infratentorial lesions
require skull pins. Tracer registration is not recommended. The largest safe ablation volume
supratentorially is 7.0cm3 and smaller infratentorially; larger lesions may be staged. Like all surgical
procedures, there are risks in using LITT. Approximately 10 cases are required for the surgeon to
become comfortable with the procedure. LITT is a potentially groundbreaking technology in the
treatment of intracranial tumors, which can be safely performed with proper patient selection and
technique.
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Improved survival in a rat glioma model after enhanced delivery of DOXIL with focused
ultrasound induced blood-brain barrier disruption
Muna Aryal¹², Natalia Vykhodtseva¹, Nathan McDannold¹
¹Brigham & Womenʼs Hospital Radiology Dept., ²Boston College Physics Dept., Boston, MA
Purpose: The blood-brain barrier (BBB) is a functional and structural barrier in the vasculature
of the central nervous system with a selective permeability based on lipid solubility, molecular
size and charge. It limits the delivery of most agents to the brain, including therapeutic and
imaging agents. Most methods developed to overcome the BBB are invasive, non-targeted, or
require the development of new drugs. We have developed a noninvasive method that uses
MRI-guided focused ultrasound (FUS) combined with circulating microbubbles to temporarily
increase the permeability of the BBB and the “blood-tumor barrier” (BTB), which may allow
targeted delivery of chemotherapy in and around brain tumors. Previously, we demonstrated
that a single treatment with liposomal doxorubicin (DOXIL) produced a modest improvement in
survival and tumor growth in a rat glioma model. Here, we tested whether multiple sessions, like
a patient would receive, can enhance the effectiveness of the treatment.
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applied bursts (10 ms at 1Hz for 60s) at pressure Fig. 1: Kaplan-Meier survival plot.
amplitudes ranging from 0.55 to 0.81 MPa. Sonications were combined with an ultrasound
contrast agent (Definity, 10μl/kg) to disrupt the BTB and the surrounding BBB. The procedure
was done under MRI guidance within a 3T MRI (GE), with contrast-enhanced imaging to verify
BBB/BTB disruption, T2*-weighted imaging to detect vascular damage (petechaie), and T2weighted imaging to evaluate tumor dimensions. Animals were imaged weekly after treatment.
Results: Animals that received three weekly treatments of FUS+DOXIL had a median survival
of 46 days, which was significantly (P<0.001) longer than the other groups (Control and FUS
Only: 18 days, DOXIL only: 21 days). This was a 156% improvement compared to the controls,
whereas DOXIL alone only improved survival by 17%. The tumor growth rate in the
FUS+DOXIL animals was lower than other three groups over the three weeks of treatment.
Almost all tumors in the other three groups reached their maximum size around the time of the
last treatment, and died shortly afterwards. Tumors in the FUS+DOXIL group, in contrast,
started to shrink over time after the third treatment, and in some animals appeared to be
completely resolved. Local hemorrhages within the tumor was evident in some animals using
T2*-weighted imaging in the DOXIL and FUS+DOXIL groups. T1-weighted imaging acquired
after injection of Gd-DPTA demonstrated that the BTB was partially disrupted before treatment.
Imaging after a second injection of this contrast agent confirmed that the sonications increased
the permeability of both the BTB and the BBB in the surrounding tissue.
Conclusions: Three treatments with this FUS technique to target DOX to the tumor and
surrounding brain via BTB/BBB disruption can significantly improve survival and tumor growth in
this glioma model. This work is encouraging for the clinical translation of this technology.
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2SWLF 5DGLDWLRQ /RFDOLVDWLRQ GXULQJ 1HXURVXUJHU\ ZLWK ,QWHUYHQWLRQDO 05,
3DQNDM 'DJD *DYLQ :LQVWRQ 0DUF 0RGDW 0DUN :KLWH /DXUD 0DQFLQL 0DUN 6\PPV $QGUHZ : 0F(YR\
-RKQ 7KRUQWRQ 7DUHN <RXVU\ -RKQ 6 'XQFDQ DQG 6HEDVWLHQ 2XUVHOLQ

8QLYHUVLW\ &ROOHJH /RQGRQ 8.
3XUSRVH $ FKLHI VRXUFH RI PRUELGLW\ GXULQJ WKH VXUJLFDO PDQDJHPHQW RI WHPSRUDO OREH HSLOHSV\ LV GXH WR GDPDJH WR
WKH 2SWLF 5DGLDWLRQ GXULQJ VXUJHU\ 7KLV FDQ OHDG WR VHYHUH YLVXDO ILHOG GHILFLWV 9)' DQG FDQ UHVXOW LQ VLJQLILFDQW ORVV
RI YLVLRQ LQ WKH SDWLHQW SRVW VXUJHU\ 2SWLF 5DGLDWLRQ FDQQRW EH YLVXDOO\ LGHQWLILHG GXULQJ VXUJHU\ DQG LWV DFFXUDWH OR
FDOLVDWLRQ GXULQJ WKH LQWHUYHQWLRQ FRXOG LPSURYH WKH RXWFRPH IRU SDWLHQWV XQGHUJRLQJ DQWHULRU WHPSRUDO OREH UHVHFWLRQ
DQG DOORZ VXUJHRQV WR SHUIRUP PRUH HIIHFWLYH UHVHFWLRQV :H SUHVHQW DQ LQWHUYHQWLRQDO 05, L05 EDVHG QRQULJLG
LPDJH UHJLVWUDWLRQ DOJRULWKP WKDW FDQ DFFXUDWHO\ ORFDOLVH WKH 2SWLF 5DGLDWLRQ ZLWKLQ WKH QHXURVXUJLFDO WLPH FRQVWUDLQWV
0HWKRGV 7KH QRQULJLG LPDJH UHJLVWUDWLRQ LV EDVHG RQ D UHIDFWRUHG YHUVLRQ RI WKH SRSXODU IUHH IRUP GHIRUPDWLRQ
DOJRULWKP $V ERWK VWUXFWXUDO DQG GLIIXVLRQ 05, LQIRUPDWLRQ DUH QHHGHG WR ORFDOLVH WKH WDUJHW OHVLRQV DQG ZKLWH PDWWHU
VWUXFWXUHV OLNH WKH 2SWLF 5DGLDWLRQ ZH SURSRVH D VLPLODULW\ PHDVXUH WKDW XWLOLVHV LQIRUPDWLRQ IURP ERWK WKHVH LPDJLQJ
PRGDOLWLHV 7KH VLPLODULW\ PHDVXUH LV EDVHG RQ D ELYDULDWH H[WHQVLRQ RI WKH SRSXODU QRUPDOLVHG PXWXDO LQIRUPD
WLRQ DQG H[SORLWV WKH VKDUHG LQIRUPDWLRQ LQ VWUXFWXUDO 05, DQG )$ LPDJHV 'HWDLOV DERXW WKH PHWKRG FDQ EH IRXQG
KHUH  7KH QRQULJLG UHJLVWUDWLRQ LV SHUIRUPHG LQ XQGHU  PLQXWHV PDNLQJ LW VXLWDEOH WR EH XVHG LQ WKH VXUJLFDO VHWWLQJ
5HVXOWV 9DOLGDWLRQ ZDV GRQH XVLQJ SUH DQG SRVWRSHUDWLYH FOLQLFDO GDWDVHWV IURP D VHW RI  SDWLHQWV ZKR XQGHUZHQW
DQWHULRU WHPSRUDO OREH HSLOHSV\ UHVHFWLRQ IRU UHIUDFWRU\ IRFDO HSLOHSV\ WUHDWPHQW ,W ZDV DOVR YDOLGDWHG UHWURVSHFWLYHO\
RQ  LQWUDRSHUDWLYH GDWDVHWV 7KH 2SWLF 5DGLDWLRQ ZDV LGHQWLILHG LQ WKH SUHRSHUDWLYH GLIIXVLRQ LPDJHV E\ FRQGXFWLQJ
PXOWLWHQVRU 3UREDELOLVWLF ,QGH[ RI &RQQHFWLYLW\ ,W ZDV WKHQ SURSDJDWHG WR WKH LQWUDRSHUDWLYH DQG SRVWRSHUDWLYH
GDWDVHWV XVLQJ WKH GHIRUPDWLRQ ILHOGV REWDLQHG IURP  GLIIHUHQW UHJLVWUDWLRQ VFKHPHV  UHJLVWUDWLRQ XVLQJ RQO\ VWUXFWXUDO
LPDJHV RQO\ )$ LPDJHV DQG WKH SURSRVHG XQLILHG VFKHPH 7KH DFFXUDF\ ZDV DVVHVVHG E\ FRUUHODWLQJ WKH SRVW
RSHUDWLYH 9)' DJDLQVW WKH RXWFRPH SUHGLFWHG E\ WKH UHJLVWUDWLRQ DOJRULWKPV 7KH FRUUHODWLRQ FRHIILFLHQWV && IRU
WKH UHVSHFWLYH UHJLVWUDWLRQ VFKHPHV DJDLQVW WKH PHDVXUHG 9)' ZHUH   DQG  S  UHVSHFWLYHO\
VKRZLQJ D EHWWHU DFFXUDF\ IRU WKH SURSRVHG PHWKRG 7KH && ZDV  S  IRU WKH LQWUDRSHUDWLYH GDWDVHWV
Non-rigid
registration

Deformation Field
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Field
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a
b
)LJXUH  D 0HDVXUHPHQW RI WKH $3 GLVWDQFH EHWZHHQ WKH UHVHFWLRQ ERXQGDU\ DQG WKH DQWHULRU SDUW RI 0H\HU V ORRS
JLYHV DQ HVWLPDWH RI WKH GDPDJH WR 2SWLF 5DGLDWLRQ E 9DOLGDWLRQ RI WKH SURSRVHG VFKHPH LQ WKH LQWUDRSHUDWLYH
VHWWLQJ E\ FRPSRVLQJ WKH GHIRUPDWLRQ ILHOGV REWDLQHG E\ UHJLVWHULQJ WKH SUH WR LQWUDRSHUDWLYH GDWDVHW DQG WKH LQWUD
WR SRVWRSHUDWLYH GDWDVHW 7KH SUHGLFWHG GDPDJH XVLQJ WKLV GHIRUPDWLRQ ILHOG FRUUHODWHV ZHOO ZLWK WKH REVHUYHG 9)'
&RQFOXVLRQ :H SUHVHQWHG D IDVW UREXVW DQG DFFXUDWH QRQULJLG UHJLVWUDWLRQ DOJRULWKP WKDW WDNHV XWLOLVHV LQIRUPD
WLRQ IURP ERWK VWUXFWXUDO DQG GLIIXVLRQ 05, LPDJH PRGDOLWLHV DQG LV VXLWDEOH IRU XVH LQ D QHXURVXUJLFDO VHWWLQJ :H
VKRZ WKDW WKH LQFOXVLRQ RI GLIIXVLRQ LQIRUPDWLRQ LQ LPDJH UHJLVWUDWLRQ FDQ ORDG WR PRUH DFFXUDWH ORFDOLVDWLRQ RI WKH
ZKLWH PDWWHU WUDFWV OLNH WKH 2SWLF 5DGLDWLRQ
)XQGHG E\ (365&&58. &RPSUHKHQVLYH &DQFHU ,PDJLQJ &HQWUH RI 8&/ DQG .&/ *UDQW &$2 
'DJD HW DO $FFXUDWH /RFDOL]DWLRQ RI 2SWLF 5DGLDWLRQ 'XULQJ 1HXURVXUJHU\ LQ DQ ,QWHUYHQWLRQDO 05, 6XLWH ,((( 7UDQVDFWLRQV RQ 0HGLFDO
,PDJLQJ 9RO  QR  SS  $SULO 
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$XJPHQWHG5HDOLW\9LVXDOL]DWLRQ8VLQJ,PDJH2YHUOD\IRU05JXLGHG,QWHUYHQWLRQV
9HUWHEURSODVW\DW7HVOD
-)ULW]387KDLQXDO78QJL$-)ODPPDQJ6.DWKXULD*)LFKWLQJHU,,RUGDFKLWD
-$&DUULQR


7KH-RKQV+RSNLQV8QLYHUVLW\6FKRRORI0HGLFLQH7KH5XVVHOO+0RUJDQ'HSDUWPHQWRI
5DGLRORJ\DQG5DGLRORJLFDO6FLHQFH%DOWLPRUH864XHHQ V8QLYHUVLW\'HSDUWPHQWRI
0HFKDQLFDODQG0DWHULDOV(QJLQHHULQJ.LQJVWRQ21&$4XHHQ V8QLYHUVLW\6FKRRORI
&RPSXWLQJ.LQJVWRQ21&$6LHPHQV&RUSRUDWH5HVHDUFK&HQWHU)RU$SSOLHG0HGLFDO
,PDJLQJ%DOWLPRUH0'867KH-RKQV+RSNLQV8QLYHUVLW\'HSDUWPHQWRI0HFKDQLFDO
(QJLQHHULQJDQG/DERUDWRU\IRU&RPSXWDWLRQDO6HQVLQJDQG5RERWLFV%DOWLPRUH86

3XUSRVH
7RSURVSHFWLYHO\DVVHVVWKHWHFKQLFDOSHUIRUPDQFHRIDQRYHODXJPHQWHGUHDOLW\,PDJH2YHUOD\
V\VWHPIRU05JXLGHGYHUWHEURSODVW\DW7HVOD
0HWKRGV
$QDXJPHQWHGUHDOLW\,PDJH2YHUOD\V\VWHPZDVXVHGLQFRQMXQFWLRQZLWKDFOLQLFDO7HVOD
05,V\VWHP 0$*1(721(VSUHH6LHPHQV+HDOWKFDUH(UODQJHQ*HUPDQ\ 
YHUWHEURSODVWLHVZHUHSURVSHFWLYHO\SODQQHGLQIXOOVSLQHWRUVRKXPDQFDGDYHUV   
WKRUDFLF  OXPEDU '76(05,GDWDZHUHXVHGIRUSODQQLQJRIQHHGOHSDWKVXVLQJ
'6OLFHUVRIWZDUH7UDQVSHGLFXODUDQGSDUDSHGLFXODUQHHGOHSDWKVZHUHXVHGGHSHQGLQJRQWKH
DQDWRP\RIWKHLQGLYLGXDOYHUWHEUDOOHYHO7KHRSHUDWRUWKHQPDQHXYHUHGWKH05FRPSDWLEOH
YHUWHEURSODVW\QHHGOH 6RPDWH[7HOWRZ*HUPDQ\ LQWRWKHYHUWHEUDOERG\DORQJDYLUWXDOO\
GLVSOD\HGQHHGOHSDWKSURMHFWHGE\WKHDXJPHQWHGUHDOLW\V\VWHP,QWHUPLWWHQW05LPDJLQJZDV
XVHGIRUYLVXDOL]DWLRQRIWKHDGYDQFHPHQWRIWKHQHHGOH05,ZDVXVHGWRGRFXPHQWDQG
FRQILUPWKHILQDOQHHGOHWLSORFDWLRQ&HPHQWLQMHFWLRQV POSRO\PHWK\OPHWKDFU\ODWH ZHUH
SHUIRUPHGXQGHUWKH,PDJH2YHUOD\V\VWHP&HPHQWGHSRVLWVZHUHYLVXDOL]HGRQ'76(05,
GDWD7HFKQLFDOSDUDPHWHUVDVVHVVHGLQFOXGHGW\SHRIYHUWHEUDOERG\DFFHVVQXPEHURI
UHTXLUHGLQWHUPLWWHQW05LPDJLQJFRQWUROVWHSVLQDGYHUWHQWSXQFWXUHRIQRQWDUJHWHGVWUXFWXUHV
DGHTXDF\RIILQDOQHHGOHWLSSRVLWLRQDGHTXDF\RIFHPHQWORFDWLRQDQGYHUWHEURSODVW\WLPH
5HVXOWV
$OOSODQQHGSURFHGXUHV  ZHUHFDUULHGRXW  WUDQVSHGLFXODUDQG
 SDUDSHGLFXODUDFFHVVURXWHVZHUHXVHG  VWHSVRI05LPDJLQJFRQWUROZHUH
UHTXLUHGWRSODFHDQHHGOH1RLQDGYHUWHQWSXQFWXUHVRFFXUUHG)LQDOQHHGOHWLSSRVLWLRQDQG
FHPHQWORFDWLRQZHUHDGHTXDWHLQDOOFDVHV  7KHPHGLDQYHUWHEURSODVW\WLPHZDV
  PLQ
&RQFOXVLRQV
$XJPHQWHGUHDOLW\QDYLJDWHG05JXLGHGYHUWHEURSODVW\XVLQJLPDJHRYHUOD\WHFKQRORJ\FDQ
DFKLHYHDFFXUDWHYHUWHEUDOERG\SXQFWXUHDQGFHPHQWGHSRVLWLRQ1RLQDGYHUWHQWSXQFWXUHVRI
YXOQHUDEOHDQDWRPLFVWUXFWXUHVRFFXUUHG
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MR-guided Percutaneous Retrograde Drilling of the Osteochondritis Dissecans of
Talus
P.Kerimaa MD, R.Ojala MD, PhD , J. Sinikumpu MD, P.Hyvönen MD, PhD, J.Korhonen
MD, PhD, P.Markkanen MD, O.Tervonen MD, PhD, Roberto Blanco Sequeiros MD, PhD
Oulu University Hospital, Departments of Radiology, Orthopedic Surgery and Pediatric
Surgery Oulu, P.O. Box 50, 90029, Finland
Abstract
Objective
The purpose of this study was to evaluate the feasibility of a new method for the
treatment of osteochondritits dissecans (OCD) of the talus.
Introduction
Talar dome osteochodritis dissecans is common cause of persistent ankle pain. The
most frequent locations in talus are the posterior third of the medial border and the
middle third of the lateral border of the talus. Magnetic resonance imaging (MRI) is
invaluable in determining the location and the stability of the lesion, classification is
performed using four stage system. Treatment is controversial. Conservative treatment
is preferred but operative management is needed should the conservative treatment fail.
Arthroscopic debridement, transchondral drilling, or fixation is the standard operative
treatment. Mini-invasive retrograde drilling of the lesion through talar body is preferred
by some authors. Retrograde drilling is technically demanding due complex anatomy
and requires multiplanar imaging or computed navigation tools to succeed. MRI presents
as promising tool in intraoperative minimally invasive orthopedic procedures. The
purpose of this study was to evaluate the preliminary clinical feasibility of MRI to guide
therapeutic retrograde drilling of the osteochondral lesions of the talus.
Materials and Methods
4 OCD lesions of the talus unresponsive to prolonged conservative management, were
treated with MRI-guided percutaneous retrograde drilling to reduce symptoms and
promote ossification of the subchondral lesion. One lesion was of juvenile type OCD and
three lesions were of adult type OCD. All the lesions were located on the posterior third
of the medial border of the talus. All the patients had severe limitation of activity due to
the OCD related pain. The mean size was 11mm x 6mm x 12mm.
An 0.23 T open MRI scanner was used to percutaneously drill retrograde channels to
the OCD lesions (3 mm cylindrical drill, 1-3 channels). Optical tracking and MRI imaging
was used to guide instruments. Mean postprocedural clinical follow up time was 2.3
years. Three patients had a post-procedural follow up MRI within a year.
Results
All the OCD lesions were located and drilled using the 0.23 T open MRI scanner without
procedural complications. Mean procedural time was 48 minutes. All the patients had
pain relief, mean visual analog score of the maximal associated pain (VAS) declined
from 7.5 to 1.75. Follow up MRI showed ossification in all lesions (figure 1C-D). Three
patients could return to normal physical activity with none or minor effect on function
(Hughston score 3-4).
Conclusion
MR-guided retrograde drilling is accurate and feasible method to achieve therapeutic
effect in the treatment of the.OCD lesion of the ankle (talus).
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Real-time MR-guided lumbosacral periradicular injection therapy
using an open 1.0 Tesla MRI system – an outcome study
Streitparth F1#, De Bucourt M1, Leidenberger T1, Hartwig T2, Maurer M1, Gebauer B1, Teichgräber U1
1

Department of Radiology, 2 Center for Musculoskeletal Surgery
Charité, Humboldt-University, Berlin, Germany

Purpose:
To evaluate the accuracy, safety and efficacy of MR-guided periradicular nerve root injection therapy
using an open 1.0 Tesla MRI system with fast dynamic imaging.
Methods and Materials:
Between April 2008 and November 2011 a total of 249 MR-guided periradicular nerve root injections
were performed in 141 patients suffering from lumbosacral radicular pain. All interventions were
performed in an open 1.0 Tesla MRI. An interactive PDw TSE sequence was used for real-time guidance.
An in-room monitor, wireless MR-mouse for operator-controlled multiplanar navigation, a flexible surface
coil and MR-compatible 20-G needle were used. Informed consent was obtained from all patients. Clinical
outcome was evaluated by clinical follow-up and questionnaire prior to injection therapy (baseline) and to
6 months after using a numeric visual analog scale (VAS).
Results:
All procedures were technically successful. No major complications occurred. At 6 months, of 103
patients (57 male, 46 female; mean age, 49.5; range, 20-80) enrolled in the outcome analysis, 14.6%
reported complete remission of radicular pain, 53.4% significant relief of pain, 22.3% mild relief and
9.7% no relief of pain. We found a significant decrease of the VAS-score from pre-intervention to 6
months follow-up (p<.0001). No significant difference in outcome was seen between patients with
degenerative foraminal stenoses and patients with herniated disks.
Conclusion:
MR fluoroscopy-guided periradicular injection therapy of the lumbosacral spine under open 1.0 Tesla
MRI-guidance is accurate, safe and efficient in the symptomatic treatment of radicular pain. This
technique may be a promising alternative to fluoroscopy- or CT-guided spinal injections in the
lumbosacral region, especially for young patients and for patients undergoing serial therapeutic regimes.
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A Model for a dedicated Interventional MRI Clinic: the Emory University Experience
1,2

1,2
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1,3
1,2,3
William E. Torres , Sherif G. Nour
1

Department of Radiology and Imaging Sciences, Emory University Hospital, Atlanta, GA, USA
2
Interventional MRI Program, Emory University Hospital, Atlanta, GA, USA
3
Emory University School of Medicine, Atlanta, GA, USA

Purpose: MRI has lent itself to a unique role in guiding diagnostic and therapeutic interventional
procedures for a variety of indications. The field of interventional MRI has clearly surpassed the “proof of
concept” phase and is awaiting wider implementation as a main stream technology. This work highlights a
“practice building” aspect of the upcoming phase of interventional MRI by examining (a) the logistics and
(b) the benefits of developing a model for a dedicated interventional MRI (iMRI) clinic.
Methods: Evaluation of the logistics of initiating and running
the clinic included assessment of clinic functions and referral
base, use of space, mix of staff needed to support clinic
activities, documentation and integration in electronic medical
records, cost assessments, and clinic growth. Evaluation of
clinic benefits included assessment of the impact of clinic
encounters on procedure day work flow, patient satisfaction,
measured by an independently conducted post-visit phone
survey, and referring service satisfaction, measured anecdotally.
Results: Emory’s Interventional MRI program has been in
existence for 10 months. The iMRI clinic has been operating for
7 months. The practice now supports a direct referral process
from both internal and external physicians. Currently, only
patients undergoing therapeutic interventions are evaluated in the clinic. A total of 13 patients and 24
clinic encounters are included in this analysis. The iMRI clinic helps evaluate patients for appropriateness
of procedures, MRI safety, sedation needs, clinical status, and treatment plan. The clinic also supports
post procedure follow up and future procedure planning. The clinic is held weekly on half-day basis and
utilizes a dedicated space at an outpatient oncology center with access to PACS and EMRs. Patient care
is supported by a clinical team, including an MD, NP, RN,
medical assistant and an administrative assistant. The
staff help schedule patients for the clinic, support referrals
from physicians, assist on the day of clinic to assess
patients and assist with documentation. The NP
generates the encounter’s report in EMR system. The
iMRI clinic uses 0.10 FTE for MD and 0.25 FTE for NP,
and shares cost of the administration, rent, and front desk
personnel. Clinic growth is illustrated in figure 1. During
pre-procedure clinic encounters, procedure consent is
obtained and laboratory work is completed. This improves
work flow on the procedure day and prevents deviations
from pre-determined procedure plans. The staff helps
provide continuity of the patient experience from the
clinic, to the iMRI procedure, and through follow up. This longitudinal care improves patient satisfaction
(figure 2) and procedure outcomes. By managing the full patient experience, the referring physicians
have a greater sense of co-operation in patient care with the radiologist. This provides for the complete
care of the patient and improves the relationship with referring services by removing the tradition of
episodic care that currently exists in Radiology.
Conclusion: Since the inception of the interventional MRI program at our institution, the practice has
shown solid growth. Further growth is anticipated through extension of service in the pediatric hospital
and addition of other adult procedural lines. The model of a dedicated clinic for interventional MRI has
become a central factor for this growth by facilitating an efficient, well-coordinated internal work flow and
by positively impacting the experience of both the patients and referring services.
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MRI of Intracoronary Local Delivery of Motexafin Gadolinium:
Towards Molecular MRI-Guided Gene Therapy
Yanfeng Meng, MD, PhD1, Jinnan Wang, PhD2, Jihong Sun, MD, PhD 1, Feng Zhang, MD, PhD 1,
Patrick Willis, BS1, Jiakai Li, MD, PhD 1, Han Wang, MD, PhD 1, Tong Zhang, MD, PhD 1,
Stephanie Soriano, MS1, Bensheng Qiu,PhD1, Xiaoming Yang, MD, PhD 1
1

Image-Guided Bio-Molecular Interventions Section, Department of Radiology, University of

Washington School of Medicine; 2Clinical Sites Research Program, Philips Research North
America.
Purpose: To develop a new technique, using MRI to monitor local agent delivery to coronary
artery walls for potential molecular MRI-guided vascular gene therapy.
Materials and Methods: The animal protocol was approved by the Institutional Animal Care
and Use Committee. For in vitro confirmation, we used human arterial smooth muscle cells
(SMCs) to determine (i) the capability of SMCs in uptake of Motexafin Gadolinium (MGd), a
multifunctional intracellular T1 MR contrast/ anti-atherosclerotic agent; and (ii) the optimal MGd
dose by exposing SMCs to MGd at different concentrations of 0, 50, 100, 150, 200, 300 μM. For
ex vivo evaluation, through a custom made infusion balloon, 2-mL MGd/trypan blue mixture was
infused into the coronary arterial walls of six cadaveric pig heart under MRI monitoring by using
either an MR imaging-guidewire (MRIG) and/or surface coils. For in vivo validation, the agent
delivery balloon was placed into the coronary arteries of seven living pigs. MGd/blue mixture
was infused into the arterial walls under MRI. Signal-to-noise ratio (SNR) of the coronary arterial
walls using different coils between pre- and post-agent infusion were compared, with
subsequent histology confirmation.
Results: SMCs could uptake MGd with the optimal concentration at 150μM. The average SNR
with MRIG and surface coil combination was significantly higher than that with MRIG or surface
coils only (p<0.05), and the average SNR of post-infusion images was significantly higher than
that of pre-infusion images (p<0.05 for ex vivo; p<0.01 for in vivo). Histology confirmed the
successful intracoronary infiltration MGd/blue within the coronary arterial walls.
Conclusion: This study initially demonstrates the possibility of using MRI to monitor the local
agent delivery and distribution in the coronary arterial walls, which establishes groundwork for
development of molecular MRI-guided intracoronary local gene therapy.
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Transendocardial therapeutics using real-time MR guidance at 3T
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3
Cardiology, Johns Hopkins University, Baltimore, MD. Center for Applied Medical Imaging, Siemens Corporation,
Corporate Research and Technology, Baltimore, MD & Princeton, NJ.

Background: Transmyocardial delivery of cellular therapeutics to the failing heart offers a
minimally invasive method to specifically target regions of the myocardium, but is typically
performed under X-ray fluoroscopic guidance, which poorly demarcates the myocardial
boundaries. Electromechanical mapping or X-ray fusion with CT/MRI is used to better define
regions for targeting, resulting in significant radiation exposure for the patient and
interventionalist. MR-guided delivery of therapeutics at 3T using an active injection catheter
offers the ability for more precise targeting of these therapies with enhanced temporal
resolution. We demonstrate the feasibility of a real-time interactive MR user interface with a
custom MR-compatible injection catheter in normal swine with a prototype therapeutic.
Methods: An MR- trackable, steerable intramyocardial injection catheter (10F diameter, 135
cm long) with four built-in tracking coils was developed by MRI Interventions, Inc., Irvine, CA.,
(Fig. 1a). The catheter was visualized on the Interactive Front End (IFE) navigation software
prototype (Siemens Corporate Research-SCR, Princeton, NJ) in conjunction with a real-time tiptracking sequence (BEAT_IRTTT, SCR, Baltimore, MD) that provided various controls to aid
catheter navigation1. The catheter and the real-time interface were tested in a phantom, ex vivo
pig heart, and an in vivo swine study at 3T (TimTrio, Siemens Healthcare, Erlangen, Germany).
For the in vivo study, a breath-hold, multi-slice cine TrueFISP short-axis stack was acquired and
the myocardium segmented using Argus (Siemens Healthcare) for a mesh overlay within IFE.
Target injection sites were identified by user-placed markers in IFE (Fig 1b), and iron oxideimpregnated alginate microbeads (50 μm diameter, 0.02 mL/injection) were delivered after left
ventricular catheterization during TrueFISP real-time imaging from a carotid approach.
Injections were visualized during a FLASH real-time acquisition. Delivery success was
confirmed using a breath hold, multi-slice 2D FLASH sequence.
Results: Left ventricular catheterization and guidance to four target sites in the myocardium
was successfully achieved (Fig. 1c). Confirmation of microbead delivery on FLASH images was
possible (Fig. 1d, e) but difficult due to the small volume delivered. No adverse sequelae were
present at seven days post-procedure in the pig.
Conclusions: A real-time interface with active catheter tip tracking at 3T enabled superior
visualization of transmyocardial delivery of therapeutics as compared to fluoroscopy.
Fig.1 (a)
Injection needle catheter showing
microcoils (orange loops) and extended nitinol
injection needle. (b) Catheter (red) is navigated to
colored markers using the 3D endocardial purple
mesh built from a cine stack (TR/TE=3.4/1.54ms,
3
voxel=1.3x1.3x5 mm , FA 43º) as roadmap and
real-time MR images for guidance. (c) Real-time
images showing catheter (arrow) in myocardium.
For real-time images in (b), (c), TR/TE=2.8/1.19
3
FA/tracking
FA
ms,
voxel=1.9x1.9x5mm ,
=50º/15º, 1.5-4 frames/s. (d) Pre-injection shortaxis image compared with post-injection (e)
indicates presence of dark microbeads (arrow).
For (d),(e), TR /TE = 6.8/3.25ms, FA=30º, voxel
3
=1.0×1.0×5.0mm .
Reference: (1) Pan.L et.al, ISMRM 2011, pp. 195.
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% ,QYLYREUHDVWELRSVLHVLQIUHHKDQGWHFKQLTXHZHUHSHUIRUPHGZLWKRXWLPPRELOL]DWLRQDQG
SRVLWLRQLQJGHYLFHXVLQJDQLQWHUDFWLYH05PRGHDOORZLQJFRQWLQXRXVVFDQQLQJLQ
RUWKRJRQDOSODQHVDVJXLGDQFH
5HVXOWV
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PHWKRGVLPSOLILHVZRUNIORZDQGSHUIRUPDQFHRIWKHLQWHUYHQWLRQ

44

9th International Interventional MRI Symposium, September 22-23, 2012, Boston, USA
Oral V32

Novel strategy to assess tissue damage during thermal ablations
Chang-Sheng Mei, Renxin Chu, Lawrence P. Panych, Nathan J. McDannold, Guangyi Wang, Bruno Madore
Department of Radiology, Brigham and Women’s Hospital, Harvard Medical School, Boston, MA, USA

After movement

Max heating

Purpose: MR imaging is often used to guide thermal ablation procedures, both to ensure proper
treatment at the target and to avoid unintended damage
away from the target. Tissue damage is typically
predicted with MR temperature imaging by calculating
regions that exceed a lethal thermal dose threshold.
However, to calculate the thermal dose one needs to
know about the entire thermal history of each location in
the tissue, which is not an easy task especially when
organs are moving. Our proposed sequence can, in
addition to measuring temperature and thermal dose,
detect damage on a frame-by-frame basis based on
treatment-induced T2 changes.
Fig.1: Our multi-shot EPI sequence acquires both a
Method: The 2D dual-pathway sequence [2] shown in FISP and a PSIF signal [2]. For data in Fig. 2, an
echo train length of 1 and a sinc-shaped RF pulse
Fig. 1 was used to acquire both gradient-echo like (FISP) were used.
and spin-echo like (PSIF) signals every TR. Compared
to conventional sequence, the sequence
PSIF
FISP
T map
T2-like map
from Fig. 1 enables improvements in
temperature-to-noise ratio [2], but can also
be used to calculate ‘T2-like maps’. T2 is
roughly estimated for each pixel of each
time frame, based on different T2 weighting
in PSIF and FISP signals. Because T1 is
not always easy to know near the target,
due to the T1 dependence on temperature,
1 cm
our calculated ' T2 ' values are undoubtedly
influenced to some degree by T1, hence Fig.2: Following unexpected movement on the part of the animal, T
(and thermal dose) became much more difficult to compute. In
the expression 'T2-like maps' used here. maps
contrast, the thermal lesion remained clearly visible in our T2-like
In-vivo experiments were performed in the maps as they are calculated on individual frames and prove motion
thigh muscle of a New Zealand White insensitive.
rabbit (30-s 60-W sonications, 1.5 MHz transducer, 700 ms/frame, TEPSIF/TEFISP/TR = 2.4/4.8/7.2
ms, bandwidth = ±62.5 kHz, flip angle = 35°, FOV = 160x160 mm, matrix size = 96x128, slice
thickness = 5 mm). Histopathologic samples were obtained after the animal was euthanized, for
comparison purposes.
Result: PSIF images, FISP images, Temperature maps (T maps), and
T2-like maps are shown in Fig. 2, at the time of maximum heating (top row)
and after unexpected movement by the animal. As a consequence of the
motion, T maps became erratic (lower row, Fig. 2). In contrast, our T2-like
maps still showed the lesion clearly. These maps are motion insensitive 1 cm
because they get calculated on a frame-by-frame basis. Lesion size as Fig.3: Histology shows a
size of about 1 cm,
measured from our real-time results (Fig. 2) proved consistent with the lesion
similar to that measured
histopathologic sample and FSE image (Fig. 3).
with FSE and from our
Conclusion: A pulse sequence was presented that can produce both real-time sequence (Fig.
2).
temperature measurements and T2-like maps in real-time to help detect
treatment-induced tissue damage. The T2-like maps proved quite insensitive to motion,
potentially a great advantage for thermal ablations in moving organs.
References: [1] Anzai, et al. JMRI 1:553-9 (1991). [2] Madore, et al. MRM 66: 658-68 (2011)
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Interventional MRI “Endoscopy” Using a Transmit/Receive Loopless Antenna at 7 Tesla
a,b
b
c
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Russell H. Morgan Dept. of Radiology and Radiological Sciences, Johns Hopkins University, Baltimore, MD, USA
c
Department of Radiology and Radiological Sciences, Vanderbilt University, Nashville, TN, USA
b

Purpose. The signal-to-noise ratio (SNR) of the minimally-invasive loopless antenna improves quad1
ratically with increasing field strength (B 0) . This enables ~50μm resolution MR microscopy at 7T using
1
receive-only detection and conventional external coil excitation . However, 7T MRI using external coils is
compromised by transverse B1-field non-uniformity and penetration
a depth, which is also limited by RF power constraints. These issues are
acute for potential MRI applications of internal detectors at higher fields
where high frame-rates/duty cycles are desirable for device tracking,
and maximum SNR is needed for high-resolution MRI at deep
b locations. Here we report on an approach that eliminates external coil
excitation using a conventional interventional loopless antenna for both
transmit and receive at 7T. The huge effective field-of-view (FOV)
1
afforded by the high SNR of the device at 7T can eliminate the need
the “global view” afforded by external MRI coils, while reducing
c for
transmit power requirements to a few watts. Spatial selectivity is
2
achieved with B1-insensitive composite pulses that retain the device’s
extended FOV while centering it on the antenna.
Methods. Composite Gaussian-modulated RF pulses are designed
2
using a Matlab optimization algorithm . The resultant 5ms 90° composite consists of 5 sub-pulses, and excites a 3mm-thick slice (Fig. 1d).
MRI is conducted on a 7T Philips Achieva Scanner, with a 2.2mm Cu
1
tuned and matched loopless antenna using fast field echo (FFE) pulse
sequences limited to 8W peak power at the scanner amplifier’s output.
Results. Simulations show that the pulse efficiently tips the
d
magnetization into the transverse plane over an expected FOV of
70mm with a peak B1 of 1.5-32μT at 8W (Fig. 1d). The excitation FOV
Fig 1. 90° pulse composed of 5can be adjusted by changing the pulse, or the RF power which remains
Gaussian modulated sub-pulses (a- orders of magnitude below that used by external coils. The analysis
c) and its performance (d).
also shows that T2-attenuation during the pulse is <10% for T2>30ms.
A kiwi fruit imaged at 80μm resolution with 2D and 3D FFE sequences are exemplified in Fig. 2. The
kiwi fruit appears in 4 slices of the 6.4mm-long imaging stack, confirming the 3-mm slice selectivity
predicted by the simulations (Fig. 1). High-resolution (50μm) MRI of a human arterial specimen clearly
delineates the vessel wall acquired in 2.7min (Fig. 3).
Discussion. By combining spatiallyselective composite pulses with a
transmit/receive active internal antenna, we have eliminated problems with
external-coil excitation and internal
detectors at 7T. The approach
provides device-centric excitation at
power levels of a few Watts that are
comparable to those used for 3T MRI
3
endoscopy , although safety testing
and evaluation is still underway.
Grant Support: NIH R01 EB007829.
1
Ertürk MA et al. Magn Reson Med
2
(in press 2012). Moore J et al. J
Fig 3. In vitro human artery
Magn Reson 214:200-211 (2012).
Fig 2. 2D (51s) & 8-slice 3D MRI (10min) specimen. (2D FFE, TR/TE=
3
Sathyanarayana S et al. Med Phys
2
of a kiwi fruit (3D slice thickness=800μm; 200/16ms; 50x50μm , 3mm
36:908-19
(2009).
in-plane resolution=80μm).
slice; duration: 2min 41s)
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An Open Science Framework for Technology Assessment in Interventional MRI
Keyvan Farahani,1,2 Jonathan S. Lewin,2 Ferenc A. Jolesz,3 Larry Clarke1
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3
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2

Over the past two decades interventional MRI (iMRI) has witnessed a remarkable
growth. Owing primarily to the excellent soft tissue contrast resolution and lack of
ionizing radiation, as well as a versatile array of imaging pulse sequences, this has been
marked with innovations in image-guided biopsy, therapy, and drug delivery. In many
instances the proposed techniques offer interventions that are potentially safer, more
accurate and more accurately quantifiable than conventional treatments. However,
given the challenges of implementing iMRI technologies, there is a pressing need to
more effectively aid in the translation of the most promising technologies.
Earlier this year the National Cancer Institute, in collaboration with the Johns Hopkins
University, initiated a process to engage the research community in the development of
an open science framework for iMRI and other image-guided interventional techniques.
This plan will allow for contribution and utilization of validation data within the common
framework and a consensus building approach toward definition of metrics, terminology,
and methodology for validation procedures. The long-term goal is to facilitate the
participation of academic and industry research and development activities toward
streamlined translation of innovative and clinically efficacious interventional oncology
and image-guided surgical techniques.
This presentation will introduce the work in progress, illustrate representative examples
and invite the iMRI research community to participate in the recommended open science
framework for assessment of interventional oncology.
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Update on navigation techniques for MRI-guided interventions
H. Busse, T. Kahn, M. Moche
Department of Diagnostic and Interventional Radiology, Leipzig University Hospital, Leipzig

