PROGRESS IN BIOMEDICAL OPTICS AND IMAGING

Vol. 16 No. 43

Medical Imaging 2015

Image-Guided Procedures,
Robotic Interventions, and Modeling

Ziv R. Yaniv
Robert J. Webster Il
Editors

22-24 February 2015
Orlando, Florida, United States

Sponsored by
SPIE

Cosponsored by
ALIO Industries (United States) ¢ Alpinion Medical Systems (United States) ¢ Modus Medical
Devices Inc. (Canada) e Bruker (United States) ¢ Siemens ¢ National Diagnostic Imaging

Cooperating Organizations

AAPM—American Association of Physicists in Medicine (United States) ¢ APS—American
Physiological Society (United States) ¢ CARS—Computer Assisted Radiology and Surgery
(Germany) * Medical Image Perception Society (United States) ¢ Radiological Society of
North America (United States) » Society for Imaging Informatics in Medicine (United States)
World Molecular Imaging Society ¢ The DICOM Standards Committee

Published by
SPIE

Volume 9415

Proceedings of SPIE, 1605-7422, V. 9415

SPIE is an international society advancing an interdisciplinary approach to the science and application of light.

Medical Imaging 2015: Image-Guided Procedures, Robotic Interventions, and Modeling,
edited by Ziv R. Yaniv, Robert J. Webster I, Proc. of SPIE Vol. 9415, 941501
© 2015 SPIE - CCC code: 1605-7422/15/$18 - doi: 10.1117/12.2184297

Proc. of SPIE Vol. 9415 941501-1



The papers included in this volume were part of the technical conference cited on the cover and
fitle page. Papers were selected and subject to review by the editors and conference program
commiftee. Some conference presentations may not be available for publication. The papers
published in these proceedings reflect the work and thoughts of the authors and are published
herein as submitted. The publisher is not responsible for the validity of the information or for any
outcomes resulting from reliance thereon.

Please use the following format to cite material from this book:

Author(s), "Title of Paper," in Medical Imaging 2015: Image-Guided Procedures, Robotic
Interventions, and Modeling, edited by Ziv R. Yaniv, Robert J. Webster Ill, Proceedings of SPIE
Vol. 9415 (SPIE, Bellingham, WA, 2015) Article CID Number.

ISSN: 1605-7422
ISBN: 9781628415056

Published by

SPIE

P.O. Box 10, Bellingham, Washington 98227-0010 USA
Telephone +1 360 676 3290 (Pacific Time) - Fax +1 360 647 1445
SPIE.org

Copyright © 2015, Society of Photo-Optical Instrumentation Engineers.

Copying of material in this book for internal or personal use, or for the internal or personal use of
specific clients, beyond the fair use provisions granted by the U.S. Copyright Law is authorized by
SPIE subject to payment of copying fees. The Transactional Reporting Service base fee for this
volume is $18.00 per article (or portion thereof), which should be paid directly to the Copyright
Clearance Center (CCC), 222 Rosewood Drive, Danvers, MA 01923. Payment may also be made
electronically through CCC Online at copyright.com. Other copying for republication, resale,
advertising or promotion, or any form of systematic or multiple reproduction of any material in this
book is prohibited except with permission in writing from the publisher. The CCC fee code is
1605-7422/15/$18.00.

Printed in the United States of America.

Publication of record for individual papers is online in the SPIE Digital Library.

SPIE &
Digital Liorary

SPIEDigitallibrary.org

Paper Numbering: Proceedings of SPIE follow an e-First publication model, with papers published
first online and then in print. Papers are published as they are submitted and meet publication
criteria. A unique citation identifier (CID) number is assigned to each article at the time of the first
publication. Utilization of CIDs allows articles to be fully citable as soon as they are published
online, and connects the same identifier to all online, print, and electronic versions of the
publication. SPIE uses a six-digit CID artficle numbering system in which:
= The first four digits correspond to the SPIE volume number.
» The last two digits indicate publication order within the volume using a Base 36 numbering
system employing both numerals and letfters. These two-number sets start with 00, 01, 02, 03, 04,
05, 06, 07, 08, 09, OA, OB ... 0Z, followed by 10-1Z, 20-2Z, etc.
The CID Number appears on each page of the manuscript. The complete citation is used on the
first page, and an abbreviated version on subsequent pages.