Purpose
Over the last two decades, various guidance and navigation methods have been
described for different MRI environments to essentially allow for proper interventional access
and accurate instrument placement. The majority of diagnostic and therapeutic MRI-guided
procedures are performed percutaneously and involve needles and special probes. This
presentation aims to present some recent research developments, to highlight some ongoing
clinical applications, and to identify strengths and limitations for different interventional settings
and parts of the body.
Methods and Applications
Image-based medical navigation is an established technique in operating rooms, mainly
neurosurgical suites, to provide surgeons with essential anatomical or functional image
information. Implementations in MRI rooms have long been hindered by the spatial constraints in
the magnet as well as the need for MR-compatible devices and appropriate user interfaces.
Currently, needle-based interventions, in particular in body areas that are subject to little
or no motion, can be successfully guided by stereotactic approaches with intermittent control
scans. Optimized user interfaces have been developed that typically instruct the interventionalist
on how to adjust a corresponding guiding device or that provide a continuous feedback on the
virtual needle path.
The good availability of high-field (1.5-3.0 T) wide-bore scanners has propelled the use of
real-time navigation options, in particular for procedures in moving organs, traditionally the
domain of open magnets. On the other hand, open MRI scanners, originally operating in the low
and mid-field range (0.15-0.7 T), have arrived at the stage of high fields where procedures may
benefit from the better performance and image quality of the available models (1.0-1.2 T).
Scanner manufacturers and third-party developers have generally started to work on
hardware and software solutions that seek to improve interventional guidance and eliminate
tedious and complex work steps. Key challenges for more routine applications of navigation
techniques are the level of system integration with the scanner environment, their costeffectiveness, ease of use, and proper clinical validation.
Summary and Conclusion
Navigational assistance for MRI interventions is provided by a variety of different
approaches ranging from customized stereotactic solutions to closed-loop systems with
appropriate real-time scanner interfaces. Besides many innovative developments on the
investigational level, a growing number of commercial solutions have also become available.
With ongoing progress in computer and MRI technology, there is great promise that such
techniques will eliminate some of the MRI-specific problems and advance the field of
interventional MRI.
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Title: Uncertainty quantification for thermal simulation of MR-guided laser induced thermal
therapy
Authors: Samuel Fahrenholtz1,2, David Fuentes1, John D. Hazle1,2, R. Jason Stafford1,2
Affiliations: 1-University of Texas M.D. Anderson Cancer Center
2-University of Texas Graduate School of Biomedical Sciences at Houston
Purpose: To improve MR-guided laser induced thermal therapy (MRgLITT) delivery, models
that may behoove prospective treatment planning are being investigated. A common method for
modeling the distribution of induced heating in perfused tissue is the Pennes bioheat transfer
equation (BHTE) solved within a finite element method (FEM) mesh. A difficulty in obtaining
accurate results from the BHTE is the uncertainty incurred by using assumed constitutive values
(CVs), such as tissue heat conductivity, and perfusion as well as optical absorption and
scattering parameters. This uncertainty in parameter values, introduces uncertainty into the
model predictions that are not currently accounted for with deterministic approaches. This
makes the goal of planning a procedure in which adequate coverage of the lesion is both
possible and safe more difficult. Here we investigate the use of a stochastic BHTE where CVs
are described via an assumed distribution providing the ability to perform uncertainty
quantification (UQ) of the output temperature for each location at each time point.
Methods: To evaluate the performance of the stochastic model, retrospective analysis of a
previous canine brain MRgLITT experiment performed at 1.5 T MRI (GE Healthcare) using a
Visualase 980 nm LITT system (BioTex, Houston, TX) was performed. These experiments
were conducted in accordance with institutionally approved protocols. Real-time, multiplanar
proton resonance frequency-based MR temperature imaging (MRTI) provided an estimate to the
temperature changes in the brain. MRgLITT was delivered while imaging with an 8-channel,
receive-only phased-array head coil (MRI Devices, Gainesville, FL) using an 8-shot, data
interleaved, EPI sequence (FA = 60o, FOV = 20 x 20 cm, slice thickness 4 mm, TR/TE = 544/20
ms, image matrix of 256 x 128, with 5 s per time step). The model uses a stochastic BHTE to
incorporate CV variance into the retrospective simulation. The simulation takes advantage of
generalized polynomial chaos (gPC) to provide UQ. The CVs that were considered distributions
were conductivity, perfusion, optical absorption, and optical scattering. Each CV was a uniform
distribution that included the range of its literature values. The CVs were considered as
distributions in separate models; there were four models for the four CVs. The BHTE is solved
for the temperature for a unit volume of space. The computation resources were provided by
The University of Texas at Austin’s Texas Advanced Computing Center’s supercomputer,
Ranger (579.4 TFlops, 123 TB memory). The FEM mesh was built in Cubit (Sandia NL). The
visualization was created in ParaView (Sandia NL). The UQ was executed by DAKOTA (Sandia
NL).
Results: The MRTI and the perfusion model data are compared in the figure. The contours are
60 oC isotherms, a conservative estimate of thermal damage. The MRTI isotherm (white) is
displayed versus simulation temperature μ + 2σ
(magenta) and μ - 2σ (cyan). Our simulations
converged at four realizations.
Conclusions: We observed a strong relation
between the parameters’ input variance and
the corresponding models’ output variance.
While the most common method for UQ is
Monte Carlo, we successfully employed gPC
for its calculation speed.
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MR Guided Prostate Cryoablation for Prostate Cancer in Patient with Prior Rectal Cancer
David A. Woodrum, MD/PhD, Karen Rampton, MD, Akira Kawashima, MD/PhD, Krzysztof R
Gorny, PhD, Thomas D. Atwell, MD, Joel P. Felmlee, PhD, Kimberly K. Amrami, MD, Matthew
R. Callstrom, MD, PhD, Lance A. Mynderse, MD
Radiology, Mayo Clinic, Rochester, MI

Purpose: Prostate cancer is second only to lung cancer in the number of deaths for men with
colorectal cancer being third in attributed deaths. For those men with rectal cancer treated with
rectal resection followed by radiation, the development of prostate cancer presents a clinical
dilemma. The possibility of surgery after prior rectal resection is difficult with greater possibility
of post surgical morbidities and many are not candidates for further radiation in the pelvis.
Methods: A retrospective analysis of a patient with prior rectal cancer with resection and
subsequent development of prostate cancer treated with MR guided percutaneous cryoablation.
Under general anesthesia, 10 cryoprobes were placed using a perineal guidance grid and
intermittent MR guidance. Once probe position was confirmed then the urethral protective
catheter was placed and warmed to 43C then cryoablation x3 (freeze-thaw cycles) was
performed. Cryoablation was monitored with intermittent MR imaging performed sequentially
every minute. When appropriate margins had been achieved then freezing was stopped and
thawing was initiated. Post-ablation imaging was performed with multiplanar T2 and T1 TSE
imaging as well as post-gadolinium imaging.
Results: The patients presented in this study had prior rectal cancer with surgery, radiation,
and chemotherapy secondary to this and had developed prostate cancer with slowly rising PSA.
MR imaging showed bilateral abnormalities in the patient (arrows, Fig 1a and b). CT guided
trans-gluteal biopsy produced positive results but only from 1 side. Due to the MRI results and
concern for bilateral disease, it was decided to target the whole gland. Using intermittent MR
imaging and the perineal guidance grid, 10 cryoneedles were placed into the first patient’s
prostate (arrowhead, Fig 1c). Urethral protective cathter placed (asterix, Fig 1c). Using
intermittent MR imaging, maximal iceball coverage was imaged with freezing stopped when
adequate coverage of the prostate had been achieved (Fig 1d). Post-ablation MR imaging
demonstrates a relative lack of enhancement within the prostate gland (Fig 1e). MR guidance
and monitoring during the ablation was technically successful. Follow-up MR imaging at 3
months, again demonstrates no prostate gland enhancement (Fig 1f).
Conclusions: Whole gland cryoablation for patients with prior rectal cancer and rectal
resection that develop prostate cancer is feasible. In these two patients, there morbidity from
this procedure was minimal.
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Fast T1-weighted gradient echo imaging in monitoring MRI-guided focal
cryoablation of prostate cancer
Christiaan G. Overduin (BSc)1,2, Joyce G.R. Bomers (MSc)2, Maarten F. Hoes (MSc)3, Tom
W.J. Scheenen (PhD)2, Bennie ten Haken (PhD)4, Jurgen J. Fütterer (MD, PhD)2, Frank de
Lange (PhD)2.
1

Dpt. of Technical Medicine, University of Twente, Enschede, Netherlands

2

Dpt. of Radiology, Radboud University Nijmegen Medical Centre, Netherlands

3

Dpt. of Medical Physics, Medisch Spectrum Twente, Enschede, Netherlands

4

MIRA Institute for Biomedical Engineering and Technical Medicine, University of Twente, Enschede, Netherlands

Purpose
In MRI-guided focal cryoablation of prostate cancer, accurate monitoring of frozen tissue
extent is essential in achieving radical cancer ablation while avoiding injuries to the closely
related rectal wall. This study assesses fast T1-weighted gradient echo (GRE) imaging in
monitoring frozen tissue extent and reports on the initial results of its clinical use.
Materials and methods
An MR-compatible cryoprobe was inserted into a tissue equivalent agar gel phantom on a
1.5T MR system. Two fiberoptic thermosensors were placed at one side parallel to the
cryoprobe at a lateral distance of respectively 1.0 and 1.5 cm. Freezing was applied until the
outermost thermosensor reached -5°C. Continuous MR monitoring of iceball progression was
performed using a fast T1-weighted GRE sequence (TR/TE/FA = 6.15/1.98/6°). Signal
intensity was related to temperature. The same sequence was used during MRI-guided focal
prostate cancer cryoablation in 10 patients at our institution.
Results
In the phantom experiment, the iceball presented in the MR images as a signal void
surrounded by a hyperintense rim. Transition between hypointense iceball and hyperintense
rim corresponded to a temperature of -0.5±0.2°C. The hyperintense rim corresponded to
cooled but unfrozen tissue (0-10°C). During clinical procedures, similar contrast was
observed in vivo in all patients.
Conclusion
Fast T1-weighted GRE imaging provides a temperature related T1-contrast between frozen
and adjacent cooled tissue. This allows accurate monitoring of frozen tissue extent and
enables insight into the temperature gradient in surrounding tissue. This contrast capability
was demonstrated in vivo, offering potential in optimizing both safety and efficacy of MRIguided prostate cancer cryoablation procedures.
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Smart Template: An Actuated Needle Guidance Template for MRI-guided Transperineal
Prostate Interventions
Sang-Eun Song, Junichi Tokuda, Kemal Tuncali, Clare Tempany, Nobuhiko Hata
National Center for Image-Guided Therapy, Department of Radiology, Brigham and Women’s
Hospital, Harvard Medical School, 75 Francis Street, ASB1-L1-050, Boston, MA 02115, USA
Purpose To overcome the problems of limited needle insertion accuracy, prolonged procedural time,
and human error associated with the use of a conventional needle guidance template in MRI-guided
prostate intervention, we developed an actuated MRI-compatible template [1] that allows automated
needle guidance in a 3T MRI scanner. To evaluate the actuated template, we conducted a performance
evaluation study.
Methods We performed an experiment using an agar phantom in a 3T MRI scanner to compare the
needle insertion accuracy and procedural time of the actuated template to that of a conventional template. We generated 20 random targets on an axial plane and performed four sessions of needle insertions, where each session consisted of template registration followed by five needle insertions. We performed a total of 20 needle insertions with each template to measure the needle insertion accuracy and
procedural time.
Results Needle insertion accuracy was evaluated based on the error distance between the planned target and the center of the needle susceptibility artifact (signal void) acquired from needle confirmation
scans. Use of the conventional template with a grid of needle guidance holes at 5 mm intervals resulted
in a 2.2 mm root-mean-square (RMS) error, and use of the actuated template without an interval resulted
in a 0.9 mm RMS error. Procedural time was measured from the time stamps on the confirmation scans
and resulted in approximately 70% reduction when using the actuated template.
Comparison of needle insertion error and procedural time for the needleguiding template and the Smart Template.



Manualtemplate

SmartTemplate

xͲdirection(mm)

Ͳ0.2±1.6

0.1±0.6

yͲdirection(mm)

Ͳ0.0±1.6

Ͳ0.3±0.6

2Ddistance(mm) 

2.0±1.1

0.9±0.3

2DRMSerror(mm)

2.2

0.9

471±49

155±42

a

b

Preparationtime(s)
a

p = 0.00016; b p = 0.000066; in Student’s t-test.

Conclusions Use of the actuated template resulted in higher needle insertion accuracy in less procedural time than use of the conventional template. Furthermore, the automated needle guide eliminates
human error so that the safety of the procedure can be improved.
[1] S. Song, J. Tokuda, K. Tuncali, C. Tempany, and N. Hata, "Development and preliminary evaluation of an ultrasonic motor actuated needle guide for 3T MRI-guided transperineal prostate interventions", Proc. SPIE 8316,
831614 (2012); http://dx.doi.org/10.1117/12.911467
This project was supported by the National Cancer Institute, the National Center for Research Resources and the
National Institute of Biomedical Imaging and Bioengineering of the National Institutes of Health through Grant
Numbers 1R01CA111288, R01CA124377, 5R01CA138586, 5P01CA067165, P41EB015898 and P41RR019703;
New Energy and Industrial Technology Development Organization Grant; Center for Integration of Medicine and
Innovative Technology Grant 11-325.
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A device for MRI-guided delivery of needles to the prostate for focal therapy
Jeremy Cepek1, Blaine Chronik1, Uri Lindner2, John Trachtenberg2, and Aaron Fenster1
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Department of Surgical Oncology, Division of Urology, University Health Network, Toronto, Canada

2

Purpose
Currently, there is no widely accepted optimal therapy for patients with localized prostate
cancer, the most commonly diagnosed form of the disease in men. As a result, many patients
are either being over-treated with radical prostatectomy (RP), resulting in unnecessary
morbidities such as erectile dysfunction and incontinence, or under-treated while on active
surveillance (AS). Focal therapy is emerging as a potentially viable treatment option, based on
the hypothesis that treatment of only the largest or ‘index’ tumour could provide long-term
disease control with minimal treatment-related morbidity. However, the results of long-term
longitudinal studies are needed to validate this hypothesis. As such, there exists a need for
methods of accurately and timely delivering focal therapies so their efficacy can be validated in
clinical trials.
Methods
We have developed a magnetic-resonance-compatible device for guiding needles to tumour
sites in the prostate. The device is manually actuated, and can be aligned to a given target with
the patient in-bore using manual controls and a visual alignment interface. The device also
allows needles to be inserted with the patient in-bore, enabling real-time monitoring of the
needle trajectory during insertion. Tests have been performed to determine the extent of image
distortion and signal-to-noise (SNR) reductions caused by the device. Needle guidance tests in
a gel phantom have been performed to quantify the device’s ability to accurately deliver a
needle to a target tumour. Trials in patients scheduled for focal laser ablation (FLA) therapy
have begun and preliminary qualitative results obtained.
Results
The MR-compatibility tests showed that the device causes negligible image distortion, and a
reduction in SNR of less than 6%. Phantom needle targeting tests have demonstrated the
device’s ability to deliver needles with an accuracy of 2.1 +/- 1.3 mm, deemed sufficient to target
tumours of clinically significant size. The device was successfully used to guide needles to a
patient’s prostate for an FLA procedure.
Conclusions
The device is shown to be capable of accurately targeting tumours in phantoms with a negligible
effect on image quality. Clinical use of the device demonstrated its ability to insert needles
without removing the patient from the scanner; a very favourable feature for optimal procedure
workflow and reduction of procedure time. Compared to the use of a fixed grid template, it was
found that the device provided needle trajectories that were more ideal. More results from
continuing patient trials will be presented at the conference.
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A custom l eg hol der system for M R-guided pr ostate cryotherapy: desi gn and i nitial
clinical experience
Laure Esteveny1, Georgia Tsoumakidou2, Pierre Renaud1, Bernard Bayle1, Elodie Breton1,
Afshin Gangi2
1
LSIIT-AVR, University of Strasbourg – CNRS, Strasbourg, France
2
Interventional Radiology Department, Nouvel Hôpital Civil, Strasbourg, France
Purpose: To present the design of a custom MR-compatible leg holder system for MR-guided
prostate cryotherapy and the initial clinical experience using it.
Methods: The analysis of prostate cryotherapy workflow detailed in [1] has allowed us to define
the specifications of the leg holder system. First, strong design requirements exist because of
the compatibility with the MR scanner. The materials used for the fabrication have to be MRsafe and MR-compatible. The patient, in a supine position with his legs elevated with the
support (in a gynaecological position), must enter in the scanner bore. Second, the patient
variability in terms of size and weight has to be taken into account. Third, the device must be
compatible with the workflow that includes perineum skin cleansing. A correct access to the
perineum skin is therefore needed. Disassembling of the device must also be easy for cleaning.
Computer Aided Design, including numerical simulations to validate the device resistance, was
used to build a leg holder system that fulfills all the requirements. The device uses carbon fiber
rods for stiffness, resistance and weight. The elements in contact with the legs are made out of
fiberglass reinforced polyamide 6.6, and all the elements can be cleaned with standard clinical
cleaning products. The leg holder device was used in two different 1.5-T wide-bore MR systems
(Espree and Aera MAGNETOM, Siemens, Erlangen, Germany) as represented in Fig. 1.




 

 


Figure 1. Leg holder system in closed (a) and open (b) configuration, for skin cleansing. Patient
positioning in a supine position with the leg holder system outside (c) and in (d) the scanner
bore.
Results: The proposed leg holder does not introduce any artifact in the images. Successful
percutaneous MR-guided cryoablation was performed in 5 patients (weight: 53 kg to 107 kg,
height: 1.63 m to 1.81 m) with prostatic adenocarcinoma. Access to the perineum allowed the
percutaneous insertion of four to seven cryoprobes into the prostate. Patient positioning is
simplified thanks to the device, with an easy access to the area of interest for both cleaning
(open configuration) and MR-guided needle positioning (closed configuration).
Conclusions: A MR-compatible leg holder system was developed. It is compatible with the
workflow for prostate cryotherapy and current wide-bore scanners. It constitutes one of the MRI
materials needed to develop new MR-guided percutaneous procedures. Guidance of the
needles during their insertion remains a delicate task, and robotic assistance can now be
considered in addition to simplify such procedures.
[1] A. Gangi, G. Tsoumakidou, O. Abdelli, X. Buy, M. de Mathelin, D. Jacqmin and H. Lang,
« Percutaneous MR-guided cryoablation of prostate cancer: initial experience », Eur Radiol,
2012.
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Towards teleoperated needle steering in MRI-guided prostate interventions
Reza Seifabadi2,1, Iulian Iordachita1, Gabor Fichtinger2
1
2

The Johns Hopkins University, Baltimore, MD, USA
School of Computing, Queens University, Kingston, ON, Canada

Purpose: Prostate biopsy and brachytherapy involve needle insertion into the prostate. During
the insertion, prostate gland rotates and deforms which may cause displacement of the target
tissue. We propose robot-assisted bevel-tip needle steering under MRI guidance as a potential
solution. This approach promises to reduce needle placement and allows the clinician to insert
needles without removing the patient from the scanner, thereby also shortening the procedure.
Methods: The system components are shown in the figure below. We designed and built a 2
degree of freedom (DOF) MRI-compatible master robot and a 2-DOF MRI-compatible needle
steering slave robot. The standalone master console is placed next to MRI scanner, while the
slave is incorporated with a previously developed in-scanner transperineal pneumatic robot. A
controller box including controller hardware, motor drivers, and optical convertors connects the
master and slave, ensuring position and force tracking between them. Both the master and
slave use MRI-compatible piezoelectric motors. Optical encoders are used as position sensor.

Results: The master and slave were designed and built. The slave provides linear travel of 140
mm and rotation of 360 degrees for the needle. The master provides similar range of motion
using a Peaucellier-Lipkin linkage. The insertion velocity is 7 mm/sec and the maximum force at
the needle tip is 4N, deemed adequate for the task. A 4-axis Galil motion controller is used for
the master-slave system. The system was tested for speed and force capability on a prostate
implant phantom. PD controller was implemented on the slave side and it provided satisfactory
position tracking.
Continuing Work: Fiber Brag Grating (FBG) force sensors are being currently implemented to
provide haptic feedback for the operatorʼs hand and the controller is being adapted to ascertain
simultaneous force and position tracking between the master and slave.
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Real-time needle tip tracking using Fiber Brag Grating sensors for MRIguided prostate interventions: Design considerations
Esteban Escobar Gomez1, Reza Seifabadi2,1, Gabor Fichtinger2, Iulian Iordachita1
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School of Computing, Queens University, Kingston, ON, Canada

Purpose: Needle tip tracking is a key element for precise targeting during prostate
percutaneous interventions. Ideally, needle tracking should be performed under real-time MRI.
However, limitations such as susceptibility artifacts, low image resolution, image acquisition time
and image processing time have made this task challenging. We propose using optical strain
gauge sensors for real-time needle shape/tip tracking.
Method: In our design, three channels will be cut into the inner stylet (0.6 mm) of a 20 G
needle. Optical fibers with sensors will be placed at certain locations and imbedded into three
needle channels. In order to find the optimal
number of sensors and sensor locations along the
optical fibers (see Fig.1), the estimated needle tip
location was compared to the exact position of the
tip attained from small deflection beam-column
theory. This optimization was done for all possible
force configurations by computer simulations in
Fig. 1 – Illustration of sensor arrangem ent and two
inflection point needle
MATLAB, with the maximum tolerable error of 0.5
mm. Maximum deflection and insertion depth were
10 mm and 100 mm, respectively (max deflection <10% of needle length). In contrast to a
previous study [1], we used a thinner “bevel” tip needle, which poses significant challenges in
integrating the method in tele-operated bevel-tip needle steering for MRI-guided prostate
interventions. We chose a 20G beveled needle, which is flexible enough for steering, yet has
enough structural integrity and wall thickness for manufacturing. The tracking method is
designed to be adaptive for varying insertion
depths and two inflection points along the needle.
Results: Simulation results with two sensors (Fig.
2) indicate the following. We expect an error of
0.67 mm when placed at optimal locations 45 and
67 mm for deep insertions, an error of 1.4 mm for
low depth insertions (i.e. when only one sensor is
active), and a maximum needle tip deflection of 3.3
mm at 33 mm insertion depths before any sensor
can be activated.
Conclusions: In order to achieve a position error
threshold lower than 0.5 mm for both varying depth
Fig. 2– “X” represents (x1, x2) optimal (45, 67) mm
and force configuration, more than two are
for maximum error of 0.61 mm
necessary. Further optimization for sensor location
needs to be carried out. The needle and sensors will be fabricated and calibrated accordingly.
References: [ 1 ] Y.-L. Park et al., “Real-Time Estimation of Three-Dimensional Needle Shape
and Deflection for MRI-Guided Interventions,” IEEE /ASME Trans. Mechatronics 15(6), (2010)
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Design of a Novel Device for MRI Guided Transrectal Prostate Biopsy
Nicholas A. Lambert, Dr. Mihailo Ristic, Prof. Nandita DeSouza
Mechanical Engineering, Imperial College London
Purpose:
MRI provides superior imaging over ultrasound; this has the potential to
successfully guide targeted biopsies of the prostate. Compatibility, workspace and surgical
workflow challenges require that new tools are developed in order to improve clinical
outcomes. We present the design, build and initial assessment of a manual, remotely
operated device to position an endorectal probe with needle channel. The purpose of which
is to perform multiple MRI guided prostate biopsies, without the need to remove the patient
from the scanner; this feature aims to maximise accuracy and minimise procedure times.
Methods:
A number of analyses and
methods have been used to inform the
design of this device: workspace analysis;
kinematic analysis of TRUS biopsies;
procedural workflow analysis; detailed
requirements analysis. Only plastic and
non-ferrous metals (brass, aluminium and
phosphor bronze) have been used in the
build along with rapid prototyping
methods.
Results:
The MRI guided biopsy
device has 5 degrees of freedom, 4 of
which are driven manually via phosphor
bronze flexible shafts. The pitch (30-90°),
yaw (±20°) and insertion depth (45mm
adjustment) of the endorectal probe are
moved relative to the remote centre of
motion of the device. The remote centre
can be moved in translation and elevation;
it is to be aligned with the patient’s anal
canal (with the patient prone) in order to
minimise load and tissue deformation and
maximise patient comfort. All degrees of
freedom are non-reverse-drivable; this yields good rigidity and permits the operator to put
down the controls.
The device is detachable from the base plate to allow the patient to get on and off the bed
unhindered and to facilitate a rapid intervention by the clinician. The endorectal probe is
detachable with the use of one hand to allow initial insertion and positioning of the probe.
Resonant micro-coil markers are used for tracking and localisation. These passive
components reside in the endorectal probe and require no connection to the scanner system.
The kinematics of the device are such that the micro-coils are appropriately oriented relative
to the main field of the scanner in all positions of the device.
When the needle guide of the device has been aimed at the suspect lesion, the biopsy gun is
passed into the device and fired with the use of an elongated handle.
The device yields no significant impact to signal to noise ratio (SNR) using GRE and BSSFP
sequences (3T Siemens Verio) when stationary. With the device moving, there is a greater
variance in signal to noise performance; this is within limits.
Conclusions:
Design and build of the device is complete and functionality and
compatibility of the device has been demonstrated. Integration of the device with imaging &
tracking sequences and software will lead to quantification of the achievable biopsy targeting
accuracy. Ultimately, this will lead to full demonstration of the biopsy procedure in phantoms
and clinical trials.
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Teleoperated Needle Placement for Real-time
MRI-guided Prostate Interventions
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Gregory S. Fischer , Hao Su , Wejian Shang , Gang Li , Nobuhiko Hata , Clare Tempany
Automation and Interventional Medicine Laboratory, Worcester Polytechnic Institute, Worcester, USA,
2
Surgical Planning Laboratory, Brigham and Women's Hospital, Boston, USA

Purpose: Transrectal ultrasound is the most common navigation method for prostate biopsy,
however it has a poor cancer detection rate of 20%-30%. MR can provide excellent visualization
of anatomical targets and delivery instruments, and offers image-guided surgery with live
images. However, spatial constraints of the bore limit access to the patient, and the inability to
use conventional sensors and actuators limits availability of assistive technologies. Advantages
of deploying a robotic system in prostate interventions include: 1) robot-assistance ensures high
procedural accuracy and consistency, and 2) teleoperation provides improved ergonomics over
manual insertion while maintaining the ability to view live MR images during the procedure.
Methods: A 6 degree of freedom (DOF) Slave robot and a 2-DOF Master robot have been
developed for performing prostate interventions inside the bore of 3T MRI. The Slave robot (Fig.
1, left) provides Cartesian alignment (2-DOF alignment in the X-Y plane and 1-DOF placement
of the robotic guide against the perineum) and needle placement with a 3-DOF needle driver
module (insertion, cannula retraction or biopsy, and needle rotation). Insertion may be under
direct computer control or teleoperated using the Master device (Fig. 1, right). Robot motions
are actuated using piezoelectric motors and configuration is sensed using optical encoders. To
render proprioception, a Fabry-Perot interferometer (FPI) based fiber optic strain sensor is
integrated to the Slave robot to provide high-resolution needle insertion force measurement.
The haptic Master robot uses strain gauges integrated into a shielded aluminum load cell to
track slave side insertion force. A custom-developed MRI robot controller operates both devices
from within the scanner room (Fig. 1, left). The controller can operate both resonant and
nonresonant piezoelectric motors under closed loop position, velocity, and force control during
live imaging while not degrading image quality. The robot controller is self-contained, scannerindependent, and communicates to navigation software (such as Slicer) via fiber optics.
Results: MR compatibility was evaluated in a 3T Philips Achieva using four imaging protocols:
T1-weighted fast gradient echo (T1 FGE/FFE), T2-weighted fast spin echo (T2 FSE/TSE), fast
gradient echo (FGRE) and functional imaging spin echo-planar imaging (SE EPI). Results
showing subtraction images and signal to noise (SNR) degradation are shown in Fig. 2. SNR
degradation proved to be visually unidentifiable, statistically insignificant, and resulted in a mean
SNR variation of 2.1% in the worst case. Resolution of the linear optical encoders integrated
into the robot is 0.0127 mm/count. Based on independent measurement (which includes
deflection, misalignment, etc.), the joints can be reliably controlled to within 30µm.
Conclusions: The system provides a clinically viable approach to extending the standard
workflow for template-guided prostate interventions to take advantage of intra-operative MR
imaging. The teleoperated needle guide allows the physician to maintain control over needle
insertion from inside the scanner room while providing improved ergonomics. The robot can
actively manipulate standard MR-compatible needles under live imaging.

Figure 1: Teleoperated robot system. Needle placement robot for
prostate interventions inside 3T MRI scanner and the robot controller is
inside the scanner room beside the scanner (left). The needle is inserted
using a master device that lets the clinician stand beside the patient,
view real-time MR images aligned with the needle axis (right).

Figure 2: Results demonstrating MR compatibility of the custom
piezoelectric motor actuation system that produces no statistically
significant image degradation when the robot is moving during imaging.
Qualitative results demonstrate no distortion (left). Quantitative analysis of
SNR for four imaging protocols with robot absent, off, and moving (right).
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Clinically Optimal Design and Development of an MRI-compatible Surgical Manipulator for the Prostate Percutaneous
Intervention
Sohrab Eslami 1, Gregory S. Fischer 2, Junichi Tokuda 3, Iulian Iordachita 1
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Purpose: Current scheme of the surgical manipulator system possessing the MRI compatibility for the prostate percutaneous
intervention is the pneumatically actuation mechanism which results in some inaccuracy and demands for a significantly large
operational working area [1]. In the proposed modular design platform herein, a parallel mechanism is introduced in which four
customized piezoelectric actuator drivers using the piezoelectric actuators are substituted for the pneumatic actuators to supply a
compact and robust robotic manipulator. This, however, provides better performance in the needle guidance while preserving the
minimal image artifact. Such parallel mechanism owing more dexterity can be implemented for the manually/automatically needle
insertion aimed in the prostate percutaneous intervention.
Methods: The novel modular design takes advantage of a parallel surgical manipulator with two front and rear trapezoid stages to
create a 4 degrees-of-freedom (DOF) configuration (Fig. 1). Two lead screw tables
with two anti-backlash nuts are investigated to make the lateral movement of the
front and rear trapezoid linkage. Concerning the dexterity and robustness features of
such platform, it is able to fulfill the requirement to precisely control the position
and orientation of the needle through the clinically intervention. This manipulator is
designed in such a way that it can be integrated with a needle driver which is
planned to manually/automatically manipulate different sizes of needles into the
prostate gland. Taking into account the bore diameter (700 mm) of the cylindrical
shape of the MRI scanner, the width of the patient plate is assumed to be 450 mm in
Fig. 1 – Schematic view of the MRI-compatible robot
the present modular design. The distance between the front and rear trapezoid is
reduced to 200 mm to provide more space for the angulation of the needle. Based
on several patient anatomy data, the desired planar workspace considering the needle’s direct and angulation movements shall be
confined to: Hmax 165 mm, Hmin 95 mm, Hhome 130 mm, and Dlateral r35 mm (Fig. 2).This configuration can produce a
workspace to cover a circle with diameter 70 mm which is large enough to cover the prostate gland having a spherical shape with an
average size of 50 mm diameter. To avoid locking the mechanism due to consistent friction in the lateral motion of the lead screw, the
minimum angle for the front and rear bars needs to be considered as 250 (i.e.,
D min 250 ). On the other hand, D max can be selected around 750 but not higher because
it may result in the unstable stage under the lateral forces. Having the workspace
specifications, driving the kinematics relationships, the proper optimum dimensions of
the stage links could be calculated through the inverse kinematics approach. After
performing the kinematics optimization, selecting rigid plastic materials for the stage
bars and specifying the friction and other types of forces, a set of the piezomotors can
be selected accordingly along a with a set of the rotary encoders.
Results: Larger workspace, stability robustness, more precision, and higher dynamics
Fig. 2 – Front trapezoid with kinematic constraints
performance are expected to be achieved in comparison with the same size of the
current MRI-guidance pneumatic 4 DOF surgical manipulator. The spherical joints in
the front and rear triangles are eliminated such that the rotation of the needle can be controlled as well as the needle can be placed in
different vertical positions. However, the overall system is robust in control and maneuverability. The finite element analysis validates
the strength of the front and rear trapezoid under loading perpendicular to the plane of the stage.
Conclusions: In the novel design of an MRI-guided surgical manipulator, a parallel mechanism is designed to convert the lateral
displacement into the vertical motion while achieving the minimum error of the needle placement to be less than 1 mm. The constraints
of the system are specified and hence, the kinematics optimization procedure is carried out to find out the optimum dimension of the
links. To test the strength of the structure, a finite element stress analysis is established in this regard. The future work can be
summarized as developing a control architecture to be integrated with the electromechanical system and experimentally executing the
system in the MRI environment for the prostate needle insertion.
References: [1] S.-E. Song et al., “Development of a Pneumatic Robot for MRI-guided Transperinal Prostate and Brachytherapy: New
Approaches”, 2010 IEEE Int. Conf. on Robotics and Automation, May 3-8, Anchorage, Alaska, USA.
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Multi-slice-to-volume registration for reducing targeting error during
MRI-guided transrectal prostate biopsy

Andras Lasso1, Andriy Fedorov2, Janice Fairhurst2, Junichi Tokuda2, Kemal Tuncali2, Robert
Mulkern2, Nobuhiko Hata2, Clare M. Tempany2, and Gabor Fichtinger1
1
Laboratory for Percutaneous Surgery, Queen's University, Kingston, ON, Canada;2Surgical
Planning Laboratory, Department of Radiology, Brigham and Women's Hospital, Boston, MA,
United States

Purpose
MRI has been shown to be a valuable tool for guiding prostate biopsy. Our current MR-guided
biopsy workflow utilizes planned biopsy points identified based on multiparametric MRI review
that are warped to the intra-procedural configuration of the gland in the beginning of the
procedure (Tuncali et al. 2011). Intra-procedural motion of the prostate gland may dislocate the
target points, leading to targeting errors. Registration of the planning image to intra-procedural
scan showing the deformation can be used to reduce errors in needle placement. Herein we
evaluate a deformable image registration approach that relies on sparse MR imaging to recover
motion and deformation of the prostate during MR-guided biopsy.
Methods
A registration method was developed to align the volumetric image that was used for planning to
a set of orthogonal image slices that were acquired during the procedure. The registration
method is composed of a sparse volume construction step and two registration stages: a rigid
registration to obtain an initial pose of the target planning volume followed by the non-rigid
registration to the fixed sparse volume. Mutual information was used as the similarity metric. A
grid with 30mm spacing and B-spline interpolation was used to model the deformation. Imaging
was done using Siemens Magnetom Verio 3T scanner. Volumetric planning images were
acquired using axial T2w TSE sequence (320x320x320 voxels, 0.625x0.625x4.8mm voxel size).
Three orthogonal intra-procedural slices were acquired using HASTE protocol (320x244 voxels,
0.94x0.94x3.6mm voxel size, 18 seconds acquisition time) and TrueFISP protocol (320x320
voxels, 1.25x1.25x3.6mm voxel size, 7 seconds acquisition time). The accuracy of the
registration was qualitatively assessed by comparing the manually segmented prostate gland
contours on the planning and slice images with and without registration. The robustness of the
rigid registration step was evaluated by performing repeated registrations with the randomly
perturbed initial transformation (±20mm translation and ±10° rotation).
Results
The intra-procedural prostate motion compensation method was tested previously on simulated
images. In this paper preliminary results on clinical images of one patient is presented. The
distance between the contours without registration was up to 3-4mm. With rigid and additional
non-rigid registration the distance was reduced to about 1-2mm and 1mm, respectively. In 95%
of the experiments evaluating robustness, the registration result was within 0.4 mm translation
and 0.5° rotation difference as compared to the non-perturbed result in case of the HASTE
protocol, and within 1.8 mm and 2.5° difference with the TrueFISP. Average computation time of
the rigid registration step was 3 seconds. Computation of the non-rigid step took 12 seconds.
Conclusions
The preliminary results on clinical images indicate that the proposed registration technique may
be able to estimate the prostate motion and deformation during MRI-guided prostate biopsy
procedures by a quick multi-slice acquisition followed by an automatic computation.
References
Tuncali, K., J. Tokuda, I. Iordachita, S S-E. Song, A. Fedorov, S. Oguro, A. Lasso, F. M. Fennessy, Y.
Tang, C. M. Tempany, et al., "3T M RI-guided Transperineal T argeted Prostate Bio psy: Clinical
Feasibility, Safety, and Early Results", ISMRM 2011, vol. 19, pp. 53, 2011.
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Image Processing for MR-guided Gynecologic Interstitial Brachytherapy in AMIGO
Xiaojun Chen, Jan Egger, Akila Viswanathan, Neha Agrawal, William Wells, Ron Kikinis,
Clare Tempany, Ferenc Jolesz, Tina Kapur
Brigham and Women's Hospital and Harvard Medical School
Purpose: Interstitial brachytherapy, the delivery of planned radiation dose directly to the tissue via hollow needles
inserted into the tumor and surrounding anatomy, is an effective treatment for gynecological cancer [1]. The purpose
of the software module described here is to provide assistance to the physician in determining the optimal
distribution and insertion depth of needles that provide maximal tumor coverage, while minimizing dose to the
surrounding organs of interest such as the rectum, the bladder, and the sigmoid colon.
Methods: 3D Slicer [2] is a free and open source software package for medical image analysis and visualization.
iGyne is a 3D Slicer module designed for MR-guided interstitial brachytherapy planning for gynecologic cancer in
the Advanced Multimodality Image Guided Operating Suite (AMIGO) at Brigham and Women’s Hospital. Use of
the iGyne in AMIGO includes the following steps 1) CAD models of the interstitial template and vaginal obturator
are loaded, 2) MR scan of the patient with the template sutured to the perineum and the obturator placed in the
vaginal canal is transferred to 3D Slicer using the DICOM protocol, 3) an initial rigid registration is computed from 3
corresponding point pairs provided by the user on the template holes, 4) the registration is refined using the Iterated
Closest Point [reference] algorithm for rigid registration, 5) optionally, segmentation and visualization of 3D models
of the tumor are obtained rapidly using editing capabilities of 3D Slicer, and 6) finally, virtual needles are selected on
a schematic of the template and rendered in the 2D and 3D views, with the insertion depth independently adjustable
for each needle. This allows for ease of visualization of spatial relationships among the needles, tumors, and
surrounding anatomical structures can be clearly observed, and hence ease in determination of the optimal number
and positions of the needles, as well as insertion depth (as shown in Figure).
Results: A software module for MR-guided gynecologic brachytherapy has been developed for the established 3D
slicer open source software platform using well-regarded toolkits in computer graphics and medical image
processing such as VTK, ITK, CTK, and QT. Furthermore, a semi-automatic registration method is presented to
register the CAD template model to the MRI image volume.
Conclusions: While the current version of iGyne address some important aspects of the planning task, including
robust registration, needle visualization, user-friendly interface, it remains under active development for additional
features such as integration with needle tracking hardware, which are essential in order to realize its full benefit for
MR-guided needle guidance in AMIGO.

Figure : Screenshot of needle visualization for MR-guided brachytherapy in AMIGO
References:
[1] A.N. Viswanathan, C. Kirisits, B.E. Erickson, and R. Pötter. Gynecologic Radiation Therapy: Novel Approaches
to Image-Guidance and Management. Springer. 2010.
[2] http://www.slicer.org
[3] ! !! )" !  
!'--('*$(% ()-#(+,
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The utility of OsiriX Imaging Software v. 3.9.4 for intracranial tumor volume estimation in the
context of MRI guided Laser-Induced Thermal Therapy (LITT).
Nitesh V. Patel, BA1, Pinakin R. Jethwa 2, MD, Eric L. Hargreaves, PhD1, and Shabbar F.
Danish, MD1
1

Division of Neurosurgery, UMDNJ - Robert Wood Johnson Medical School, New Brunswick,
NJ, USA

2

Department of Neurosurgery, UMDNJ - New Jersey Medical School, Newark, NJ, USA

Purpose
MR-guided Laser Interstitial Thermal Therapy (LITT) is used for treating intracranial tumors.
Associated changes have not been quantitated and current methods for volume estimation
maybe inaccurate. This study seeks to: 1) Analyze lesion size pre/post LITT; 2) Compare OsiriX
(v. 3.9.4) and linear measurement-based volume determination methods.
Methods
The Visualase Thermal Therapy System (Visualase, Inc, Houston, Tx) was used. Two raters
examined MR images of 12 subjects with varying intracranial neoplasms at the following timepoints: pre-ablation (PreA), immediate post-ablation (IPA), and 24 hours post-ablation (24PA).
Three assessments were involved: A) Tumor volumes and ratios for time-points using OsiriX to
quantify size change. B) Linear-measurements from three planes were used to estimate PreA
volumes. The two volume methods were compared. C) Paired two-tailed t-tests and correlation
analysis were used to assess inter-rater reliability.
Results
Ablation ratios ranged 60%-473% (mean=187%). Volume changes were: mean IPA/PreA of
240% (st. dev. 131.8%), mean 24PA/PreA of 158% (st. dev. 91.5%), and mean IPA/24PA of
162% (st. dev. 66.3%). IPA volumes exceeded both PreA and 24PA volumes (p=0.0003 and
p=0.008, respectively); however, 24PA and PreA volumes were similar. Linear-measurement
volumes were, on average, 8.96 times larger than OsiriX volumes (p=<0.004). Despite no
significant differences between raters, there was stronger correlation for OsiriX Volumes
(r=0.967, p=0.00003) than for linear-measurement volumes (r=0.38, p=0.214).
Conclusions
Although IPA volumes are larger than the PreA volumes, at 24 hrs there is a return to PreA size.
Further, OsiriX has greater inter-rater reliability than linear measurements for lesion volume
determination.
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Optimal Guide Cannula Length for Transventricular Trajectories for Deep Brain Stimulation
Lead Placement Targeting the Subthalamic Nucleus
David McMullen1, Eric L. Hargreaves1,2, Shabbar F. Danish1,2
1
University of Medicine and Dentistry of New Jersey Robert Wood Johnson Medical School,
2
Robert Wood Johnson University Hospital Division of Neurosurgery
Purpose
Deep brain stimulation (DBS) trajectories targeting the subthalamic nucleus (STN) are typically
planned to avoid the lateral ventricle. However, patient cortical anatomy sometimes
necessitates a transventricular trajectory. Guide cannulae that do not penetrate the inferior
ependymal wall can result in stimulating lead deflection. This project quantifies the minimal
guide cannula above target length (ATL) to ensure complete traversal of the ventricle during
DBS surgery.
Methods
A retrospective analysis of 50 trajectories in 26 patients was conducted using Framelinks
Software for the Medtronic Stealth-Navigation System. Trajectories anchored to the STN targetlocation were rotated medially, thereby decreasing the azimuth while keeping the declination
fixed. A maximal 5.5° rotation was allowed, that was based on a 14-mm burr hole diameter and
a mean 77mm coronal suture to STN distance. ATL from the inferior ependymal wall to STN
was noted for modified trajectories with ventricular involvement.
Results
Ventricular involvement was identified in 11 of the 50 modified trajectories (22%). The mean
ATL was 29.33mm (SEM=0.41; range=26.4-31.3mm) with 8 trajectories less than 30mm and
none less than 25mm ATL (p=0.0058).
Conclusions
Transventricular trajectories for DBS are sometimes unavoidable. In these instances, ensuring
that a guide cannula traverses the entire ventricle and pierces the inferior ependymal wall may
minimize stimulating lead displacement. Determining the standard ATL cannula length that will
allow neurosurgeons to minimize complications with only a minor modification in their surgical
procedure.
Our results show that whereas a standard 30-mm ATL cannula does not prevent the possibility
of lead deflection during transventricular trajectories, using a 25mm ATL cannula will prevent
this outcome.
By the end of this session, participants should be able to: 1) Understand how to utilize the
Framelinks Software for the Medtronic Stealth-Navigation System, 2) Identify complications of
transventricular trajectories, 3) Understand how patient variability alters trajectory planning, and
4) Learn how to adjust surgical technique if transventricular trajectories are necessitated.
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Novel instrumental platform for planning implantation of intracranial
electrodes in patients with epilepsy
Rodionov R1, Miserocchi A2, Vollmar C3, Micallef C1,2, Diehl B1,2, McEvoy AW 2, Duncan JS1,2
1. UCL Institute of Neurology, London, UK; 2. National Hospital for Neurology and
Neurosurgery, London, UK; 3. Department of Neurology, University of Munich, Germany
Purpose. We implemented a workflow and instrumental platform supporting decision making
process through clinical pathway of epilepsy patients undergoing surgical treatment [1]. The
platform is based on multimodal neuroimaging integration providing spatial landmarks (“aim”
and “no go” areas) utilised during the key decision making stages: (1) generation of optimal
hypothesis about ictal onset zone, (2) decision making about implantation strategy, (3)
developing implantation plan, (4) making decision and plan for respective surgery, (5) analysing
post-surgical outcome. The crucial characteristic of the software tool in the core of our pipeline
is high quality 3D visualisation of the brain and the landmarks. Here we describe utilisation of
our image processing pipeline for planning implantation of intracranial EEG electrodes.
Methods. Starting point: (1) multimodal landmarks (e.g. reconstructed MEG/EEG source of
epileptiform activity, white matter tracts, eloquent areas, lesions, defined as important for
formulation of implantation strategy; (2) confirmed implantation strategy represented as set of
brain areas that need to be sampled by icEEG and are accessible surgically, decision about
dimensions and type of intracranial electrodes chosen for implantation. Procedure: the
neurophysiologist and the neurosurgeon operate in the 3D environment carrying all
neuroimaging information (landmarks for epileptogenic areas and eloquent cortex, crucial white
matter tracts, brain anatomy, blood vessels, skull, scalp) required to develop implantation plan.
The depth electrodes are modelled as 3D objects by specifying entry point on the scalp and
target point in the suspected epileptogenic cortex. The craniotomy is planned on the 3D model
of scalp and/or skull. The grid electrodes are modelled as segments of 3D surfaces shaped to fit
the cortical surface and sized to the dimensions of the real grid electrode. The resulted 3D
models of the electrodes are uploaded on the neuronavigation system (Stealth, Medtronic ltd) to
be available intra-operatively for guidance.
Results. This pipeline was utilised for planning depth electrode placement in three patients. The
post-operative comparison of the location of the implanted electrodes showed that the intended
cortical areas were sampled.
Conclusion. The utilisation of our instrumental pipeline for planning placement of the
intracranial electrodes demonstrated high potential for clinical use through high quality
visualisation and variety of presented multimodal neuroimaging information available during
surgery.
Reference. 1. Rodionov R, Miserocchi A, Vollmar C, Micallef C, Diehl B, McEvoy AW, Duncan
JS. Multimodal 3D neuroimaging for implantation of intracranial EEG electrodes. 2012
[Submitted]
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Magnetic Resonance-Guided Selective Laser Hippocampectomy for Treatment of Mesial
Temporal Lobe Epilepsy
Sherif G. Nour1,2,4, Amit Saindane1,2,4, Jon T. Willie3, , Ashok Gowda5, Nealen G.
Laxpati4, Hiroumi D. Kitajima1,2,4, Bobbie Burrow1,2, Robert E. Gross2,3,4
1

Department of Radiology and Imaging Sciences, Emory University Hospital, Atlanta, GA, USA
2
Interventional MRI Program, Emory University Hospital, Atlanta, GA, USA
3
Department of Neurosurgery, Emory University Hospital, Atlanta, GA, USA
4
Emory University School of Medicine, Atlanta, GA, USA
5
Visualase Laser, Inc., Houston, TX

Purpose: (1) test the feasibility of performing selective hippocampetomy in patients with intractable
seizures due to mesial temporal lobe epilepsy via percutaneous laser ablation under real-time MR
monitoring; (2) examine the short- and intermediate-term safety of the procedure; and (3) report the MR
imaging appearance of laser-mediated thermal ablation zones within the hippocampal complex.
Methods:
9
percutaneous
hippocampal laser ablation procedures
were performed under MRI in 8 patients
(3M & 5F, age= 19-64y, mean= 37y)
with intractable seizures originating in
the mesial temporal lobe. A laser fiber
with a 10-mm-long diffusing tip was
inserted in a 1.65-mm-diameter cooling
catheter (Visualase, Inc., Houston, TX).
The
laser
fiber/cooling
catheter
combination
was
inserted
stereotactically in the operating room.
The patients were then moved to an
interventional MRI suite equipped with a
wide, short bore 1.5T MRI scanner
(Siemens Espree, Germany). MR
imaging
with
MP-RAGE
(TR/TE/TI/FA=1900/3.5/1100/15°) was
used to confirm the laser fiber tip
position (Fig. 1A). Further confirmation was added by applying a test dose of laser energy (30 seconds at
4.5W) to verify the actual location of the ablation nidus on real-time temperature and cumulative damage
estimate mapping (TE/TE/FA = 24/10/30°). Subsequently, 980nm diode laser energy was delivered at the
target location with the treatment endpoint based on actual on-line thermal monitoring and damage
estimates of the growing ablation zone (Fig. 1B). Repositioning and additional ablation was conducted as
needed to encompass the entire area of the hippocampal head and anterior body.
Results: 4 right-sided and 5 left-sided ablation procedures were performed. A total of 23 thermal
ablation zones were generated (2-3 ablation zones per procedure). The duration of each ablation cycle
ranged between 56 and 295 seconds. Deployed laser energy ranged between 560 and 3540 Joules per
cycle. The achieved thermal ablation zone size reached up to 15 mm (short axis) x 40 mm (long axis).
Ablation zones demonstrated hypointense signal on T2WI surrounded by a thin hyperintense rim. This rim
demonstrated bright signal of restricted diffusion on DWIs and dark signal on ADC maps. Following
gadolinium administration, a thin rim of enhancement marginated the ablation zone (Fig. 1C). One patient
developed a small subdural hematoma. One patient developed visual field defect. Follow-up durations
ranged between 1 and 10 months. Seizures were eliminated in 4 patients while 3 patients experienced
recurrent seizure activity. One patient has not returned for follow-up yet.
Conclusion: This report demonstrates the feasibility of a minimally invasive alternative to surgical
amygdalo-hippocampectomy via percutaneous insertion of a cooled diode laser applicator followed by
temperature-controlled targeted energy deposition under real-time MRI monitoring within a dedicated
“interventional MRI” suite. Evaluation of safety and efficacy for seizure control await long-term follow-up
results on a larger cohort of patients. The previously reported MR imaging features of thermal ablation
zones in other organs do apply to hippocampal imaging following laser ablation.
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Imaging Genomic Mapping of Edema/Cellular Invasion MRI-Phenotypes in Glioblastoma
Multiforme

Rivka Colen, Tom Changlai, Ferenc Jolesz and Pascal Zin
ZĂĚŝŽůŽŐǇ͕DŶĚĞƌƐŽŶ͕,ŽƵƐƚŽŶ͕dy
ZĂĚŝŽůŽŐǇ͕ƌŝŐŚĂŵĂŶĚtŽŵĞŶΖƐ,ŽƉƐŝƚĂů͕ŽƐƚŽŶD

Abstract
Background: Despite recent discoveries of new molecular targets and pathways, the search for
an effective therapy for Glioblastoma Multiforme (GBM) continues. A newly emerged field,
radiogenomics, links gene expression profiles with MRI phenotypes. MRI-FLAIR is a noninvasive
diagnostic modality and was previously found to correlate with cellular invasion in GBM. Thus,
our radiogenomic screen has the potential to reveal novel molecular determinants of invasion.
Here, we present the first comprehensive radiogenomic analysis using quantitative MRI
volumetrics and large-scale gene- and microRNA expression profiling in GBM.
Methods: Based on The Cancer Genome Atlas (TCGA), discovery and validation sets with gene,
microRNA, and quantitative MR-imaging data were created. Top concordant genes and
microRNAs correlated with high FLAIR volumes from both sets were further characterized by
Kaplan Meier survival statistics, microRNA-gene correlation analyses, and GBM molecular
subtype-specific distribution.
Results: The top upregulated gene in both the discovery (4 fold) and validation (11 fold) sets
was PERIOSTIN (POSTN). The top downregulated microRNA in both sets was miR-219, which is
predicted to bind to POSTN. Kaplan Meier analysis demonstrated that above median expression
of POSTN resulted in significantly decreased survival and shorter time to disease progression
(P<0.001). High POSTN and low miR-219 expression were significantly associated with the
mesenchymal GBM subtype (P<0.0001).
Conclusion: Here, we propose a novel diagnostic method to screen for molecular cancer
subtypes and genomic correlates of cellular invasion. Our findings also have potential
therapeutic significance since successful molecular inhibition of invasion will improve therapy
and patient survival in GBM.
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MR-Guided Laser Ablation for Medically Refractory Seizures
Woodrum D.A., Watson R.E, Van Gompel J.J., Felmlee J.P., Gorny K.R., McNichols R.,
Worrell G.A., Marsh W.R.
5DGLRORJ\0D\R&OLQLF5RFKHVWHU0,
Purpose: To treat a patient with medically refractory right temporal lobe seizures and
mesiotemporal sclerosis with laser ablation of the right hippocampus.
Methods: In the intraoperative MRI suite, anesthesia was initiated and a Leksell head
frame attached. Localization MR images were obtained and planned trajectory
calculated. From a parietal approach, a twist drill craniotomy was made with dura
coagulation. A needle guide was placed and laser applicator with laser fiber inserted
with securing via a skull bolt. Arc and collar were removed from the head coil. Patient
was brought into the MR suite where imaging was performed to confirm laser applicator
position. Next, using continuous temperature mapping with proton resonance frequency
imaging and monitoring with the Visualase laser ablation system, laser ablation was
performed in the anterior hippocampus at 10Watts for 2 min, 15 sec. A FLAIR sequence
was performed to identify expected edema about the treated focus. The laser fiber was
pulled back 12 mm and second 10 Watt ablation was performed in the posterior
hippocampus for 3 min, 10 sec. Post-ablation gadolinium enhanced MRI demonstrated
a good ablation zone encompassing and conforming to the hippocampus without signal
abnormality or enhancement at the adjacent midbrain. Diffusion weighted imaging
demonstrated no restricted diffusion distant from the treated core. The patient was
brought out of the MR suite into the adjacent operating room where the laser applicator
was removed. Patient was extubated and recovered .
Results: Since the treatment (now 6 months), the patient, while on antiepileptic
medication, has remained entirely seizure-free. Post-procedure the patient was
monitored one night in the ICU and one night on regular hospital observation unit and
discharged on day 2 neurologically intact. The intraprocedural MR temperature with
calculated ablation zone by the Visualase system corresponded well with the postablation gadolinium enhancement and diffusion imaging measuring approximately 3.5 x
1.2 x 1.2 cm (Figure below).
Conclusion: MR-guided laser ablation offers a potential treatment option to open
anterior temporal lobectomy for patients with medically refractory seizures associated
with mesial temporal sclerosis.
Laser
Applicator

Calculated
Ablation
Zone
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Accessible Animal Models for Interventional Neurosurgery Training and Research
Benjamin P. Grabow1, Walter F. Block1, Samuel A. Hurley1, Karl A. Sillay1, Ethan K. Brodsky1
1
University of Wisconsin0DGLVRQ:,
Purpose - Research and physician training for image-guided neurosurgery relies heavily on the
use of tissue models that mimic the characteristics of in vivo human brains. Currently nonhuman primates (NHP) are often employed, but these models are very expensive as well as
personnel-intensive. A tissue model that is inexpensive, widely available, and requires minimal
personnel would be useful for procedure development, preliminary mock-ups in preparation for
full-scale NHP studies, and training of neurosurgeons. Our group is developing and testing an
image-guided therapy system[1] applied to Convection Enhanced Delivery (CED)[2] of brain
therapies. We present here our experience in developing a much simpler, cost-effective tissue
model suitable for many aspects of image-guided neurosurgical development.
Methods – For mimicking target planning, device alignment, device insertion, we are now
utilizing previously frozen then thawed beagle heads. Our veterinary school maintains a stock of
these frozen tissue samples for dental procedure training, and makes them readily available to
our group after use. The brain and head of this model mimics the size of the NHP model.
Gray/white matter contrast is compromised after freezing and thawing, so we investigated the
addition of a magnetization transfer (MT) preparation pulse [3] to gradient recalled imaging to
achieve gray/white contrast adequate for identification of relevant target brain structures. We
also investigated the suitability of this canine model as well as a freshly-sacrificed porcine model
for quantitative monitoring of CED infusion parameters.
Results – The canine model allowed us to execute all tasks involved in placement of a brain
catheter. The MT preparation pulse provided adequate gray/white matter contrast (Fig. 1) to
simulate in vivo procedures. The altered texture and resistance of the frozen and thawed brain
tissue resulted in irregular infusion cloud morphology (Fig. 2). The freshly sacrificed porcine
model allowed creation of infusion clouds more similar to those seen in our in vivo NHP
experience (Fig. 3). Though our ex vivo experiments are obviously simpler than in vivo
experiments, we are able to execute all aspects of an infusion in this model in a third of the time
of an in vivo experiment, with only two personnel. Previous in vivo NHP experiments required an
additional three animal care specialists and two MR technologists to comply with IACUC and
internal regulations. The cost of the canine model was 0.5% of the NHP model alone.
Conclusions - Advancing the field of image-guided neurosurgical procedures requires
appropriate tissue and animal models at each step of development and training. Utilization of
these canine and porcine models allows us to perform tasks analogous to those performed in in
vivo procedures, but at much lower cost and with much fewer personnel.
1.
2.
3.

Grabow, B.P., et al. in ISMRM. 2012. Melbourne.
Bobo, R.H., et al., Proc Natl Acad Sci U S A, 1994. 91(6): p. 2076-80.
Helms, G., et al. in ISMRM. 2011. Montreal.
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Integrated Engineering Solutions for MR Guided, Laser Thermal Ablation of Difficult-toTreat Intracranial Lesions
Richard Tyc, M.Sc., P.Eng. , K. Jeff Wilson, Ph.D.
Monteris Medical Inc, Canada

Purpose: A review of three challenging clinical cases with a focus on the engineered solutions
that provided the ability for neurosurgeons to achieve brain tumor treatment goals. Difficult, “nooption“ cases can result from problematic lesion locations, sizes, trajectories, tumor recurrence,
failed radiosurgery (SRS) or radiation necrosis. This paper will highlight how an integrated MRguided thermal ablation (LITT) system provided successful new treatment options.
Methods: 53 cases, including glioblastoma multiforme (GBM), radiation necrosis, astrocytoma
(AA) and metastatic lesions were reviewed, all treated with the NeuroBlate™ MRI guided
thermal ablation system. Often, the lesions were very large, in or near an eloquent area of the
brain or required a trajectory that presented difficulty for MRI guided placement and treatment.
Three cases will be used as examplars. Each will be reviewed with specific device
implementation details to demonstrate how such cases can be managed with MR guidance and
allow a treatment option in otherwise complex surgical cases.
Results:
Case 1: A patient with a 38x37x44mm GBM located near the basal ganglia was not a surgical
candidate due to tumor location. LITT was originally planned for treatment using two
trajectories. However, the second trajectory parameters and location were influenced by the
results of the first using real-time MR thermometry. The novel AXiiiS® trajectory guidance
device provided double trajectory fixation from the same mounting location. It allowed access
via only one new 4.5mm burr hole (the second path was via a previous biopsy burr hole.)
Case 2: A patient with a 47x35x32mm mesial, temporal AA was selected as a NeuroBlate case
due to tumor location and failed previous SRS. Three different trajectories were required for
maximum coverage using a single large burr hole (10mm) as the central point of access via the
AXiiiS device. Cumulative thermal damage function for each trajectory was critical in planning
successive dosage delivery.
Case 3: A patient with a left-sided, parietal glioma was not a surgical candidate due to difficult
tumor position. NeuroBlate was selected as the patient treatment option. The solution trajectory
was steeply inclined to Bo which typically results in interference using standard intra-operative
head coils. The novel AtamA™ head coil and patient stabilization system (including patient
carrier) fitted to a diagnostic MRI provided a solution for such a trajectory and also enhanced
patient transfer from OR to imaging suite.
Conclusion
MRI guidance both in a diagnostic and intra-operative setting was pivotal in all cases.
NeuroBlate, AXiiiS and AtamA represent an integrated engineering approach and create a
practical clinical solution for the management of difficult neurosurgical cases. These devices fit
in the new neurosurgery strategies and evolving paradigm shift towards MRI guided procedures.
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Interventional and Neurosurgery IMRI
S. Kottmeier, W. Schellekens, K. Champagne
IMRIS Inc., Winnipeg, MB, Canada

Purpose: The demand for IMRI scanning continues to grow. MRI Imaging is entering new fields and is
becoming more and more the technology of choice. Without ionizing radiation, MRI shows brilliant
contrast between soft tissues of the body.
Specialists in high-performance medicine such
as cardiology with treatment of arrhythmias by
catheter ablation and neurosurgeons are
becoming more aware that IMRI improves
patient outcomes. Often days after invasive
cardiology procedures and neurosurgery, when a
traditional MRI is completed, the surgical result is Figure 1. IMRIS Intra-Operative Coils
apparent. IMRI is the most powerful tool that
allows cardiologists and neurosurgeons to see the difference between healthy and diseased tissue in on
demand. When not used intra-operatively the scanner can be used for routine scans. This paper
evaluates the image quality between diagnostic and intra-operative scans.
Method: We used a 1.5T and 3T ceiling mounted IMRI system which was also equipped with a standard
diagnostic table and standard multichannel head and body coils. The images were performed on
volunteers which allowed us to perform scans on the same person with different coils and also different
magnet positions.
For OR cranial images we
used a special head fixation
device with an 8 channel
flexible head coil. For the
cardiac imaging position we
used specially developed 16 Figure 2. Comparison of MPRAGE and Flair Images in 8 Ch Diagnostic (left) vs Intra-Operative Coils
channel cardiac receive
coils, which could be integrated in the angiography table.
Results: Images generated on the same volunteer with identical imaging parameters using the different
coils and magnet position show the same image quality. Parallel imaging was used to reduce scan times.
Complete heart images in 3D Mode with ECG and breath gated triggering did not take longer than 7-10
Minutes. High resolution 3D MPRAGE images for the whole brain with Isotropic Voxel of 0.9 mm and
around 180 slices were acquired in 4 minutes. These images are suitable for intra-operative and postoperative purposes.
Conclusion: The multi-channel IMRI receive
coil technology allows scans in all imaging
directions with accelerated acquisition
technique (parallel imaging) without
compromising image quality. A 1.5 T or 3T
IMRI ceiling mounted system with special
developed IMRI coils provides the same high
resolution image quality as a stationary
diagnostic scanner.

Figure 3. Diagnostic (left) vs Intra-Operative Cardiac Images
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Title: Stereotactic surgery in an intraoperative MRI suite
Authors: Paul J. Schmitt MD, Robert C. Frysinger PhD, David Beech, W. Jeffrey Elias MD
Affiliations: Department of Neurosurgery, University of Virginia Health System, Charlottesville,
VA
Purpose
There is a growing interest to investigate anatomically-guided, stereotactic surgery compared to
the traditional techniques utilizing electrophysiology and clinical testing. In theory, the
intraoperative MRI suite provides an ideal environment for immediate assessment of the
anatomic position of electrode placement for epilepsy monitoring or for deep brain stimulation.
We sought to assess the feasibility of using an intraoperative MRI suite with biplane fluoroscopy
capability, for performing stereotactic procedures under general anesthesia instead of the usual
monitored anesthesia care.
Methods
Seven Patients were underwent stereotactic electrode insertion in the IMRIS suite while under
general anesthesia. These patients were unable to tolerate standard awake stereotactic
surgery due to severe dystonia (limiting the ability to maintain a seated position for more than a
few seconds), or anxiety, or claustrophobia. All patients underwent induction of general
anesthesia, followed by placement of a stereotactic frame, preoperative MRI, surgical
intervention, and postoperative imaging. Postoperative electrode assessment was obtained
immediately with Dynaspin CT and on the first postoperative day with MRI. These images were
fused with preoperative planning images, and the discrepancy in lead or electrode position was
measured. Accuracy data was recorded as a mean difference using Cartesian coordinates, as
well as vector differences.
Results
The mean deviations from the target as assessed by CT were X=-0.5 (SD 1.4), Y= -0.1(SD 1.7),
Z= -1.4 (SD 1.5), with a vector of 2.7 (SD 1.4). The mean deviations assessed by MRI were X=
-1.2 (SD 1.2), Y= -1.3 (SD 0.9), Z= 1.4 (SD 1.3), with a vector of 2.8 (SD 0.8).
Conclusions
An intraoperative MRI with biplane fluoroscopy provides an environment where the surgeon can
immediately assess the accuracy of invasive therapeutic or monitoring devices, when
anatomical targets are utilized rather than awake mapping methods.
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Title Impact of Intra-operative Surgical Planning Tractography on Operative Procedure
Authors Sanju Lama, Stefan Wolfsberger, Garnette R. Sutherland, Department of Clinical
Neurosciences and the Hotchkiss Brain Institute, University of Calgary.
Introduction Diffusion Tensor Imaging (DTI) provides 3D knowledge of white matter tracts,
fiber tracking and their relationship to surgical pathology. Image quality and definition is
dependent on magnetic and gradient field strengths. The importance of prior knowledge of the
white matter fiber tracts in relation to surgical lesion remains vital in the education of
neurosurgical trainees.
Methods In 2009, a 3T intra-operative MR imaging (iMRI) system (Siemens, Erlangen
Germany) was installed at the University of Calgary. This prospective study is based on 177
patients in whom DTI was acquired after anesthesia and patient positioning, prior to surgery.
Axial DTI (20 diffusion direction) were acquired with 230mm field of view, 1.8X1.8X4 mm
voxel size, 25 axial slices, 4-mm slice thickness, TR=4000 ms and TE=107 ms within a mean
time 4min 26 sec. In conjunction with post processing of axial T1 MPRAGE images in Neuro 3D
application, intra-operative fiber tracking was accomplished using seed points placed either
along known white matter tracts or adjacent to the surgical pathology. 3D reconstruction was
performed (Siemens software) to illustrate the relationship of fiber tracts to the lesion. Changes
to the planned surgical procedure were recorded and presented as craniotomy placement, change
in trajectory to the lesion or nature of surgical resection.
Results Among the 177 patients, 140 had neoplasm out of which 56 were intra- and 83 were
extra-axial, 21 had epilepsy, 12 vascular lesions, 2 radiation necrosis and 2 cerebral abscesses.
DTI sequences and demonstration of fiber tracts were acquired in 5-7 minutes. Of the 177
patients craniotomy placement was modified in one, surgical trajectory was altered by 20-90° in
eight and in twenty patients, fiber tracking modified the extent of resection or emphasized the
importance of maintaining the pia/arachnoid plane. In addition, in nearly every case, fiber
tracking provided an educational platform for discussing white matter anatomy and the
importance of its preservation during surgery.
Conclusions Intra-operative fiber tracking proved to be a valuable adjunct to neurosurgery
affecting surgery in up to 16% of cases. Furthermore fiber tracking performed at the time of the
surgical planning provided an excellent forum for the discussion of white matter anatomy
amongst resident and staff neurosurgeons.
Funding Supported by funding from the Canada Foundation for Innovation, Western Economic
Diversification, Canada and Alberta Advanced Education and Technology.
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Implantable Artificial Kidney: MRI and MDCT Assessment
Maythem Saeed1, Shuvo Roy2, Rishi Kant2, Alex Heller2, Jeremy C. Durack1,
Steven W. Hetts1, Loi Do1, Paul R. Brakemann3, William H. Fissel4, Mark W. Wilson1
Departments of Radiology and Biomedical Imaging1, Bioengineering and Therapeutic
Sciences2, Nephrology3, University of California San Francisco and Biomedical Engineering,
Cleveland Clinic, Cleveland, OH4
Background: Kidney disease is the ninth leading cause of death in the United States,
responsible for the death of more than 48,000 people in 2008. Current treatment is limited by
the availability of renal donors, time constraints for patients and high cost of hemodialysis.
Recently, investigators at UCSF, in collaboration with Cleveland Clinic, developed silicon
nanopore membranes (hemo-filter cartridge) as an implantable artificial kidney. The blood
compatibility of the device has been recently tested using computational fluid dynamics
simulations, bench-top experiments and in vivo swine model.
Purpose: To 1) test the MRI compatibility of the device in vitro using 1.5 and 3.0T field
strengths and 2) compare the potential of 64-MDCT in visualizing hemofiltration cartridge.
Methods: A scaled-down prototype was built using titanium and aluminum, and assembled with
solid silicon chips. The silicon surface was modified with a thin layer of polyethylene glycol
(PEG) to enhance hemocompatibility.
The device was imaged using 1.5T and 3.0T MR as well as 64-slice MDCT scanners (GE
Healthcare, WI). Long and short axis view images were acquired using T/R knee coil with the
following imaging sequences at 1.5T: spin echo cine (TE (ms)/TR (ms)/FA (degree)=1.8/3.6/70),
T2-weighted (TE/TR/FA=100/2/90), T2*-weighted (TE/TR/FA=3.5 1st followed by 12 echo
@2.7/3.6/20),
T1/T2
(for
fluid
imaging)=
(TE/TR/FA=1.6/3.5/60),
T1-weighted
(TE/TR/FA=1.5/5.2/15) and at 3.0T: spin echo cine (TE/TR/FA=1.8/3.6/70), T2-weighted
(TE/TR/FA=85/9000/90), T2*-weighted (TE/TR/FA=2/6/1220), Fiesta (for fluid imaging)=
(TE/TR/FA=2.2/6.9/65), T1-weighted (TE/TR/FA=9.3/985/15). For MDCT a helical scan at tube
voltage=120kV and tube current 100mAS was used. The device was imaged with and without
heparinized fresh blood or 1:10 dilution Gd- or iodide-based contrast media.
Results: The use of multiple sequences allowed the demonstration of all compartments of the
device, namely the nanopore membranes, frame and input/output catheters at baseline images.
No evidence of susceptibility artifacts was observed on both field strengths. However, the image
quality at 3.0T was better in visualizing the compartments compared with at 1.5T. The flow of
injected heparinized blood was well defined in each chamber. MR and CT contrast media
enhanced the blood signal and definition of each compartment. MDCT provided little information
on the architecture of the device (the membranes or catheters), but clearly demonstrated blood
flow and contrast media inside the compartments.
Conclusions: The implantable silicon nanopore membranes (hemo-filter cartridge) and its
frame are MR compatible, suggesting that this noninvasive technique can chronologically
monitor the functionality of the implantable device. On the other hand, MDCT is less useful for
repeated imaging assessment because of the radiation exposure to patients.
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7KH 5HDOWLPH 05 *XLGDQFH DQG 0RQLWRULQJ 3HUFXWDQHRXV &U\RDEODWLRQ RI
5HQDO 7XPRUV $ 3UHOLPLQDU\ 5HSRUW
/L &KHQJOL

0'

,QWHUYHQWLRQDO 05, 'LYLVLRQ 6KDQGRQJ 3URYLQFLDO 0HGLFDO ,PDJLQJ 5HVHDUFK ,QVWLWXWH
6KDQGRQJ 8QLYHUVLW\ -LQDQ &KLQD
Ǐ $EVWUDFW ǐ 2EMHFWLYH WR HVWDEOLVK LQLWLDOO\ WKH WHFKQLTXH DQG HYDOXDWH WKH VDIHW\ DQG
HIILFDF\ RI FU\RDEODWLRQ RI UHQDO WXPRUV E\ XVLQJ D SHUFXWDQHRXV DSSURDFK JXLGHG E\ DQ
LQWUDSURFHGXUDO RSHQ²FRQILJXUDWLRQ PDJQHWLF UHVRQDQFH LPDJLQJ V\VWHP 0HWKRGV ˖1LQHWHHQ
UHQDO WXPRUV GLDPHWHU UDQJH ±FP PHDQ  FP LQ  SDWLHQWV ZHUH WUHDWHG ZLWK 
FU\RDEODWLRQ SURFHGXUHV XQGHU WKH JXLGDQFH RI QHDU UHDO ü WLPH LPDJHV RI D 7
RSHQ²FRQILJXUDWLRQ 05 V\VWHP 3URYLHZ 3KLOLSV 0HGLFDO 6\VWHP PRXQWHG ZLWK RSWLFDO
WUDFNLQJ V\VWHP L3DWK  3KLOLSV 0HGLFDO 6\VWHP DW WKH DXWKRU¶V LQVWLWXWLRQ 7KHUH ZHUH
 PDOH DQG  IHPDOH ZLWK DQ DYHUDJH DJH RI  \HDUV UDQJH ± \HDUV  &U\RDEODWLRQ ZDV
SHUIRUPHG XVLQJ D KLJKüSUHVVXUH DUJRQ V\VWHP &U\Rü+LW V\VWHP ZLWK D GRXEOH IUHH]Hˋ
WKDZ F\FOHˊ$ ǃ RU  PP 05²FRPSDWLEOH FU\RSUREH ZDV DGYDQFHG LQWR WKH WDUJHW OHVLRQ
DFFRUGLQJ WR WKH VL]H RI WXPRUVˊ0HDQ GXUDWLRQ RI SURFHGXUHV ZDV  ± PLQXWHV
)ROORZXS G\QDPLF &7 DQG 05 LPDJLQJV ZHUH DGRSWHG WR HYDOXDWH WKH HIILFDF\ RI WKH
FU\RWKHUDS\ PHDQ  PRQWKV UDQJH ± PRQWKV  0HGLFDO UHFRUGV UHWURVSHFWLYHO\ UHYLHZHG
IRU HYLGHQFH RI UHQDO IXQFWLRQDO RXWFRPHV
5HVXOWV $OO SURFHGXUHV ZHUH FDUULHG RXW VDIHO\ DQG DFFXUDWHO\ ZLWKRXW DQ\ VHULRXV
FRPSOLFDWLRQV VXFK DV EOHHGLQJ VNLQ FROG LQMXU\ LQIHFWLRQ LPSODQWDWLRQ PHWDVWDVLV LQVLGH
WKH SXQFWXUH SDWK RFFXUUHG 7KUHH SDWLHQWV VKRZHG D UHVLGXDO WXPRU DW  ZHHNV  PRQWKV DQG 
PRQWKV DIWHU WKH ILUVW FU\RDEODWLRQ $OO RI WKHP UHFHLYHG DGGLWLRQDO FU\RDEODWLRQ ODWHU
UHVXOWLQJ LQ FRPSOHWH WXPRU QHFURVLV &U\RDEODWLRQ KDG QR LQIOXHQFH RQ UHQDO IXQFWLRQ LQ
RXU VWXG\
&RQFOXVLRQ ˖ 05JXLGHG SHUFXWDQHRXV FU\RDEODWLRQ RI UHQDO WXPRUV LV VDIH DQG PLQLPDOO\
LQYDVLYH 6KRUWWHUP IROORZXS UHVXOWV DUH HQFRXUDJLQJ DOWKRXJK ORQJWHUP IROORZXS LV
QHFHVVDU\ WR DVVHVV WUXH WUHDWPHQW HIILFDF\
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A Technique for MRI-Guided Percutaneous Laser Ablation of Hepatic Metastases:
Feasibility, Safety, and Initial Efficacy Results
1,2,4
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5
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1,4
Michael A. Bowen , Ashok Gowda , Bobbie Burrow , William C. Small , William E. Torres
1

Department of Radiology and Imaging Sciences, Emory University Hospital, Atlanta, GA, USA
Interventional MRI Program, Emory University Hospital, Atlanta, GA, USA
3
Division of Surgical Oncology, Department of Surgery, Winship Cancer Institute, Emory University, Atlanta, GA, USA
4
Emory University School of Medicine, Atlanta, GA, USA
5
Visualase Laser, Inc., Houston, TX
2

Purpose: To develop and evaluate an alternative technique to standard CT/US guided thermal ablations
of liver metastases, aiming at avoiding hepatic resections in the subset of patients with CT/US invisible
lesions, subcentimeter lesions, and/or lesions at challenging locations.
Methods: MRI-guided laser ablations were performed in 10 patients (6M, 4F, age=45-84y) with 14 liver
metastases (8 colon, 2 gastric, 2 melanoma, 2 neuroendocrine). Procedures were performed within an
interventional MRI suite equipped with 1.5T wide bore scanner. Interventions were performed within the
scanner bore while viewing real-time image updates on an in-room monitor. A laser fiber with 15mm
diffusing tip encased in 5.5 F cooling catheter (Visualase, TX) was inserted in the target lesion under
interactive visualization on a tri-orthogonal plane FLASH sequence (TE/TE=1220/1.92). A test dose of
diode laser energy (980nm,30sec,4.5W) was applied to verify the location of ablation nidus on real-time
temperature and cumulative damage estimate mapping(TE/TE=24/10). Subsequently, ablative energy
dose
was
delivered
with
treatment endpoint based on online thermal monitoring of growing
ablation. Fiber repositioning for
additional ablation was conducted
as needed. Final ablation was
evaluated
on
TSE
T2
(TE/TE=3000/84) and enhanced
TSE T1(TE/TE=436/4.4) in 3
planes.
Results: Accurate targeting was
achieved in all tumors regardless
of size and location. Target tumor
sizes
were
0.9-2.7
cm
(median=1.6cm). Locations were
segment 4 (n=4), segment 5
(n=3), segment 6 (n=2), segment
7 (n=2), and segment 8 (n=3).
Complete ablation was achieved
in 1 session for each lesion.
Applied laser energy was 108013338J
per
lesion
(median=5910). Post procedure pain ratings were 0-7 (median=4.5). No complications were encountered
on follow-up durations of up to 6 months. Laser ablation zones demonstrated central iso-to-hypointense
signal surrounded by hyperintense/enhancing rim on T2&T1, respectively. Follow-up scans showed
involution of ablation zones. One patient with 2 ablated gastric sarcoma metastases underwent
subsequent resection of ablated zones during partial hepatectomy performed for additional lesions.
Pathology demonstrated complete necrosis of resected ablations.
Conclusion: Percutaneous focal laser ablation of subtle liver metastases under real-time MR-guided
fiber placement and temperature mapping is feasible, well tolerated, and effective on short and
intermediate term follow-up. The technique maintains a minimally invasive option for treating liver
metastases that cannot otherwise be approached under CT or ultrasound guidance.
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MR guided laser ablation of solid abdominal and pulmonary tumors
Kirk J Giesbrandt, MD1, Eric M Walser, MD2, Ashok Gowda, PhD3, Anil M Shetty, MBBS3
1
Department of Radiology, Mayo Clinic, Jacksonville, FL; 2Department of Radiology,
University of Texas Medical Branch, Galveston, TX; 3Visualase, Inc., Houston, TX
Purpose
Evaluate the adequacy and safety of laser-induced interstitial thermal therapy (LITT) in
the treatment of abdominal and pulmonary tumors
Methods
We evaluated the use of MR-guidance and real-time thermometry to ablate solid mass
lesions using 1-3 30 watt diode lasers emitting 980nm wavelength energy from 600
micron laser fibers. From 5/2010 to 8/2011 we treated 21 patients (6 kidney, 12 liver, 2
lung, and 1 prostate) with solid mass lesions using the Visualase laser system
(Visualase, Inc. Houston, TX) with MR-guidance and temperature monitoring (CT
guidance used for lung lesions). Procedures were performed under general anesthesia.
The mean tumor size was 2.6 cm (range 1.2 – 4.0 cm). For each ablation, the laser
delivered 15-30 watts for a mean of 110 seconds (range 90-180 sec). We used a single
laser fiber in 8 cases, 2 fibers in 11 cases, 4 fibers in one case, and 5 fibers in one case
to perform 2-10 (mean 4.2) ablations per tumor. Clinical and imaging follow up was
obtained at approximately 3 months post procedure.
Results
Three months after ablation, there is no residual tumor by MR examination in six
patients. Seven patients (3 liver, 3 kidney, and 1 lung) have residual tumor. One of the
residual kidney tumors was a planned incomplete ablation due to the excessive tumor
bulk. The mean size of tumors with residual disease was larger (3.5 cm in liver, 3.3 cm
in kidney, and 3.3 cm in lung) compared with those without residual/recurrent disease
(2.2 cm in liver, 2.2 cm in kidney, and 1.2 cm in lung). Complications included short term
bladder catheterization for blood clots after renal ablation, thermal ureteral stricture,
hematoma in ablation bed, pain requiring oral narcotics, and asymptomatic
pneumothorax requiring chest tube placement.
Conclusions
Laser ablation with MR guidance and temperature mapping allows precise thermal
destruction of solid organ lesions. Follow up imaging is mandatory to assess for residual
disease. Larger tumors (>3 cm) have a higher rate of residual disease (7 of 8 patients or
88% with residual tumor; 1 with planned residual disease), however tumors 3 cm and
under respond adequately (2 of 13 patients or 15% with residual tumor). Minor
complications were encountered in 33% of ablations.
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Molecular MR imaging for end-of-range verification of proton beam therapy
in liver tumor patients
Ovidiu C. Andronesi1*, Christian Richter2, Thomas Bortfeld2, John Wolfgang2,
Alexander Guimaraes1, Theodore Hong2, and Joao Seco2
1

Athinoula A. Martinos Biomedical Imaging Center, Department of Radiology, and
2
Francis H. Burr Proton Therapy Center, Department of Radiation Oncology,
Massachusetts General Hospital, Boston, MA

Purpose
High-dose conformal proton radiotherapy can be very effective for the treatment
of hepatic malignancies. However, the uncertainty in the distal region of the
proton Bragg peak may lead to suboptimal irradiation. Verification of proton endof-range is necessary in order to optimize the correspondence between the
planned and delivered radiation dose, and hence improve clinical outcome. Our
aim is to probe proton end-of-range in vivo using molecular MR imaging.
Methods
We employed molecular MR imaging methods based on T1 contrast in the
rotating frame (T1rho), MR spectroscopic imaging and apparent diffusion
coefficient (ADC) for probing the dose delivered in patients with metastatic liver
tumors. Patients receiving hypo-fractionated proton therapy (5 fractions within 2
weeks) were imaged two weeks before therapy, at 5 and 10 days after start of
therapy, and than at the 2-3 months clinical follow up. Molecular MR images
were registered to the planning CT by non-rigid image registration and
differences between pre-therapy baseline and post-therapy scans were
compared against the planned dose map.
Results
Molecular MRI provides biomarkers that are more specific for the effects of
proton radiotherapy on tissues as compared to conventional MRI which has been
mostly used to date. Biomarkers that are obtained from molecular MRI are
quantitative and can be better connected with the dose delivered.
Conclusions
Our understanding of the interactions between proton radiation and tissues can
be advanced through the use of mechanistic biomarkers obtained from in vivo
molecular MR imaging. This knowledge can be used in turn to optimize and
design better treatment plans which ultimately may benefit the patients.
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Intraprocedural High Field MRI Imaging In Breast Conserving Surgery:
Initial Clinical Experience
Eva C. Gombos,1 J. Jayender,1 Mehra Golshan,2 Kirby G. Vosburgh,1 Diana Caragacianu,2
Daniel Kacher,3 Angela R. Kanan,1 Janice Fairhurst,1 Ferenc A. Jolesz1
Departments of Radiology1, Surgery2, Biomedical Engineering3
Brigham and Women’s Hospital, Harvard Medical School, Boston, MA, USA
Purpose. Breast conserving surgery (BCS) supplemented with whole breast radiation is a
standard approach for managing early stage breast carcinoma. We hypothesize that intraprocedural magnetic resonance imaging (MRI) will provide image-based characteristic
biomarkers to 1. Delineate normal vs. malignant tissue, 2. Show tumor margins and localize
residual disease, and 3. Permit more precise excision to achieve histological negative tumor
margins and obviate a second operation. We are testing these hypotheses in the Advanced
Multimodality Image Guidance Operating (AMIGO) Suite at Brigham and Women’s Hospital
(BWH), with support from the NIH National Center for Image-Guided Surgery (P41 EB015898).
Methods: All enrolled patients in this Institutional Review Board approved, HIPAAcompliant pilot study have biopsy confirmed invasive Stage I or II breast cancer. Prior to
surgery, breast imaging was performed as standard at BWH: contrast-enhanced prone bilateral
MRI using a 3T MRI scanner with a 7-channel InVivo Corp. breast coil. Non-palpable lesions
were marked through placement of a localization wire. In the AMIGO surgery suite, supine
scans of the patient were made with an IMRIS 3T movable MRI using 3D T1-weighted
Volumetric Interpolated Breathhold Examinations, repeated with various delays after gadolinium
contrast injection to provide dynamic contrast enhancement data. These scans were made
before the procedure and post-lumpectomy, with the resection cavity closed and saline filled.
Results: Overall, the patient setup and imaging worked well; the surgical and radiology
staff were able to work efficiently. The first patient had a successful procedure: negative
margins after the surgical “shave margins” step, with no complications. The images were of
good quality. Significant swelling of the breast tissue (edema) was observed, it was easily
distinguished from contrast enhancement using subtraction and computed aided diagnosis
techniques. The saline-filled resection cavity margin wall was well defined, with no apparent
iatrogenic features such as artifact from cautery.
Conclusions: Intraprocedural MR imaging may be easily integrated into the breast
conserving surgery workflow; good quality images may be obtained both pre-procedurally and
during the procedure with the potential to guide further resection of cancer. Pre-procedure
supine imaging may be of immediate utility in helping the surgeon visualize the tumor location,
since the breast shape is different from the diagnostic scan. Robust detection of residual tumor
will require additional study, including patients with different types of breast cancer, and the
optimization of the timing of post-contrast-injection scans to match the diagnostic study.