Proc. of SPIE Vol. 9415 941501-2



Contents

ix Authors
Xiii Conference Committee
XV Introduction
XVii 2015 Medical Imaging Award Recipients
SESSION 1 CARDIAC PROCEDURES
941502 Integration of a biomechanical simulation for mitral valve reconstruction into a
knowledge-based surgery assistance system [9415-1]
941503 Dynamic heart phantom with functional mitral and aortic valves [9415-2]
941504 Beating heart miiral valve repair with integrated ulirasound imaging [9415-3]
941505 Endocardial left ventricle feature fracking and reconstruction from tri-plane frans-
esophageal echocardiography data [9415-4]
941506 The effect of elastic modulus on ablation catheter contact area [9415-5]
SESSION 2 ENDOSCOPY/LAPAROSCOPY
941508 Multimodal system for the planning and guidance of bronchoscopy [9415-6]
941509 Accuracy validation of an image guided laparoscopy system for liver resection [9415-7]
9415 0A Rendering-based video-CT registration with physical constraints for image-guided
endoscopic sinus surgery [9415-8]
941508 Image-based tracking of the suturing needle during laparoscopic interventions [9415-9]
94150C Toward real-time endoscopically-guided robotic navigation based on a 3D virtual surgical
field model [9415-10]
9415 0D Electrical impedance map (EIM) for margin assessment during robot-assisted laparoscopic
prostatectomy (RALP) using a microendoscopic probe [9415-11]
SESSION 3 CRANIAL PROCEDURES
9415 0OE Thalamic nuclei segmentation in clinical 3T T1-weighted Images using high-resolution 7T

shape models [9415-12]

Proc. of SPIE Vol. 9415 941501-3



9415 OF Three-dimensional curvilinear device reconstruction from two fluoroscopic views [9415-13]
9415 0G Localizing and tracking electrodes using stereovision in epilepsy cases [9415-14]
9415 OH Real-time surgery simulation of intracranial aneurysm clipping with patient-specific
geometries and haptic feedback [9415-15]
94150l Application and histology-driven refinement of active contour models to functional region
and nerve delineation: towards a digital brainstem atlas [9415-16]
SESSION 4 TREATMENT PLANNING AND ROBOTIC SYSTEMS
94150J Comparison of tablet-based strategies for incision planning in laser microsurgery [9415-17]
9415 0K Automatic electrode configuration selection for image-guided cochlear implant
programming [9415-18]
9415 0L Nonholonomic catheter path reconstruction using electromagnetic fracking [9415-19]
9415 OM Methods for infraoperative, sterile pose-setting of patient-specific microstereotactic frames
[9415-20]
94150N Robot-assisted, ultrasound-guided minimally invasive navigation tool for brachytherapy
and ablation therapy: initial assessment [9415-21]
941500 Generating patient-specific pulmonary vascular models for surgical planning [?415-22]
SESSION 5 REGISTRATION
9415 0P Scaphoid fracture fixation: localization of bones through statistical model to ulirasound
registration [9415-23]
94150Q Comparison of optimization strategy and similarity metric in atlas-to-subject registration
using statistical deformation model [9415-24]
9415 OR Incorporating target registration error into robotic bone milling [9415-25]
9415 0S Adaptive deformable image registration of inhomogeneous tissues [9415-26]
9415 0T Validation of model-based deformation correction in image-guided liver surgery via
tracked intraoperative ulirasound: preliminary method and results [9415-27]
SESSION 6 ULTRASOUND IMAGE GUIDANCE: JOINT SESSION WITH CONFERENCES 9415 AND 9419
9415 0U Needle detection in ultrasound using the spectral properties of the displacement field: a
feasibility study [9415-28]
9415 OW Active point out-of-plane ulirasound calibration [9415-30]

Proc. of SPIE Vol. 9415 941501-4



SESSION 7 TRACKING AND ORGAN MOTION MODELING

9415 0X Cadlibration of a needle fracking device with fiber Bragg grating sensors [9415-31]

9415 QY Virtual rigid body: a new optical tracking paradigm in image-guided interventions
[2415-32]

941507 Integration of fiber optical shape sensing with medical visualization for minimal-invasive
interventions [9415-33]

941510 4DCBCT-based motion modeling and 3D fluoroscopic image generation for lung cancer
radiotherapy [9415-34]

941511 Surgical tool detection and tracking in retinal microsurgery [9415-35]

941512 A biomechanical approach for in vivo lung tumor motion prediction during external beam
radiation therapy [9415-36]

941513 Can coffee improve image guidance? [9415-37]

SESSION 8 SEGMENTATION

941514 Deep learning for automatic localization, identification, and segmentation of vertebral
bodies in volumetric MR images [9415-38]

941515 Grading remodeling severity in asthma based on airway wall thickening index and
bronchoarterial ratio measured with MSCT [9415-39]

941516 Evaluation metrics for bone segmentation in ultrasound [9415-40]
941517 Fast and intuitive segmentation of gyri of the human brain [9415-41]

941518 Body-wide anatomy recognition in PET/CT images [9415-42]

SESSION 9 INTRAOPERATIVE IMAGING AND VISUALIZATION

941519 Atlas and feature based 3D pathway visualization enhancement for skull base pre-
operative fast planning from head CT [9415-43]

9415 1A Design and first implementation of business process visualization for a task manager
supporting the workflow in an operating room [9415-44]

9415 1B Quantitative wavelength analysis and image classification for intraoperative cancer
diagnosis with hyperspectral imaging [9415-45]

9415 1C Methods for a fusion of optical coherence tomography and stereo camera image data
[9415-46]

Proc. of SPIE Vol. 9415 941501-5



vi

9415 1D Self-calibration of cone-beam CT geometry using 3D-2D image registration: development
and application to tasked-based imaging with a robotic C-arm [9415-47]
9415 1E A multimodal imaging framework for enhanced robot-assisted partial nephrectomy
guidance [9415-48]
SESSION 10 KEYNOTE AND 2D/3D REGISTRATION
9415 1F Known-component 3D-2D registration for image guidance and quality assurance in spine
surgery pedicle screw placement (Runner Up Young Scientist Award) [9415-50]
94151G Device and methods for "gold standard" registration of clinical 3D and 2D cerebral
angiograms [9415-51]
SESSION 11 ABDOMINAL AND PELVIC PROCEDURES
9415 11 Data fusion for planning target volume and isodose prediction in prostate brachytherapy
[9415-52]
9415 1) Optimizing MRI-targeted fusion prostate biopsy: the effect of systematic error and
anisotropy on tumor sampling [7415-53]
9415 1K Navigated marker placement for motion compensation in radiotherapy [9415-54]
9415 1L Image guidance improves localization of sonographically occult colorectal liver
metastases [9415-55]
POSTER SESSION
9415 1M Medical image segmentation using object atlas versus object cloud models [9415-56]
9415 1N Interactive non-uniformity correction and intensity standardization of MR images [?415-57]
941510 Evaluation of input devices for teleoperation of concentric tube continuum robots for
surgical tasks [9415-58]
9415 1P Additive manufacturing of patient-specific tubular continuum manipulators [9415-59]
92415 1Q Towards the development of a spring-based continuum robot for neurosurgery [9415-60]
9415 1R Reconstruction of surfaces from planar contours through contour interpolation [9415-61]
941518 Intraoperative on-the-fly organ-mosaicking for laparoscopic surgery [9415-62]
941517 Application of single-image camera calibration for ultrasound augmented laparoscopic
visualization [9415-63]
9415 1U Towards real-time remote processing of laparoscopic video [9415-64]

Proc. of SPIE Vol. 9415 941501-6



24151V

92415 1W

9415 1X

2415 1Y

941511

941520

9415 21

941522

9415 24

941525

9415 26

941527

941528

941529

9415 2A

9415 2B

9415 2C

9415 2D

9415 2E

9415 2F

A novel method and workflow for stereotactic surgery with a mobile intraoperative CT
imaging device [9415-65]

Sparse reconstruction of liver cirrhosis from monocular mini-laparoscopic sequences
[9415-67]

Development and clinical application of surgical navigation system for laparoscopic
hepatectomy [9415-68]

A MR-TRUS registration method for ultrasound-guided prostate interventions
(First Place Young Scientist Award) [9415-69]

3D/2D image registration using weighted histogram of gradient directions [9415-70]
A metric for evaluation of deformable image registration [9415-71]

An anatomically oriented breast model for MRI [9415-72]

Surface-based registration of liver in ultrasound and CT [9415-73]

Smooth extrapolation of unknown anatomy via statistical shape models [9415-75]

Collision detection and modeling of rigid and deformable objects in laparoscopic
simulator [9415-76]

Surgical insirument similarity metrics and tray analysis for multi-sensor instrument
identification [9415-77]

Which pivot calibration? [9415-78]

A model-free method for annotating on vascular structure in volume rendered images
[9415-79]

Line fiducial material and thickness considerations for ulirasound calibration [9415-80]
Live ultrasound volume reconstruction using scout scanning [9415-81]

Benchmarking of state-of-the-art needle detection algorithms in 3D ultrasound data
volumes [9415-82]

B-Mode ultrasound pose recovery via surgical fiducial segmentation and tracking
(Cum Laude Poster Award) [9415-84]

Validation of percutaneous puncture trajectory during renal access using 4D ultrasound

reconstruction [9415-85]
3D-printed surface mould applicator for high-dose-rate brachytherapy [9415-86]

Method for evaluation of predictive models of microwave ablation via post-procedural
clinical imaging [9415-87]

Proc. of SPIE Vol. 9415 941501-7

vii



viii

9415 2G

9415 2H

9415 2!

9415 2]

92415 2K

92415 2L

9415 2M

9415 2N

Needle position estimation from sub-sampled k-space data for MRI-guided interventions
[9415-88]

Intraoperative visualization and assessment of electromagnetic tracking error [9415-89]
Combining marker-less patient setup and respiratory motion monitoring using low cost 3D
camera technology

[9415-90]

Quantification of intraventricular blood clot in MR-guided focused ultrasound surgery
[9415-91]

Targeting of deep-brain structures in nonhuman primates using MR and CT Images
[2415-92]

Analysis of left atrial respiratory and cardiac motion for cardiac ablation therapy [9415-93]

Register cardiac fiber orientations from 3D DTl volume to 2D ultrasound image of rat hearts
[9415-94]

Simulated evaluation of an intraoperative surface modeling method for catheter ablation
by a real phantom simulation experiment [9415-95]

Proc. of SPIE Vol. 9415 941501-8



Avuthors

Numbers in the index correspond to the last two digits of the six-digit citation identifier (CID) article
numbering system used in Proceedings of SPIE. The first four digits reflect the volume number. Base 36
numbering is employed for the last two digits and indicates the order of articles within the volume.
Numbers start with 00, 01, 02, 03, 04, 05, 06, 07, 08, 09, OA, 0B...0Z, followed by 10-1Z, 20-2Z, etc.