Diagnostic Scan (prone)

Pre-procedure and Intraprocedure Scans (supine)
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A novel SONICATOR f or in v itro stud ies o f f ocused ultrasound me diated release of
NANO-ENCAPSULATED DRUGS for MRgFUS pre-clinical research
Doudou Xu1,2,Andreas Melzer1,Lijun Wang1,Sandy Cochran1, Mariana Bobeica1,Paul
Prentice1,Bjoern Gerold1,2,Dana Gourevich1,2,Jallal Gnaim2,Fabian Arditti2, Alex Volovick1,3
1
Institute for Medical Science and Technology, University of Dundee, Dundee, UK;
2
CapsuTech Ltd, Nazareth, Israel; 3InSightec, Haifa, Israel
Purpose: Reducing systemic toxicity while improving drug uptake of cancer cells are
important goals of targeted drug delivery (TDD) for cancer treatment. Ultrasonic drug release
from various encapsulants has been a focus of many research groups. However, a single
standard ultrasonic device viable for use by bioscientists is not yet available. We have
developed a sonicator that is designed to allow investigation of the impact of ultrasound on
cell viability and drug uptake in-vitro at the nano-scale. The device comprises a
single-element transducers with different operating frequencies are mounted below a
standard 96-well plate. Sugar-based drug carrier (CapsuTech, Nazareth, Israel) was
synthesized and used as encapsulating agent for Doxorubicin (Dox) in this study.
Methods: 96 well micro-plates can be moved above transducers, such that each line of wells
can be sonicated at a different frequency and other parameters can be varied, including
intensity, duty cycle (DC), pulse repetition time (PRT) and sonication duration (T). Human
cancer cell lines KB (nasopharyngeal epidermal carcinoma) and MCF-7 (breast cancer) were
treated with a 0.509 MHz transducer with a 6 mm focal area, with the application of various
PRTs and intensities with different DCs from 1% up to 30% and T from 30 s up to 20 min. Cell
viability was evaluated by the MTT assay 48h or 72h after treatment. Drug uptake assay was
performed by exposing cells to encapsulated Dox and sonication, and measuring
fluorescence intensity of cell lysates.
Results: DC up to 20%, with maximum intensity 80 W/cm2 and T up to 120s did not cause
obvious cell detachment; T up to 20 min with maximum 7% DC and intensity 80 W/cm2 did not
cause obvious cell detachment either. Optimized parameters for drug release were found to
be: Frequency = 0.509 MHz, T = 60 s, Intensity = 80 W/cm2, DC = 10% and PRT = 100ms
with the drug uptake value 4.6-fold higher than non-sonicated samples. The temperature rose
from 25ϨC to 37ϨC after sonication.
Conclusion: The transducer of the sonicator can generate adequately and precise
temperature raise of the wells to increase drug release and cell uptake without killing cells
themselves. Among the parameters, transducer intensity, duty cycle and sonication duration
appeared more dominant in affecting temperature increase. The work to clarify combination
effects from ultrasound such as cavitation is now under way. The sonicator presents a
low-cost, easy-to-use model for high through put in vitro studies.
Acknowledgments:
The research leading to these results has received funding from the European Community’s
Seventh Framework Programme (FP7/2007-2013) under grant agreement n° 230674
(Nanoporation project).
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7LWOH7HPSHUDWXUHFDOLEUDWLRQVWXGLHVIRU05JXLGHG)RFXVHG8OWUDVRXQG6XUJHU\
$XWKRUV7LPXU6DOLHY,RDQQLV.DUDNLWVLRV+HOHQ0F/HRG$QGUHDV0HO]HU
$IILOLDWLRQ ,QVWLWXWH IRU 0HGLFDO 6FLHQFH
.LQJGRP

 7HFKQRORJ\ 8QLYHUVLW\ RI 'XQGHH 8QLWHG


3XUSRVH
0RQLWRULQJ RI WHPSHUDWXUH GXULQJ 05JXLGHG )RFXVHG 8OWUDVRXQG 6XUJHU\ 05J)86  LV
FULWLFDO IRU HIIHFWLYH DEODWLRQ RI WXPRXU WLVVXH 2QH RI WKH PDLQ DSSURDFKHV IRU WKHUPDO
GRVLPHWU\LV05LEDVHG3URWRQ5HVRQDQFH)UHTXHQF\ 35) WHPSHUDWXUHPDSSLQJ,QRUGHU
WR HVWDEOLVK DQ DFFXUDF\ RI WKLVPHWKRG ZH FRQGXFWHG VWXGLHV E\ H[SORLWLQJWKHILEHU RSWLF
WHPSHUDWXUH PHDVXULQJ GHYLFH )R7(03 $VVLVWDQW  IRU SDUDOOHO WHPSHUDWXUH PRQLWRULQJ
GXULQJVRQLFDWLRQ

0HWKRGV
([SHULPHQWVZHUHSHUIRUPHGRQ+,)8PDFKLQH ([DEODWH8)V\VWHP,QVLJKWHF,VUDHO 
XQGHU05VXSHUYLVLRQ 6LJQD+'H7HVOD*(+HDOWKFDUH 7KHILEHURSWLF*D$VWKHUPR
SUREHV )R7(03 ZHUHSODFHGLQVLGHWKHJHOSKDQWRP 4$3KDQWRP,QVLJKWHF,VUDHO ZLWKLQ
WKH DUHD RI VRQLFDWLRQ 'LIIHUHQW DFRXVWLF HQHUJLHV ZHUH DSSOLHG WR WKH SKDQWRP DV  -
 - DQG  - ZLWK XOWUDVRXQG IUHTXHQF\  0+]  7UHDWPHQW WLPH ZDV DV  VHF
7HPSHUDWXUHZDVPRQLWRUHGE\XVLQJ35)PDSSLQJDQG)R7(03$VVLVWDQWVRIWZDUH

5HVXOWV
7KH DXJPHQWDWLRQ RI DSSOLHG HQHUJ\ UHVXOWHG LQ LQFUHDVH RI WHPSHUDWXUH LQ WKH IRFDO SRLQW
7KLV FRUUHODWLRQ ZDV GHWHFWHG E\ WZR PHWKRGV RI WHPSHUDWXUH FRQWURO 05,EDVHG 35)
WHPSHUDWXUH PDSSLQJ DQG E\ ILEHU RSWLF V\VWHP DV ZHOO )RU DFRXVWLF HQHUJ\  - WKH
GLIIHUHQFHEHWZHHQEDVDOWHPSHUDWXUHDQGPD[LPDOSHDNZDVIRU35)PHWKRGDV&
6'    DQG )R7(03 V\VWHP ZDV  & 6'    7KH UHVLGXDO EHWZHHQ WKRVH
YDOXHVZDVMXVW7KHVLPLODUUHVXOWVZHUHGHWHFWHGIRUKLJKHUDFRXVWLFHQHUJLHV -
DQG  -  ZKHUH WKH GLIIHUHQFHV EHWZHHQ WHPSHUDWXUH GDWD IURP 35)PHWKRG DQG
)R7(03PHDVXULQJV\VWHPZHUHDVDQGUHVSHFWLYHO\

&RQFOXVLRQ
7KHGHWHFWHGPLQLPDOGLIIHUHQFHEHWZHHQPHDVXUHPHQWVPDGHE\05,EDVHG35)PHWKRG
DQG ILEHU RSWLF V\VWHP )R7(03 $VVLVWDQW  FOHDUO\ LQGLFDWHV WKDW WKH 35)WHPSHUDWXUH
PDSSLQJLVDFFXUDWHDQGUHOLDEOHPRGDOLW\IRUWHPSHUDWXUHFRQWUROGXULQJ05J)86WUHDWPHQW
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INVESTIGATION OF

CAVITATION DETECTION FOR MRGFUS

Bjoern Gerold1, Andreas Melzer1, Paul Prentice1
1

Institute for Medical Science and Technology, University of Dundee, Dundee, United
Kingdom

Purpose
Cavitation in Focused Ultrasound Surgery (FUS) is generally avoided as it can result in
collateral damage to healthy tissue out with the target volume. Acoustic cavitation is a
stochastic phenomenon that can evolve very rapidly at the high intensities typically employed
for a FUS procedure. Cavities act to strongly scatter incident acoustic energy, resulting in
malformed and unpredictable lesions. Recently however, a number of publications have
speculated as to the potential for cavitation to mediate a number of enhanced therapeutic
effects, including tissue permeabilisation for drug delivery and very rapid ablation. The
realisation of this potential demands a much better understanding of cavitation evolution,
particularly over the first few hundred cycles of ultrasound exposure.
Methods
We report on the development of an instrument for hybrid ‘sonoptic’ cavitation studies. A
focused ultrasound transducer is housed in a custom-built chamber, which permits optical
access to the focal volume, without perturbing the propagating acoustic field. This
configuration allows pulsed-laser irradiation of the fluid at the focus, and simultaneous highspeed observation of resulting cavitation activity in this region. The laser pulse enables us to
control very accurately the spatial and temporal coordinates of the cavitation event. We
detect the acoustic cavitation noise with electrical shielded hydrophones proven
experimentally to be compatible with an MRgFUS system such as Exablate (Insightec Ltd).
Results
This experimental set-up allows the observation of single cavitation events from the very start
of the nucleation process up to the development of a full grown cavitation cloud. It is evident
that at different acoustic regimes the process has characteristic features that can be
identified and possibly related to acoustic emissions.
Conclusions
It is evident that the need of acoustic monitoring in parallel to MRI-thermometry is very
important for a successful FUS treatment. The technique described here allows cavitation
cloud evolution in focused ultrasound to be experimentally studied at unprecedented
resolution. We anticipate that these and future observations will underpin a substantial
improvement in the current understanding of the phenomenon in fields such as those used
for FUS. Future work will include a full exploration of the influence of various ultrasound
parameters on cavitation activity.

MI=0.9

MI=3.6

MI=7.2

Figure 1 Cavitation cloud evolution in focused ultrasound field at different mechanical indexes. Scale bar 200 µm.
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Simultaneous temperature and cavitation activity mapping with an integrated
MR and US imaging system
Costas D. Arvanitis and Nathan McDannold
Department of Radiology, Brigham and Women's Hospital, Harvard Medical School, Boston,
Massachusetts, USA
Purpose
Thermal ablation and cavitation-enhanced delivery of pharmaceuticals are presently the most widely
explored therapeutic applications of focused ultrasound (FUS). MR imaging and thermometry can guide
and asses the progress and safety of thermal ablation, whereas passive ultrasonograhy, a imaging method
to map cavitation activity, have been suggested as a means to guide and assess cavitation-induced effects.
As focused ultrasound is maturing rapidly with a wealth of novel approaches to treat cancer,
neurodegenerative and vascular diseases currently at preclinical evaluation, there is a quest to monitor,
optimise and ensure the safety of the treatments. The vast majority of these approaches exploit either
acoustic cavitation - a manifestation of mechanical effects, or viscous heating - a manifestation of thermal
effects, or both. Here we show the development of a dual modality approach (MR and US) that allows,
simultaneous assessment and localization of the effects of therapeutic ultrasound.
Methods
A 128-element (82 mm) linear US array (central frequency: 3.5 MHz) was incorporated to a 30 cm
hemisphere 1024-channel therapeutic phased array (ExAblate 4000, InSightec, Haifa, Israel) that was
developed for MR guided brain surgery within a clinical 3T MRI (GE). The linear array was connected to
a research US imaging engine (Verasonics Inc., Redmond, WA) through the MR penetration panel. A
tissue-mimicking phantom was placed in the focal region of the therapeutic transducer and sonicated at
multiple non-overlapping locations. The data sets from the two modalities were acquired synchronously.
The MR temperature and passive cavitation maps were formed offline and registered using fiduciary
markers.
Results
The temperature elevation in the presence of cavitation activity ranged from 10°C to 40°C and was
confined to the targeted locations. The passive US imaging recorded during sonication clearly depicted
cavitation activity at the targeted region. The cavitation location with respect to three targeted locations in
the transverse (resolution §0.6 mm) and axial (resolution §7 mm) directions of the US probe, as it was
determined from 20 cavitation maps per sonication, were 1) -3.1 ± 9 mm 3.5 ± 6.9 mm 2) -0.7 ± 3.8 and 1.6 ±1.8 mm and 3) 6.5 ± 11.3 mm and 1.8 ± 7.8 mm respectively. During the sonication of the last target
the cavitation maps revealed cavitation activity at all of the previously sonicated points (same MR and US
plane) whereas temperature elevation was observed only at the targeted location.
Conclusions
Parametric images that depict thermal and mechanical effects of FUS have been obtained and used to
simultaneously assess and localize the thermal and mechanical effects of focused ultrasound. The results
clearly demonstrate that this dual modality approach may enable improved safety monitoring, guidance of
cavitation-based therapies, and provide the means to optimize and potentially accelerate ultrasound
therapies. The application of the integrated MR-US imaging system to other therapeutic approaches is
envisioned.
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CHARACTERISATION AND SIMULATION OF TAVI PROCEDURES. IS IT POSSIBLE TO
CONVERT TO MRI GUIDANCE?
AUTHORS: Fabiola Fernández-Gutiérrez1, Ole J. Elle2, Daniel Wendt3Andreas Melzer1
1
Institute for Medical Science and Technology (IMSaT), University of Dundee, UK
2
The Intervention Centre, Oslo University Hospital, Oslo, Norway
3
West-German Heart Center Essen, Germany
ABSTRACT
PURPOSE: The integration of different imaging modalities in a unique Multi-Modaltiy Image
Guided Therapy Operating Suite (MITOS) is one of the major ambitions in minimally invasive
surgery. Workflow analysis, modelling and simulation techniques are essential to achieve a
better understanding of the procedures and to test different alternatives on the quest for an
optimal workflow description of the interventions in the complex environment of Navigation,
Robotics in Ultrasound, MR and PET/CT. We present the case study of Transcatheter Aortic
Valve Implantation (TAVI). Through discrete-event simulation (DES) we aim to analyse different
scenarios, from X-ray/US to MRI guidance.
METHODS: This study is based in 6 TAVI procedures collected at The Intervention Centre (IC)
at Oslo University Hospital (Oslo, Norway). A carefully methodological framework was designed
for data collection and management. Records include exhaustive information about staff roles
interactions, anaesthesia procedures, supplies used, events log, etc. Records were analysed
statistically and a study of possible mathematical relations between TAVIs’ events was
undertaken. For validation purposes, several simulations over the special angiography suite at
IC were implemented in Delmia Quest. Other scenarios with Magnetic Resonance Imaging
(MRI) guidance facilities were implemented in order to simulate TAVIs. These include the MRI
suite in the IC with an MRI scanner room and an intervention room connected through a sliding
door, the Clinical Research Centre (Ninewells Hospital, Dundee, UK) that counts with a MRI
scanner room, a PET/CT scanner room and an intervention room and the intervention area for
research purposes of the Institute for Medical Science and Technology (IMSaT, Dundee, UK).
RESULTS: The characterisation over the records reveals high variability for some of the phases
of the procedure, e.g. guidance to area of interest with a Mean=24.500 min and SD=26.18524
min. The mathematical analysis over the relations shows independence between events
durations. This means that it is possible to perform a re-design of procedures when we change
from an X-Ray driven environment to a scenario that integrates different imaging modalities
under MR guidance. A realistic model of TAVI interventions has been validated through
simulations on Delmia Quest for the angiography suite of The Intervention Centre, Oslo
University Hospital (IC).
CONCLUSSIONS: Due to time restrictions, the number of procedures analysed is small, so this
brings some limitations to the models. Further data are currently being collected to improve the
accuracy of the models. Nevertheless, this study reveals better understanding of the TAVI
procedures to facilitate planning of MR guidance and improvement of current workflow. Redesign of the procedures will be performed to implement simulations on the scenarios with MRI
guidance facilities mentioned above and we are validating the procedures on human cadaver
and porcine animal models.
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MR-Guided Sclerotherapy: Intra-procedural Visualization Vascular Malformations
using Contrast-Prepared SSFP
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Jonathan S. Lewin , Clifford R. Weiss , Daniel A. Herzka
1. Department of Biomedical Engineering, The Johns Hopkins University School of Medicine, Baltimore, MD,USA,
2. Department of Radiology, The Johns Hopkins University School of Medicine, Baltimore, MD, USA
3. Siemens Corporation, Corporate Research and Technology, Baltimore, MD, USA
4. Vascular and Interventional Radiology, The Johns Hopkins University School of Medicine, Baltimore, MD, USA

Purpose: Low-flow vascular malformations (VMs) are congenital lesions that cause pain,
cosmetic disfigurement, functional impairment, and bleeding. Currently,T2-weighted fat
suppressed turbo spin echo imaging (T2W TSE) is the best technique for diagnostic visualization
of the extent and location of VMs.1 However, interventional radiologists typically use ultrasound
(US) and X-ray angiography for needle guidance during sclerotherapy. Though real-time MRI
has been shown to overcome many of the limitations in US and X-ray angiography2, current
T2W TSE is too slow for interventional guidance. On the other hand, fast, high SNR imaging
techniques such as balanced steady-state free precession (bSSFP)3, do not have the desired
contrast or fat suppression to accurately visualize VMs during the needle placement of
Sclerotherapy (Fig 1). Here we present a new technique, Contrast-Prepared SSFP (CP-SSFP),
for visualization of VMs during needle placement as part of MR-guided sclerotherapy.
Methods:
CP-SSFP
uses
variable flip angle SSFP to
establish T2 contrast (derived
from TIDE4) with the addition of
modified spectrally selective
SSFP (S5FP)5 and a new
inversion recovery scheme for Fig. 1 Representative images from a VM patient. A) 20s breath-hold
robust
fat
suppression6, T2W-TSE (TEeff=81 ms, TR=5 o s). B) free-breathing bSSFP
(TR/TE=3.2/1.6 ms, flip angle=60 , frame rate=4 FPS). C) freeachieving a high frame rate with breathing CP-SSFP (TR/TE=3.2/1.6 ms, frame rate=3.3 FPS).
good T2 contrast. T2-weighting is
customizable, as is the degree of fat suppression via selection of flip angles in bSSFP train. For
needle guidance, 2-3 slices were interleaved in time. All experiments were carried out at 1.5T
(MAGNETOM Espree, Siemens Healthcare). Healthy subjects (N=5) and VM patients (N=2)
were imaged to compare the visualization of long T2 tissues (e.g. bladder) and VMs with current
gold-standard imaging sequences (HASTE)1 and guidance sequences (bSSFP). CNR efficiency
(CNR divided by square root of the scan time) was determined. Interventions in swine (N=2)
were used for needle guidance assessment.
Results: CNR efficiency values: Bladder-muscle: 39±0.3 (HASTE) vs. 44±1.0 (CP-SSFP); VMmuscle: 7 (bSSFP) vs. 53 (CP-SSFP); VM-fat: -7 (bSSFP) vs. 50 (CP-SSFP).
Conclusions: CP-SSFP demarks VM with contrast comparable to HASTE, and superior to
bSSFP. During needle guidance, CP-SSFP
clearly delineated the swine renal collecting
system (long T2) and needle in oblique axial
and coronal planes. (Fig. 2) CP-SSFP is
capable
of
visualizing
VMs
during
interventional
procedures
including
concurrent accurate depiction of needle
placement.
CP-SSFP
represents
an
interventional real-time MR sequence with
customizable contrast and fat suppression.
Funding: This work was funded in part by Grant
UL1RR025005 and Siemens Healthcare. References: 1.
Legiehn, Sem. Inter. Rad. 2010; 2. Legiehn, Rad. Clin. North
America 2008; 3. Weiss, ISMRM 2011; 4. Hennig, MRM
2002; 5. Derbyshire MRM 2005; 6. Lauenstein, JMRI 2008.

Fig. 2 Real-time-interleaved (a) oblique axial and (b)
oblique coronal images acquired with CP-SSFP of swine
renal collecting system in a needle guidance experiment.
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An MR-compatible 3D Monitor for Real-time Stereoscopic MRA
Alexander Brunner1,§, Jens Groebner1,§, Wolfhard Semmler1, and Michael Bock1,2
Dept. of Medical Physics in Radiology, German Cancer Research Center (DKFZ), Heidelberg, Germany,
2
Department of Radiology - Medical Physics, University Hospital Freiburg, Freiburg, Germany,
§
contributed equally to this work

Purpose
For safe and precise intravascular interventions, a full 3D visualization of blood vessels is
required. Stereoscopic imaging techniques [1, 2] provide stereo image pairs which can be
viewed with a dedicated stereoscope to delineate the three-dimensional vasculature in realtime (3D depth perception). To perform a stereoscopic passive catheter tracking experiment
in a vessel phantom, an MR-compatible 3D LCD monitor was built and tested in the magnet’s fringe field.
Methods
Pulse Sequence: A stereoscopic double echo (DE) FLASH sequence with view tilting between the two echoes [2] was implemented on a clinical 1.5 T MR system (Magnetom Symphony, Siemens). For background signal suppression dephasing along the slice excitation
direction was implemented (unbalanced slice selection gradient).
3D Monitor shielding: An MR-compatible 3D monitor was constructed from a polarizationbased 21.5” color TFT-LCD monitor (M215HW01-V7, AU Optronics) and a custom-made
RF-shielded housing. The monitor was connected to a PC via a 10 m-long RF-shielded signal cable. A standard HDMI connection was used and the power supply was removed to be
able to place the 3D-Monitor near the magnet bore. The cold cathode fluorescent lamp
(CCFL) backlight of the original 3D monitor was replaced by a non-magnetic backlight composed of 160 white SMD-LEDs. The TFT-LCD was shielded by an aluminum mesh (Emil
Lux) which does not affect the screen polarization. No further modifications were necessary
for the MR-passive polarization goggles.
Catheter Tracking: A 9 F catheter was inserted into a vascular flow phantom connected to a
peristaltic pump (15.6 ml/s flux). DE-FLASH stereo image pairs (TR/TE1/TE2 = 4.0/1.3/2.5
ms; Į = 20°; FOV = 270×360 mm²; matrix = 152×256; slice thickness = 30 mm; BW = 1030
Hz/px; șstereo = 14°; PPF = 5/8; 75% asymmetric echo; 2/3 line sharing, dephasing length =
30 mm) of the phantom were acquired continuously during several 5 ml injections of a contrast agent solution (Gd-DTPA:H2O = 1:10). Left and right image data were automatically
transferred after image reconstruction to a separate workstation – here images were interlaced to be displayed on the 3D monitor in real-time.
Fig. 1: A) Aorta phantom. B)-C) Inverted
and color-coded stereo
image pair of a selected contrast agent bolus at the beginning of
the injection (red) and
at the end (green). D)
Experimental setup.

Results
During contrast enhancement the tip of the catheter was tracked at 1.3 fps, and the phantom
vasculature was clearly perceived as a 3D structure. The shielded 3D monitor was operated
successfully near the magnet’s bore without causing visible image artifacts. In the future the
image update rate will be further increased using real-time parallel imaging.
Conclusion
With the MR-compatible 3D monitor stereoscopic real-time MRA can be realized for MRguided intravascular interventions.
This work was supported by the German Research Foundation (DFG) under grant no. BO 3025/2-1.
[1] Guttman MA, et al. Magn. Reson. Med., 46:317-323 (2001)
[2] Brunner A, et al. MAGMA, DOI: 10.1007/s10334-012-0313-z
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Three-Dimensional Motion Analysis of Portal Vein
for Focal Spot Tracking
using Stereoscopic MR Images
E. Kumamoto1,2, S. Iwaoka2, D. Kokuryo3, T. Kaihara2 and K. Kuroda4,5
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Information Technology and Science Center, Kobe University, Kobe, Hyogo, Japan
2
Graduate School of System Informatics, Kobe University, Kobe, Hyogo, Japan,
3
Molecular Imaging Center, National Institute of Radiological Sciences, Chiba, Japan
4
Graduate School of Engineering, Tokai University, Hiratsuka, Kanagawa, Japan
5
Medical Device Development Center, Foundation for Biomedical Research and Innovation, Kobe, Hyogo, Japan

Purpose
The target tracking technique to “lock on” the focal spot is required for MRgFUS of
abdominal organ such as a liver. The technique based on relative displacements of portal
vein using sagittal MR images was effective to estimate foci [1,2]. In this study, we proposed
three-dimensional tracking technique of branch points using stereoscopic MR images of thick
slab.
Methods
Pairs of oblique plane images of healthy
volunteer’s liver were acquired by 3.0T MRI
(Signa EXCITE HDxt ver.16, GE Healthcare UK
Ltd.). with Fast Image Employing Steady state
Acquisition (FIESTA). Imaging conditions were
as follows: TR/TE, 4.8/1.9 ms; slice thickness,
40mm; pixel size, 1.37 x 1.37 mm2; field of view,
350 x 350 mm2; spatial matrix, 256 x 256; flip
angle, 90 degrees. The number of excitation
pulse before steady state was set 30 (default
value was 10) for an attempt to avoid a band
artifact. 32 image sets of stereoscopic images
were acquired under free and slow respirations. The parallax between two images was six
degrees. The coordinate values of the branch point shown as Fig.1 were extracted from each
image with image processing operations (Fig.2). The coordinate values in three-dimensional
space were computed based on the principle of binocular stereopsis.
Results
In this study, the coordinate values of the branch point were extracted with manually
because some branch points were could not extracted by the image processing operations.
Fig.3 shows the translate distance from the first position of the branch point of interest.
Conclusions
The results demonstrated the branch point could be tracked with the proposed
stereoscopic imaging and tracking technique. The sophisticated methods of image
processing should be considered for automatically extracting branch points.

References
[1] Kuroda K, Kokuryo D, et al.: Thermal Medicine; 23(4): 181-193, 2007.
[2] Kokuryo D, Kumamoto E, et al.: MRM 67(1): 156-163, 2012.
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Motion correction in intravascular MRI using projection reconstruction
Shashank S. Hegde and Paul A. Bottomley
Division of MR Research, Dept. of Radiology, Johns Hopkins University, Baltimore, MD.
Purpose: Consistency criteria were used earlier1 for motion compensation during projection
reconstruction MRI (PR-MRI). Here we show a method suitable for intravascular PR-MRI that
corrects for rigid body motion by tracking the location of active internal probes in every
projection. This reduces the sensitivity to motion from the time-scale of individual images to the
time-frame of each projections, or TR.
Methods: MRI of an orange was performed on a Philips 3T Achieva scanner using a loopless
antenna2 receiver with radial k-space traversal. The fruit was mechanically shaken (± 3mm)
during acquisition and the raw data Fourier transformed in one-dimension. Two methods were
explored for probe localization in the image-space projections: (A) Identification of high signal
intensity closest to the receiver, wherein the amplitude plot of each projection resembles a
volcano (Fig. 1a). The probe is identified as lying at the ‘crater’ in all projections (Fig. 1b). (B)
Identification of a signal phase-reversal
at the probe location in each and all
a
b
e
projections (Fig. 1d). For the loopless
antenna receiver, the signal phase
direction reverses diametrically and
abruptly across the probe (Fig. 1c).
The probe was located in each
c
d
projection and aligned using both
probe
B1
methods. An absolute-valued
reconstructed image was obtained
from filtering and backprojecting the
real and imaginary parts of the aligned
f
g
projections, and reconstructing the
image with the probe as its center.
probe
Results: Both the amplitude- and
phase-based methods produced
superior images compared to
conventional scanner reconstruction
(Fig. 1e, f), but some radial streaking
remains compared to a no-motion
image (Fig. 1g). While Method B
Fig. 1 (a) Amplitude of projection with ‘crater’ at the probe
performed marginally better, Method A
location visible in one row of a stack (b) of two-hundred
is more general and can be used with
projections. Each row represents a radial projection at different
intravascular probes (e.g. loops) that
azimuthal angles spanning 180°. (c) Field direction reversal for
are employed for both transmission
loopless antenna causes a rapid phase shift at probe location
and reception as in MR endoscopy3.
visible in (d) stack of the phase of projections. (e) Scanner
Conclusions: Compensating for rigidreconstruction of projections (b) and (d) above. (f) Phase
change method used to align projections and reconstructed
body motion by sensing phase
using filtered-backprojection. Gross shape, dark center and
reversals and/or amplitude changes
some segments of orange are visible when compared with (g)
effectively reduces motion artefacts on
no-motion image (radial FFE, # spokes 200, in-plane Cartesian
the time-scale of individual projections
resolution 250Pm, TR/TE=15/6 ms, FA 20°.
in projection-reconstruction MRI.
References: (1) Glover GH, Noll DC, Magn
Reson Med 29: 345-351 (1993). (2) Ocali O, Atalar E, Magn Reson Med 37 (1): 112-118 (1997). (3) Sathyanarayana
S, Bottomley PA, Med Phys 36 (3): 908-919 (2009). Supported by NIH grant R01 EB007829.
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Ablation Catheter and EP Recording System for MR Guided Interventions
7RP/OR\G6WHYH:HGDQ'DQ6XQQDUERUJ*UHJJ6WHQ]HO
,PULFRU8QLWHG6WDWHV

Purpose
We report on a magnetic resonance (MR) compatible ablation catheter and electrophysiology
(EP) recording system. The system is designed for use in 1.5T closed bore scanners and
imposes no limitations on the catheter trajectory, scanner landmark, or patient position. The
catheter allows for all clinical scan protocols and is safe for use in Normal and First Level
Controlled operating modes. The ablation catheter and EP recording system provide the core
EP functionality of delivering stimulation, sensing intra-cardiac electrograms (EGM) and surface
electrograms (ECG), monitoring ablation tip temperature, and delivering transmural lesions via
an open irrigated tip electrode. Diagnostic and therapeutic procedures in the first series of
patients are complete, and clinical electrophysiology endpoints have been achieved.
Methods
The ablation catheter and EP recording system are designed to exploit the benefits of MR
guided interventions while providing capabilities comparable to conventional tools. To
accomplish this, catheter visualization and interactions with the static, gradient, and RF fields of
the MR are addressed in a manner that results in a clinical grade MR compatible catheter and
EP recording system while preserving the form and functionality of a conventional EP tools.
The design of the MR compatible catheter differs substantially from that of conventional
catheters. All ferromagnetic materials are removed to eliminate force and torque imposed by
the static field. Electrical isolation is provided between catheters to prevent the formation of
large inductive loops and coupling with the gradient fields. Metallic temperature sensors and
structural components are replaced with nonconductive materials to eliminate coupling with the
RF field. A novel electrode wire configuration attenuates currents induced by the RF field while
passing EP signals. Passive markers are placed near the tip to aid in MR guidance. Electrodes
are formed from materials with a low magnetic susceptibility to reduce unintended image
artifacts. All of the required modifications are implemented without significant deviation from the
look or feel of conventional catheters.
The MR EP recording system is split into two components, a patient interface module (PIM) and
a host computer. The PIM resides near the patient support in the magnet room and connects
the catheters and surface ECG to the host computer. It receives, filters, and digitized ECG and
EGM signals, which are then optically converted and sent to the host computer via fiber optic
cable. The signal processing in the magnet room removes noise from the MR and allows the
host computer to display clear, undistorted electrograms. The optical link to the host computer
eliminates interference in the MR images.. The PIM also receives commands from the host
computer, acts as a programmable stimulator, passes tip temperature data, and delivers
ablation energy from a conventional ablation generator.
Results
The result is a clinical grade MR compatible catheter and EP recording system that resemble
conventional EP tools in form and function. The system passes all relevant ASTM and IEC
safety standards and is safe for use in 1.5T closed bore scanners. Multiple studies show that
the system is capable of performing programed simulation maneuvers, sensing and displaying
clear surface and intra-cardiac electrograms, and delivering transmural lesions. A series of
patients in a pilot study showed that the catheter can be maneuvered under MR guidance and
that the catheter and MR EP recording system are capable of performing diagnostic procedures
and achieving clinically relevant EP endpoints in therapeutic procedures.
Conclusion
The primary technical barriers to producing a clinically relevant MR guided electrophysiology
ablation catheter and MR EP recording system have been overcome. The development and
use of the system detailed here mark a significant step toward clinically relevant MR EP
procedures.
90

9th International Interventional MRI Symposium, September 22-23, 2012, Boston, USA
Poster 41

Voltage-based Electro-anatomical Mapping System for MRI-guided Electrophysiology
1

2

3

4

4

5

Zion Tse , Charles L Dumoulin , Ronald Watkins , Israel Byrd , Jeffrey Schweitzer , Raymond Y. Kwong ,
5
5
1 1
2
Gregory F. Michaud , William G. Stevenson , Ehud J. Schmidt , University of Georgia, Cincinnati
3
4
5
Children’s Hospital Medical Center, Stanford University, St Jude Medical, Brigham&Women’s Hospital

Introduction: Ventricular Tachycardia and Atrial Fibrillation are commonly treated with electrophysiology
(EP)
ablation
procedures. Fig.1: MRI-compatible ESN System.
Visualization of luminal & vessel-wall anatomy,
and identification of edema and scar tissue are
essential to EP, and are enhanced by preoperative and intra-operative MRI. Until MRcompatible EP devices are widely available,
however, there will be a need to perform EP
procedures partially inside the MRI for
imaging, and partially outside the MRI for
ablation, puncture and navigation. Intracardiac navigation and electro-anatomic
mapping (EAM) are currently accomplished Fig.2: Gradient-RF switching circuit for ESN acquisition.
with either electromagnetic- or voltage-based
technologies, neither of which are compatible
with MRI. Consequently MRI tracking methods
have been developed for use inside MR
magnets [1]. Multiple device tracking methods,
however, complicate EP procedures, and a
single approach that works both in and outside

the magnet is desirable. We developed an MR- Fig.3: Simultaneous ESN & MR Fig.4a: Swine EAM
compatible St. Jude Medical (SJM) EnSite tracking in a left atrial phantom using with simultaneous
MRI imaging.
NavX (ESN) voltage-based EAM system [2], to an MR- & ESN- tracked catheter.
provide catheter tracking and registration-free
EAM in & outside MRI. ESN localizes catheters
by placing 8kHz voltages between 3 pairs of
surface patches and measuring induced
voltages on electrode rings on the catheter [3].
A challenge for intra-MRI ESN is interference
induced by MR gradient ramps. In addition
minimal MR Image Quality (IQ) reduction & RF
heating on skin are required.
Methods: Fig.1 shows the MRI-compatible ESN setup. Inside the MRI room,
modified ESN surface-patches are attached to the chest. Ferrites on the
coaxial leads and RF filters at the penetration panel minimized IQ reduction and skin heating.
An electronic Gradient-RF switching circuit (Fig.2), Fig.4b: Intra-cardiac ECG traces measured
disconnects the ESN leads from the ESN receiver when from catheters during imaging
MRI gradient-ramps & RF pulses are detected, blocking
noise from reaching the receiver. Intra-MRI ESN was
validated using a cardiac phantom and four swine on a GE
1.5T MRI. GRE, SSFP & FSE imaging parameters & slice
orientations were tested, using MRI-compatible deflectable
EP catheters [4].
Results: Simultaneous ESN and MR tracking were
performed in the phantom with a dual ESN and MR-tracked catheter, showing consistency in
the 2 tracking methods (Fig.3). EAM was performed in 4 swine with concurrent MR imaging and
tracking. Tracking of 2 catheters performed with the ESN during imaging (Fig.4a), demonstrated
<5% positional error of catheters relative to position outside MRI, and <5% IQ reduction in FSE
& GRE. High-fidelity Intra-cardiac ECGs were obtained even during imaging (Fig.4b). Electrode
heating was <1oC (4 Watt/kg sequences). Imaging was conducted simultaneously with tracking.
Conclusions: MRI-compatible voltage tracking allows simultaneous catheter tracking & MR
imaging, permitting registration-free EAM in and outside MRI during EP procedures.
Ref:[1]Schmidt,Circ.A&E09.[2]Nademanee,JACC04.[3]Early,Eur.Heart06.[4]Tse,ISMRM11-12.
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Development of a full MR-compatible non-electric drilling machine for MR-guided
bone biopsies
A. Boese1, F. Fischbach2, J. Ricke2, G. Rose1
Department of Healthcare Telematics and Medical Engineering,
2
Department of Radiology
Otto-von-Guericke University of Magdeburg

1

Purpose
MR offers superior tissue contrast compared to other imaging modalities. However surgical
devices and electrical equipment is MR incompatible in most instances whereas MR
compatible materials are often softer and can produce large susceptibility artifacts making it
more difficult to penetrate hard tissue like cortical bone accurately.
Therefore the aim of the study was to develop a fully MR compatible bone drilling machine
for real time cortical bone interventions using MR guidance.
Methods
Based on an observed technical workflow of a CT guided bone biopsy, a concept for a MR
guided biopsy system was designed. For the drill, a fully MR compatible (class 2) material
(zirconia) was chosen. A full material spiral drill and different hollow drills were constructed in
order to provide direct access to the biopsy target. The outer diameter of these drills was
measured 3 mm, whereas the inner diameter of the hollow designs was at 1.5 mm. Meeting
the requirements of MR compatibility the drilling machine was constructed as a mechanical
working tool avoiding electrical elements. To reach a high contact pressure and precise
guidance, the machine was built up with two operating handles. One handle could be used
for steering and pressing, the other one for rotating the drill. All materials were fully MR
compatible. Artifact measurements were performed on a 1.0 T open MR scanner (PhilipsPanorama HFO) suitable for interventional procedures using a fast gradient echo sequence
(TR=11ms, TE=6ms, flip angel 35°) for near real-time interventional imaging. For mechanical
properties the drill was tested on a fresh femur bone of a pig. A 4 mm thick cortical hole was
drilled. Four different blade configurations (3 mm spiral drill, core drill with cutting teeth, core
drill with cutting teeth and a short spiral, core drill with cutting teeth and a long spiral, drill
with eccentric double cutting blade) were tested.
Results
A susceptibility artifact was not measurable. For better visualization and to avoid the loss of
the drilled hole after removal a guide wire or mandrin could be inserted in the center of the
hollow drills during the procedure.
Comparing mechanical properties the spiral and the hollow eccentric drill were extremely
sharp and could be pushed forward effectively through cortical bone, whereas the cutting
teeth of the core drills filled with bone meal after a few rotations. The drill without spiral on
the outer wall showed a tendency to get stuck within the cortical bone. With the eccentric drill
a good fixation on the bone surface before drilling could be reached by the double blade.
The eccentric tip avoided sticking. The ceramic drills showed nearly no abrasion and no
deformation or break of material after use in all configurations.
Conclusions
A MR compatible prototype of a drill made of zirconia and a manual working drilling machine
were designed, fabricated and tested. The ceramic spiral drill and the hollow ceramic
eccentric drill combined with the drilling machine allows a fast access through a bone biopsy
target. The fully MR compatible design causes no influences on imaging. After correct
positioning of the drill tip a biopsy core could be obtained directly through the hollow drill by
using a standard MR compatible biopsy needle.
Acknowledgement: This research was financially supported by the Federal Ministry of
Education and Research (BMBF) in context of the 'INKA' project (03IP710).
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Treatment of Osteoid Osteoma using CT-guided Radiofrequency Ablation versus
MR-guided Laser Ablation: A Cost Comparison
M.H. Maurer1, B. Gebauer1, F. Streitparth1
1

Charité University Medicine Berlin, Department of Radiology, Berlin, Germany

Purpose
To compare the costs of CT-guided radiofrequency ablation (RFA) and MR-guided interstitial
laser ablation (ILA) for minimally invasive treatment of osteoid osteoma.
Methods
Between November 2005 and October 2011, 20 patients (14 male, 6 female; mean age, 20.3 ±
9.1 years) underwent CT-guided RFA and 24 patients (18 male, 6 female; mean age, 23.8 ±
13.8 years) MR-guided ILA (1.0 Tesla, Panorama HFO, Philips, Best, Netherlands) for treatment
of osteoid osteoma diagnosed on the basis of clinical presentation and imaging findings.
Prorated costs of equipment use (purchase, depreciation, maintenance) and expenditure for
disposables were identified for CT-guided RFA and MR-guided ILA procedures. Staff costs were
based on involvement times for both procedures.
Results
Mean duration time was 30 minutes for CT-guided RFA and 70 minutes for MR-guided ILA. The
average total costs per patient were USD 2290 for CT-guided RFA and USD 1842 for MRguided ILA. These were (RFA / ILA) USD 120 / 337 for equipment use, USD 194 / 270 for staff,
and USD 1131 / 390 for disposables. Costs for hospitalisation were USD 845 per patient for both
methods.
Conclusions
MR-guided ILA is less expensive than CT-guided RFA for minimally invasive percutaneous
ablation of osteoid osteoma. The higher costs of RFA are primarily due to the higher price of the
disposable RFA probes. MR guidance involves technical advantages like high soft-tissue
contrast, multiplanar imaging capabilities, and MR thermometry as well as the avoidance of
radiation exposure in mostly young patients.
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Lumbosacral nerve root infiltration therapy under CT- and MRI-guidance:
A Cost Comparison
M.H. Maurer1, B. Gebauer1, T. Hartwig2, F. Streitparth1
1
2

Charité University Medicine Berlin, Department of Radiology, Berlin, Germany
Charité University Medicine Berlin, Department of Orthopedics, Berlin, Germany

Purpose
To compare the costs of CT-guided and MR-guided lumbosacral nerve root infiltration for
minimally invasive treatment of lower back and radicular pain.
Methods
Between July 2009 and December 2011 ninety patients (54 men, 36 women; mean age, 45.5 ±
12.8 years) underwent MR-guided (1.0 Tesla, Panorama HFO, Philips) single location
periradicular lumbosacral nerve root infiltration with 40 mg Triamcinolonacetonid. A further 91
patients (48 male, 43 female; mean age, 59.1 ± 13.8 years) were treated in the same way under
CT-fluoroscopic guidance (Somaton Definition 64, Siemens). Prorated costs of equipment use
(purchase, depreciation, maintenance) and expenditure for disposables were identified for MRand CT-guided procedures. Staff costs were determined on involvement times for both
procedures. For CT-guided interventions the effective dose (in millisievert, mSV) was calculated
based on the dose length product.
Results:
Mean duration time was 20.6 minutes (min 14, max 30 minutes) for MR-guided and 14.3 minutes
(min 7, max 32 minutes) for CT-guided therapy. The average total costs per patient were USD
184 for MR-guided and USD 96 for CT-guided intervention. These were (MR / CT guidance)
USD 76 / 22 for equipment use, USD 53 / 42 for staff, and USD 55 / 32 for disposables. Mean
effective dose for CT-guided interventions was 0.73 ± 0.37 mSv.
Conclusions
Therapeutic lumbosacral nerve root infiltration under MRI guidance involves no radiation
exposure for patients and personnel but is still about twice as expensive per procedure as CT
guidance. With further decrease in prices for MRI devices and for MR suitable disposables, MRguided therapeutic nerve root infiltration may be a promising alternative to the CT-guided
technique.
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Contrast leakage in MR guided arthrography
M.Garmer , S. Mateiescu, D.H.W. Grönemeyer
Groenemeyer Institute of Microtherapy, Bochum, Germany
Marietta Garmer, MD
Department of Radiology
Institut für Mikrotherapie
Universitätsstr. 142, 44799 Bochum, Germany
Phone: +49 (234) 9780789
Fax: +49 (234) 95540329
garmer@microtherapy.de
Purpose:
MR guided joint puncture for MR arthrography offers a high soft tissue contrast which is
supposed to improve the accuracy in contrast application. MR guided arthrography of the hip
and the shoulder was evaluated to assess the precision of contrast media introduction,
potential contrast leakage and impact on diagnostic performance.
Methods:
A retrospective analysis of documented images in MR arthrographies of the shoulder and the
hip from 2006 to 2012 was performed. T1-weighted sequences were analyzed for correct
contrast appliaction with sufficient capsular extension and potential contrast leakage. Impact
on diagnostic performance was assessed.
Results:
MR guided arthrographies of the glenohumeral joint were performed in 22 patients. The
posterior approach was used in all cases. MR guided arthrographies of the femoroacetabular
joint were performed in 32 patients. The joint puncture was chosen preferably at the headneck-junction.
Access to the joint was achieved in all but one patients. This case with a capsulitis of the
glenohumeral joint did not allow successful intra-articular contrast application. Contrast
leakage occured in 49% of all contrast injections and was slight in most of the cases. In no
case the diagnostic value was compromised.
Conclusion:
MR guided joint puncture for hip and shoulder arthrography is a feasible and safe procedure
allowing an “all-in-one” examination. Leakage of contrast medium is frequently observed in
MR guided arthrography and did not cause difficulties in diagnostic performance. The
posterior approach in shoulder puncture is emphasized in this context.