Abi-Jaoudeh, Nadine, 22
Abolmaesumi, Purang, OP, 14, 1l
Adams, E., 2|

Adams, Lauryn B., 1L
Aghdasi, Nava, 19

Akl, Selim G., OL

Aldridge, L., 2|
Alsheakhali, Mohamed, 11
Amanov, Ernar, 1P

Ameri, Golafsoun, 29
Anas, Emran Mohammad Abu, OP
Angelmahr, Martin, 0Z
Anxionnat, René, OF
Armand, M., 0Q, 24

Asoni, Alessandro, 2C
Audette, Michel A., Ol
Bagchi, Ansuman, 2K
Baxter, John S. H., 29
Beigi, Parmida, OU
Ben-Zikri, Yehuda Kfir, 05
Berbeco, Ross, 10

Berens, Angelique, 19
Berger, Marie-Odile, OF
Bergmeier, Jan, 1C
Bergtholdt, Martin, 21
Bhattad, Srikanth, ON

Bly, Randall A., 19

Boctor, Emad M., OW, 0Y, 2C
Bodenstedt, S., 0B, 1S
Bone, Ashleigh, 2K
Bracard, Serge, OF
Brightling, Christopher, 15
Brillet, Pierre-Yves, 15
Brown, Daniel, 2F

Buelow, Thomas, 21
Burgert, O., TA
Burgner-Kahrs, Jessica, 13, 10, 1P
Byrnes, Patrick, 08

Cahill, Nathan, 05

Camp, Jon J., 06

Ceh, Dennis, 03

Cheirsilp, Ronnarit, 08
Chen, Antong, 2K

Chen, Elvis C. S., 29

Chen, Lei, 2C

Chen, Zhuo Georgia, 1B
Cheng, Alexis, OW, 0Y
Cheng, Shing Shin, 1Q
Chiang, H., 24

Choli, Morwan, 2G
Clarkson, Matthew J., 09
Clements, Logan W., 0T, 2F
Clinthorne, Neal, 1V
Collins, Jarrod A., 0T, 2F
Connolly, Brett, 2K

Cool, Derek W., 1J
Coon, Devin, 2C

Co-Vu, Jennifer, 00
Cumming, lan, 2E
Curran, Walter J., 1Y
Dabbs, M., 2|

Dangi, Shusil, 05

Dénzer, Stefan, 26
Davidson, Brian, 09
Dawant, Benoit M., OE, OK
De Silva, T., 1F

De Simone, Raffaele, 02
de With, Peter H. N., 2B
Dehghan, Ehsan, 22
Delmas, Charlotte, OF
Desai, Jaydev P., 1Q
Deshmukh, Nishikant, 0Y
D'Haese, Pierre-Francois, OE
Dhou, Salam, 10
Dillmann, R., OB, 1S

Dillon, Neal P., OR
Dirnberger, Johannes, OH
Dogdas, BelIma, 2K
Donovan, E., 2|

Déssel, Olaf, 21

Drake, James, 2J

Duffy, Edward B., 1U

Dy, Mary-Clare, 25
Entiati, T., 1D

Engelhardt, Sandy, 02
Escoto, Abelardo, ON
Eslami, Abouzar, 11
Etienne-Cummings, Ralph, OW
Evans, PM., 2|

Falcdo, Alexandre X., 1M
Falkson, Conrad B., 2E
Fan, Xiaoyao, 0G

Fard, N., 1K

Fei, Baowei, 1B, 2M
Fellmann, Carolin, 10
Fels, Sidney, 14

Fenster, Aaron, 1J

Fenz, Wolfgang, OH

Proc. of SPIE Vol. 9415 941501-9



Fetita, Catalin, 15
Fichtinger, Gabor, OL, 16, 1R, 2A, 2E, 2H, 2J
Fink, E., TA

Fitzpatrick, J. Michael, OR
Fonseca, Jaime C., 2D
Franke, Stefan, 26

Franz, A. M., 1K

Gaede, Stewart, 12
Gang, G., 1D

Ghafurian, Soheil, 1Z
Glaser, Bernhard, 26
Godage, Isuru S., 13
Gokaslan, Z. L., 1F

Gong, Yuanzheng, 0C
Gordon, C.R., 24
Grenier, Philippe A., 15
Grigat, Rolf-Rainer, TW
Grupp. R. B., 0Q, 24
Guo, Xiaoyu, OW
Gurusamy, Kurinchi, 09
Hacihaliloglu, llker, OP, 1Z
Hafezi, M., 1K

Hager, G. D., 0A

Hahn, Horst Karl, 0Z, 17
Halter, Ryan J., 0D, 1E
Hannaford, Blake, 0C, 19
Harish, Vinyas, 2H
Hartov, Alex, 1E

Hawkes, David, 09
Hayashi, Yuichiro, 1X

He, Fei, 28

He, Wei, 28

Hess, Maggie, 2J
Heuveline, Vincent, 02
Higgins, William E., 08
Hines, Catherine, 2K
Hirose, Tomoaki, 1X
Holmes, David R., Ill, 06, 2L, 2N
Hu, Danying, 0C

Hurwitz, Martina, 10
Hyams, Elias S., 0D

lgami, Tsuyoshi, 1X
lkeda, Tomohiro, 20

Ishii, M., OA

Isomura, Naoki, 20

Jani, Ashesh B., 1Y
Jarnagin, William R., OT, 1L, 2F
Ji, Songbai, 0G

Jiang, Zhengang, 28
Johnsen, Stian, 09
Johnson, Colena, 2K
Johnson, S. B., 2L
Jordan, T., 2|

Joshi, Chandra, 2E

K. Mandal, Koushik, 0X
Kadoury, Samuel, 0X
Kahrs, Luder Alexander, 0J, OM, 1C
Kane, Timothy D., 1T
Kang, Hyun Jae, OW
Kang, Sukryool, 1T

Karami, Elham, 12

Kashi, Daryoush, 10
Kashyap, Raman, 0X
Kenngott, H., OB, 1S
Kerrien, Erwan, OF
Ketcha, Michael, 2C
Khan, Shadab, 0D, 1E
Khanna, A. J, 1F

Kim, Yeongijin, 1Q
Kingham, T. Peter, 1L, 2F
Kleinszig, G., 1F

Kojima, Hironori, 20
Komori, Masaru, 25
Korsten, Hendrikus H. M., 2B
Kroehnert, A., OB
Kruecker, Jochen, 22
Krusienski, Dean, Ol
Kundrat, Dennis, 0J, OM, 1C
Kuo, Nathanael, 2C
Kutra, Dominik, 21
Kwartowitz, David M., 1U
Lasso, Andras, 2A, 2E, 2H, 2J
Lathrop, Ray A., 13

Lee, David S., QY

Lee, Ting-Yim, 12
Lehmann, H. 1., 2L

Lekon, Stefan, 0J
Leonard, S., OA

Lerakis, Stamatios, 2M
Lessoway, Victoria A., OP, OU
Leung, Universe, 1L
Lewis, John, 10

Li, Kang, 1Z

Li, Senhu, 1V

Li, Yanfang, 28

Li, Yangming, 19

Likar, Bostjan, 1G

Linte, Cristian A., 05, 06
Liu, Tian, 1Y

Liv, Xinyang, 1T

Liv, Yuan, OE

Liversidge, N., 2|

Lodge, Kenneth, 2K
Looi, Thomas, 2J
Lougheed, Matthew, 16
Lu, Guolan, 1B

Lu, Kongkuo, 22
Lubbers, Laura S., 2K
Lugez, Elodie, OL
MacDonald, Andrew, 2H
Madan, Hennadii, 1G
Mahara, Aditya, 0D
Mahdavi, S. Sara, 11
Maier-Hein, L., 1K
Malthaner, Richard, ON
Mao, Hui, 1Y
Marcinczak, Jan Marek, 1TW
Martel, Sylvain, 0X
Martin, PeterR., 1J

Mdarz, K., 1K

Proc. of SPIE Vol. 9415 941501-10



Mattos, Leonardo S., 0J
MclLeod, A. Jonathan, 03, 04, 29
Mehrabi, A., 1K

Metaxas, Dimitris N., 1Z
Meyer, Amelie, 2A

Miao, Yu, 28

Miga, Michael I., OT, 1L, 2F
Mihajlovic, Nenad, 2B
Mishra, Pankaj, 10

Moe, Kris S., 19

Moore, John T., 03, 04
Mori, Kensaku, 1X, 28
Morris, William J., 11
Mousavi, Parvin, OP
Mdller, Samuel, OM
MuUller-Stich, B., OB, 1S
Murff, Daniel, 00
Murphy, R. J., 0Q, 24
Nagino, Masato, 1X
Nanji, Sulaiman, 2H
Navab, Nassir, 11
Neumuth, Thomas, 26
Newton, Allen T., OE

Ng, Gary C., 0U

Nguyen, Thien-Dang, 1P
Noble, Jack H., OK

Noto, Kimiya, 20
Nouranian, Saman, 1l
O’'Malley, Stacey, 2K
O'Dell, Walter G., 00
Odhner, Dewey, 18, 1N
Ogunleye, Tomi, 1Y
Ojdanic, Darko, 0Z
Ortmaier, Tobias, 0J, OM, 1C
Otake, Y., 0A, 0Q, 24
Ouadah, S., 1D