MR guided arthrography of the shoulder without and with contrast leakage

95

9th International Interventional MRI Symposium, September 22-23, 2012, Boston, USA
Poster 46

Intrabliary MRI -Monitored Local
Agent D elivery and R adiofrequency
Heating-Enhanced Chemodrug Depositions in Bile Duct Walls
Feng Zhang, MD, PhD, Thomas Lee, MD, Han Wang, MD, PhD, Yanfeng Meng,
MD, PhD, Patrick Willis, MS, Tong Zhang, MD, PhD, Baojie Wei, MD, PhD,
Stephanie S Soriano, MD, Xiaoming Yang, MD, PhD*
Image-Guided Bio-Molecular Intervention Research & Section of Vascular &
Interventional Radiology, Department of Radiology; University of Washington
School of Medicine, Seattle, WA, USA 98109
PURPOSES:

Pancreatobiliary malignancies have limited response to systemic
chemotherapy due to insufficient drug delivery into tumors. The aim of this study
was to validate the feasibility of (i) using intrabiliary MRI to monitor local delivery
of motexafin gadolinium (MGd) into pig common bile duct (CBD) walls; and (ii)
using intrabiliary RF heating to enhance local chemodrug deposition in the bile
duct walls.
METHODS: This study includes two portions of in vivo experiments. For the first
portion, via a transcholecystic approach, six pigs underwent the intrabiliary local
infusion of a mixture of MGd and trypan blue dye into bile duct walls, which was
monitored using intrabiliary MRI and surface coil-based MRI. We compared the
average contrast-to-noise ratio (CNR) of bile duct walls between intrabiliary MRI
and surface coil-based MRI, as well as between pre-infusion and post-infusion
MRI. For the second portion, via the transcholecystic approach, six pigs
underwent the intrabiliary local infusion of a chemodrug mixture (50mg
gemcitabine, 100mg 5-fluouracil (5-FU), trypan blue dye and 750μg MGd), while
additional six pigs received the same chemodrug mixture plus simultaneous
intrabiliary RFH at approximately 42 Ԩ for 20 minutes. Chemodrugs in bile duct
tissues were extracted and quantitated using high performance liquid
chromatography (HPLC). Both MR images and chemodrugs deposition were
correlated with histologic confirmation.
RESULTS: Of the first portion experiments, post-MGd/blue-infusion MRI
demonstrated a higher average CNR than pre-MGd/blue-infusion MRI when using
either the surface coil (11.6±4.2 VS 5.7±2.8, P=0.025) or the intrabiliary MR
imaging-guidewire (41.5±9.7 VS 29.6±6.3, P=0.046). Intrabiliary MRI generated a
higher average CNR than surface coil-based MRI on both pre-infusion images
and post-infusion images (P=0.003 and 0.005). Of the second portion
experiments, HPLC showed higher chemodrug dose in the bile duct walls treated
with intrabiliary RFH than that without RFH (Gemcitabine: 0.32±0.033mg VS
0.260±0.030mg, p<0.05; 5-FU: 0.664±0.060mg VS 0.52±0.050mg, p<0.05).
Histological examination confirmed these findings, demonstrated as blue dye
infiltration and MGd-emitting red fluorescence within the CBDs .
CONCLUSIONS: This in vivo study demonstrates the feasibility of using MRI to
monitor the intrabiliary delivery of MGd into CBD walls and intrabiliary RFH to
enhance the deposition of chemodrugs in bile duct walls, which may open new
avenues to effectively manage obstructive pancreatobiliary malignancies.
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MRI-Guided Intra-A
Arterial Deliv
very of SPIO
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N
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cellular Carc
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mor Response in a Ro
odent Modell
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Purpose
e: Adoptive immunothera
apy with natural killer (N
NK) lymphocyytes is a pro
omising thera
apy
for hepattocellular carcinoma (HC
CC); quantification of intrratumoral NK delivery sh
hould permitt
patient-specific dose
e optimization
n or predictio
on of respon
nse. We hyp
pothesize tha
at iron oxide
labeling allows
a
for vis
sualization of
o NK deliverry with MRI and that NK
K delivery is correlated
c
w
with
tumor the
erapeutic res
sponse.
Methods
s: 4.0×106 NK-92MI
N
cellss (ATCC) we
ere incubate
ed in 30 pg/ccell of Texass Red
superparramagnetic iron oxide (S
SPIO) nanop
particles (GE
ENOVIS AB). Cell viabilitty was
determined by trypan
n blue assayy, and labelin
ng efficacy was
w measure
ed by fluoresscence
microsco
opy. With IAC
CUC approvval, 2.0×106 McA-RH777
77 HCC cellss were impla
anted in the livers
of 6 Spra
ague-Dawley
y rats. After 8 days of tumor growth, a 24G catheter (Terumo) was place
ed in
the prope
er hepatic arrtery, and dig
gital subtracction angiogrraphy confirm
med placem
ment before
labeled NK
N infusion. 7.0T MRI (B
Bruker) was used for me
easurement of
o tumor dia
ameters and for
T2* mapp
ping pre- and 0, 1, and 8 days post--NK infusion (Fig 1). All ǻT2* measu
urements we
ere
reference
ed to pre-infusion T2* va
alues. Prusssian blue iron
n staining co
onfirmed NK delivery at 8
days posst-infusion; percentage
p
o cells in a high-powere
of
h
d (20×) field
d identified as
a labeled NK
Ks
(%HPF) were
w
quantiffied in the tu
umor and no
ormal liver (F
Fig 2). Pearsson correlatio
on coefficien
nt
evaluated
d the relationships betw
ween ǻT2* (d
day 0) and la
abeled NK de
elivery in tum
mor and norrmal
liver; labe
eled NK delivery and change in tumor size 8 da
ays post-NK infusion; and
d ǻT2* (day 0)
and chan
nge in tumorr size 8 dayss post-NK inffusion. Data
a presented as
a mean±sta
andard devia
ation.
Results:: NK cell viab
bility decrea
ased from 90
0.9±2.8% to 87.7±3.3% after
a
labeling
g. Labeling
efficacy was
w 88.0±3.0%. 11/12 tu
umors grew successfullyy. NK infusio
ons resulted in ǻT2* (da
ay 0)
values th
hat were well-correlated with %HPFss (ȡ=-0.91, p<0.01)
p
(Fig
g 3). Labeled
d NK deliveryy and
ǻT2* (da
ay 0) measurrements werre both well--correlated with
w change in tumor size
e 8 days posstNK infusion, with ȡ=--0.82 (p<0.01) (Fig 4) an
nd ȡ=0.68 (p
p<0.05) (Fig
g 5) respectivvely.
Pre-infusion

Post-infusion (0)

Post-infusion (1)

Post-infusion (8)
(

Figure 1.
Figure 4.

Normal liver

Tumor

Figure 2.

Figure 3.

Figure 5.

Conclus
sions: The in
ntrahepatic distribution
d
o iron oxide labeled NK cells was qu
of
uantitatively
visualized with MRI, and both lab
beled NK de
elivery as me
easured by histology
h
and
d MRI were wellcorrelate
ed with tumor response as
a determine
ed by change in tumor diameter.
d
Futture studies are
necessarry to assess relationship
ps between the
t delivered
d NK dose and
a immunoh
histochemica
al
biomarke
ers of therap
peutic respon
nse and to compare
c
the therapeutic efficacy of IA
I NK cell, IA
A
saline (sh
ham control)), and IV NK
K cell infusion
ns.
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OSMOFUSOR - osmotically driven fully MRI compatible infusor / drug applicator
Michael Friebe, PHD 1,2; Helge Adleff, MSC 3; Thilo Guschauski, MSC 3; Bernd Tombach, MD 4
1-TU München, Chair for Computer Aided Medical Procedures, Munich; 2- id+tm Recklinghausen;
3-ACUROS GmbH, Berlin; 4-Department of Radiology, Klinikum Osnabrück; all Germany
Purpose
Targeted drug therapy and other applications of constant flow infusion of medication (up to several
ml per hour) within a MRI imaging suite is a rather cumbersome undertaking. Current infusor
systems that claim MRI compatible operation are not really fully compatible and need to be
operated in a certain distance to the imaging magnet, are not completely made out of non-ferrous
materials and with that experience a certain magnetic attraction force, have an electro-hydraulic or
electro-mechanical drive, require a lot of time for patient preparation, and are quite expensive.
Alternatively a non-MRI compatible infusor is connected using long plastic tubing through a
waveguide feedthrough in the RF shielding from a position outside the MRI room to the patient. It
would be desirable to have a reliable and easy to use device available that uses similar or even the
same syringes than the commonly used medical infusors, is fully MRI compatible and can be
placed close to the patient, allowing constant flow infusion at a flow-rate that can easily be set
mechanically depending on the specific requirements and that is insensitive to different liquid
densities.
Methods
Our device - dubbed OSMOFUSOR - is completely manufactured from non-ferrous materials and
without any electronic components It uses a patented pump mechanism based on osmotic
regulation that provide absolute uniform flow rates over periods of hours to days. Flow rates can be
adjusted by changing the potential gradient of a semi-permeable membrane though a mechanical
thumb-wheel. The device (manufactured by ACUROS GmbH, Berlin) was subsequently tested at
3T and 7T environments by directly placing it into the center of the magnet and in parallel operating
with the MRI system.
Results
The patients could be prepared for MRI imaging or MRI controlled / monitored drug therapy
already in the patient area outside the MRI room. The device could be placed directly on the
patient, rather than at a safe distance and with tubing leading from the infusor to the patient. The
system was not attracted at all by the magnetic field, even at 7T, did not produce any measurable
artefacts during MRI imaging (< 1.5% variation in Signal to Noise) and successfully injected the
selected liquids (we used saline solution) at the desired flow-rates from a syringe device (up to 2
ml per hour).
Conclusions
The system proved to be very easy in its handling, provides high patient safety (no metal
components, no electrical supplies, flow rates mechanically adjustable), uses readily available glas
syringes, is quite comfortable for the patient, and allows for very easy and fast patient preparation.
We were able to show that osmotically pressurized devices are fully MRI compatible and capable
of injecting low flow-rates of medication from microliters per hour to low milliliters per hour, which
should be sufficient for most applications. The device can be worn by the patient for a long period
of time with that allowing long-term drug therapies and constant monitoring in the MRI
environment. Higher flow rates are still a problem, but we expect to solve that by combining
several osmotic pump drives in parallel.

Literature:
[1] Ehwald, M., H. Adleff, P. Geggier, R. Ehwald. A Long-Term Stable and Adjustable Osmotic
Pump for Small Volume Flow Based on Principles of Phloem Loading. Biotechnology and
Bioengineering, Vol. 94, No. 1, 2005
[2] Friebe, M., H. Adleff, B. Tombach. Metal and Electronic Free Fully MRI Compatible Medical
Infusor Based on Osmotic Pressure. European Society for Magnetic Resonance in Medicine and
Biology Congress, Poster Presentation, 2011.
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Dynamic 3D Localization using Spatial Phase-Contrast MRI in Real Time
Klaus-Dietmar Merboldt1, Dirk Voit1, Martin Uecker1,2, Jens Frahm1
1

Biomedizinische NMR Forschungs GmbH am Max-Planck-Institut für biophysikalische Chemie, Göttingen, Germany;
2
Electrical Engineering and Computer Sciences, University of California, Berkeley, United States

Purpose: We recently demonstrated that spatial information may be encoded as a differential
phase similar to the principles underlying velocity-encoded phase-contrast MRI when a
respective pair of gradients is applied along a perpendicular dimension and if this dimension
contains an MRI-visible object at only one spatial location [1]. The situation applies to 3D
mapping of planar (2D) structures with only two projection images and different spatial phaseencoding gradients. A combination with highly undersampled radial FLASH and image
reconstruction by regularized nonlinear inversion [2,3] allows for serial 3D mapping in real time.
Methods: Dynamic spatial phase-contrast MRI (Figure, left) acquires series of two interleaved
projection images with and without a monopolar phase-encoding gradient Gpc – instead of a
bipolar gradient as used for phase-contrast MRI of blood flow in real time [4]. Corresponding
phase difference maps refer to the positions of the object along the phase-encoded third
dimension. In an even simpler version, 3D maps of linear (1D) structures may be obtained from
only three frequency-encoded MRI signals with two perpendicular spatial phase encodings –
leading to a temporal resolution of less than 10 milliseconds. All studies were conducted at 3 T
(TIM Trio, Siemens Healthcare, Erlangen, Germany) using a standard 32-channel head coil.
Results: Undersampled radial FLASH (2 × 11 spokes, TR/TE = 2.00/1.28 ms) in conjunction
with regularized nonlinear inversion [2,3] resulted in 3D MRI movies at 44 ms resolution (Figure,
right). Selected 3D representations (every 70th frame) depict a water-filled “catheter” which is
manually retracted from a guiding tube attached to a cone. The bottom planes show the original
2D phase-contrast projection maps. The alternative version resulted in a temporal resolution of
6 ms or 167 frames per second for a rapidly rotating tube (3 signals, TR/TE = 2.00/1.35 ms).

Conclusion: Spatially encoded phase-contrast MRI may be used for dynamic 3D localization of
1D and 2D objects in real time. The approach bears considerable potential for future
applications in interventional MRI scenarios.
References: [1] KD Merboldt et al. MRM 2011, 66:950-956; [2] M Uecker et al. MRM 2010,
63:1456-1462; [3] S Zhang et al. JCMR 2010, 12-39; [4] AA Joseph et al. NMR Biomed 2012,
doi:10.1002/nbm.1812.
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RF Induced Heating during an Interventional Scenario in a 1T Open MRI Scanner
J. W. Krug1, K. Jungnickel2, N. Thuermer1, M. Kaiser1, J. Ricke2, G. Rose1
1

Department for Healthcare Telematics and Medical Engineering, Otto-von-Guericke University of Magdeburg, Germany
2
Department of Radiology, Otto-von-Guericke University of Magdeburg, Germany

Purpose
It is a well-known problem that conducting materials like cables or guide wires can lead to
undesired heating effects due to coupling between the MR scanner’s RF field and the wires.
This work investigates the heating of different wires in a typical interventional situation.
Methods
The measurements were performed in an open 1T MR scanner system (Panorama HFO,
Philips). The phantom used for the experiments had outer dimensions of 57x37x15 cm3. It
was filled with hydroxyethyl cellulose and placed in the center of the MR scanner.
Sequences with high SAR were applied [1]. The phantom had an initial temperature of 22°C.
The wires under investigation were partly immersed (20cm) in the phantom. The remaining
part of the wire was (a): loosely placed in the MR scanner (b): as in (a) but with additional
coupling to a lossy dielectric at different positions. Two wires were investigated: (1) an
insulated copper wire (Ø 1.4 mm) with a bare tip and (2) a coated guide wire (Terumo,
Belgium) with a length of 80 cm. The insulated copper wire (1) was shortened in steps of
10 cm starting from an initial length of 270 cm.
A fiber optic temperature measurement system (FOTEMP4-16”, Optocon, Germany) was
used to measure the temperature at three different positions inside the phantom: directly at
the wire’s tip, 1 cm away from the tip and 30 cm away from the tip as a reference. A
dedicated holder was designed to obtain a reproducible positioning between the wire’s tip
and the temperature probes.
Results
For the insulated copper wire (1), a maximum temperature
of 96°C (which corresponds to a temperature change of
ǻ7  K) was observed at a wire length of 200 cm as
shown in Fig. 1. No further maxima were observed. When
coupling the insulated wire to a lossy dielectric at its
proximal end, the temperature decreased to 32°C
ǻ7  K).
For the guide wire (2), no heating was observed.
The proximity of the wire to the MR scanner’s wall had a
strong impact on the heating of the wire – the temperature
dropped with increasing distance, e.g. by placing the wire
on the patient table.

Fig. 1. Maximum temperatures observed
at the tip of the insulated copper wire (1).

Conclusions
A typical clinical scenario was reconstructed with a wire partly immersed in a phantom. After
obtaining the worst case configuration with the insulated copper wire, the guide wire was
measured in the same position. No temperature change was observed for the fully coated
guide wire which allows its usage during MR guided interventions.
Acknowledgement: This research was financially supported by the by the Federal Ministry of
Education and Research (BMBF) in context of the ’INKA’ project (03IP710).
[1] ASTM-F2182. Standard Test Method for Measurement of Radio Frequency Induced Heating On or Near
Passive Implants During Magnetic Resonance Imaging. ASTM, PA, USA. 2009
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Real-time MR Scanner Control with an Android Tablet
Stefana Gartu, Julien Barbot, Christine H Lorenz, Klaus J Kirchberg
Siemens Corporation, Corporate Research & Technology
Purpose: To efficiently perform MRI-based interventions the operators need ways of interacting
with the scanner that go beyond off-the-shelf diagnostic user interfaces. We developed an Android tablet app for 3D rendering of real-time MR images. It enables the user to interact with the
scene and remotely control slice prescription and pulse sequence parameters through multitouch gestures and the device’s integrated location and orientation sensors. Recent reports indicate the feasibility of modifying tablet PC hardware for in-room use in interventional MR procedures [1]. Our work focuses primarily on exploring the tablet-specific interactivity concepts.
Methods: The system was implemented using the Android 3.2 SDK and was tested on an Asus
Transformer TF101-A1 10.1’ tablet. Communication with the MR scanner is done via a TCPbased interface and image visualization and manipulation is based on the Interactive Front End
(IFE) software [2]. Through this interface real-time MR images are sent to the tablet and can be
displayed individually in 2D view (face on) and together in a 3D scene showing their spatial relationship (see fig.1-3).

Figure 1

Figure 2

Figure 3

Multi-touch sensing surface, gestures and sensors are used to enhance user experience. Swiping, pinching and tapping gestures are used as commands to rotate, pan, zoom, change, reset,
or update the scanner parameters. Gyroscope, accelerometer and gravity sensors allow capturing tablet position and movement in space and can be applied as an input parameter to the current command. Two main operation modes are available:
- In the viewing mode (fig.1), gesture commands are used to change the point of view of the 3D
scene. Alternatively, sensors inputs are used to watch all around the 3D scene by rotating the
tablet (fig.2).The image can be windowed by using 2 fingers swiping to alter the dynamic
range slope, which can be more intuitive than the conventional up-down-left-right movements.
- In manipulation mode (fig.3), gesture and motion sensors let the user change the selected
slice prescription as well as other pulse sequence parameters. The updated parameters are
immediately sent to the MR scanner and applied to the running pulse sequence.
Results: Aligning the view of the 3D scene with the orientation of the tablet and manipulating
the image slices felt more “natural” than using mouse interaction. Users intuitively use the now
ubiquitous swipe and pinch gestures and grow accustomed to the system more quickly.
Conclusions: Though no in-depth evaluation has been performed yet, first tests indicate that
the tablet PC can offer the operator a more intuitive way of viewing MR images and their spatial
relationships in 3D. The combination of multi-touch gestures and built-in sensors can simplify
the manipulation of 3D slice prescriptions and pulse sequence parameters which gives this approach the potential to improve acceptance and streamline interventional workflows in the future.
References
[1] http://www.auntminnie.com/index.aspx?sec=sup&sub=mri&pag=dis&ItemID=98174&wf=1
[2] Lorenz CH et al. Proc. ISMRM 2005; p. 2170
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MR-thermometry for guiding Radiofrequency Ablation with a clinical RF-device and an
expandable RF-electrode at a 1.0 Tesla open MRI
K. Lohfink1, K. Jungnickel1, F. Fischbach1, J. Ricke1
1

Department of Radiology, Otto von Guericke University, Medical School, Magdeburg, Germany

Purpose: To evaluate the feasibility and accuracy of MR-thermometry based on thermal dose and 60°C
peak temperature concept for monitoring radiofrequency ablation (RFA) online with an expandable RFelectrode using an open MRI (vertical 1.0 Tesla field). The macroscopic ablation necrosis was sectioned in
an inner coagulation zone as a certain complete necrosis (IZ), and an outer zone (OZ), where most cells
are visibly coagulated. Both zones were correlated to the 60°C peak temperature and to the thermal dose.
Methods: 16 RFAs were performed in ex vivo bovine liver under continuous MR thermometry using the
proton resonance frequency (PRF) method. For monitoring a clinical MR-Scanner (Philips Panorama
HFO) and a PRF-GRE-EPI sequence (TE = 20 ms, TR = 43 ms, FA = 30°, FOV = 100*150 mm2,
Voxel = 1.5*1.5*5.0 mm3, EPI factor = 11) were used [1]. PRF changes where converted into maps of
temperature and thermal dose (“Real TI”, Philips, Best, the Netherlands / IMF, University of Bordeaux,
France). The clinical RF-device was filtered with a low-pass filter to avoid electromagnetic interferences
[2]. The longitudinal and transversal diameter of the coagulation zone were estimated by the MRthermometry maps (thermal dose (TD) [3], 60°C peak temperature (60DG)) and compared with
postablational T2-weighted (T2w) images (fat saturation (fs) on and off) and macroscopic inspected
necrosis. Pearson`s correlation (r), Bland and Altman plot, and paired difference test were performed. Due
to the RF-needle artifact the presented results were restricted to the more precise transversal diameter.
Nevertheless, the longitudinal diameter was evaluated as well within this study. Additionally, the
temperature rise near the RF-electrode was controlled with a fiber optical thermometer.
IZ - OZ

mean of difference
95 % confidence interval

IZ - TD
OZ - TD

a)

b)

c)

d)

IZ - 60 DG

Figure 1 shows typical ablation zones monitored using a) thermal
dose, b) 60°C peak temperature, c) postablational T2-weighted
sequence (fat saturation off) and d) macroscopic ablation zone
Figure 2 (diagram) shows the mean of difference of coagulation zone
size with 95 % confidence interval in mm (x-axis) of the difference
pairs (y-axis) of the 16 RFAs. IZ: inner macroscopic coagulation zone,
OZ: outer macroscopic coagulation zone, TD: thermal dose, 60 DG:
60°C peak temperature, T2w (fs): T2-weighted images, fs: fat
suppression)
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Results: Coagulation necrosis estimated by TD and T2w MR-images correlates well with all other
coagulations zones (IZ, OZ, 60DG, Į = 0.01). 60DG correlates on a significance level of Į = 0.05 with all
other diameters, except the IZ (r = 0,493). No significant differences in assessing coagulation necrosis
between IZ and 60°C were observed (mean difference in mm ± 95% CI, Į: -0.99 ± 2.26, 0.365). A
significant slight overestimation of necrosis was seen in the differences between OZ and TD (-2.38 ± 1.46,
0.003) and a broad overestimation between IZ and TD (-6.20 ± 1.53, 0.000). The T2w MR-images
underestimated the IZ with 5.68 ± 1.79 (T2w-fs) and 5.34 ± 1.79 (T2w) (both Į = 0.000). The RFElectrode showed an artifact shaft diameter of 21.9 mm (90° to B0). A temperature accuracy of 1.4°C was
possible and a SNR decrease of 20 % was seen while RF ablation.
Conclusion: MR thermometry with PRF method at a 1 Tesla open MR-system enables a temperature
accuracy of 1.4°C (SD of temperature in a non-heated region) under ex vivo conditions. TD and 60°C
peak temperature are both potential methods for predicting ablation zone size. Considering an error range
of ± 3mm in this MR-setup, the TD defines the OZ and the 60DG the IZ of RF-induced ablation zone. T2weighted images, often used in clinical routine for predicting coagulation zone after RF ablation,
underestimate significantly the IZ. Further evaluation, especially under in vivo conditions with follow-up
imaging and histological analysis should be performed.
References: [1] Lepetit-Coiffé M et al. Eur Radiol. 2010 Jan; 20(1): 193-201; [2] Will, K et al. Conf.Proc.IEEE Eng Med.Biol.Soc 2010: 1601-4;
[3] Sapareto SA et al. Int J Radiat Oncol Biol Phys 1984 Jun; 10(6): 787-800.
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Developing Thiel Soft-Fix Cadavers as a suitable model for iMRI training and research.
BF Cox1,2, R Eisma3, MA Rube1,2, M Gueorguieva1, H McLeod1, E Immel1,2 and A Melzer1,2
1. Institute for Medical Science and Technology, Division of Imaging and Technology,
University of Dundee, United Kingdom
2. Integrated Interventional Imaging Operating System (IIIOS), Marie Curie Initial Training
Networks, Seventh Framework Programme, the People Programme, European Union
3. Centre for Anatomy and Human Identification, University of Dundee, United Kingdom
Introduction: Interventional MRI (iMRI) offers a number of advantages over CT-guided
interventions in terms of soft tissue contrast (+/- contrast agent), Real-Time (RT)
multi-planar imaging and imaging without ionizing radiation and associated risks. Clinically,
iMRI lags behind CT guided interventions especially regarding the longer procedure times
associated with iMRI. Pre-clinical training and improved workflow could be addressed with
the development of an anatomically correct model. Thiel preservation, an alternative to
formaldehyde embalming, sustains tissue flexibility, colouring and integrity providing an
anatomically correct model for the purposes of human research, education and training. It
is for this reason that we have endeavoured to establish Thiel soft-fix cadavers through a
number of experiments, as a suitable model for iMRI training and continued MR research
and development.
Methods: Eight Thiel cadavers have been utilized for the purposes of vascular flow and
mechanical ventilation; these studies have been approved by the Thiel Advisory Group
(University of Dundee, UK). Flow studies utilized a pulsatile pump (Tayside Flow
Technologies, UK). Mechanical ventilation used a VentiPAC respirator (Smiths Medical,
UK). MR imaging employed a Signa HDxt 1.5T MR unit (GE, USA). Fluoroscopy imaging
employed an OEC 9900 Elite C-arm (GE, USA).
Results: Arterial flow was achieved in the femoral to popliteal artery on eight Thiel
cadavers (Figs. 1-3) with RT MRI. The hepatic portal vein was accessed (Figs. 4-5) and
organ motion tracking was observed during mechanical respiration with RT MRI (Figs. 6-9).
1
6
4
3
8

* * *
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** * *

Figures 1-9. 1. Sagittal view catheter plus resonant marker (arrow) in retrograde passage
through the femoral artery. Catheter: Sidewinder (Somatex Medical Technologies, Germany)
with RF coil (63.8 MHz). Sequence: Real-Time (FGRE TE/TR 1.3/3.8 ms, FA 30°). 2. Axial
view of flow through the left femoral artery (small branches blocked). Pulsatile flow: 34 mL/s,
70 bpm. Sequence: 2D TOF (TE/TR 2.6/7.7 ms, FA 80°) FOV 220, Slice 2 mm.
3. Femoral artery (arrow) CE+ 3DTOF (FGR 30°, TE/TR 1.9/5.6 ms, Slice 3 mm, FOV 230.
Gd: 1:100ml intra-arterial bolus. 4-5. Establishing (4) and confirming (5) hepatic portal vein
access for RT MR hepatic motion tracking during mechanical ventilation. 6-9. Sagittal (6-7)
and coronal (8-9) views of maximum inspiration (top) and expiration (bottom). Green
(inspiration) and yellow (expiration) arrows indicate positional shift of the RF marker. Note
appearance of 4th intervertebral disc with expiration ( ). Ventilation: VT 750 ml, TI 2s, TE 4s.
Marker: Sidewinder plus RF coil tuned to 63.8 MHz. MR sequence: multiphase Fiesta
(TE/TR 1.4/3.3 ms, FA 60o) at 30 acquisitions per slice.
Conclusion: Our work has shown that Thiel cadavers have the potential to facilitate iMRI
research and training. Thiel Soft-fix cadavers represent anatomically correct models with
organic variance, coupled with basic simulated physiological functions. Thiel represents an
appropriate model for pre-clinical training with potential to increase physician proficiency,
develop workflow methods and possibly curb procedure times. Thiel cadavers, with further
development, have the potential to become a suitable model for further development of MR
as interventional device.

*
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Online Real-Time Imaging using Compressed Sensing in Interventional MRI
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2
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Purpose: Compressed sensing (CS) is an advanced fast imaging technique that utilizes nonlinear iterative algorithms to reconstruct images. Although CS has achieved high acceleration,
the complex iterative calculation lengthens the reconstruction time comparing to traditional FFT
reconstruction and limits its application to interventional MRI. In this study, we implemented a
fast CS reconstruction algorithm using both Cartesian and radial trajectories to achieve online
real-time imaging. The implementation was tested in phantom and in vivo with active catheter.
Methods: A 2D interactive real-time
SSFP sequence (BEAT_IRTTT) [1]
capable of both Cartesian and radial
trajectories
was
modified
to
accelerate acquisition by skipping
certain phase encoding lines for
Cartesian and spokes for radial
trajectory. To reconstruct the images, Fig 1. (A) fully-sampled image reconstructed with FFT. (B)
and (C) CS (with AR 4) reconstructed images from
a fast minimization algorithm,
Cartesian and radial trajectories respectively .
reconstruction from partial Fourier
Table 1 CS online recon time (per channel) for Cartesian
data (RecPF) [2], was adapted and
and radial trajectories. Time is in ms.
implemented
into
the
image
Acceleration Rate
1
2
4
8
reconstruction system for online
Acquisition time
1400
700
400
200
reconstruction (ICE). The online CS
Recon.
Cart.
0.91
390
393
385
acquisition and reconstruction was
time
Rad.
61.57
426
422
422
tested in a resolution phantom and a
normal swine where a catheter with
four micro-coils (MRI Interventions)
was advanced via superior vena
cava to the left ventricle. Both scans
were performed on a 3T MR scanner
(Siemens Tim Trio). The imaging
Fig 2. CS reconstructed images shown the advancement
parameters for phantom include:
of a catheter in a time series.
matrix size: 256x256, FOV 250x250
mm2, slice thickness 3mm, TE/TR=2.5/5.1 ms, FA = 60°, channels = 4; for animal study: matrix
size 256x256, FOV 300x300 mm2, slice thickness 100mm, TE/TR=2.3/4.6 ms, FA = 50°, one
micro-coil (1 channel) at the distal end of the catheter was activated. Data with acceleration rate
(AR) of 1, 2, 4, and 8 were acquired. Reconstruction quality and speed were compared.
Results: The phantom scan with AR 4 is shown in Fig 1. Overall, better image quality was
achieved by using radial trajectory than using Cartesian. Up to AR 4, for single channel, the
reconstruction time can still catch up with the acquisition time (Table 1). Fig 2 shows the
moving catheter images in a time series. The reconstruction time was around 320 ms which is
shorter than the 600ms acquisition time, i.e. the real-time reconstructed image can be displayed
online during dynamic acquisition.
Conclusions: In this study, we achieved online real-time CS reconstruction. Phantom study
showed that CS offered good image quality at acceleration rate as high as 4. Animal study with
catheter demonstrated the capability of the implemented method to catch catheter dynamics.
Radial trajectory is preferred in terms of image quality although it comes with increased
calculation complexity. Future work includes multi-channel integration into the implementation.
Acknowledgement: The authors thank Dr. Dara Kraitchman for the help with animal study.
Reference: [1] Pan.L, et.al, ISMRM 2011, p195. [2] Yang J, et al. IEEE J-STSP, 2010;4(2):288-297.
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Developments in Endovascular Multi-mode coil Design: In-vivo Swine Study
Krishna N. Kurpad1, Madhav Venkateswaran2, Peng Wang3, Amish N. Raval4, Orhan Unal3
Departments of 1Radiology, 2Electrical and Computer Engineering, 3Medical Physics, 4Medicine,
University of Wisconsin Madison
Purpose: To demonstrate in an in vivo swine model, 1) the feasibility of performing wholly MRI
guided cardiac tissue ablation using an endovascular catheter based multi-mode RF probe that
is fitted with an ablation tip and 2) active tip tracking, catheter visualization, and high SNR
intravascular imaging functionalities of the multi-mode probe that is connected to the external
system via a single coaxial cable.
Methods: A multi-mode intravascular RF coil (figure 1) (Kurpad
KN et al, JMRI v33(4), p995) was constructed on a 6F balloon
catheter and interfaced to a 1.5T MRI scanner via a decoupling
Figure 1 Picture of the multi-mode
coil with the ablation tip
circuit and a modified 8-channel connector. A commercial 4
channel cardiac coil was used to obtain roadmap images. An
ablation tip was placed at the distal end of the catheter and
connected separately to an ablation amplifier. The tip tracking,
Figure 2 Series of images showing
the progress of the multi-mode visualization, imaging and wireless marker functionalities of the
catheter through the descending aorta multi-mode coil were tested in an in vivo swine model. Ventricular
(a-c). The red arrow in (a) indicates
tissue ablation was performed under MR guidance using a real
the software dot that is placed on the
tracking peak. The white arrow time imaging environment (rtHawk, Heartvista, CA) and an open
indicates the multi-mode coil signal source visualization platform (Vurtigo).
superimposed on the dynamically
Results: The progress of the multi-mode catheter along the
obtained roadmap images.
descending aorta, towards the aortic arch was tracked at high
temporal resolution (figure 2). The multi-mode coil signal,
superimposed on the dynamically updated roadmap image
obtained with the external coil enabled visualization of a small
Figure 3 The multi-mode coil may
length (4 cm) of the distal end of the catheter, displaying its
also be used to enhance SNR of a
target region (a). A magnified high
orientation or alternatively, enhanced the SNR of a ROI (figure
resolution (0.7mm) image of the target
3a).
In figure 3b, a high resolution image of the aortic wall
region (inset) obtained using the multimode coil (b).
obtained with the multimode coil is shown as a magnified inset of
a low resolution image of the same slice. Figure 4a shows MR
guidance of the multi-mode catheter into the swine left ventricle
where tissue is ablated. The wireless marker mode of operation of
the multi-mode coil is shown in figure 4b, which is an image
Figure 4 The multi-mode coil image
obtained with the external coil alone. A picture of the ablated tissue
superimposed on the roadmap
after dissection of the excised heart is shown in figure 5.
showing position of the distal end of
the catheter inside the left ventricle
Conclusions: We have demonstrated 1) the operation of the multi(a). Multi-mode coil as a wireless
mode
coil in all its functionalities in vivo, viz. a) tip tracker, b) high
marker in an image obtained with the
resolution imager, c) wireless marker and 2) the feasibility of
external coil alone.
Figure 5 Picture of the
performing wholly MRI guided cardiac tissue ablation using the
ablated tissue from the
multi-mode catheter.
dissected left ventricle.
Acknowledgements: This work was supported in part by NIH
grant R01 HL086975
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Endovascular Multimode Coil Characterization Using B1 Field Mapping
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Madhav Venkateswaran , Krishna N. Kurpad , Samuel A. Hurley , Peng Wang , and Orhan Unal
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Electrical and Computer Engineering, 2Medical Physics, and 3Radiology, University of Wisconsin-Madison

Purpose: To develop simulation models to optimize imaging and tracking coil geometries of the
MRI intravascular multimode coil for optimal combined tracking and imaging performance.
Methods: Multi-mode coils (Fig. 1a) use a single current path to simultaneously perform
vascular imaging, tip tracking, and wireless visualization [1]. The
actual flip angle produced in the sensitive region of the coil
depends on the B1 field. FEM models (Fig. 1b) are presented Fig 1(a): Multimode Coil
(COMSOL Multiphysics 4.1) for a multimode coil with a 3-loop
rectangular imaging coil and a 20-turn solenoid tracking coil on a
6F catheter using 36 AWG magnet wire. Tuning capacitors and
lumped element resistors were added in series to the model
geometry to resonate the coil at 63.86 MHz (1.5T) and to model Fig 1(b): Simulation Model
input resistance of the multimode coil as measured on the
bench. The incident B1 field was modeled as that due to an axial
current on an infinitely long cylinder with a sinusoidal radial
profile (homogeneous mode of a birdcage coil) to closely
approximate scanning conditions (Fig. 1b). To verify model
accuracy, the Bloch-Siegert B1 mapping sequence [2] was used
to generate B1 maps for the multimode coil placed in a phantom
containing 0.9% NaCl solution. The scan parameters were FOV
= 80mmx80mm, acquisition matrix = 256x256, slice thickness = Fig 2: Actual & simulated B1 map
2.5mm, excitation flip angle = 38˚ with a Fermi-shaped
off-resonance pulse at ¨ = 4000Hz and flip = 500˚.
Results: The induced current in the multimode coil
obtained with the simulation was used to generate the
actual B1 field profile as a superposition of the incident
B1 field and that due to the induced current in the
multimode coil. Fig 2 shows the measured and the
simulated B1 field maps for a coronal slice containing
the multimode coil. Fig 3 shows the simulated and
actual signal profile at two points of interest: a) along Fig 3: Signal profiles along two lines of interest
the radial axis of the tracking solenoid (top) and b) radial axis through the center of the loop
(bottom). All curves are normalized to the maximum simulated B1 field. The misalignment of the
peaks reflects the misalignment of the multimode coil and simulation geometry. A field mismatch
of 0.1μT at corresponding points (Fig 2 inset markers) and normalized signal peak variation of
±6% (Fig 3) between the measured and simulated values is a good indicator of model validity.
Conclusion: A robust simulation methodology was developed and used to verify one
configuration of the multimode coil. This simulation method can be extended to other multimode
configurations, followed by a comparative study of signal profiles and flip angle maps for all
configurations for different prescriptions and environments, including in the presence of flow.
Acknowledgements: This work was supported in part by NIH grant R01 HL086975.
References: [1] Kurpad K and Unal O, JMRI 33, 2011 [2] Sacolick L et. al., MRM 63, 2010.
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EVALUATION OF MR THERMOMETRY TECHNIQUES FOR RF HYPERTHERMIA
1
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Purpose: RF Hyperthermia enhances the effectiveness of radio- or chemo-therapy in tumors (1,2).
Although fiber-optic temperature sensors are often used to measure tumor heating, probe placement is
invasive and spatial resolution is limited. MR thermometry (MRT) is noninvasive and can provide high
resolution thermal imaging during procedures. However, B0 field disturbances and drift during the 3060min treatment can confound uncorrected proton resonance frequency shift (PRFS) methods. In this
work we investigate using fat-referenced (3) and corrected PRFS (4) MRT to correct for systemic B0 drift
during phantom heating with a reduced-scale head and neck RF hyperthermia applicator prototype (5).
Methods: The experimental setup (Fig. 2) consisted of 6 patch antennas (2 connected to amplifiers and 4
left open), demineralized water, and gel and vegetable oil regions. The gel and oil regions emulate
muscle and fat tissues. Two temperature probes were placed in the gel region. The phantom was heated
for eleven 1-minute heating cycles by supplying 75W (433.92MHz signal) to two antennas. Between
each heating cycle, RF power was shut off and a 3-second MRT image acquisition was performed on a
1.5T MR450w scanner (GEHC, WI). MRT measurements were acquired using a multi-echo SPGR
sequence with flyback gradients: TE={7.7, 10.1, 12.5, 14.9}ms, TR=25ms, Flip=15°, FOV=50cm,
Slice=3mm, matrix=128x128, Bandwidth=100kHz. For the fat-referenced measurement, fat-water signals
were separated using the last three echoes, and a first order correction map was computed according to
(3). PRFS and Corrected PRFS were computed separately for each of three echoes and then combined
by averaging. Results: Fig. 1 depicts MRT and temperature probe comparison where MRT values are
averaged over a 5x5 pixel region centered on the probe location. Root mean square deviation (RMSD)
between MRT measurements and probes are shown in Table 1. For fat-referenced and corrected PRFS,
RMSD is an order of magnitude smaller than for PRFS. Temperature change maps, measured
immediately after the final heating cycle, are shown in Fig. 2. Fat-referenced and corrected PRFS
temperature maps are similar to the thermal simulation heat distributions. Conclusions: Although
measurement accuracy of fat-referenced and corrected PRFS MRT was comparable, processing
differences make the fat-referenced technique advantageous in the clinic. The corrected PRFS requires
manual segmentation of reference regions and often requires the placement of reference phantoms next
to the subject. Alternatively, fat-referenced MRT automatically separates fat and water even when
signals are located in the same voxel. This allows anatomical regions in the body to be segmented and
used as a reference with minimal post-processing of images. References: (1) Issels et al. Lanc Onc
2010;11:561-70, (2) Valdagni et al. IJROBP 1993;28:163-69, (3) Hofstetter et al. JMRI 2012 (in-press),
(4) De Poorter et al. MRM 1995;33:74-81, (5) Paulides et al. IJROBP 2007;68:612-20.
ROI 1
ROI 2

Location 1

PRFS
4.92
4.30

Corrected PRFS
0.61
0.44

Fat-Referenced
0.59
0.34

Table 1. RMSD (oC) between MRT and probe measurements.

Fat-Referenced Gel

PRFS

H20 bolus

Location 2

Corrected PRFS

Thermal Simulation
Gel
antennas
used

H20 bolus

Figure 1. Optic temperature probe (center of green ROI) and MR
thermometry readings (averaged over ROI) are shown for two different
locations in the gel.
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Figure 2. MR temperature change maps (oC) for three methods and
thermal simulation (without oil region) in scaled units. Magenta
circles highlight oil tubes used for the Corrected PRFS measurement.
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Title: A New iMRI Suite Design
Author: Stephen G. Hushek, PhD
Affiliation: Founder, CEO, MedTrak LLC
PURPOSE: A review of the iMRI system designs reveals 3 ways to combine MR imaging and
surgery: co-locate surgery and imaging; move the patient to/from surgery and imaging; or bring
the imager or surgery to the patient. All three approaches have been implemented but no
system has dominated the field as the obvious choice or optimal design. Systems that co-locate
imaging and surgery force compromises on either surgery or imaging or both. Systems that
move the patient risk mechanically jostling the patient or disrupting a connection between the
patient and their support systems. Systems that move the imager have significant costs and
force reconfiguration of the OR into an imaging room for each imaging session.
Table 1 Advantages and Disadvantages of Various iMRI System Designs
FEATURE

Patient + Equipment Co-location
Patient
Imager
Movement
Movement
Movement
Continuous Anesthesia
+
+
+
Controlled Transit
+
N/A
N/A
Cost
+
+
+
Image Quality
+
+
+
v B0
Siting
+
+
+
Anatomical Coverage
+
+/+
+/Functional Independence
+
+
+
METHOD: A new system design moves the patient and mounts all patient-connected
equipment on the bed support. The diagrams in Figure 1 show the function of the system. The
transfer system rides on ceiling rails and the surgical tabletop is placed on the MR cradle for
imaging. Gas and power is continuously supplied to the patient support equipment through the
bed support column during all phases of the procedure. All patient connections are managed as
the patient goes into the magnet.

A

B

C

D

Figure 1 A) Anesthesia Induction Phase B) Surgical Phase C) Transfer Phase D)
Imaging Phase. When imaging is complete the patient can be returned to the OR and
surgery resumed or the patient closed, depending on the information in the images.
RESULTS: The system’s construction costs would be less than a moving imager system and
reconfiguration of the OR for each imaging session is not required. It may reduce risk during
patient transfer because the anesthesia machine, patient monitoring system and all patient
support equipment are integrated into the patient transport system, so the patient does not
move relative to that equipment. The system would be compatible with imaging systems from
various vendors.
CONCLUSION: The full capabilities for both imaging and surgery, rapid, minimal-risk
transitions, cost efficiency and magnet vendor neutrality may combine to make the system the
optimal solution for iMRI suites.
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MR-Mediated Radio Frequency Ablation
Jerome L. Ackerman,1,2 Yik-Kiong Hue,1,2 Erez Nevo,3 Alexander R. Guimaraes,1,2
Martin Polak,1,4 John K. Lee,1 Daniel E. Ackerman1,5
1
Martinos Center, Dept. of Radiology, Massachusetts General Hospital, Charlestown, MA;
2
Harvard Medical School, Boston, MA; 3Robin Medical, Inc., Baltimore, MD;
4
Barzilai Medical Center Ashkelon, Israel; 5Carleton College, Northfield, MN
Purpose In this presentation we introduce MR-Mediated Radio Frequency Ablation (MR-RFA),
in which the MR scanner not only provides image guidance for RFA probe placement, it also
supplies the RF energy for heating. Potential advantages include elimination of RF interference
with the scanner, the need for a separate RF generator, and the ground pad (a source of burns).
Additionally, the scanner enables interprocedural tumor localization, probe placement, RF
power control, temperature mapping and tissue
monitoring. The MR-RFA coupling device and probe
can be completely disposable.
Methods A simple disposable antenna (26 gauge
Teflon insulated wire taped along the edges of the
patient table, about 800 mm total length), tuned with
a series capacitor, coupled RF energy from the body
coil of a Siemens Avanto 1.5 T scanner. The other
end of the wire was connected to the RFA applicator,
consisting of a 3 mm diameter hollow brass needle
with a solid sharp tip containing a Luxtron fiber optic
temperature sensor. Initial testing was performed on
a nickel sulfate-doped agar gel phantom or bovine
liver tissue specimens. To image temperature by
PRFS in these materials, a single 5 mm slice phase
Figure 1. Three anatomic scans of a live pig.
sensitive 128 x 128 GE image with TR=24 ms, TE=10
ms was obtained before and after applying a heating Bright image spot is RFA applicator tip
artifact (yellow arrows); Red: Needle track.
sequence (typically a high RF duty cycle GE or TSE Lower right: applicator (yellow arrow)
sequence for 1 min). The pixel by pixel difference
inserted through the chest into the liver under
MR guidance.
between the unwrapped phase images yielded an
image of temperature increase.
Two healthy domestic Yorkshire pigs were
anesthetized and placed in the scanner. Following
anatomic localization of the liver, a small incision was
made in the skin of the upper abdomen, and the RF
Figure 2. Thermal lesions in the pig liver
applicator was inserted percutaneously so that the tip
produced by the MR-RFA procedure.
entered the liver (Figure 1). A one or two minute
heating pulse sequence was performed, with recording of the tip temperature. Then the animals
were sacrificed, and the livers harvested and photographed.
Results The heating rate could be varied with RF duty cycle, yielding heating rates of as much
as 4 °C/s, and temperatures approaching 100 °C in the gel. Temperatures in liver specimens
usually peaked around 50–80 °C due to coagulation at the applicator tip. Coagulation was
evident when the time-temperature curve reached a plateau and became unstable. Liver
sections revealed thermal lesions on the order of 1 cm in diameter (Figure 2) in the live animals.
Conclusions A standard MRI scanner can serve as an effective generator for RF ablation by
means of a very simple, disposable device. Power deposition is controlled by the pulse
sequence. MR-mediated RFA eliminates the use of external RF generators that must be made
MR compatible, and achieves rapid controlled tissue heating. Thermal lesions in the livers of live
pigs were successfully created.
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Use of Compressed Sensing for Acceleration of Volumetric MR Thermometry
Michael Marx1, Kim Butts Pauly2
1
Department of Electrical Engineering, Stanford University, Stanford, CA
2
Department of Radiology, Stanford University, Stanford, CA
Purpose
When performing high intensity focused ultrasound (HIFU), it is important to accurately measure
temperature both to ensure sufficient temperature rise for ablation in the treatment zone and to
ensure that damage does not occur in healthy tissue. Compressed sensing can be used to
accelerate MR acquisitions. However, compressed sensing applications in MR typically
reconstruct magnitude images, whereas temperature maps are constructed from the differences
between phase maps. In this study, we sought to determine whether compressed sensing
techniques could be applied successfully to volumetric thermometry measurements.
Methods
A gel-based phantom was placed on the InSightec UF table and placed in a GE Signa 750 (rev.
20M3). A 3DFT SPGR sequence (TR = 14.592 ms, TE = 7.124 ms, flip angle = 30°, FOV = 24
cm, depth 6 cm, matrix 256 x 128 x 20) was run continuously for 15 volume acquisitions, taking
a total of 560 seconds. Starting after the second acquisition, the ultrasound table was turned on
to slowly heat a spot in the phantom, and was turned off during the eighth acquisition. The first
acquisition was discarded from analysis as the magnetization had not reached steady state.
Baseline reconstruction was performed using a fully sampled 3 dimensional FFT, and
temperature maps were reconstructed by subtracting the phase of the second acquisition from
the phase of any later acquisition. First order components in each direction were subtracted to
remove the effects of field drift.
Variable density retrospective under-sampling was used to remove frequency encode lines from
each acquisition. The sampling density was computed as a function of the average energy
across each frequency encode line in 3D k-space. For this experiment, the under-sampling
mask preserved 32.54% of the data for an under-sampling factor of 3.07. Iterative
reconstruction was performed for each data volume independently, using different threshold and
update parameters in a POCS (projection over convex sets) approach. The best results were
obtained when using a location constraint and soft thresholding of the wavelet values.
Results
Temperature maps were successfully reconstructed from the under-sampled data with a
marginal increase in background temperature uncertainty. Background temperature uncertainty
in the raw data was 0.244˚C and 0.300˚C in the reconstructed data. Standard deviation of error
between the fully sampled and reconstructed temperature maps was 0.233˚C. Maximum error of
around 1˚C was observed in some voxels at the point of maximal heating (which was around
9˚C). No bias was observed elsewhere in the reconstruction.
Conclusion
In this study, compressed sensing was demonstrated to accelerate volumetric MR thermometry.
This implementation is a first step towards achieving full brain temperature monitoring with
compressed sensing during MR-guided focused ultrasound, as only a small decrease in
measurement certainty was obtained when reconstructing the temperature maps with only one
third of the full data. Future work will seek to duplicate these results in-vivo, and to optimize
acceleration to achieve clinically relevant update rates with large volume coverage and
adequate resolutions.
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Towards Truly Quiet iMRI: An Animal Scale Gradient Test Platform for Acoustic Noise
Reduction
AbdEl-Monem M. El-Sharkawy1 and William A. Edelstein1
Department of Radiology and Radiological Sciences, Johns Hopkins University, Baltimore, MD, USA

1

Purpose. Loud acoustic MRI noise, often well above 100 dB, is a highly disturbing concomitant
of both human and animal MRI examinations that causes patient anxiety, discomfort and
potential damage to hearing. This noise interferes with interventional MRI (iMRI) and fMRI . We
are developing a prototype Truly Quiet (<70 dB) animal-scale imager with technology that can
be applied to noise reduction in clinical MRI scanners1,2.
Methods. A small gradient insert--150 mm OD, 750 mT/m maximum gradient (RRI, Billerica,
MA)--was used to test acoustic noise reduction measures in a Bruker 4.7 T animal MRI system.
The gradient is supported in an outer fiberglass cylinder by inflatable air pads that reduce
mechanical vibration transmission. A central fiberglass tube connects with end flanges to
complete an annular vacuum space--containing the gradient--between the inner and outer
fiberglass tubes. Four accelerometers are attached, respectively, to the inner and outer gradient
surfaces and to the inner and outer enclosure surfaces. A Varian IDP-3 scroll pump reached a
pressure of 130 Torr in this test fixture. Elastic/damping materials are tightly wrapped around
the wires which are fed through oversized holes in the flange and sealed by silicone sealant
compound. The gradient enclosure is held within the ID of a larger (nonfunctioning) gradient by
surrounding flexible tubing. A Larson-Davis LxT digital sound level meter with a 1 cm electret
microphone was used to monitor sound levels. The sound was conveyed to the microphone
through a 142 cm long PVC tube in order to keep the microphone out of the intense gradient
fields. A True FISP MRI sequence was used for testing.
Results. The gradient surface accelerometers detected accelerations off 15-30 g. The
acceleration of enclosure cylinder was < 2 g, indicating good vibration isolation. A weighted
sound pressure level noise was reduced from ~ 108 dB for the open gradients to 71 dB with the
gradients in the evacuated enclosure with vibration isolation.

C

gradient

A


B



Grad enclosure


Animal Gradient Insert. A) Bare gradient insert, inflatable support pads & pressure gauges. B)
Gradient insert in enclosure. C) Acoustic noise reduction from open (loud, 108 dB) gradient, to
quiet gradient, 71 dB (enclosed, vibration damping and vacuum).
Discussion. Preliminary experiments have thus far reduced the sound level by 37 dB in an
animal scale gradient test system. This can be attributed to: gradient enclosure; vibration
isolating inflatable supports; wire pathway vibration reduction; and vacuum. This work will help
reduce acoustic noise during clinical iMRI.
Refs.1Edelstein WA et al. Mag. Res. Imag. 2002;20: 153-163. 2El-Sharkawy AM et al. ISMRM 2012, p. 2608.
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Analysis of localisation accuracy of multiple wireless coils in interventional MRI
D. Brujic1, F. Galassi1, M. Rea1, P. Ferreira1, N. deSouza2, M. Ristic1
1
Imperial College London, United Kingdom
2
The Royal Marsden Hospital, Institute of Cancer Research, Sutton, United Kingdom
Purpose: Accurate localisation of devices is critical to the success of interventional
procedures. Localisation of active markers is fast and sufficiently simple but the risk of local
heating limits their clinical usage. Inductively coupled RF coils, although flexible and safe
require image analysis algorithms or acquisition of 8 or more 1D projections and processing
that includes cluster analysis [1]. The method proposed here, based on the latter scenario, is
a significant step forward in reducing complexity of the post-processing while improving the
accuracy of the localisation. Here we evaluate the accuracy and speed of the new method.
Methods
Fiducials: Wireless micro-circuits comprising 3 mm diameter inductors, filled with water gel,
were constructed to resonate at 123.5MHz (the proton Larmor frequency at 2.9T).
Sequence: A FLASH sequence was modified to acquire a set of 13 1D projections (FE=320,
TR = 4.57 ms, TE = 2.13 ms, FOV=300mm, flip angle=0.3). An extra dephasing gradient
perpendicular to the imaging plane is applied to suppress the background signals.
Algorithm: The problem may be seen as follows: 3N unpaired coordinates of N points in 3D
define N3 points in space. (N3 – N) fictitious points need to be removed. This may be done by
pairing projections and forming correct coordinate triplets. The most efficient method of
forming correct triplets is by checking if the point has projections on all projection lines [2].
The task is also to minimize the discrepancy between the position of the marker and the
corresponding computed point. The discrepancy is given by eq. 1, where Δpi is the intrinsic
measurement error of a peak position and Ni is a projection direction.
d = (Δpi (Nj x Nk) + Δpj (Ni x Nk) + Δpk(Ni x Nj)) / det (Ni, Nj, Nk)
(1)
Clearly the discrepancy comes from the inaccuracy of the peak detection but also varies with
a projection direction subset used. By ordering the projection direction subsets so that |d| is
minimized we control the maximum allowable discrepancy.
Experiment: The accuracy of localisation was investigated by placing the coils on a bespoke
pneumatically actuated MR compatible moving platform equipped with resistive position
sensor. Stepped translations were performed and after each step coil positions (sensor
readings) were recorded and estimated using the proposed method. Both, phantom and ex
vivo animal experiments were conducted to demonstrate the efficiency of the system.
Results The three localization algorithms mentioned above were implemented in Matlab ®
(Mathworks) and simulated using over 10,000,000 random sets with N=3 fiducials. Statistical
properties of the algorithm obtained with simulation and experiment are presented in table 1.
Table 1: Summary of the statistical analysis results
Average Error (mm)

StDev (mm)

Max Err (mm)

Comp. Time (ms)

Flask (Ref.1) - Simulation

0.05

0.026

0.36

26.2

Brujic (Ref.2) - Simulation

0.08

0.05

0.46

0.9

Proposed method - Simulation

0.096

0.04

0.320

0.9

Proposed method - Experiment

0.107

0.080

0.286

0.9

Conclusion By avoiding cluster analysis the processing time has been significantly reduced
while selection of optimal directions subsets maximized accuracy. These results indicate that
the needed sub millimetre accuracy for marker localisation is achieved using this method.
References:
1) Flask C, Elgort D, Wong E, Shankaranarayanan A, Lewin J, Wendt M, Duerk JL "A
method for fast 3D tracking using tuned fiducial markers and a limited projection
reconstruction FISP sequence. J Magn Reson Imaging. 2001 Nov;14(5):617-27
2) Brujic D, Galassi F, Rea M, Ristic M "A novel algorithm for fast 3D localisation of N
fiducial markers from 1D projections", ISMRM 2012, Melbourne
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Acoustic Noise Exposure During Clinical Interventional MRI Procedures on 1.5T Open
Configuration Scanners
Hiroumi D. Kitajima, PhD1,2, Kelly Young3, John N. Oshinski PhD1,
Bobbie Burrow1,2, Sherif G. Nour, MD1,2
1

Department of Radiology and Imaging Sciences, Emory University School of Medicine, Atlanta, GA, USA
2
Interventional MRI Program, Emory University Hospital, Atlanta, GA, USA
3
Environmental Health & Safety Department, Emory University, Atlanta, GA, USA

Purpose: Interventional MRI techniques are being increasingly used for guidance and
monitoring of minimally invasive interventional procedures. As the use of this technology is
becoming more widespread, a need to revisit the safety parameters associated with performing
these procedures arises. This work analyzes the acoustic noise data collected throughout
representative procedures from our clinical interventional MRI practice.
Methods: Procedures were performed on an Espree 1.5 T MRI scanner (Siemens Healthcare,
Erlangen, Germany) with a 8-channel body matrix coil and a 24-channel spine matrix coil. A
combination of tri-plane 2D balanced gradient recalled echo (GRE), spoiled GRE, fast spin echo
(FSE), and 3D GRE were used for visualization and navigation. A Noise Pro DLX Dosimeter
(Quest Technologies, Oconomowoc, WI) was positioned outside the MR scan room and the
probe was placed inside for noise monitoring. Samples were acquired each minute throughout
the duration of the procedure. Ear plugs with a noise reduction rating (NRR) of 28 or
communication earmuffs with a signal-to-noise ratio (SNR) of 14 were used by patients and
support staff.
Results: The Occupational Safety and Health Administration (OSHA) mandates the 8-hour
action level at 85 dB and exposure level at 90 dB. The peak exposure limit is 140 dB. During a
venous malformation sclerotherapy procedure and a kidney ablation procedure, the 8-hour
exposure levels were 85.4 and 81.7 dB, the peak exposure levels were 116.4 and 117.3 dB,
and scan durations were 205 and 85 minutes, respectively. Since a routine diagnostic exam
typically last 30-45 min, interventional MRI subjects patients and support staff to significantly
extended acoustic noise levels.
Conclusion: The acoustic noise caused by Lorenz forces between the gradient and static
magnetic fields contribute to levels that approach safety limits. Literature such as Price et al. in
2001 has focused on various factors such as high field strength, small FOV, short TR, short TE,
thin slice thickness, and fast pulse sequences to increase noise levels, all of which are
employed during interventional MRI. These previous studies investigating acoustics during a
MRI exam have focused on considerations during a routine diagnostic scan. Sesay et al. in
2009 and Henricks et al. in 2011 have only begun to address the implications of acoustic noise
on anesthesia staff for interventional MRI. Thus, the safety of longer studies in interventional
MRI has not been thoroughly explored. The Food and Drug Administration (FDA) and
International Electrotechnical Commission (IEC) require
a noise warning at 99 dB and specify hearing damage
at 140 dB, but the OSHA provides 8-hour exposure
levels at lower levels. As interventional MRI becomes
more widespread through various new applications,
these extended exposure levels must be considered.
References: Henricks B, Walsh RP. Intraoperative
magnetic resonance imaging for neurosurgical procedures:
anesthetic implications. AANA J. 2011 Feb;79(1):71-7.
Price DL, De Wilde JP, Papadaki AM, Curran JS, Kitney RI.
Investigation of acoustic noise on 15 MRI scanners from 0.2
T to 3 T. J Magn Reson Imaging. 2001 Feb;13(2):288-93.
Sesay M, Tauzin-Fin P, Jeannin A, Dousset V, Maurette P. Audibility of anaesthesia alarms during
magnetic resonance imaging: should we be alarmed? Eur J Anaesthesiol. 2009 Feb;26(2):117-22.
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Interventional MRI from the Internet Browser
Andrew B. Holbrook1, M.A. Rube2,3, A. Melzer2,3, K. Butts Pauly1
1.
Department of Radiology, Stanford University, Stanford, California, United States
2.
Institute for Medical Science and Technology, Division of Imaging and Technology, University of
Dundee, United Kingdom
3.
Integrated Interventional Imaging Operating System (IIIOS), Marie Curie Initial Training
Networks, Seventh Framework Programme, the People Programme
Purpose: The purpose of this work was to develop a MRI-guided High Intensity Focused Ultrasound
(HIFU) system that was completely controllable within an Internet browser, across multiple operating
systems and form factors (PCs / tablets). Within a browser, MRI scans could then be accessible from
anywhere, whether in the magnet room or halfway across the globe, giving multiple people the ability
to view and/or interact with procedures regardless of location and device.
Materials and Methods: A 1.5T MR scanner (Signa HDxt, GE Healthcare, Waukesha, US) running
the RTHawk v0.9.28 (HeartVista, Inc, Palo Alto, CA) real time system was integrated with an ExAblate
Conformal Bone System (InSightec, Ltd, Tirat Carmel, Israel) HIFU transducer into a web control
platform. Both MRI and HIFU controls were integrated into a backend developed in C++. These were
then attached to a locally hosted node.js server hosting the user interface over SSL, utilizing a
mongoDB database for authentication. The interface was written exclusively with HTML, CSS, and
JavaScript, utilizing the following open source libraries: Enyo 2.0 for the interface, Flot.js for plotting,
and Three.js for HTML5 canvas and/or webGL rendering. The interface was tested on various
browsers: Mozilla Firefox (Ubuntu 11.10, OSX Snow Leopard), Google Chrome (Ubuntu 11.10, OSX
Snow Leopard, MS Windows 7), and Apple Safari (OSX Snow Leopard) and Mobile Safari (iPad 1).
The user interface was capable of imaging three independent
slices of various pulse sequences (a GRE, an SSFP, and a
longer TE GRE sequence), in addition to tracking the HIFU
transducer with a phase dithered MR-tracking pulse
sequence. HIFU steering could be performed by clicking or
tapping on the image where the treatment should occur.
Additionally, power control,starting and stopping the ablation,
and baseline thermometry visualization were enabled in the
interface. With these tools, HIFU ablations were performed in
Figure 1: Three plane HIFU ablation
a gel phantom.
on a desktop browser, with a 3D slice
Results: We have successfully created a cross-platform, overlay displayed (right).
Internet browser-contained interventional MR user interface.
Figure 1 shows the example interface running on Firefox, including a
webGL 3D representation of the simultaneous slices through the
phantom. Figure 2 shows the same interface during a different
ablation on the tablet. The node.js server showed no noticeable
lags or delays serving the MRI images to the clients. Often multiple
connections were made (ie in various browsers on one PC and
across devices), all able to access and visualize the data individually
as desired, or controlling the procedure as allowed by each user's
Figure 2: Similar interface
login permissions.
(from same web site) for HIFU
Conclusions: Controlling MRI and interventional therapies from a ablation monitoring on an iPad.
web browser presents many interesting solutions for device integration. The web server model allows
easy access to data and the experimental controls, whether on a tablet in the magnet room, a desktop
in the control room, or a laptop potentially anywhere. This enables more intuitive and collaborative
multi-user software for image guided therapy.
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Title: Rapid, low-SAR T2-weighted VAPSIF for MR-Guided Percutaneous Interventions
Author(s): Sunil Patil1, Subashini Srinivasan1,2, Aaron Flammang1, Wesley D. Gilson1
Affiliation(s): 1Center for Applied Medical Imaging, Siemens Corporation, Corporate Research
and Technology, Baltimore, MD, USA; 2Biomedical Engineering Interdepartmental Program,
University of California, Los Angeles, CA, USA
Purpose: Variable Amplitude PSIF (VAPSIF) is investigated as a rapid, low SAR, offresonance insensitive T2-weighted sequence with good edge resolution for interventional MRI.
Methods: The basic construct of the VAPSIF pulse sequence consists of four blocks (Figure 1)
and has been described in detail in [1]. VAPSIF was implemented and tested on a 3T Siemens
Tim Trio. In this study, the contrast performance of VAPSIF was evaluated in a healthy
volunteer and compared to conventional HASTE. Shared imaging parameters were FoV
360x315, reconstructed scan resolution 1.4x1.4x6mm. Specific imaging parameters for each
sequence are described in Figure 2. An additional 50ȝT readout gradient was added to explore
off-resonance sensitivity. Preliminary performance of VAPSIF for MR-guided needle
interventions was examined in an ex vivo ovine neck and compared to HASTE and TrueFisp.
Results: Healthy volunteer images shown in Figure 2 revealed that VAPSIF achieved similar T2
contrast to HASTE, a 33% reduction in SAR and a 32% improvement in temporal resolution for
the imaging parameters selected. No effect on image quality was observed for VAPSIF when
exposed to 50ȝT readout gradient. Ex vivo imaging depicted in Figure 3 demonstrated that
VAPSIF achieved T2 contrast similar to HASTE, but exhibited a needle susceptibility artifact
similar to TrueFisp.
Conclusions: VAPSIF imaging has potential in MR-guided percutaneous interventions by
providing improved T2-weighted lesion visualization at higher frame rates.
References: [1] Srinivasan et al. ISMRM 2012;290. [2] Paul et al. MRM 2006;56(1):82-93.
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Development of a novel cableless radiolucent RF coil for MR-guided radiation therapy
(MRgRTTM)
M Hebb1, J Winter2*, K Champagne2, B McCurdy1, H Zhu2, L Petropoulos2, (1) CancerCare
Manitoba, Winnipeg, Manitoba, (2) IMRIS, Winnipeg, Manitoba
Purpose: To demonstrate the feasibility of a novel radiotherapy-compatible cableless
radiofrequency (RF) coil for an MR-guided radiation therapy (MRgRTTM) system that employs a
movable MRI system. This coil technology will expedite clinical workflow by eliminating need for
coil connections and cables, allowing RF coils to remain in place for treatment.
Methods: We quantified radiation transmission factors and surface dose changes for aluminum
(Al), copper (Cu) and FR4 substrate typical of RF coils using a Varian Trilogy linear accelerator.
Ion chamber measurements were performed by applying 6 MV fields of various sizes through
sheets of each material and metal-substrate combination. These measurements were repeated
with the materials on a standard treatment couch. Material optimization provided input to build a
prototype cableless coil and representative coil segment for surface dose measurements. This
coil utilized a novel approach based on inductively coupling a remote phased-array surface coil
to the MR scanner body coil, eliminating need for preamplifiers, detuning circuits or cables.
Results: We observed expected patterns for radiation field sizes between 1 cm x 1 cm and 25
cm x 25 cm and expected variation with off-axis distances < 12 cm. Figure 1 provides the
radiation testing results. All metal-substrate combinations had transmission factors > 0.996, the
lowest being Cu-FR4. Relative surface dose increases were similar for Cu-FR4 (3.9) and AlFR4 (3.3) combinations. Couchtop relative surface dose increases were much greater than coil
materials alone and did not increase substantially with the addition of coil materials (couch-only
= 6.6, couch with Cu-FR4 = 7.3). It is clear that the level of attenuation was not significant and
that relative surface dose for all coil components was less than the radiotherapy couchtop.
Relative surface dose increase was 6.23 for prototype coil segment with capacitor, but
capacitors are not in the primary beam path in the coil design.

A

C

B

only

Figure 1.Transmission factors (A), and relative surface doses of materials
erial and metalsubstrate combinations without (B) and with (C) a radiotherapy couchtop.
Conclusions: Results indicate surface dose effects are the dominant consideration in
radiolucent RF coil design for MRgRT. Similar Cu and Al surface dose effects suggest Cu is a
viable coil inductor material for this application. Given that coil material contribution to surface
dose is small compared to the couchtop material it is feasible to keep this cableless coil in place
during radiation treatment.
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Multi-element wireless stacked phased array coil
H. Zhu1, G. Wang1 and L. Petropoulos1
IMRIS Inc., Winnipeg, MB, Canada

Purpose: Phased array coils have been widely used in MRI since their introduction by Roemer, et al in 1990[1]. It is well
known that for a desired targeted imaging volume, higher number of smaller size elements will provide higher SNR, faster
imaging acceleration, and a larger FOV. The desire for a larger FOV in the abdomen, pelvis and lower extremities can
significantly increase the number of elements in a phased array design. However, there are obstacles that prevent
continuously increasing the number of elements in an array. One of issues is the arrangement of the elements in the array
structure. It is custom for the elements of an array to be placed adjacent to each other in a geometrically decoupled
fashion. Thus for a given geometry, there is a limitation to the number of elements that can be included. Another obstacle
is the large number of RF conductors to accommodate high density array design. For such structures, array design is
complicated due to the size and weight of the RF coil and its impact to the operator and patient
In this paper, a novel wireless stacked decoupled phased array design is presented [2] that successfully address both
these obstacles without sacrificing the coils performance in terms of SNR and coverage. The stacked coil configuration
allows for higher number of channels within a restricted geometrical envelope while the wireless technology eliminated the
need for RF cables. Dandan Liang et al [3] described a coupled stacked coil in which two identical elements were stacked
vertically and separated by a certain distance. This configuration created strong coupling between the stacked elements
which required pre and post signal processing to address this issue. The presented design introduces a novel wireless
stacked phased array coil configuration in which shared capacitive decoupling is used to achieve element isolation up to 23 dB. The receive signal of the stacked coils are inductively coupled to the receive signal of the body coil [4] that results
in superior image quality and coverage without the use of integrated preamplifiers and cables. Such an array configuration
can improve SNR by 35% compared with the same geometrical sized single loop configuration.
Methods: As a proof of concept a representative configuration of the stacked element wireless phased array coil was
made. The stacked coil has dimensions of 17 x 17 cm and inner element cross length of 15.5 cm. The coil was
constructed using ¼s copper tape on FR4 laminate. The elements were tuned to 123.2MHz to be used with the Siemens
Verio MR system. The two passive decoupling circuits provide protection from the body coil during the transmit phase.
Capacitive decoupling between the two elements is achieved using a shared capacitor. As a benchmark test, this coil was
compared with a single loop coil that occupies the same geometrical space as the stacked coil. Bench tests were
conducted using Siemens 1900mL phantom with measured Q factor and isolation provided in Table 1. In the stacked
configuration, isolation of -23 dB can be achieved with the loaded phantom. A transmit RF power change test was
conducted using the magnet which produced a 0.8% change in power due to the presence of the coils verifying the
effectiveness of the passive detune circuit.
Results: After successfully completing all the MR safety tests, SNR measurements on a
Siemens 1900mL phantom and human volunteer imaging was performed for both the stacked
coil and single loop configurations. The measured SNR numbers are provided in table 2. It is
observed that that the stacked coil improves SNR by 35%. In addition, volunteer imaging was
conducted with a T2 weighted sequence (TR/TE = 6000/96, Slice thickness = 4 mm, FOV =
230 mm) with the results depicted in figure 1 and figure 2. Improvement in SNR and image
depth of the wireless stacked coil is clearly visible.
Coil
Stacked

squared
octagon
Single loop

QUL
283
310
365

QL
85
103
109

QUL/QL
3.3
3
3.3

Table 1
Isolation (UL)
-23dB

Isolation (L)
-15dB

N/A

N/A

SNR
217
161.3

ratio

1.35
N/A

Conclusions: A novel wireless stacked decoupled phased array coil was presented. It was
shown that this coil can greatly improve image quality in terms of SNR and penetration. SNR
improvements of 35% were measured compared with a single element coil of similar size.
Such coil design will allow us to increase the number of elements on the phased array design
without increasing the overall coil dimensions. The wireless technology will allow for user
friendly lighter coils without sacrificing image quality. This design can be extended for standard
phased array coils combined with preamplifier decoupling to further enhance the isolation
between the adjacent elements.
References:
1.
2.
3.
4.

Figure 1 T2 image with
stacked coil

Figure 2 T2 image with
single loop coil

Roemer PB, Edelstein WA, Hayes CE, Souza SP, Mueller OM. The NMR Phased Array. Magn. Reson Med. 1990;16:192-225.
Haoqin Zhu et al, US patent application 13/290176, Nov 07,2011
Dandan Liang et al. Study on the Decoupling of Stacked Phased Array Coils for Magnetic Resonance Imaging. PIERS Proceedings, Suzhou,
China, September 12-16, 2011
Haoqin Zhu et al, US patent application 13/090816, April 20 2011
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A Novel Highly Homogeneous Wireless Birdcage Resonator Coil
H. Zhu, M. Fallah-Rad, M. Lang, W. Schellekens, K. Champagne, L. Petropoulos
IMRIS Inc., Winnipeg, MB, Canada
Purpose: It is widely accepted that phased array coils are the preferred embodiment for imaging application where the
major requirements are high local SNR, capability for ultra-fast parallel imaging application and/or high resolution imaging
of localized anatomies. It is well known that one disadvantage of a phased array technology is its ability to generate highly
uniform images over the entire imaging volume. In such situations volume RF coil designs such a birdcage resonators are
the preferred choice. Furthermore for spectroscopic applications it is desirable to have a birdcage structure that is tuned in
multiple frequencies for multinuclear spectroscopic applications. Although the birdcage resonator is the preferred
geometry for highly homogenous images, the placement of the structure close to the desired anatomy is mostly restricted
due to the the size and length of the RF cables. Volumetric coils that are designated for the lower extremities require
longer cable lengths. Such designs might be prohibitive due to the number of cable traps and their proximity to the RF
body coil that can lead to RF heating hazard.
In this paper, a novel highly homogeneous wireless birdcage resonator that is capable of dual frequencies is presented
[1]. The proposed design addresses the need of eliminating bulky cables without penalty on the coils performance in terms
of SNR, uniformity and coverage that a traditional birdcage design exhibits. Furthermore, the proposed design can be
easily tuned to a high pass, low pass or band pass configuration, as well as dual frequencies. SNR comparison of the
High Pass wireless birdcage configuration with the 12 channel Siemens Head coil at 1.5T yields comparable image quality
as well as uniformity. The absence of need for a coil ID and a coil configuration file makes the proposed birdcage design
easily adaptable to any OEM MR system.
Methods: The picture of the 16-rung dual frequency and 16-rung high
pass wireless birdcage resonator are shown in Fig. 1(a) and Fig. 1(b)
respectively. The HP wireless b-cage coil was copper taped on a cast Acrylic
tube of diameter 270mm with an overall coil length of 270mm. The endrings
have a width of 12.7mm with rungs of width 25.4mm. 16 passive decoupling
blocks were alternating on the end rings (between each rung). A transmit RF
power change test was conducted using 1.5T Siemens Espree magnet which
produced a 3.6% change in power verifying the effectiveness of the passive
detune circuit.

(a)

(b)

Fig.1 (a) Wireless HP dual freq. (b) Wireless HP b-cage

Results: Bench measurements on the fabricated coil provided an unloaded Q factor of 270 and a loaded Q factor of 35
at 63.65MHz. FDTD analysis [2] (Fig 2a) of the fabricated wireless high pass birdcage coil showed 15dB improvement in
B1 sensitivity at the isocenter of the 1.5T body coil compared with
Body Coil with
the baseline (body coil alone) as depicted in Fig. 2(b). After
Wireless B-cage
successfully completing all the MR safety tests, SNR measurements
on the Siemens 7300mL phantom and human volunteer imaging
15dB
was performed using the HP wireless b-cage and the 12-channel
Body coil only
OEM coils. Measured SNR numbers were 105 for the wireless coil
and 103 for the 12-channel OEM coil. Volunteer imaging was
conducted with a T1 weighted sequence (TR/TE = 500/9.5 ms, Slice
Fig.2 Simulated B1 field of HP b-cage coil with 1.5T body coil
thickness = 5 mm, FOV = 240 mm) with the results depicted in figure
3(a) and figure 3(b) for the wireless coil and 12-channel OEM coil respectively.
Conclusions:
In this paper, a wireless HP birdcage coil was presented.
The design of this coil can be extended to low pass, bandpass or dual
frequency configurations. Simulated B1 field of the HP birdcage within the body
coil showed an increase of more than 15dB in magnitude compared to B1 field
of body coil only. SNR measurements on phantom showed comparable
numbers between the wireless coil and the 12-channel OEM coil. Additionally,
volunteer head images were of similar quality and uniformity between the two
coils.
References:
1. US Application Serial Number 13/231004 filed September 13 2011.
2. SEMCAD X Version 14.6.1, Schmid & Partner Engineering AG, Zurich,
Switzerland
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Parallel Imaging Combining an 8 channel Tx/Rx Phased Array with a Wireless Birdcage Resonator
H. Zhu, M. Fallah-Rad, M. Lang, W. Schellekens, K. Champagne, L. Petropoulos
IMRIS Inc., Winnipeg, MB, Canada

Purpose: One of the most significant breakthroughs of the MR imaging over the last decade was the introduction of
parallel imaging that influenced the rapid expansion of receive arrays and significant reduction of imaging times. Recently
the introduction of multi-transmit technology [1] enabled selective RF excitation in targeted areas of the field of view as
well as the ability to generate a highly uniform B1 profile across the entire imaging volume (B1 shimming). Furthermore,
imaging times were reduced while, controlling the SAR levels in most applications. Multi-transmit technology is desirable
at high (1.5 T) to ultra high (11.7 T) field strengths due to the ability to correct local or global transmit field in
homogeneities caused by presence of a dielectric object. In general the multi-transmit technology is only reserved for the
design of whole body RF coils while the receive function is primarily left to a multichannel receive arrays. It is extremely
desirable for the receive arrays to be lightweight and more user friendly. Wireless array technology offers this solution [2].
In this paper, an alternative configuration that enables performing parallel imaging is introduced by combining an 8channel multi-transmit phased array coil with a wireless birdcage resonator. Such a configuration has its distinct
advantages since the presence of the wireless birdcage resonator results in an increase of 15dB in the sensitivity of the
combined B1 field in the targeted area of interest. This results in significant SNR and image quality improvements.
Additionally, utilization of the receive channels of the multi-transmit coil that are inductively coupled with the wireless
birdcage coil enables performing routine parallel imaging of a human volunteer with improvements in SNR and image
uniformity. The addition of the wireless birdcage resonator allows us to freely place the coil to the targeted geometry
without concern for RF cable heating while improving patient throughput and comfort. This is a significant advantage over
coils with RF cabling.
Methods: The 8 channel 1.5T Transmit/Receive Coil
combined with a 8-rung high-pass (HP) wireless birdcage coil is
shown in Fig. 1. The 8ch Tx/Rx coil was built on Acrylic tube of
diameter 302 mm with copper tape width of 12.7mm. The eight
elements of the Tx/Rx coil were decoupled by a combination of
overalaps and capacitive decoupling. The individual elements
have length and width of 250mm by 155 mm respectively. A
custom 50 ohm T/R switch with insertion loss of 0.2dB and
isolation of -60dB was fabricated for each element of the Tx/Rx
coil. The switch additionally housed the 1.5T Siemens low noise
Fig.1 8ch TX/RX coil
Fig.2 Simulated B1 field of Tx/Rx coil
pre-amplifier and the 50 ohm matching network. An eight way
combined with birdcage coil
power splitter is used to divided the transmit power equally with a
phase offset of 45 degrees between each channel. Received signal is sent back via an eight channel connector to the
system. The 8-rung HP wireless birdcage coil was constructed with 10mm wide copper traces on an Acrylic tube with a
diameter of 140mm and overall coil length of 150mm. Total of eight passive decoupling blocks were alternating on the
end rings (between each rung).
Table 1

Results: Isolation tests with phantom load were performed on the Tx/Rx coil
Coil
SNR
with best and worst case isolations of -25dB and -9dB respectively. FDTD
8chTX/RX only
150
analysis [3] of the Tx/Rx coil show excellent B1 field uniformity within the
Wireless HP b-cage coil with body coil
127.6
imaging volume as depicted in Fig. 2. Phantom measurements using Siemens
8ch TX/RX + wireless HP birdcage
204
1900ml phantom were performed with SNR data provided in Table 1. The
combined 8-channel Tx/Rx coil and wireless HP b-cage coil provide the
highest SNR. Accelerated (iPAT = 2) T1 (TR/TE = 597/15 ms, Slice thickness = 2 mm, FOV = 140x180 mm) volunteer
images of the wrist using the Tx/Rx coil combined with the wireless HP b-cage coil were
performed and depicted in Fig. 3. The images provide great resolution of the wrist with
good uniformity.
Conclusions: In this paper, an 8-channel Tx/Rx coil combined with a wireless highpass birdcage coil was presented. Accelerated imaging was achieved using the
combined coils with high image resolution and uniformity. This concept can easily be
scaled to represent whole body RF multi-channel Tx/Rx coils combined with local
wireless coils for whole body parallel imaging.
References:
1. G Adriany et al. Transmit and Receive Transmission Line Arrays for 7 Tesla Parallel Imaing.
Magn. Reson Medicine 2005, 53:434-445.
2. Haoqin Zhu et al, US patent application 13/090816, April 20 2011
3. SEMCAD X Version 14.6.1, Schmid & Partner Engineering AG, Zurich, Switzerland

Fig.3 Accelerated T1 imaging of the wrist
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A novel multichannel wireless receive phased array coil without integrated preamplifiers for high field
MR imaging applications
H. Zhu, M. Fallah-Rad, M. Lang, W. Schellekens, K. Champagne, L. Petropoulos
IMRIS Inc., Winnipeg, MB, Canada
Purpose: Since the introduction of phased array technology and particularly the introduction of massive number of receive arrays that assist in faster
image acquisitions using parallel imaging, the need for reducing or eliminating the size of the RF cables has been apparent. Long cables for coils with
large number of channels (abdomen and lower extremities coils) create significant weight and bulkiness. Additionally, cable traps are required to avoid
RF heating which introduce complexities and weight to the structure. Over the past few years, there has been numerous attempts to reduce or eliminate
the need for RF cables by different techniques such as active wireless, fiber optic driven or cable-less coils [1,2,3,4]. Each of these techniques has its
challenges. The recently introduced wireless coil [1] requires constant power for operation which adds additional components to the coil/system and
creates heating. Furthermore, use of the wireless technology results in degradation of image quality and SNR for phased array coils compared with their
cabled counterpart. Other proposed solutions use fiber optics [2] for signal transmission. This technique has the advantage of significant reduction in the
number of RF cable lines and hence the reduction in weight of the entire cable assembly. However, this method requires fiber to RF conversion which
makes the coil bulky compared with conventional coils and introduces heating. Additionally, the presence of DC power lines requires use of cable traps
which add complications to the coils. Early attempts at inductive coils [3,4] used a local coil to communicate between the single channel inductive coil
and the system. No phased arrays were considered in these designs. In this paper we present a novel wireless receive phased array design that is
remotely positioned on the imaging region and, inductively coupled to the body coil [5]. The body coil is used for transmit and receive. The proposed
coils have no pre-amplifiers or active elements (active detuning circuits) and require no cables. This leads to reduction in weight and bulkiness of the
coils without significantly sacrificing image quality and SNR. Additionally, due to removal of the coil IDs, coils can operate with any OEM MR system at
the particular field of interest. The presented results show equivalent image quality and performance compared with a 12 channel commercial phased
array coil.
Methods: The proposed lower half wireless phased array design dedicated for head imaging is shown in figure 1. A total
number of three channels are geometrically decoupled with isolation up to -25 dB. FR4 laminate with copper trace of width
10mm was used with individual upper and lower coil dimensions of 280 x 200 mm. An additional wireless single channel
butterfly coil was designed for the upper half with similar outer dimensions. The coils were tuned to 63.65 MHz to be used with
1.5T Siemens Espree MR System. Passive decoupling network and RF fuse is used for each element of the coil. Measured
unloaded quality factors on order 300 were measured on the bench. No matching network is required due to the lack of
active pre-amplifiers.