Qurselin, Sébastien, 09
Overhoff, Heinrich M., 2G
Packer, Douglos L., 06, 2L, 2N
Paetz, Torben, 0Z

Painer, Sven, TW

Parent, Francois, 0X
Patel, Nirmal, Ol

Patel, Rajni, ON

Paulsen, Keith D., 0G
Pernus, Franjo, 1G
Peters, Terry M., 03, 04, 29
Phellan, Renzo, 1M
Pichora, David, OP

Pinter, Csaba, 1R
Pourtaherian, Arash, 2B
Prince, Jerry L., 2C

Qin, Xulei, 1B, 2M

Rajan, P., OA

Ramezani, Mahdi, 11
Rankin, Adam, 2E
Rashid, Tanweer, Ol
Rasoulian, Abtin, OP, 14
Reichard, D., 1S

Reiter, A., OA

Proc. of SPIE Vol

Ren, Jing, 0S

Renger, John, 2K
Rettmann, Maryam E., 06, 2L, 2N
Riddell, Cyril, OF

Robb, Richard A., 06, 2L, 2N
Roberts, David W., 0G
Rodrigues, Nuno F., 2D
Rodrigues, Pedro L., 2D
Rohling, Robert N., OP, OU, 14
Romagnoali, Cesare, 1J
Ronaghi, Zahra, 1U

Rossi, Peter, 1Y

Russell, Paul T., 1Il, 13
Sabczynski, Jorg, 21
Sadjadi, Hossein, OL
Salcudean, Septimiu E., OU, 11
Samani, Abbas, 12

Sato, Y., 0Q

Schade, Wolfgang, 0Z
Schneider, Crispin, 09
Schellenberg, Tobias, 26
Schmitt, Sebastian, 2G
Schned, Alan R., 0D
Schoch, Nicolai, 02
Schoob, Andreas, 0J, 1C
Schreiner, L. John, 2E
Schumacher, Mark, 2E
Schwarz, Karl Q., 05

Seibel, Eric J., 0C

Seigne, John, 1E

Seitel, Alexander, OP, 14
Sharma, Shobhit, 1N
Shekhar, Raj, 1T

Shen, Ming, 2M

Shi, Weili, 28

Siebold, Michael A., OR
Siewerdsen, J. H., OA, 1D, 1F
Simpson, Amber L., OT, 1L
Song, Yi, 09

Spadinger, Ingrid, 11
Speidel, Stefanie, 02, 0B, 1S
Spiclin, Ziga, 1G

St. John, Paul, OP

Stayman, J.W., 1D, 1F

Sterzing, F., 1K
Stoyanov, Danail, 09
Su, He, 1T

Sultana, Sharmin, Ol
Sun, Deyu, 06, 2N
Sunderland, Kyle, 1R
Suwelack, S., 1S
Suzani, Amin, 14
Tagawa, Kazuyoshi, 25
Tahavori, F., 2
Tahmasebi, Amir, 22
Takemura, Akihiro, 20
Tan, Virak, 1Z

Tanaka, Hiromi T., 25
Taylor, R. H., 0A, 0Q, 24
Thompson, Stephen, 09

. 9415 941501-11

Xi



Xii

Tong, Yubing, 18, 1N
Torigian, Drew A., 18, 1N
Totz, Johannes, 09
Trousset, Yves, OF

Udupa, Jayaram K., 18, TM, TN
Ueda, Shinichi, 20

Uneri, A., 1D, 1F

Ungi, Tamas, 16, 2A, 2H
Uslaner, Jason M., 2K
Vannelli, Claire, 03
Venkatesan, Aradhana, 22
Vilaga, Jodo L., 2D

Vogt, S., 1F
Vollmann, Benjamin, OM
Wagner, M., 1S

Wagner, Mary B., 2M
Waltermann, Christian, 0Z
Wang, A.S., 1F

Wang, Dongsheng, 1B
Wang, Huigian, 18
Wang, Silun, 2M

Ward, Aaron D., 1J
Webster, Robert J., I, OR, 13
Weiler, Florian, 17

Wells, K., 2|

Wiemuth, M., TA
Winkelmann, Christopher T., 2K
Winterstein, A., 1K

Wirz, Raul, 13

Witte, Michael, 0z

Wolf, Ivo, 02

Wolinsky, J.-P., 1F

Woo, Boyeong, 1R
Wood, Bradford J., 22
Wu, Xiaotian, 1E

Wu, Yifei, OT

Xu, Sheng, 22

Yan, Fei, 28

Yan, Pingkun, 22

Yang, Huamin, 28

Yang, Xiaofeng, 1Y
Yaniv, Ziv, 27

Yigitsoy, Mehmet, 11
Zang, Xiaonan, 08
Zariwala, Hatim A., 2K
Zhang, Haichong K., OW
Zhang, Huimao, 28
Zhang, Xiaodong, 2M
Zhao, Liming, 18