Fig. 1 Wireless phased array

Results:
3D full wave analysis simulation (FDTD) of the single channel wireless
inductive coil combined with the 1.5T body coil shows an increase of more than
15dB in B1 field sensitivity in the region of interest compared with the baseline
(body coil only ) as depicted in Fig. 2. SNR of 98 and 102 was measured using
Siemens 7300 ml bottle phantom for the wireless phased array coil and the 12
channel commercial head coil respectively. Upon completion of all the safety tests,
volunteer head images were obtained using standard T1, T2 sequence. The
obtained head images for the wireless inductive coil and the 12-channel
(b
(a
commercial head coil are depicted in Fig. 3(a) and 3(b) respectively. As seen from
volunteer images both in terms of SNR as well as image quality, no noticeable
Fig 2 B1 sensitivity vs. distance (a) Body coil (b) Body coil with
degradation using the four channel wireless coil is visible compared with the 12channel coil. The wireless phased array coil exhibits good image quality and coverage
Conclusions: A novel wireless phased array coil that is inductively coupled with the body
coil is presented. This coil design eliminates the use of cables and all active components
(such as pre-amps and active diodes). This design reduces the overall dimensions of the coils
as well as drastically improves the workflow during imaging. Additionally, B1 field sensitivity
was improved by 15 dB. SNR and volunteer imaging indicate that the proposed design
demonstrate equal performance compared with available 12-channel head coils. Finally, the
lack of coil ID requirement enables the coils to work on any OEM MR system at the particular
field.

Reference:
1.
2.
3.

4.

5.

Heid, M. Vester, P. Cork, P. Hulbert, and D. W. Huish., “CUTTING THE CORD WIRELESS COILS FOR MRI ” Proc. Intl. Soc. Mag. Reson. Med. 17 (2009)
US7345485, Jan 18, 2006, Koninklijke Philips Electronics N.V., Optical interface for local
MRI coils
Staubert, M. Vester, V.M. Tronnier, W.Renz, C.R. Wirtz, M.M. Bonsanto, S. Kunze,
“Interventional MRI-guided brain biopsies using inductively coupled surface coils”,Magn
Reson Med, Vol. 43, 2000, pp. 278–283.
T. Sahara, et al ., “Radio Frequency Probe for Improvement of Signal to Noise Ratio in
Magnetic Resonance Image with Inductively Coupled Wireless Coil”, Proc. 12th World
Multiconference on Systemics Cybernetics and Informatics, Vol. 4, 2008, pp. 172- 176
Haoqin Zhu et al. US patent , Application 13/090816 April 20, 2011
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Optimization for resonant characteristic of intraluminal MRI probe
using integrated circuit (IC) chip of variable capacitors
Zenta Kato 1㸪Tadao Matsunaga 1㸪Yuichiro Matsuoka 2,3㸪Kagayaki Kuroda 2,4㸪
Masayoshi Esashi 1㸪Yoichi Haga 1
1
Tohoku University, Sendai, Japan㸪2Foundation for Kobe International Medical Alliance, Kobe,
Japan㸪3 Kobe University, Graduate School of Medicine, Kobe, Japan 4Tokai University,
Department of Human & Information Science, Hiratsuka, Japan
Purpose
The purpose of this study is to adjust resonant characteristic precisely of an intraluminal
MRI probe by using variable capacitors.
Methods
We have been fabricated the MRI probe which made on the polyimide tube with 1.96mm
outer diameter for insertion into the body by the non-planar photolithography (Fig.1). A
loading condition changes the resonant characteristic of MRI probe, therefore a fine
adjustment for tuning the frequency and matching the impedance when the loading changed
is needed. In this study, a prototype integrated circuit (IC) of variable capacitors which consist
of non-magnetic materials by semiconductor manufacturing technique has been designed
and characterized. The capacitors controlled by a DC voltage were used for the tuning and
matching circuit of the developed intraluminal MRI probe used for a 1.5T MR scanner (Fig.1).
To evaluate the adjustability of the tuning and matching by the variable capacitors, the
frequency and impedance of MRI probe at unloaded were measured by using Network
Analyzer, when the applied voltages for the tuning capacitor (Ct) and the matching capacitor
(Cm) were changed.
Results
Fig.2 shows the frequency shifts (a) and impedance shifts (b). Frequency was shifted about
16MHz by changing the capacitance of Ct, and impedance was shifted about 47Ω by
changing the capacitance of Cm. Tuning and matching adjustment was achieved precisely
50Ω and 63.865MHz. When an excitation pulse was exposed to the probe, the capacitors
malfunctioned because of a low voltage proof of them.
Conclusions
The resonant characteristic was adjusted precisely by using the developed variable
capacitors, therefore MR image with high SNR could be obtained for any loading conditions.
We plan in the near future to study a protection system for the IC from high voltage excitation
pulse of MRI scanner. Moreover intraluminal MRI probe with variable capacitor mounted on
flexible circuit board is being developed.

Fig.1 Configuration of intraluminal MRI probe
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Fig.2 The shifts of frequency by the
change of Ct (a) and impedance by the
change of Cm (b)
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Multi-Channel Transceive Paradigm for Interventional MRI
G. Scott, M. Etezadi-Amoli, K. Shultz, A. Kerr, P. Stang, J. Pauly
Electrical Engineering, Stanford University, CA, United States
Purpose: To date, interventional MRI has followed the paradigm of conventional body coil
excitation during imaging. Active device visualization is achieved primarily by receive-only
pickup loops, or dipoles fed by micro-coax. To embed such devices, one must add RF chokes,
filters or baluns for RF safety. Even so, device heating is still troublesome; space is constrained
and mechanical performance is compromised. We propose a multi-channel transmit system
tailored to the needs of interventional MRI. Our concept is to limit the excitation volume only to
the immediate device region with transmit arrays, minimizing RF safety concerns. We can then
use the native ability of conducting structures to act as low power antenna transceiver elements
for high SNR projections [1], or for high power RF ablation performed at MRI frequencies [2].
Methods: We have constructed the complete electronics infrastructure to add multiple 300W 64
MHz power amplifier channels for transmit array localization, Larmor frequency RF ablation, and
micro-power Tx/Rx device visualization (Fig. 1). This infrastructure includes optical current
sensors to monitor induced RF current levels, and transceive toroids that convert guidewire or
EP catheter devices into MRI transceiver “coils”. This system is controlled by a Medusa console
[3] and acts as a slave controller to a GE Signa 1.5T scanner. Power couplers and Luxtron
temperature sensors are instrumented in the system for RF ablation operation at 64 MHz.
Results: Figure 2 shows color maps of Bloch-Siegert B1 maps using 3 transmit array elements
in the presence of an EP catheter mockup while receiving the signals from a) a toroid receiver,
or b) a typical cardiac receive array. The transmit array minimizes the total coupled field volume
and can be weighted to minimize total coupling. In 2c, toroid transceiver images of insulated
wires show that slight tip exposure enhances visualization because of antenna dielectric
loading. The high SNR requires Tx and Rx with the same device to maximally correlate the
azimuthally directed B1 fields. In Fig. 3, the system is part of a bipolar RF ablation test using 64
MHz currents, and demonstrates the added ability to perform B1 maps (here using AFI), and
MR thermometry using the RF ablation
electrodes as an MRI transmit array element.
Conclusions: We believe the use of a transmit
array architecture for micro-power and high
power elements provides a pragmatic means to
simplify MR interventional systems, while
avoiding RF hazards. It allows guidewire and
EP devices to be visualized by toroid drivers with
minimal modification to the catheter devices.
References:

Fig 1. Full Tx/Rx array & toroid Tx/Rx interventional
device drive system.

[1] M. Etezadi-Amoli, Proc. 20th ISMRM, 208, 2012. [2] K. Shultz et
al, IEEE TMI, 31:938-947. [3] P. Stang et al, IEEE TMI, 31:370379, 2012. NIH Grant support: R01EB008108, R33CA118276,
R21EB007715, P01CA159992.

Fig 2. a) B1 field maps & GRE images by Tx array, Rx toroid. b)
Tx array, Rx array. c) Wire toroid transmit/receive.
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Fig 3. a) 64 MHz RF ablation B1 field maps. b)
RF ablation MR thermometry.
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7KHDXJPHQWHGUHDOLW\V\VWHPZDVXVHGZLWKDFOLQLFDO7HVOD05,V\VWHP 0$*1(721
(VSUHH6LHPHQV+HDOWKFDUH(UODQJHQ*HUPDQ\ OXPERVDFUDOVSLQDOLQMHFWLRQV
SURFHGXUHV HSLGXUDOLQMHFWLRQVSLQDOQHUYHURRWLQMHFWLRQIDFHWMRLQWLQMHFWLRQPHGLDOEUDQFK
EORFNGLVNRJUDSK\ ZHUHSHUIRUPHGLQKXPDQFDGDYHUV1HHGOHSDWKVZHUHSODQQHGZLWKWKH
3HUN6WDWLRQPRGXOHRI'6OLFHUVRIWZDUHRQKLJKUHVROXWLRQ05LPDJHV1HHGOHVZHUHSODFHG
XQGHUDXJPHQWHGUHDOLW\05,QDYLJDWLRQ05,ZDVXVHGWRFRQILUPQHHGOHORFDWLRQV7
ZHLJKWHGIDWVXSSUHVVHG05,ZDVXVHGWRYLVXDOL]HWKHLQMHFWDQW7HFKQLFDOSHUIRUPDQFH
SDUDPHWHUVDVVHVVHGLQFOXGHGQHHGOHDGMXVWPHQWUDWHLQDGYHUWHQWSXQFWXUHRIQRQWDUJHWHG
VWUXFWXUHVVXFFHVVIXOLQMHFWLRQUDWHDQGSURFHGXUHWLPH
5HVXOWV
1HHGOHDFFHVVZDVDFKLHYHGLQ  WDUJHWVZKHUHDV  ZHUH
LQDFFHVVLEOH  QHHGOHDGMXVWPHQWVZHUHSHUIRUPHG  LQDFFHVVLEOH
WDUJHWVZHUHWKH/6GLVNVEHFDXVHRIDQD[LDOREOLTXLW\RI  GHJUHHV  
ZHUHIDFHWMRLQWVGXHWRPRGHUDWHWRPDUNHGIDFHWRVWHRDUWKULWLV7KHUHZHUHQRLQDGYHUWHQW
SXQFWXUHV$OODFFHVVLEOHWDUJHWV  ZHUHVXFFHVVIXOO\LQMHFWHG0HGLDQ
SURFHGXUHWLPHZDVPLQ PLQ 
&RQFOXVLRQV
$XJPHQWHGUHDOLW\QDYLJDWHG05JXLGHGVSLQDOLQMHFWLRQSURFHGXUHVXVLQJDQDXJPHQWHGUHDOLW\
WHFKQLTXHUHVXOWVLQDKLJKWHFKQLFDOO\VXFFHVVUDWHLQKXPDQFDGDYHUV'LVFVSDFHVZLWKDQ
REOLTXLW\RIGHJUHHVDQGPRUHPD\EHLQDFFHVVLEOHWRD[LDOLPDJHRYHUOD\JXLGDQFH
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$XJPHQWHG5HDOLW\9LVXDOL]DWLRQ8VLQJ,PDJH2YHUOD\IRU05JXLGHG,QWHUYHQWLRQV
9HUWHEURSODVW\DW7HVOD
-)ULW]387KDLQXDO78QJL$-)ODPPDQJ6.DWKXULD*)LFKWLQJHU,,RUGDFKLWD
-$&DUULQR


7KH-RKQV+RSNLQV8QLYHUVLW\6FKRRORI0HGLFLQH7KH5XVVHOO+0RUJDQ'HSDUWPHQWRI
5DGLRORJ\DQG5DGLRORJLFDO6FLHQFH%DOWLPRUH864XHHQ V8QLYHUVLW\'HSDUWPHQWRI
0HFKDQLFDODQG0DWHULDOV(QJLQHHULQJ.LQJVWRQ21&$4XHHQ V8QLYHUVLW\6FKRRORI
&RPSXWLQJ.LQJVWRQ21&$6LHPHQV&RUSRUDWH5HVHDUFK&HQWHU)RU$SSOLHG0HGLFDO
,PDJLQJ%DOWLPRUH0'867KH-RKQV+RSNLQV8QLYHUVLW\'HSDUWPHQWRI0HFKDQLFDO
(QJLQHHULQJDQG/DERUDWRU\IRU&RPSXWDWLRQDO6HQVLQJDQG5RERWLFV%DOWLPRUH86

3XUSRVH
7RSURVSHFWLYHO\DVVHVVWKHWHFKQLFDOSHUIRUPDQFHRIDQRYHODXJPHQWHGUHDOLW\,PDJH2YHUOD\
V\VWHPIRU05JXLGHGYHUWHEURSODVW\DW7HVOD
0HWKRGV
$QDXJPHQWHGUHDOLW\,PDJH2YHUOD\V\VWHPZDVXVHGLQFRQMXQFWLRQZLWKDFOLQLFDO7HVOD
05,V\VWHP 0$*1(721(VSUHH6LHPHQV+HDOWKFDUH(UODQJHQ*HUPDQ\ 
YHUWHEURSODVWLHVZHUHSURVSHFWLYHO\SODQQHGLQIXOOVSLQHWRUVRKXPDQFDGDYHUV   
WKRUDFLF  OXPEDU '76(05,GDWDZHUHXVHGIRUSODQQLQJRIQHHGOHSDWKVXVLQJ
'6OLFHUVRIWZDUH7UDQVSHGLFXODUDQGSDUDSHGLFXODUQHHGOHSDWKVZHUHXVHGGHSHQGLQJRQWKH
DQDWRP\RIWKHLQGLYLGXDOYHUWHEUDOOHYHO7KHRSHUDWRUWKHQPDQHXYHUHGWKH05FRPSDWLEOH
YHUWHEURSODVW\QHHGOH 6RPDWH[7HOWRZ*HUPDQ\ LQWRWKHYHUWHEUDOERG\DORQJDYLUWXDOO\
GLVSOD\HGQHHGOHSDWKSURMHFWHGE\WKHDXJPHQWHGUHDOLW\V\VWHP,QWHUPLWWHQW05LPDJLQJZDV
XVHGIRUYLVXDOL]DWLRQRIWKHDGYDQFHPHQWRIWKHQHHGOH05,ZDVXVHGWRGRFXPHQWDQG
FRQILUPWKHILQDOQHHGOHWLSORFDWLRQ&HPHQWLQMHFWLRQV POSRO\PHWK\OPHWKDFU\ODWH ZHUH
SHUIRUPHGXQGHUWKH,PDJH2YHUOD\V\VWHP&HPHQWGHSRVLWVZHUHYLVXDOL]HGRQ'76(05,
GDWD7HFKQLFDOSDUDPHWHUVDVVHVVHGLQFOXGHGW\SHRIYHUWHEUDOERG\DFFHVVQXPEHURI
UHTXLUHGLQWHUPLWWHQW05LPDJLQJFRQWUROVWHSVLQDGYHUWHQWSXQFWXUHRIQRQWDUJHWHGVWUXFWXUHV
DGHTXDF\RIILQDOQHHGOHWLSSRVLWLRQDGHTXDF\RIFHPHQWORFDWLRQDQGYHUWHEURSODVW\WLPH
5HVXOWV
$OOSODQQHGSURFHGXUHV  ZHUHFDUULHGRXW  WUDQVSHGLFXODUDQG
 SDUDSHGLFXODUDFFHVVURXWHVZHUHXVHG  VWHSVRI05LPDJLQJFRQWUROZHUH
UHTXLUHGWRSODFHDQHHGOH1RLQDGYHUWHQWSXQFWXUHVRFFXUUHG)LQDOQHHGOHWLSSRVLWLRQDQG
FHPHQWORFDWLRQZHUHDGHTXDWHLQDOOFDVHV  7KHPHGLDQYHUWHEURSODVW\WLPHZDV
  PLQ
&RQFOXVLRQV
$XJPHQWHGUHDOLW\QDYLJDWHG05JXLGHGYHUWHEURSODVW\XVLQJLPDJHRYHUOD\WHFKQRORJ\FDQ
DFKLHYHDFFXUDWHYHUWHEUDOERG\SXQFWXUHDQGFHPHQWGHSRVLWLRQ1RLQDGYHUWHQWSXQFWXUHVRI
YXOQHUDEOHDQDWRPLFVWUXFWXUHVRFFXUUHG
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Accurate, rapid and automatic patient registration of a clinical MRI navigation
system by simultaneous 3D localization of five wireless MR markers
H. Busse, N. Garnov, G. Thörmer, T. Kahn, M. Moche
Department of Diagnostic and Interventional Radiology, Leipzig University Hospital, Leipzig, Germany

Purpose
Stereotactic MRI-guided needle interventions require an accurate patient-toimage registration, for which MR-visible markers are often used. This work presents a technique
for simultaneous 3D localization of several custom-made markers and determines the impact of
the number of markers on the targeting accuracy of a clinically used navigation system.
Methods
In the clinical setup, the surgical instrument is tracked in real time (optically) and
navigated using continuously reformatted views of roadmap MRI data (Localite, St. Augustin,
Germany). Outside the scanner (1.5 T, 60 cm bore size, Symphony, Siemens), registration is
established by an adjustable reference board with closed-loop RF coils. These wireless markers
are imaged with a balanced SSFP sequence in three orthogonal projections (in-plane resolution
0.6 mm, total acquisition time <11 s) and simultaneously localized by matching the
independently determined peak coordinates of the 2D images in 3D. The accuracy was
assessed by targeting a Gd-DOTA-filled, 1-mm wide capillary in a water bath (Fig. 1). Euclidean
distances between adjusted needle tip and actual target positions were measured for two marker
numbers m (3 and 5) in a total of 20 trials.
Fig. 1: Experimental
setup of accuracy
measurement. A transparent board with
a small central hole
TRK
for the target was
supported by four
rods, placed in a
REF
water-filled cylinder
and aligned to the x
and z-axes of the
scanner. Inset shows
capillary with 2-mm
high column of Gd
solution that was used as target. TRK: instrument tracker,
REF: reference board with optical (red) and MR markers.

Fig. 2:
3D displacement of needle-tip position as a
function of average marker distance from the isocenter
for two different marker numbers (m=3 and m=5) and
10 trials each. The error bars reflect both tolerance of
setting (1.0 mm) and reading accuracy (0.5 mm).

Results
Mean needle tip displacements in 3D were 5.9±2.5 mm (m=3) and 3.0±1.5 mm
(m=5) (p<0.001, Fig. 2). Sensitivities (positive predictive values) for marker detection in the
individual 2D views were 97.8% (89.8%) for m=3 and 96.0% (96.0%) for m=5, respectively.
Despite missing (false negative) and false positive peaks in these views, the clinically relevant
3D localization was successful in 20/20 trials due to the effective double sampling of 2D peak
coordinates. On average, image analysis of five markers took 50 ms longer (430 vs. 380 ms,
+13%, p<0.001, Intel Core2 Duo CPU @ 2.66 GHz) than that of three ones. Complete patient
registration (acquisition, transfer and automatic analysis of the marker images) can be
accomplished within 30 s.
Conclusion
Simultaneous localization of five wireless MR markers could be
successfully used for fast, accurate and robust patient registration of a clinical MRI navigation
solution. The experimental targeting accuracy was significantly improved over that with three
markers only.
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Assessment of MR-guided laser ablation with molecular bioluminescence imaging in a
rat hepatocellular carcinoma model
Scott Thompson1, Matthew Callstrom1, Krzysztof Gorny1, Jill Anderson2, Bruce Knudsen2, and
David A. Woodrum1
1
Radiology, Mayo Clinic, Rochester, MN, 2Mayo Clinic, Rochester, MN
Purpose: To examine the feasibility of monitoring therapeutic response to MR-guided laser
ablation with molecular bioluminescence imaging in a rat model of hepatocellular carcinoma.
Methods: All studies IACUC approved. N1S1 HCC cells stably transfected with a heat shock
response (HSE-luc) luciferase reporter or empty vector were injected into the liver of male
Sprague-Dawley rats (N=4 each). Rats underwent 3.0T MRI (FSE T2 imaging, Panel A) and
molecular bioluminescence imaging (BLI) (Panel C-F) with the IVIS200 at day 7 to assess tumor
growth morphologically and functionally. Two HSE-luc tumor-bearing rats underwent baseline
BLI followed by 3.0T MR-guided laser ablation (Panel B) and post-ablation BLI at 24 hours
(Panel F) to assess therapeutic response. Animals were euthanized for pathologic analysis.
Images were analyzed using Living Image software 4.2 to quantitatively measure the
luminescent signal from 1) HSE-luc and empty vector groups and 2) post-ablation changes and
3) to generate 3D reconstructions from pre- and post-ablation molecular images to functionally
assess for viable tumor and compare ablation morphology with pathology.
Results: Quantitative analysis of luminescence (Mean ± SEM) between the HSE-luc and empty
vector groups at day 7 demonstrated a significant difference in average radiance
(photons/s/cm2), 10,316 ± 1,843 v. 456.2 ± 34.5 p/s/cm2 (p<0.01), respectively. Analysis of
luminescent signal post-ablation demonstrated a time-dependent decrease in avg. radiance
relative to pre-ablation levels (100%) from to 3.2% at 24 hours in one animal and a 75%
reduction (Panel F) at 24 hours in the second animal and corresponded with complete and
partial tumor necrosis at pathology, respectively. 3D reconstructions of the tumor ablation by
BLI demonstrated the ablation defect both functionally and morphologically corresponding with
the size and location by pathology.
Conclusions: We have demonstrated the use of molecular bioluminescence imaging as a
quantitative tool for monitoring tumor growth and post-ablation changes both morphologically
and functionally in an animal model of HCC. This technique may be useful for the longitudinal
assessment of interventional oncologic therapies in the pre-clinical setting.
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Panel A. Pre-ablation FSE T2 imaging demonstrating laser fiber (arrow) and bright T2 tumor.
Panel B. Post ablation FSE T2 imaging demonstrating increased T2 signal (arrowhead) post-ablation
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Quantitative analysis of luminescence (Mean ± SEM) post liver tumor injection at Day 7 (C), Day
14(D), Day 21(E, day of ablation), and Day 22 (F, 1 day post ablation) with 75% reduction in
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Towards MRI-guided tracked radiation
r
delivery on a 1.5T MRI-linear accele
erator
Sjoerd Crijns, Bas Raaymakers and
a Jan Lagendijk
Department of Radiotherapy, Imaging Division, University Medical Center Utreccht
Purpose: In cooperation with Elekta (Crawley, UK) and Philips
(Best, The Netherlands) we consstructed a prototype integrated MRIlinear accelerator with the aim of boosting image guidance during
radiotherapy [1]. The prototype was recently enhanced with a
continuously rotating ring-based
d gantry around the MRI scanner,
carrying the radiation producing components and a multi-leaf
collimator (MLC) that allows colllimation of the radiation beam with
any required shape (fig. 1) [2]. Here the aim is to illustrate the
technical feasibility of coupling MLC aperture position to an MRI–
guidance signal to realise tracke
ed radiation delivery to a target that
exhibits continuous motion.

&ŝŐƵƌĞϭ
ϭ͗DZ/ͲůŝŶĞĂƌ
ĂĐĐĞůĞƌĂƚŽƌƉƌŽƚŽƚǇƉĞ
;ƐĐŚ
ŚĞŵĂƚŝĐͿ

Methods: Our experimental se
etup consisted of a
cart in the scanner isocentre, carrying
c
a radiationsensitive film and an MR visible
e phantom (fig. 2). It
was driven by a motor via a cra
ankshaft mechanism
to prescribe 1D motion along th
he scanner axis and
&ŝŐƵƌĞϮ͗ĞǆƉĞƌŝŵĞŶƚĂĂůƐĞƚƵƉ
perpendicular to the radiation be
eam. The position of the
moving cart was obtained from
m pencil beam navigators. Communication with the MR
scanner was established through
h the XTC interface [3]. An MLC controller was implemented
to allow dynamic prescription off leaf setpoints. An interfacing application was implemented
that obtains the phantom location from MR images and provides the MLC contrroller with leaf
setpoints to adapt the apperture
e accordingly. A 4x2cm2 radiation field was de
elivered to the
film (a) without cart motion, (b) with motion (sinus, period 5s, amplitude 2.5cm
m) but without
adjusting the MLC aperture position, (c) with motion and with tracked delivery based on the
pencil-beam navigator signal.
Results: Without cart motion a sharply defined dose
distribution was obtained (fig. 3a), whereas
considerable blur occured with a moving cart (fig. 3b).
With compensation for motion by translation of the
RI signal, the sharpness
MLC apperture based on the MR
of the dose distribution was practically restored (fig.
3c). From the MLC logs a mec
chanical latency of 0.1s
was apparent, which to a larg
ge extent explains the
residual dose blur observed in fig
g. 3c compared to 3a.
Conclusions: We have prese
ented the feasibility of
tracked radiation delivery to a moving
m
target based on
MR-guidance.
Future
imp
provements
include
incorporation of a predictor to red
duce MLC latency.
References
[1] Raaymakers et al. PMB 2009 vol. 54
4 p229
[2] Raaymakers et al. Proc IMRI 2012 (s
submitted)
[3] Smink et al. Proc. ISMRM 2011 p175
55
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&ŝŐƵƌĞϯ͗ĚĞůŝǀĞƌĞĚĚ
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MRI Device Visualization Labeled by Passive Resonant Circuits
Fabricated in Different Technologies
M. Kaiser1, A. Brose2, U. Wonneberger3, F. Fischbach3, J. Ricke3, B.Schmidt2, G. Rose1
1

Department of Healthcare Telematics and Medical Engineering, 2Department of
Microsystems Technology, 3Department of Radiology,
Otto-von-Guericke University of Magdeburg, Germany

Purpose
Open MR scanners are well suited as intra-operative modality for guiding minimalinvasive interventions due to their improved patient access. Polymer catheters, e.g. for
brachytherapy, appear as signal voids in the MR image. Thus, suitable techniques for tip
visualization, such as resonant circuits, which are tuned to the Larmor frequency of the MR
scanner, are needed. Within this paper a comparison is drawn between resonant circuits
fabricated by the wire-wrap technique and by the aerosol deposition process regarding the
electrical characterization and visibility in MR-image.
Methods
All inductors were integrated into 6F polymer brachytherapy catheters (SOMATEX,
Teltow, Germany) and connected with MR-compatible SMD capacitors afterwards. Two
resonant circuits were hand-crafted by wrapping a 0.2mm wire around the catheter with 16
windings (RC1) and 14 windings (RC2), respectively. Additionally, two resonant circuits
(RC3, RC4) with 16 windings were produced by using the aerosol deposition process. For
the electrical isolation an MR-suitable adhesive has been applied to the resonant circuits.
The completed resonant circuits were tested using a vector network analyzer by loosely
inductive coupling. With the measured S-parameters the resonant frequency as well as the
Q factor was determined.
In the next step, all resonant circuits were tested in vitro within an interventional 1.0T MR
scanner (Panorama, Philips) using a T1 weighted FFE sequence (TE/TR=3.0/9.5ms,
FA=35°, square 180mm FOV, matrix 224x224, slice thickness 3mm), which is in clinical use
for liver biopsies. The contrast-to-noise ratio (CNR) in the vicinity of each resonant circuit
has been calculated. Thereby pixels were classified as signal enhanced regions when their
intensity was higher than 150% of the mean signal intensity of the background.
Results
Table I shows the results of the electrical characterization and the determined CNR. The
Q factor of the resonant circuits fabricated using the wire-wrap technique is significant higher
than using the aerosol process. This is because the line resistance is much smaller.
However, all resonant circuits could be seen clearly in the MR image.
Resonant Circuit
RC1
RC2
RC3
RC4

f [MHz]
42.58
42.67
42.61
42.84

Q
72.5
72.6
21.3
20.6

CNR
277
328
226
189

Table I: Electrical characterization and determined CNRs

Conclusions
The comparison has shown that the wire-wrap technique achieves better results with
respect to the Q factor as well as the CNR within the MR-image. However, it has to be noted
that using a 0.2mm wire in combination with a 0402 SMD capacitor causes an undesired
increase of the catheter’s diameter. Hence, the aim is to pursue the aerosol deposition
technique since this is characterized by a negligible increase of the device’s diameter
(metallization layer is 6-7µm) and easily enables the integration of an internal capacitor.
Acknowledgement: This research was supported by the by the Federal Ministry of Education
and Research (BMBF) in context of the ’INKA’ project ’03IP71’.
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Investigating the Artifacts of Different Rapid Prototyping Materials under MRI
J. W. Krug1, K. Jungnickel2, M. Kaiser1, J. Ricke2, G. Rose1, A. Boese1
1

Department for Healthcare Telematics and Medical Engineering, Otto-von-Guericke University of Magdeburg, Germany
2
Department of Radiology, Otto-von-Guericke University of Magdeburg, Germany

Purpose
Rapid prototyping (RP) methods allow the automatic construction of physical models using
Computer-Aided Design Data. Such prototypes are used for the fast creation of design
models, tooling or building devices for experimental setups, e.g. medical phantoms. To
construct such physical models, a great variety of RP technologies is available, e.g. 3Dimensional Printing or laser based methods such as Selective Laser Sintering (SLS). In
general, detailed information about the composition of the RP material is not available. Using
such materials of unknown composition in the MR scanner involves the risk of disturbing the
MR image due to the existence of magnetic particles within the RP material. This work
investigates the artifact behavior of a wide range of RP materials.
Methods
RP materials from different manufacturers were tested, including 12 rubber and plastic like
materials from Objet Ltd/Israel, 3 plastic materials from 3DSystems/USA, 4 SLS based
material probes from 4Dconcepts/Germany and 4 calcium sulfate based materials from
Zcorp/USA. If possible, the material samples were cut to a uniform shape with dimensions of
approximately 24x24 mm2 with heights between 2 mm and 6 mm. All parts were tested with
respect to an induction of magnetic forces and torques in the MR scanner.
A phantom made of propylene with dimensions 350x120x130 mm3 and filled with a CuS04
solution was used for the experiments. The RP materials were placed on two nylon cords
spanned across the phantom. A distance of at least 40 mm was kept between the material
probes and the phantom’s wall.
MR imaging was performed in a 1T MR scanner (Philips HFO Panorama) using the HeadSENSE coil. Coronal and sagittal slices were acquired using a multi slice FFE sequence with
TR=254 ms, TE=15 ms, Į=30° and an in-plane resolution of 1x1 mm2 [1].
The absolute and relative errors between the object’s original geometry and the size of the
artifact measured in the MR image were estimated.
Results
The MR image of four RP material probes is
shown in Fig. 1. All materials lead to a signal
void in the MR image.
The relative errors of the RP materials from
Objet Ltd, from 3DSystems and from ZCorp
were below 2 % in both planes. The SLS
materials from 4Dconcepts lead to relative
errors of up to 20 % in both planes.
Conclusions
For a majority of the materials, the relative error
was below 2 %, implying that these materials
are suitable for experimental MRI applications.

(a) Coronal view

(b) Sagittal view
Fig. 1. Coronal and sagittal view of four RP samples
from Objet Ltd.

Acknowledgement: This research was financially supported by the by the Federal Ministry of
Education and Research (BMBF) in context of the ’INKA’ project (03IP710).
[1] ASTM-F2119. Standard test method for evaluation of MR image artifacts from passive implants, designation
F2119. American Society for Testing and Materials (ASTM), PA, USA. 2007.
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Real-time scan plane control using a passive marker and resonant micro-coils
M. Neumann1, E. Breton1, L. Cuvillon1, L. Pan2, C.H. Lorenz2, M. de Mathelin1
1
LSIIT, Strasbourg University – CNRS, Strasbourg, France
2
Center for Applied Medical Imaging, Siemens Corporate Research, Baltimore, MD, USA
Purpose
Several systems have been presented for instrument
detection and scan plane control in interventional MRI,
including passive [1,2,3] and active [4,5] approaches.
The purpose of this study is to prove the feasibility of an
image-based tracking approach for automatic real-time
Fig1. Tracking device & detail of 1 microcoil
scan plane control using a wireless tracking device that
combines resonant micro-coils and a passive marker.
Methods
All imaging experiments are performed in a Siemens
Aera 1.5T system using an interactive, real-time, multislice TrueFISP sequence (Beat_IRTTT [6], Siemens
Corporate Research & Technology). Image reception,
image processing, calculation and control of image
planes are performed automatically on an external PC
connected to the MR HOST. The tracking device
consists of a passive marker filled with contrast agent
and 2 micro-coils placed at its distal ends (fig. 1). The
principle of the workflow is to control 2 orthogonal
image planes aligned to the main axis of the device.
The passive marker is used for detection in clinical realtime images (FOV=350mm, TE/TR=2.2/4.1ms, FA=50°,
ST=4mm, image acq. time=819ms) while the microcoils allow detection in dedicated low flip angle
projections
(same
parameters
except
FA=1°,
ST=100mm) for (re)initialization of the workflow.
Initialization of the workflow consists in the detection of
the micro-coils in a dedicated transversal projection (fig. Fig2. Proposed workflow: dedicated 1°axial
2a-b). Then, a real-time sagittal slice (fig. 2c) aligned to projections with micro-coils (a-b) & real-time
(c-d) & axial (e-f) clinical images.
the micro-coils is acquired and the position and sagittal
Yellow line represents detected device axis.
orientation of the passive marker are detected (fig. 2d).
The corresponding transversal slice is acquired (fig. 2e) in which the position and orientation
of the passive marker are detected (fig. 2f), and a corresponding actualized sagittal image
plane is acquired along the detected device axis. By this means, transversal and sagittal
real-time clinical images alternate in order to remain aligned to the device axis. When
detection of the passive marker fails, the workflow is reinitialized by acquiring a dedicated
low flip angle projection at the last known position.
Results
Repeatability results are obtained by performing 20 workflows at a fixed position of the
tracking device and evaluating the precision of position and orientation detection in the first 3
real-time images of every workflow. Mean position error is on the order of half a real-time
clinical image pixel (0.79 ± 0.52 mm), while mean orientation error is 0.24° ± 0.15°.
Conclusions
A workflow for automatic scan plane control using a wireless tracking device is presented
and good initial repeatability results are obtained. The combined use of micro-coils and
passive marker allows fully automatic (re)initialization of the workflow and minimization of the
use of dedicated acquisition time.
References: [1] DiMaio et al., MICCAI 2007; [2] DeOliveira et al., ISMRM 2008; [3] Maier et al.,
ISMRM 2011; [4] Alt et al., MRM 2010; [5] Flask et al., MRM 2001 14; [6] Pan et al., ISMRM 2011.
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Sterile saline as the sole contrast agent for successful percutaneous MR-guided
injections: Results in over 250 procedures using a 1.5 Tesla wide-bore MR imaging
system
D.H.W. Grönemeyer1, J. Fritz2, S. Mateiescu1, M. Deli3, M. Busch1, M. Garmer1
1
Grönemeyer Institute for Microtherapy (GIMT), Department for Radiology and Microtherapy,
University Witten/Herdecke, Bochum, Germany; 2Russell H. Morgan Department of Radiology
and Radiological Science, The Johns Hopkins University, Baltimore, MD, USA; 3amedo Smart
Tracking Solutions, Bochum, Germany
Purpose
In MR-guided drug delivery procedures, test injections are frequently used to predict the
distribution of the final injectant. Gadolinium-based contrast agents have been added to
injectants for visualization; however, we hypothesized that accurate visualization can also be
achieved with the use of sterile saline only. Therefore, the purpose of this study was to assess
the performance and technical properties of sterile saline instead of a Gadolinium-based
contrast agent.
Methods
A retrospective study was performed of procedures carried out between 2007 and 2012 at a 1.5
T wide-bore MR imaging system (MAGNETOM Espree, Siemens Healthcare Erlangen,
Germany). Procedures were determined by searching our radiology information system. Search
criteria included the use of fluid-sensitive sequences, such as a HASTE sequence for
visualization of injectants. The search derived 251 procedures performed in 111 patients (46
male, 65 female; mean age, 35; age range 15 - 79), including 180/251 (71,8%) epidural
injections, 35/251 (13,9%) intra-articular injections and 36/251 (14,3%) lumbar sympathetic
nerve injections. In 82/251 (32,7%) cases a 100 mm, 22 G titanium needle (Invivo, Schwerin,
Germany), in 24/251 (9,6%) cases a 100mm, 20 G carbon fibre needle with nitinol stylet
(Radimed, Bochum, Germany) and in 109/251 (43,4%) cases, a 100mm, 22 G Chiba needle
(Somatex, Germany) was used. 36/251 (14.3 %) lumbar sympathetic nerve injections were
performed with a 150mm length Chiba needle (Somatex).
Results
In all cases, it was possible to predict the drug distribution with sterile saline. However, in intraarticular injections, joint effusions prevented the direct visualization of the saline test. In such
cases, the intra-articular test injection was confirmed by secondary signs, such as increasing
distension of the joint capsule and lack of extra-capsular accumulation during injection. The
HASTE sequence was well suited for depiction of saline injectants. No complication occurred.
Needle and anatomy were best depicted on proton density MR images. Acquisition was less
than 1 min for each sequence. Because of the low susceptibility artifact of the carbon fiber
needle with nitinol stylet, gradient echo sequences were required for creation of a visible needle
artifact. Additionally, the long bevel of the tip of this needle type sometimes made it difficult to
completely enter the joint capsule. Optimization of the imaging protocol and work flow
contributed to a learning curve. For epidural injections, the procedure time was reduced from 28
min to 21 min for the earliest 25 % (2007 – 2009) and the latest 25 % (2011 – 2012) of the
procedures (p < 0.001). For intra-articular injections, the procedure time decreased from 26 min
(2007) to 19 min (2011 – 2012; p < 0.015). For lumbar sympathetic nerve injections, no
significant learning effect was visible.
Conclusions
In conclusion, sterile saline can be used as the sole contrast agent in many cases to ensure
successful and safe percutaneous MR imaging-guided drug delivery. The HASTE sequence
reliably visualized the saline injectants and was suitable for successful epidural, intra-articular
and lumbar sympathetic nerve injections. Because larger joint effusions may not allow direct
visualization of the saline test injection, contrast-enhanced injectants may be used.
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Seamless MR image navigation system using a motorized manipulator with optical and
electromagnetic sensors for a closed bore scanner.
Shigehiro Morikawa1), Hasnine A Haque2), Nguyen Quoc Vinh1), Hiroyuki Murayama1),
Shigeyuki Naka1), Tohru Tani1), Junichi Tokuda3), Nobuhiko Hata3).
1

Shiga University of Medical Science, 2GE Healthcare, 3Brigham and Women’s Hospital

Purpose: To develop an integrated navigation system for seamless MR image navigation
between inside and outside of a closed bore magnet.
Methods: An optical tracking system, Polaris (NDI), and a gradient based tracking system,
EndoScout (Robin Medical), were combined. A motorized MR-compatible manipulator with
RCM control, which was used for clinical studies to ablate liver tumors in an open MR system
[1], was modified to utilize the information from Polaris (Fig. 1). Inside of the magnet, the
information of both sensors was shared and integrated. Outside of the magnet, the coordinate
system of the magnet was transformed to that of the manipulator using the information of the
optical sensor.
Results: The MR image navigation system worked properly. In a preliminary phantom study,
the manipulator correctly pointed the target position determined on the 3D MR images using
RCM control (Fig. 2). Time consuming registration process of the object was not required and
seamless image navigation was realized. MR images for the evaluation of the procedure will
be easily acquired when necessary.

Fig. 1

A motorized manipulator with an optical

tracking system working outside of the magnet.

Fig. 2 A puncture needle pointing
the target with RCM control.

Conclusions: The integrated navigation system with the combined sensors and MR
compatible manipulator will be useful for the image guided procedures using a high field
closed-bore MR scanner.
Reference: 1. Morikawa S, et al. Am J Surg 198: 340-347, 2009.
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3D handheld SPECT combined with serially acquired MRI reference images - feasibility
study for intraoperative applications
M. Friebe, PhD#+; T. Wendler, PhD*; J. Traub, PhD*+; B. Tombach,MD§; N. Navab, PhD+
# id+tm Recklinghausen; + TU München, Chair for Computer Aided Medical Procedures - CAMP,
Munich; * Surgiceye GmbH, Munich; § Klinikum Osnabrück, University Münster; all Germany
Purpose
Intraoperative hybrid imaging provides additional diagnostic information in combination with
improved surgical navigation. Tracked imaging with handheld gamma probes (e.g. with semireflective infrared markers on patient and probe and stereo video cameras) can provide
excellent 3D imaging of tumor as well as lymph node identification in the surgical suite and
subsequent navigation to remove the tissue and verify the surgical result (1)(2). What is
missing is information about surrounding tissues and organs that do not absorb
radiopharmaceuticals and are therefore not contributing to the nuclear imaging data. It has
been shown that combinations of imaging systems can provide valuable additional
information for the surgeon (3). For several applications (4) it could be benefitial to add MRI
imaging to the intraoperative nuclear imaging.
Methods
The MRI images can be used to reference to an external handheld gamma probe that is
tracked during its freehand motion over the desired area of imaging and the reconstructed
3D image is then combined with the previously acquired MRI data. We used an
intraoperative SPECT system (declipseSPECT, Surgiceye) and placed it in a dedicated Head
MRI system (3T, Allegra, Siemens). MRI images were acquired and the gamma probe was
referenced to the center of the imaging coil. A special purpose referencing phantom using oil
containers was used. Subsequent acquisition of a tracked nuclear image (imaging phantom)
was then overlaid on the MRI image.
Results
We were able to achieve relatively close correlation (<10mm) between the previously
acquired MRI image and the 3D reconstructed nuclear image from a tracked gamma probe
referenced to the coil position of the MRI system. While that may prove to be not feasible for
actual intraoperative applications it showed that combinations of MRI imaging and freehand
tracked nuclear imaging is possible. Other ways to more easily and more accurately
reference are already works in progress.
Conclusions
The combination of a nuclear imaging device with a MRI system is doable and could provide
valuable additional information for intraoperative applications, verifying exact tumor location
combined with detailed morphological patient data. The MRI compatibility needs to be further
improved and the referencing automated. We particularly believe that such an approach
could be quite exciting in combination with a dedicated surgical MRI system as has been
proposed by several institutions. Surgeons need to evaluate the combination and provide
further input.
References:
(1) O.R. Brouwer, et al.; Initial Experience with 3D Intraoperative Freehand SPECT Probe
Imaging for Radioguided Tumor Excision and Sentinel Node Biopsy in Breast Cancer;
Proceeding of ISNS 2010, Yokohama, Japan, Nov. 2010
(2) T. Wendler, K. Herrmann, A. Schnelzer, et al.; First demonstration of 3D lymphatic
mapping in breast cancer using freehand SPECT; Eur J Nucl Med Mol Imaging Volume 37,
Number 8 / August 2010
(3) S. Wiesner, P. Dressel, M. Friebe, M. Freesmeyer, N.Navab, T. Wendler, J. Traub;
Registration free SPECT and Ultrasound Imaging; SMIT Congress 2011, Tel Aviv, book of
abstracts
(4) G. Krombach, A. Buecker, J. Pfeffer, C. Hohl, J. Temur, M. Friebe, S. Kinzel, R. Guenther;
Development of a catheter for MRI-guided intramyocardial injection; Abstract and
presentation ISMRM 2007, Berlin
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Augmented Reality Visualization for Real Time MRI Guided Interventions
Mathew Philip, Barry Fetics, Erez Nevo
Robin Medical, United States
Purpose:
To demonstrate feasibility of a system that merges real time MR imaging and the real world
view to enable image guided interventions inside the bore of an MRI scanner using augmented
reality (AR) visualization
Methods:
This system integrates real-time MR Images from the MRI scanner, 3D rendering of a virtual
biopsy needle tracked in the MR coordinate space using electromagnetic tracking, video feed
from an MR compatible camera and displays it on an MR compatible head mounted display
(HMD). The MR compatible HMD was implemented by removing some of the electronic
components of an off the shelf HMD (by eMagin Corp) and placing it in a shielded enclosure
outside the bore. These components were connected by shielded, non-magnetic cables to the
OLED screens. The MR-compatible camera was implemented by adapting an off-the-shelf
camera by replacing the original magnetic video cable with a non-magnetic coaxial cable and
supplying power by a battery positioned away from the scanner. The 3D visualization software
integrates real time MR with tracking data from a sensor mounted on the biopsy needle to
create a graphic representation of the tool annotating the MR image. The annotated MR image
is rendered in 3D using the estimated pose of the real camera (estimated using a combination
of a checker board image pattern and electromagnetic tracking) and overlaid on the video feed.
All testing was done on a Siemens Espree 1.5 Tesla scanner. The camera and HMD were
tested to determine the noise they cause on the MR images. The real time MR annotation with
needle tracking was tested online while the overlay of
video to form the augmented reality component was
demonstrated using offline processing.
Results:
Qualitatively we found the MR images to be minimally
affected with the HMD and camera inside the bore
Quantitative results show an SNR reduction about 13%
with the HMD worn on the head in a typical use
configuration. The camera was found to reduce SNR by
less than 7% when positioned on the operator head
inside the bore. Accuracy of the MR annotation is seen
in Fig 1 where the virtual graphic goes through the void
caused by the real needle in the MR image along the
needle direction. The image in Fig 1 is oriented in space
according to the estimated pose of the video camera.
The accuracy of the video overlay is seen from Figure 2
where the merged MR image, virtual needle graphic,
and the video view showing the phantom and real
needle are well aligned.

Fig: 1

Fig: 2

Conclusions:
We demonstrated feasibility of an AR system that can be used inside the bore of an MRI
scanner with real time image updates. Following development of real time camera pose
estimation, we expect to demonstrate an in bore AR system that can undergo pre-clinical
testing.
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Platform for Remote MRI Guided Catheter Navigation
Mohammad Ali Tavallaei,1,2 Yogesh Thakur,3 Syed Haider,1 and Maria Drangova1,2,4
Robarts Research Institute, London, 2Biomedical Engineering Graduate Program, The
University of Western Ontario, London,3Dept. Radiology, Vancouver Coastal Health Authority,
Vancouver, BC, 4Dept. of Medical Biophysics, The University of Western Ontario, London.
1

Purpose: Magnetic Resonance Imaging (MRI) offers potential advantages for guiding
percutaneous transluminal therapy and diagnosis.
For cardiovascular applications the
advantages are linked to the high soft tissue contrast, including the ability to differentiate
between ischemic, infracted or arrhythmogenic cardiac tissue. However, in conventional clinical
MRI scanners, practical implementation of MRI-guided cardiac catheterization is impeded by
limited access to the patient and the requirement of MR compatible viewing and control panels
within the scanner room. To address these limitations we introduce an MRI compatible Remote
Catheter Navigation System (MR-RCNS) that allows remote manipulation of a patient catheter
from the scanner’s control room. In our proposed platform the MR-RCNS would be used in
conjunction with existing real-time MRI acquisition and visualization software.
Methods: The MR-RCNS is a master-slave
system, where the motions of the
interventionalist manipulating an input
catheter in the control room are replicated
upon a catheter within the scanner bore. An
embedded system has been designed to
control a pair of ultrasonic motors that drive
the components of a non-ferromagnetic
manipulator (located inside the scanner on
the patient bed) such that they actuate the
slave (patient) catheter with the same
motion dynamics as measured in the master
(input). The accuracy of the MR-RCNS
(during use in a 3T scanner) were evaluated
during FIESTA and real-time FGRET
imaging. To measure axial accuracy the
input catheter was moved axially a distance of 127 mm; the experiment was repeated ten times
in each direction and the position of both catheters were recorded. Radial accuracy was
evaluated by rotating the master 3,600º in the clockwise (and anticlockwise) direction ten times;
the angle of the input and output catheters was recorded at the end of each motion. Maximum
motion replication delay was measured by calculating the cross-correlation between twenty
master-slave motions profiles. Lastly, the effect of the manipulator on image quality was
evaluated following the NEMA guidelines for SNR evaluation in MRI.
Results: The absolute error was 1.1 ± 0.8 mm in the axial direction (over 100 mm) and 2±2º in
the radial direction (over 360º). The maximum delay, calculated from manual motion profiles
logged to a personal computer was measured to be 41r21 ms. For SE imaging, the worst case
SNR drop was 2.5% from the baseline value of 130 dB.
Conclusion: We have developed and evaluated a master-slave catheter navigation system that
measures the interventionalist’s conventional motion on a catheter and replicates that motion
through an MR compatible slave manipulator. This MR-RCNS in conjunction with MRI visiblecompatible catheters and real-time image acquisition and visualization software, promises to
facilitate MRI guided catheterization procedures by removing many requirements for MR suite
modification and allowing the interventionalist to navigate the catheter from a convenient
location, in the console room.
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Clinical Evaluation of I125 Brachytherapy Treatment of Malignant Tumor Using an Open MRI
Guidance Platform with Interactive Navigation Capability
Bing Liu1, Lei Zhao2, Yang Zhang1
The People’s Hospital of Jilin Province, Jilin, China
2
Symbow Medical Technology Co., Ltd., Beijing, China
1

Purpose
To evaluate the technical feasibility and treatment efficacy of the I125 brachytherapy of malignant tumors
using an open MRI guidance platform with interactive navigation capability.
Methods
From October 2009 to December 2011, 30 patients (18 male, 12 females) with 44 malignant tumor lesions
(lung, liver, neck, brain and bone tumors) were treated with MRI-guided I125 brachytherapy. A 0.3T open
MRI system (Centauri®, XinAoMDT, Langfang, Hebei, China) was integrated with an MRI-compatible
navigation system (Megrez®, Symbow Medical & XinAoMDT, Beijing, China) (Figure 1). With this system
needle position can be tracked using the optical navigation system while MRI is continuously updating
images. In addition, needle position can be transferred to the MRI scanner, so that the following MRI scan
plane follows and always overlaps with the needle plane, enabling the full needle shaft and its exact tip
position shown on the acquired MRI images. Before each procedure, TPS system was used for
preoperative treatment plan. Pulse sequences, FSE T2W and SPGR, were used for navigation guidance
during a procedure. MRI-compatible 18 G trocar was used for targeting and the placement of I125 seeds.
Treatment results were evaluated according to WHO solid tumor evaluation criteria.

Figure 1.
An MRI-guided therapy system with
interactive real-time navigation

Figure 2.
I125 parotid gland carcinoma brachytherapy under
the guidance of open MRI with interactive navigation

Figure 3.
Glioma brachytherapy under the guidance of
open MRI with interactive navigation

Results
The needle placement and its relation to the targeted tumor could be clearly viewed on the MRI-guided
navigation system software (Panasee®, Symbow Medical, Beijing) user interface (Figure 2-3). During the
continuously MRI scanning and interactive navigation, needle placement, normally multiple needles, can
be performed accurately and quickly as planned. Twenty-three (52.27%) lesions have shown complete
response on CT follow-ups; Eighteen (40.90%) lesions showed partial response; One (2.27%) case did
not change; and two (4.54%) lesions showed progressive disease. No hemorrhage or other serious
complications occurred during the procedures.
Conclusion
I125 brachytherapy under the guidance of open MRI with interactive navigation feature is a safe and
effective way of treating malignant tumors.
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Technical Development of Endoscopic Surgery with Near Real-time
MRI Guidance
Hasnine Haque1*, S. Morikawa2, S. Naka3, H. Murayama3, T. Tani3
1
GE Healthcare, Tokyo, Japan,
2
Biomedical MR Science Center, Shiga Univ. of Med. Sci., Ohtsu, Japan
3
Department of Surgery, Shiga Univ. of Med. Sci., Ohtsu, Japan

Purpose
An endoscope has been used to perform procedures with a laparoscope or thoracoscope in
conventional operating rooms. One of the problems linked to endoscopic surgery is its
narrow field of view and an inability to view the clinical target beneath the surface. We
propose an integrated environment where endoscopic surgery can be performed by
continuously-acquired near real-time MRI in a closed bore MR scanner. A visualization
system has been developed to navigate a MR-compatible flexible fiberscope to the target.
Methods
The system uses standard diagnostic closed bore 1.5T MR scanner by the introduction of an
in-room display monitor and a MR compatible flexible endoscope equipped with a position
sensor. It helps to deliver the surgical tools like microwave ablation needle to the targets
from the outside of the bore. Combining the endoscopic information and real-time MRI
information of the target beneath the surface provides a new dimension in navigation surgery.
We have developed a visualization system (Fig. 1) to navigate the endoscope for imageguided surgical procedures of thermal ablation. In this system, MR images were
continuously acquired in the alternate two perpendicular planes controlled by the endoscope
tip at every second as it advances to the target. Superimposition of the MR images, target
lesion and navigational information on the endoscope camera image was used to guide the
endoscope, which was called Endo-Director. Reformatted images in the corresponding
planes from preoperative 3D data were also used to improve image guidance.
Results
The integrated system was evaluated by number of animal experiments of liver thermal
ablation with microwave needle.
Conclusions
This integrated navigation system will provide a novel minimally invasive surgical procedure
using conventional MR.

E

C

B

A

D
Fig. 1 Left: Surgeon manipulates the fiberscope from the outside of the MR magnet bore Right: (A) Endoscope
camera image of the liver surface superimpose with tumor boundary, and (B) Endo-Director shows the
augmented target (cross hair) beneath the visible surface, (C) and (D) are two orthogonal T1W near real-time
image planes correspond to the endoscope tip updated in every second and (E) 3D display of liver boundary,
target volume, endoscope and three orthogonal reformatted image planes from preoperative images
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Using the Internal 125 MHz Oscillator of Siemens 3T Scanners for Catheter Tracking
Murat Tümer1, Baykal Sarıoğlu2, Şenol Mutlu2, Arda Yalçınkaya2, Cengizhan Öztürk1
1

2

Institute of Biomedical Engineering, Department of Electrical and Electronic Engineering, Boğaziçi University

PURPOSE: In active catheter tracking, a microcoil tuned to the Larmor frequency is used to
acquire the MR signal from nearby tissues. As antennae get smaller, the MR signals get
weaker and SNR decreases. Amplifying and frequency downconverting the MR signal right
at the catheter tip before transmitting it over long cables could minimize signal loss [1,2]. The
mixing signal for frequency downconverting could be provided by an oscillator placed at the
catheter tip next to the LNA and mixer [2]. There is an intrinsic 125 MHz signal that is used to
modulate a lower frequency signal to obtain the RF pulses around 123.2 MHz for a Siemens
3T scanner. This 125 MHz signal is detectable whenever the RF is turned on. Here we
suggest using it as a reference signal for frequency downconversion for tracking!
METHODS: To test the idea, we used a microcoil (2 mm diameter, 8-turn, 180 nH) as
antenna to collect the MR signals and RF pulses, an LNA (A=52 dB, NF=0.9 dB), a mixer in
Gilbert Cell configuration for high gain with both inputs connected to the output of the LNA
and a band-pass filter with gain (fc=1.8 MHz, BW=1 MHz, AV=1000), all from discrete
components. 1D projection pulse sequence was applied (FA=5°,1 kHz/cm). During the echo,
we just turned on the RF system with no RF pulse (the synthesizer and the circuitry of RF
transmission system were turned on, but the amplitude/flip angle was 0). The protons were
not affected, but the 125 MHz signal was there and detectable inside the bore with the
catheter coil. This signal was acquired by the antenna along with the simultaneous echo
signal from protons at the frequency fe which is dependent on the position. Both were
amplified by the LNA and then fed into both inputs of the mixer. Since the Gilbert Cell
multiplies the signals applied to the inputs, at the output we had the input signal squared,
with one component at a frequency (125 MHz-fe) which carried the position information. The
band-pass-filter allowed only this particular component to pass and following further
amplification it was converted to digital for the final frequency analysis.
RESULTS: We conducted the experiment at two different positions. First we placed the
antenna and circuitry on the patient table which was Position 1 (0 cm). Then by elevating the
antenna using a foam rubber that was 15.0 cm in height Position 2 (15 cm) was obtained. In
Figure 1, the graphs were obtained from single shot acquisitions and the peaks show the
locations found by our system. The found locations exactly match the true positions.
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Figure 1: Normalized amplitudes of the signals acquired from two different positions 15 cm apart from each other.

CONCLUSION: A residual 125 MHz signal is present when RF is applied in a Siemens 3T
scanner. This has very low amplitude and normally has no effect on imaging. We believe it
can be used as a precisely tuned reference signal in a tracking system at the catheter tip.
The authors thank to TÜBİTAK (Project 111E197), Boğaziçi University LifeSci (DPT
2009K1200520), National Magnetic Resonance Research Center (UMRAM) at Bilkent Univ.
REFERENCES:
[1] C Pitsaer et al., ISMRM 2010, Abstract 1852;
[2] J Anders et al., Magn Reson Med 2012; 67:290–296.
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MR Endoscope with Software-Controlled Tuning, Device Tracking and Video
Jerome L. Ackerman,1,2 Erez Nevo,3,4 Evan Zucker,1,5 Alec J. Poitzsch,1,6
Katherine Vandenberg,1,7 Andrew Zhigalin,4 Barry Fetics3
1
Martinos Center, Dept. of Radiology, Massachusetts General Hospital, Charlestown, MA;
2
Harvard Medical School, Boston, MA; 3Robin Medical, Inc., Baltimore, MD; 4Johns Hopkins
University School of Medicine, Baltimore, MD; 5Tufts Medical Center, Boston, MA;
6
Massachusetts Institute of Technology, Cambridge, MA; 7Florida International Univ, Miami FL
Introduction We are developing a combined optical
and MR-capable endoscope with spatial tracking
capability. This novel device provides the ability to
view spatially registered optical and MR images of the
tissue under examination in real time, as well as to
obtain spatially registered MR scans of the
surrounding anatomy, yielding a more sensitive and
accurate diagnosis. The device includes a collapsible
RF coil, means to maintain coil tuning under
constantly changing conditions of positioning, bodily
motion and dimensional adjustment, an intraluminal Figure 1. Endoscope system block diagram.
RF preamplifier, a light source, a miniature video
camera, and a mechanical tip steering mechanism
(Figures 1 and 2). In this report we examine the MR
performance of the endoscope and characteristics of
the coil tuning algorithm.
Materials and Methods Tuning and preamplifier
circuits were fabricated on circuit boards 4 mm wide to
fit within the 12 mm outside diameter of the Figure 2. Endoscope photos.
endoscope. Coil tuning and matching is accomplished
with varactor diodes biased by a USB-connected data
Convergence:
acquisition module. The preamp used an Avago MGAGood
False
Unstable
62563 low noise pHEMT GaAs MMIC. Manual coil
tuning is accomplished by adjusting the varactor bias
Tuning perturbation
Time
voltages with sliders in a GUI developed in Microsoft
C# Express. To provide for continuously optimized Figure 3. Possible convergence regimes during
automated tuning a modified Nelder-Mead simplex simplex automated tuning by reflected power.
algorithm was used to seek and maintain optimum tune and match conditions, using reflected
RF power (lab bench) or transmit pulse pickup (scanner) as the cost function. The standard
simplex algorithm assumes that functions being optimized are stationary. However the optimum
tune and match capacitances vary at unpredictable times as external factors randomly impact
the coil, requiring the algorithm to continually seek new optima. The algorithm was therefore
augmented by imposing a lower bound on simplex size to prevent tight convergence, preserving
the ability to find a new optimum in a reasonable number of steps. A simplex size upper bound
was imposed to prevent wild jumps that could take the system to the boundaries of the tuning
space, possibly becoming trapped in false optima.
Results and Discussion In Monte Carlo trials of tuning convergence from given initial
conditions or recovery from a tuning perturbation, a narrow range of simplex upper and lower
bounds led to good convergence of the tuning algorithm, avoiding either false convergence or
gross instability (Figure 3).
Conclusions Although significant work remains to achieve full functioning of all system
components, the feasibility of a deployable coil MR endoscope with automated remote tuning
was established.
Scanner

Tuning system

Tuning host

Tuning interface board
Endoscope handle

Endoscope shaft
(1.5 meters long)

Low noise preamp

Tune circuit

Expandable
RF coil

To scanner surface coil adapter

Camera and LED
Tracking sensor

Coil deployment

Two-axis tip steering

EndoScout tracking system
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Cost function
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Initial, multi-site clinical experience using an integrated interventional needle guidance
workflow
Eva Rothgang1,2, Elodie Breton3, Xavier Buy4, Afshin Gangi4, Julien Garnon4, Rüdiger
Hoffmann5, Michel de Mathelin3, Li Pan1,6, Hansjörg Rempp5, Georgia Tsoumakidou4, Clifford R.
Weiss6, Christine H. Lorenz1,6, Wesley D. Gilson1,6
1

Center for Applied Medical Imaging, Corporate Research and Technology, Siemens Corporation, Baltimore (MD),
USA 2Pattern Recognition Lab, University of Erlangen-Nürnberg, Germany 3LSIIT - AVR, University of Strasbourg 4
CNRS, Strasbourg, France Interventional Radiology Department, Nouvel Hôpital Civil, Strasbourg, France
4
Department of Diagnostic and Interventional Radiology, University of Tübingen, Germany 6Russell H. Morgan
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Purpose: Present first clinical results using an integrated and efficient interventional needle
guidance workflow.
Methods and Materials: The workflow and system described in [1] was used for this study and
consisted of optimized methods for pre-procedure planning of multiple trajectories, entry point
localization and target visualization during intervention. Highlight features included rapid,
double oblique trajectory planning; automatic calculation of table movement and lateral offset for
entry point localization; and automatic slice alignment for continuous visualization of needle,
target and surrounding structures. Clinical feasibility was evaluated at three sites for abdominal
biopsies, sclerotherapies, spinal infiltrations, and RF applicator placement.
Results: Needle placement was successful in all 18 cases. Examples of procedures performed
using the described interventional needle guidance workflow are shown in Figure 1 and
procedure details are described in Table 1.

a
b
c
d
Figure 1. (a) Sclerotherapy to treat a large abdominal venous malformation. (b) Placement of
multiple RF applicators to ablate a liver lesion. (c) Needle placement in the spine for pain
treatment injection. (d) Biopsy of a kidney lesion.
Table 1. Overview of procedures performed. Targeting refers to the time needed for real-time
MRI guided needle placement.
Procedure
# of Average path
(# of patients) needles
length

Average time
targeting

MR imaging

non-imaging

Average
procedure time

Ablation (1)

2

78 mm/ 85 mm

4.5 min

41 min

187 min

228 min

Abdominal
biopsy (3)

3

76 mm
(range,47-100)

12 min
(range, 9 - 15)

44 min
(range, 38 - 54)

56 min
(range, 49 - 69)

Spinal
infiltration (10)

10

61 mm
(range, 45-98)

6 min
(range, 5 - 7)
3 min
(range, 1 - 6)

6 min
(range, 2 - 12)

22 min
(range, 12 - 34)

28 min
(range,16 - 44)

Sclerotherapy (4)

13

95 mm
3 min
(range, 38-122) (range, 0.5 - 10)

34 min
(range, 20-60)

107 min
(range, 74 -146)

141 min
(range, 100-177)

Conclusions: Our initial experience at multiple clinical sites suggests that the proposed
methods simplify MR-guided percutaneous interventions and have the potential to increase
adoption of MRI for image-guided minimally-invasive procedures.
[1] Rothgang et al. ISMRM 2012, 1561.
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Design and validation of a 2-DOF MRI-Compatible Pneumatic Positioner
E. Franco, F. Rodriguez y Baena, M. Ristic
Department of Mechanical Engineering, Imperial College London, UK
RESULTS
The system response to a 20mm and a
1mm step input showed a steady state
error below 0.5mm and a settling time
below 2.5 seconds for each axis (Fig 2).
The measurements were also validated
with a MicroScribe G2 (0.25mm stated
accuracy). The control scheme proved
robust against friction and inertial loads
(masses up to 3kg).

PURPOSE
A 2-Degree-of-Freedom (DOF) MRIcompatible pneumatic positioner was
developed to achieve accurate closed loop
position control on two orthogonal axes in
a high field closed MRI scanner. The use
of long transmission lines allows operating
the system remotely from outside the MRI
scanner room. The primary goal of this
research is the
development of a
pneumatically actuated MRI-compatible
mechatronic device to assist MRI-guided
laser ablation of the liver providing realtime position control of interventional tools
within a closed MRI scanner.
METHODS
The 2-DOF pneumatic positioner employs
two
double-acting
plastic
cylinders
mounted at 90º for the actuation and two
linear potentiometers for the position
sensing (Fig. 1).

Fig. 2 System step response.
The MRI compatibility of the system was
evaluated with a 3.0T MRI scanner
(Siemens Verio) using two different
sequences (Spoiled Gradient Echo, True
fast imaging with steady-state precession).
The 2-DOF pneumatic positioner did not
produce visible artifacts if located outside
the imaging region of interest (ROI).

Fig. 1 2-DOF pneumatic positioner layout.

CONCLUSIONS
The results of the validation tests suggest
that the 2-DOF pneumatic positioner can
be effectively used for real-time guidance
of interventional tools and equipment within
high field closed MRI scanners. Further
work will focus on the development of a 3DOF MRI-compatible pneumatic positioner.

The system was designed to work at low
pressure (1 to 2.5 bar) which enhances
safety and reduces air consumption. The
pressure was set using piezo-proportional
valves, controlled by an ARM Cortex-M3
microcontroller. The use of 9m long
transmission lines and of a 9m long
shielded cable grounded to the wave guide
allowed keeping all pneumatic and electric
components outside the MRI scanner
room. For the position control, a two-stage
version of the sliding-mode-control scheme
(SMC) [1] with smart integrator was
developed, which allows achieving a low
steady state position error without incurring
chattering and high overshoots.
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Navigation for adequate MR scan with integrated MR-endoscope system using intraluminal RF coil
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Purpose
We have suggested an integrated MR-endoscope system to perform MR imaging with endoscopy and to
show the images by using both modalities. To establish this system, we have developed two primary
components; one is an intraluminal RF coil to be inserted into the gastrointestinal tract in order to obtain high
spatial resolution MR images [1, 2]; the other is navigation software to indicate the scope location with
orientation inside the human body and MR image with a scope view [3]. The feasibility of performing quick
MR procedures and showing the relative position of the scope to the MR image was examined with animal
experiments in vitro and in vivo.
Methods
We used a 1.5T MR scanner (Signa EXCITE TwinSPEED, GE Healthcare), the intraluminal RF coil
designed as a flexible structure with 40 × 50 mm in length, an MR compatible endoscope (XGIF-MR30C,
Olympus Medical Systems) and a tracking system (EndoScout, Robin Medical Inc.). And, we used the
dissected porcine stomach and a healthy swine. At first, the localization was conducted using 5-inch surface
coil or Body coil. Secondly, MR volume images with low spatial resolution were obtained with a large FOV.
Thirdly, the centroid coordinate of the intraluminal RF coil inside the stomach was calculated by measuring
the coordinates at the three different points on the RF coil. To do this, the endoscope tip with the tracking
sensor was brought near the coil surface, and the measured coordinates were used to calculate the
centroid coordinate by the developed navigation software which could show them on the MR volume data [4].
The centroid coordinate was used to set up the FOV center and the scanning range when using the
intraluminal RF coil. And then, the MR images with the high spatial resolution were obtained. The navigation
software was also designed to obtain the tracking system data through the TCP/IP communication in
real-time during manipulation of the endoscope.
Results
The centroid coordinate of the RF coil was successfully detected and indicated on the MR volume data
when in vitro experiment was conducted. It took less than 40 seconds to detect the centroid coordinate and
to set up the scanning range and the FOV center. The multi-slice MR images with high spatial resolution of
the porcine stomach could be obtained. And the relative position of the endoscope to the MR images could
be shown with the endoscope view in real-time. However, the detection of the centroid coordinate of the RF
coil with in vivo experiment might not be accurate because of the difficulty of keeping the coil position and
shape properly inside the stomach.
Conclusions
The function of the navigation, using the tracking system, demonstrated how to quickly execute the MR
procedure for the integrated MR endoscope system. Additionally, the function to indicate the relative position
of the scope to the MR images in real-time would be useful for precise and safe endoscopy and endoscopic
surgery. The way to maintain the RF coil shape inside the stomach and the resonant properties of coil
properly should be developed.
References
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Percutaneous Vertebroplasty using Innomotion Robot guided by MRI
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and A Melzer1,2
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INTRODUCTION: Percutaneous Vertebroplasty(PVP) is a minimally invasive technique,
where acrylic cement is injected into the vertebral body, most commonly, to stabilise
osteoporotic vertebral compression fractures. Limitations to current practice are driving the
development of technologies to improve accurate positioning of the vertebroplasty needle,
and reduce procedure time to minimise complications. Improving the accuracy and speed of
this technique will significantly increase the potential clinical applications, for example, the
treatment of bone metastasis and damaged cervical vertebrae. Most PVP is currently
conducted using 2D fluoroscopic image guidance, which facilitates the treatment of thoracic,
lumbar and sacral vertebrae. This study is the first demonstration of the use of MR guided,
robotic PVP intervention, conducted in a Thiel soft-fix human cadaver. Thiel soft-fix
cadavers, provide an anatomically accurate human model to train clinicians in interventional
techniques and to develop the technologies to advance the field of interventional MRI.
METHODS: Using the Innomotion Robot (IBSMM, Czech Republic), PVP was conducted
under MR guidance in a Thiel soft-fix cadaver(CAHID, University of Dundee). The cadaver
was placed on the MR/X-ray compatible OR table system (Alphamaquet 1150, GETINGE
AB, Solna, Sweden), to establish a transfer between MR scanner (Signa HDxt 1.5T, GE
Healthcare, US) for the procedure and Angiosuite (OEC 9900 Elite C-arm, GE Healthcare,
US), in the prone position with the Innomotion robot placed above the lumbar vertebrae.
Preliminary MR scans were made to identify the anatomy and plan the procedure. (SPGR,
Bandwidth 15.63, TR 70, NEX, 4, TE minimum). Suitable slices were selected and sent to
the Innomotion system. Transpedicular approach was performed with the k-wire technique
using a side-opening vertebroplasty needle (8G diamond tip, Synthes GmbH, Eimattstrasse
3, Oberdorf, Switzerland) by robot guidance. Up to 2ml cement was delivered into the
vertebral body.
RESULTS: This system accurately placed the needle in the correct location within ± 1mm
and ±1 degree, visualised by 2D fluoroscopy. PMMA cement injection was possible under
MR and Xray but visualization under MR was inferior to X-Ray.
CONCLUSION: The Innomotion robot successfully aligned the vertebroplasty needle for
manual insertion into the lumbar vertebrae via the transpedicular route. This initial session
identifies that MR guided robot, Innomotion, can deliver the accuracy required to develope
and possibly extend the clinical use of these interventions. However this initial procedure
was time consuming and would need to be optimised. Also current PMMA bone cements are
not optimised for use under MRI guidance, further development will be required. Thiel soft fix
cadaver offer an excellent model for training and validation of novel technologies.
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Image-based Tracking of Deflected Needle for MRI-guided Needle Therapies
Atsushi Yamada1*, Junichi Tokuda1, Nobuhiko Hata1
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Purpose
Needle and tool deflection is a major cause of deviation from the planned trajectory in
MRI-guided biopsies and ablation therapies. The failure to aim lesions due to the needle
and tool deflection may consequently lead to misdiagnosis or mismanaged treatment. In
particular, needle deflection to the outside of the real-time imaging plane cannot be
detected and potentially be neglected, leading to not only to the inaccuracy of diagnosis
and treatment but damages to the surrounding tissues. The contribution of the paper is
to develop and validate an original method to detect out-of-place needle deflection by
combination of automatic image-based tracking of needle tip and adjustment of imaging
plane to continuously track the tip of the deflected needle.
Methods
We developed an image processing and scan control method to continuously track the
tip of needles and subscribe the real-time imaging plane according to the tracked needle
tip. The tip of a needle is tracked by (needle) line detection assisted by an optical flow
method to limit tip search within a limited region of interest (ROI). The line detection is
possible by Hough transformation that predicts the best candidate for the true needle
path from image artifacts. The optical flow complements the needle detection to digitize
the tip of the needle and was developed based on Lucas-Kanade method which helps to
compute kinetic information of the needle itself and deformation of soft tissues around
the needle ultimately predicting the tip position of the needle. Two sets of experiments
were performed to validate the method. The first set of the study involved a gelatin
phantom to measure the accuracy of the needle detection, using real-time MR images of
an 18G biopsy needle (DAUM GmbH Biopsienadel, Schwerin, Germany). The phantom
was imaged using TrueFISP (TR/TE: 3.96/1.98ms; Matrix size: 128×128; Flip angle: 45
deg.; FOV: 200×200mm2, In-plane pixel size: 1.6x1.6mm2; Pixel bandwidth 908 Hz /
pixel; acquisition time: approx. 0.5s) on 3T MR scanner (MAGNETOM Verio, Siemens
Healthcare, Erlangen, Germany) with the following imaging configurations: (1) coronal
and sagittal planes with 4mm slice thickness, (2) coronal and sagittal planes with 10mm
slice thickness (3) three coronal planes. Accuracy of needle tip detection was measured
and tabulated. The second half of the study used the clinical data collected in
MRI-guided prostate biopsy to evaluate the feasibility of the method in the clinical setting.
The computation time to process each scanned image for needle tracking also recorded.
Results
The needle tip was successfully detected both in the phantom study and the clinical
study with all imaging configurations, regardless of deflected directions, and existences
of tissue textures. The errors between the tracked tip position and the physical tip
position for each imaging configuration in the phantom study were (1) 3.0mm±0.7, (2)
4.5mm±1.0, (3) 4.9mm±0.7, respectively. Mean computation time was 0.046s / plane.
Conclusions
The study shows that the proposed image-based tracking method has a potential to
track the tip of the deflected needle without any specific tools in MR-guided biopsies and
ablation therapies. The computation time to process each scanned MR image is enough
to track the tip of the needle in real-time.
Acknowledgements: This work is supported by NIH grants R01CA124377,
R01CA138586, and P41EB015898.
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Purpose: To evaluate a novel MR-image guided surgical system for flexible endoscopic
procedures in a closed bore MR system.
Methods: MR-compatible fiber scope is consist of non ferromagnetic parts, light and optical
bundles, three working channels (diameter 3.5mm, 3.0mm, 1.5mm) and four-way tip
deflection. The MR gradient-based tracking system provides the real-time 6-degree of
freedom tracking during MR imaging with a catheter tracking sensor. All procedures were
carried out on a 1.5T MRI scanner (SIGNA Excite, GE Healthcare, Milwaukee, USA). Five
female swine (BW 25-30kg), under general anesthesia, were laid on the table of MRI scanner.
The fiberscope was inserted through the trocar placed on a
navel of pig into the abdominal cavity. Under MR image
guidance, the operator performed the surgical procedures
such as a puncture or resecting liver tumors with a
microwave surgical device(Fig. 1). Interactive image
guidance was conducted with single real-time image plane
acquired using fast gradient echo (FGRE), corresponding
to the fiberscope tip position. Augmented reality (AR)
technique was utilized to fuse the 3D tumor target and
critical

structure

fiberscope

to

camera

the
view.

The composite image which contains these virtual slice
images, real time MR image, virtual 3D image with AR
technique and endoscopic image is displayed on the LCD
monitor in the bore of MR scanner.
Results : Under MR-image guidance, we could puncture and
ablate the target region in the pig liver by the microwave
needle and partially resect the pig liver. The virtual 3D image
with AR technique was accurately indicated the target location
in the endoscopic image (Fig. 2).
Conclusion: MR-Image Guided Endoscopic surgery using a
1.5T closed bore MR system may provide a new option for the
minimally invasive surgery.
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Workflow and safety systems of a linac-MR sim-brachytherapy MRgRTTM facility
J Winter1*, M Carlone2, T Stanescu2, S Breen2, S Foxcroft2, B Guyot1, M Dahan1, R Dahdal2, D
Jaffray2, (1) IMRIS, Winnipeg, Manitoba, (2) Princess Margaret Hospital, Toronto, Ontario
Purpose: To develop the operational workflow and safety systems of a magnetic resonanceguided radiotherapy system (MRgRTTM), which comprises an MR scanner on rails that travels
between a linac vault, MR simulation room and brachytherapy suite.
Methods: To develop a safe and streamlined clinical workflow, we conducted a comprehensive
process review based on a layered approach to overall MRgRT safety that included i) facility
design, (ii) workflow iii) system design and interlocks and iv) policies and procedures. We
applied existing guidelines for MR and radiation safety, and employed system-level failure
modes and effects analyses to design the MRgRT facility and clinical procedures.
Results: Figure 1 illustrates the generic system layout and corresponding MR safety zones. In
the MRgRT system configuration, the MR and treatment systems are physically decoupled and
used independently requiring novel administration of existing MR and radiation guidelines. A key
element for the safe operation of the moving MR unit is the concept that all three rooms
represent zone 4 areas (American College of Radiology guidelines). Using this concept, we
applied MR guidelines to develop safe procedures for the overall suite, including screening of all
persons entering the suite in zone 2 and control of ferromagnetic materials. We generated a
clinical workflow that ensures expedient and safe transition between MR imaging and treatment
delivery in both the linac and brachytherapy rooms. In addition, we designed emergency
protocols for MRgRT, which helped drive requirements for the facility and system design, e.g.,
need for an accessible MR-safe stretcher.

Figure 1. Generic MRgRT system layout (left) and corresponding architectural drawings (right)
depicting the MR zones for a sample installation, including an adjacent radiation therapy vault.
Conclusions: We designed the first comprehensive description of the MRgRT workflow,
interlocking systems and safety procedures. With this layered approach to safety, we addressed
critical aspects regarding safe operation and workflow for the system and provided multiple
redundancies for key processes. Coupled with customized staff training, the proposed design
ensures the safe operation of the MRgRT facility.
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Passive catheter tracking with a controllable susceptibility effect
W. Dominguez-Viqueira, Hirad Karimi and C. H. Cunningham
Sunnybrook Health Sciences Center, Toronto, ON, Canada

Introduction: Due to the rich anatomic information available, MRI is an attractive tool for guiding endovascular interventions.
Susceptibility artifact–based tracking using paramagnetic markers [1] is a simple and economical approach, but has been met with
limited enthusiasm partly because of the image degradation that results from such devices. Recently, a susceptibility-based
tracking device which can be mechanically turned ON and OFF was proposed [2]. In this work, the layers of graphite and titanium
(diamagnetic and paramagnetic, respectively) were re-computed for a three-layer design with widely available materials, and were
scaled down to 3mm (9F) diameter and attached to a catheter to show feasibility. Real-time images showing the performance of the
device in a phantom study are presented.
Materials and Methods: The dimensions of component layers are selected by first measuring the relative magnetic susceptibilities
of the paramagnetic and diamagnetic materials using an Evans balance. The Evans balance readings (arbitrary units) were 1017 +/10 for titanium and -860 +/- 10 for graphite. These relative susceptibilities were then used in an optimization to design the
component thicknesses that minimize the magnetic fields outside of the tracking device when the ends of the components are
aligned. A magnetostatic simulation was implemented in Matlab, with the magnetic field surrounding the components computed for
each iteration. The sum of the absolute values of the magnetic field offsets on a mesh adjacent to the tracking device was used as a
cost function. Here, this mesh spanned a rectangle 4.1 millimeters across the axis of the cylinders, and 2 mm in front of the tip. The
diameter of the outer paramagnetic layer was held fixed to the desired size (3mm), with optimization of the outer diameters of other
components. The cost function was systematically computed using “fminsearch” and a global minimum was found. The final device
design consisted of 1) a 1.1 mm ø titanium (6AL 4V ELI) wire in 2) a 0.65 mm wall thickness graphite (grade EC-17) shell and in 3) a
0.3 mm wall thickness titanium (6AL 4V ELI) shell giving an outer diameter of 3mm and length of 15mm (figure 1), and was
fabricated using electrical discharge machining (EDM).
The device was held in the center of a doped-water bath (saline and copper sulfate), gluing one end of each of the titanium parts to
an acrylic spacer and the graphite cylinder nested between the titanium cylinders is glued in the opposite end to a catheter
TM
(hemostasis introducer, FAST-CATH 8F, St. Jude Medical) (Figure 2). The graphite cylinder can then slide in and out relative to
the titanium parts by pushing and pulling the catheter guidewire either by hand or with a dedicated axial motor that can be
synchronized to the MRI scanner. All the imaging experiments were performed using a 1.5T MR scanner (GE Signa HDx, GE
Healthcare, Waukesha, WI), with a 5 inch diameter receive-only surface coil. A fast gradient-recalled echo sequence was used to
acquire 60 images of the same slice in continuous mode over 2 minutes with 1 second gap between images. During the 1 second
gap the graphite cylinder was moved in or out of the titanium pieces to test the ON and OFF position of the susceptibility device. The
parameters were TR/TE = 18/5 ms, Į = 30º, bandwidth = 62.5 kHz, Nfreq = 256, Nphase = 64, averages = 1, FOV = 12 × 12 cm, and
slice thickness = 1 mm. Images with positive contrast were also acquired with the same pulse sequence but with the slice rewinder
gradient turned off, slice thickness = 20 mm and TR/TE = 8/4 ms.
Results and Discussion: Representative real-time images of the catheter setup are shown in figure 3. As shown in images A and E
the image distortions are minimized when the device is in the OFF position (with the graphite cylinder completely inside the titanium
parts). When the graphite cylinder was pulled out of the device the field perturbations around it are more noticeable (figure 3)
causing a hypointense region (Figure 3 B, C and D) at both ends of the device. Figure 3 (E, F, G and H) shows the “positive
contrast” image were only the adjacent water is bright (the “white marker” effect [3]). This facilitates locating the device in projection
images which can be helpful in vivo to automatically track the device.
Conclusions: A passive tracking device with a susceptibility effect that can be enabled and disabled by sliding one of the
components was designed, fabricated and demonstrated. The difference between the aligned and miss-aligned configurations was
large in the acquired MR images, showing the feasibility of tracking the device by periodically moving the graphite layer. In future
work, this design will be incorporated into a 9F catheter and demonstrated in vivo.
Acknowledgements: Funding from the Canadian Institutes of Health
Research (CIHR PPP106789).
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Figure 1. Picture of the susceptibility
device.

Figure 2: Catheter prototype setup
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Figure 3: Real-time images of the catheter setup acquired at
1.5T. A and E are images with the graphite cylinder completely
inside the titanium parts (OFF position), with negative and
positive contrasts respectively. Equally B–F, C–G and D –H are
images with the graphite cylinder 2 mm, 3mm and 4mm pulled
outside the titanium parts.
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Statistical Framework for Characterization of Deformable Registration Performance
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Purpose: Deformable registration is a key image analysis technology widely applied in interventional research
applications in prostate MRI. Evaluation of deformable registration tools is typically limited to retrospective
quantification of their accuracy on a limited set of cases. The primary objectives for this study were to develop
experimental and statistical methodology to enable characterization of registration reliability with confidence
bounds, and to apply these methods to a specific non-rigid registration method currently used for recovering
prostate glad deformation during MRI-guided prostate biopsy [1].
Methods: Our analysis is focused on characterizing the probability of successful registration as a function of
initial misalignment of the registered images. Successful registration is defined as such that leads to a
convergence to a “good” registration result [1]. Assuming the success of registration is independent of
misalignment when its magnitude is sufficiently small (under the image resolution, <2mm), we first estimate the
“background” probability of failure due to chance, and its confidence interval. Larger magnitudes of
displacement lead to increasing chances of failure, and the case-specific “breakdown” point is determined
when the failure rate significantly exceeds the “background” failure rate is estimated using statistical survival
analysis methods (such as Cox proportional hazards regression). We then use this approach to characterize
the successful convergence behavior of the registration method. Analysis was applied to the data presented in
an earlier study [1] based on registration of T2w MRI images collected during 10 consecutive MRI-guided
prostate biopsy cases.

(c)
(b)
(a)
Fig. 1: (a) and (b) depict the cumulative probability of failure as a function of the initial misalignment (black
line) and the confidence interval (dashed blue line) for two representative cases. The origin for the failure
rate (horizontal black line) is the background failure rate. (c) shows the estimated probability of success as
a function of misalignment norm, summarized over 10 cases.
Results: Our setup included 500 experiments with the initial misalignment magnitude distributed uniformly
between 0 and 10 mm. “Background” chance of failure was estimated at 0.029 (p<0.05). Case-specific
“breakdown” points were identified, and varied between 3 mm and >10 mm (see illustrative cases in Fig.1).
The rate of failures varied significantly among the analyzed cases. Kaplan-Meier curves with the confidence
intervals characterizing the overall behavior of the registration method are shown in Fig.1.
Conclusion: The presented methodology for statistical assessment of the registration behavior is intuitive and
straightforward. Our initial result is establishes the approach and enables quantitative characterization of
registration success probability, which is critical for interventional applications of registration technology in
clinic.
Acknowledgments: This work was supported in part by NIH grant P41EB015898.
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