Zhao, Yiyuan, OK
Zimmermann, Norbert, 02
Zinger, Svitlana, 2B

Proc. of SPIE Vol. 9415 941501-12



Conference Committee

Symposium Chairs

David J. Manning, Lancaster University (United Kingdom)
Steven C. Horii, The University of Pennsylvania Health System
(United States)

Conference Chairs

Ziv R. Yaniv, National Library of Medicine (United States)
Robert J. Webster Ill, Vanderbilt University (United States)

Conference Program Committee

Purang Abolmaesumi, The University of British Columbia (Canada)
Wolfgang Birkfellner, Medizinische Universitat Wien (Austria)
Alexandre X. Falcao, Universidade Estadual de Campinas (Brazil)
Baowei Fei, Emory University (United States)
Gabor Fichtinger, Queen's University (Canada)
George J. Grevera, Saint Joseph's University (United States)
David R. Haynor, University of Washington (United States)
William E. Higgins, The Pennsylvania State University (United States)
David R. Holmes lll, Mayo Clinic (United States)
Pierre Jannin, Université de Rennes 1 (France)
David M. Kwartowitz, Clemson University (United States)
Cristian A. Linte, Rochester Institute of Technology (United States)
Lena Maier-Hein, Deutsches Krebsforschungszentrum (Germany)
Michael I. Miga, Vanderbilt University (United States)
Kensaku Mori, Nagoya University (Japan)
Parvin Mousavi, Queen's University (Canada)
Maryam E. Reltmann, Mayo Clinic (United States)
Frank Sauer, Siemens Corporation, Corporate Technology
(United States)
Guy Shechter, Philips Healthcare (United States)
Eric J. Seibel, University of Washington (United States)
Andrew D. Wiles, Northern Digital Inc. (Canada)
Ivo Wolf, Hochschule Mannheim (Germany)
Kenneth H. Wong, Virginia Polytechnic Institute and State University
(United States)

xiii

Proc. of SPIE Vol. 9415 941501-13



Xiv

Session Chairs

1

Cardiac Procedures
Maryam E. Rettmann, Mayo Clinic (United States)
David R. Holmes lll, Mayo Clinic (United States)

Endoscopy/Laparoscopy
William E. Higgins, The Pennsylvania State University (United States)
Kensaku Mori, Nagoya University (Japan)

Cranial Procedures

Frank Sauer, Siemens Corporation, Corporate Technology
(United States)

Michael I. Miga, Vanderbilt University (United States)

Treatment Planning and Robotic Systems
David M. Kwartowitz, Clemson University (United States)
Jessica Burgner-Kahrs, Leibniz Universitét Hannover (Germany)

Registration
Lena Maier-Hein, Deutsches Krebsforschungszentrum (Germany)
Baowei Fei, Emory University (United States)

Ultrasound Image Guidance: Joint Session with Conferences 9415
and 9419

Cristian A. Linte, Rochester Institute of Technology (United States)
Johan G. Bosch, Erasmus University Rotterdam (Netherlands)

Tracking and Organ Motion Modeling
Andrew D. Wiles, Northern Digital Inc. (Canada)
Ivo Wolf, Hochschule Mannheim (Germany)

Segmentation
Alexandre X. Falcdo, Universidade Estadual de Campinas (Brazil)

Intraoperative Imaging and Visualization

Kenneth H. Wong, Virginia Polytechnic Institute and State University
(United States)

George J. Grevera, Saint Joseph's University (United States)

Keynote and 2D/3D Registration
Robert J. Webster Ill, Vanderbilt University (United States)
Ziv R. Yaniv, Children's National Medical Center (United States)

Abdominal and Pelvic Procedures
Purang Abolmaesumi, The University of British Columbia (Canada)

Proc. of SPIE Vol. 9415 941501-14



Infroduction

Welcome to the 2015 edition of the SPIE Image-Guided Procedures, Robotic
Interventions, and Modeling conference Proceedings. This year we received
approximately 119 abstract submissions and accepted 94 into the final program
for oral and poster presentation.

The keynote presentation by Prof. J. Michael Fitzpatrick from Vanderbilt University
was standing room only. The title of the talk was Twenty-five Years of Error. Prof.
Fitzpatrick provided the "behind the scenes” story of how the theory describing
errors associated with paired point registration was developed. This work
infroduced new terminology into our domain’s nomenclature. Terms that today’s
students are all familiar with, including: Fiducial Localization Error (FLE), Fiducial
Registration Error (FRE), and Target Registration Error (TRE). He described both the
high and low points of his research towards a general theory of registration error,
highlighting the fact that research requires one to be tenacious. The key message
of the talk was that students should not be discouraged by criticism or setbacks,
as new results often encounter unjustified critical reviews and making mistakes is
part of doing research.

The topic of this year's workshop was Novel Robots for Less Invasive Surgery. The
workshop highlighted cutting edge robotics research from three continents. First,
Shing Cheng from the University of Maryland, USA, discussed neurosurgical robots
for cerebral hemorrhage removal and cancer therapy. Next Jessica Burgner
from Hannover University, Germany, spoke about concentric tube robots with
application to endonasal surgery, cerebral hemorrhage evacuation, and
cochlear implantation. Sungchul Kang then presented work from the Korea
Institute of Science and Technology on both fendon-driven and concentric tube
robots for endonasal surgery and minimially invasive spine procedures. Lastly,
Gregory Fisher from Worcester Polytechnic Institute, USA, presented research on
magnetic resonance imaging compatible robotic systems for neurosurgery and
other applications throughout the body. A major theme that emerged from the
workshop was that surgical robots are continually getting smaller and more
dexterous, and that the next generation of surgical robots may look more like
tentacles or steerable needles, and less like fraditional robots. Another theme
was the value of both preoperative and infraoperative imaging working in
conjunction with robots, as well as the need for novel sensors and image-based
control algorithms to unlock the full potential of robots in surgical applications.

This year's Young Scientist Award was given to Xiaofeng Yang from Emory
University (USA) for his paper titled A MR-TRUS registration method for ultrasound-
guided prostate interventions. The runner up for the young scientist award was Al
Uneri from Johns Hopkins University (USA) for his paper Known-component 3D-2D
registration for image guidance and quality assurance in spine surgery pedicle
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screw placement. We would like to thank Siemens for sponsoring the Young
Scientist Award prizes, and Northern Digital Inc. for sponsoring prizes for our best
poster awards.

We are grateful to all of our committee members for their help in reviewing
abstracts, evaluating student papers, and judging posters. Their commitment
enables us to maintain the high scientific standards of our conference. We also
bid farewell to Dr. Kenneth Wong (Virginia Tech) who has served on our
committee for nine years and was the conference co-chair for four years. He
initiated what has since become a fradition, having joint sessions with our sister
conferences.

Finally, we would like to thank all the attendees who gave talks, presented
posters, and actively participated in the meeting. This year the weather played
an active role in our meeting, with more than a few authors unable to attend due
to the severe weather in the northeast part of the continent. We greaftly
appreciate the efforts of students and colleagues who stepped up and
presented the work of their fellow researchers who could not attend the meeting.
The success of the conference is in no small part due to you. Next year, SPIE
Medical Imaging will take place in San-Diego, California. We look forward to
seeing you there for another successful conference.

Ziv R. Yaniv
Robert J. Webster lli
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2015 Medical Imaging Award Recipients

Robert F. Wagner Best Student Paper Award

Robert F. Wagner was an active scientist in the SPIE Medical
Imaging meeting, starting with the first meeting in 1972 and
continuing throughout his career. He ensured that the BRH,
and subsequently the CDRH, was a sponsor for the early and
subsequent Medical Imaging meetings, helping fo launch and
ensure the historical success of the meeting. The Robert F.
Wagner All-Conference Best Student Paper Award (established
2014) is acknowledgment of his many important contributions
to the Medical Imaging meeting and his many important
advances to the field of medical imaging.

T\his, vaorid is cosponsored by:

1

Jo

{ ,
[ ot Popn,,

SPIE

The Medical Image Perception Society

2015 Recipients:

First Place: Automatic discrimination of color retinal images using the bag of words
approach (9414-54)
I. Sadek, D. Sidibé, F. Meriaudeau, Univ. of Burgundy (France)

Second Place: Automated pulmonary lobar ventilation measurements using volume-
matched thoracic CT and MRI (9417-42)

F. Guo, S. Svenningsen, E. Bluemke, M. Rajchl, J. Yuan, A. Fenster, G. Parraga, The
Univ. of Western Ontario (Canada)

Conference 9415 Awards

Young Scientist Awards sponsored by Siemens

First Place: A MR-TRUS registration method for ultrasound-guided prostate
interventions (9415-69)

Xiaofeng Yang, Peter Rossi, Hui Mao, Ashesh B. Jani, Tomi Ogunleye, Walter J. Curran,
Tian Liu, Winship Cancer Institute of Emory Univ. (United States)

Runner Up: Known-component 3D-2D registration for image guidance and quality
assurance in spine surgery pedicle screw placement (9415-50)

A. Uneri, J. W. Stayman, T. De Silva, A. S. Wang, Johns Hopkins Univ. (United States);

G. Kleinszig, S. Vogt, Siemens Healthcare XP Division (Germany); A. J. Khanna,

J.-P. Wolinsky, Z. L. Gokaslan, Johns Hopkins Medical Institute (United States);

J. H. Siewerdsen, Johns Hopkins Univ. (United States)
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Cum Laude Poster Award

First Place: B-Mode ulirasound pose recovery via surgical fiducial segmentation and
tracking (9415-84)

Alessandro Asoni, Michael Ketcha, Nathanael Kuo, Lei Chen, Emad Boctor,
Devin Coon, Jerry L. Prince, Johns Hopkins Univ. (United States)
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