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Image-Guided Radio Frequency Tumor 
Ablation

Issued US 
6,584,339 and 

7,072,707

A Local Stylus and/or Image 
Transformation Device to Correct Data 

for Deformations in Image-Guided 
Procedures

Portfolio of issued 
US, EPO,  JP, CN 

patents

Enhanced Method for Correcting Data 
for Deformations During Image-Guided 

Procedures

Issued US       
Issued Japan             
PCT 6283672

Image-Guided System for Breast 
Cancer Surgery

Issued US 
10,426,556

Brain Shift Compensation Using 
Computer Models

Issued US 
7,072,705

Laser Range Scanning for Cortical 
Surface Registration & Deformation 

Tracking

Issued US 
7,103,399 and 

7,647,087

Model-Based Compression Correction 
Framework for Ultrasound

Issued US 
9,782,152

Compensating for Organ Deformation 
in Image-Guided Surgery Using 

Computer Modeling 

Portfolio of issued 
US and EPO 

patents

Trackerless Image-Guidance Using a 
Surgical Microscope

Published US 
20170143430
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Visit http://cttc.co/technologies for available 
Vanderbilt technologies for partnering  

Image-Guided Radio Frequency 

Ablation 

Summary 

The Biomedical Modeling Laboratory at Vanderbilt University has produced a method and apparatus for use during 

the collection and processing of physical space data during image-guided surgery. This technology provides a 

complete system for performing tissue ablations that includes a spatial probe, an ablation tool, and a computer 

processor. Using this technology, the surgeon is able to view the location of the ablation tool in the patient’s medical 

images as well as the ablation zone of the instrument and the particular portion of the tissue to be ablated.  

Technology Description 

The apparatus used in this method, which can be seen in the image below, consists of a probe that is used to 

collect physical space data from the surgical site, an ablation tool for resecting or ablating exposed tissue, and an 

image data processor for calculating the location of the ablation tool in the image space.  

Unique Properties and Applications 

 Ability to view the location of the ablation tool in the patient’s medical images in order to improve the ablation

accuracy and better inform the surgeon

during the procedure

 Provides continuous monitoring and updating

of the ablation tool position and the ablation

zone itself

Technology Development Status 

The apparatus and protocol for operation 

has been fully developed. Implementation 

into the clinical setting is ongoing 

Intellectual Property Status 

Issued US patents: 6,584,339 and 7,072,707 

Philip Swaney, Ph.D. 

615-322-1067

philip.swaney@vanderbilt.edu

VU0105 
Michael Miga, Ph.D., and others 

Vanderbilt Biomedical Engineering 

Biomedical Modeling Laboratory  

Figure 1: Schematic of the system used for image-guided ablation. 

http://cttc.co/technologies
https://patents.google.com/patent/US6584339?oq=6%2c584%2c339
https://patents.google.com/patent/US7072707B2/en?oq=7072707
http://www.tgt.vanderbilt.edu/
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Vanderbilt technologies for partnering  

Advanced Method for Data 

Corrections in Organ Deformation 

 

Summary  

A group of Vanderbilt University researchers have developed a solution that will correct for the mis-registration of 

image data in image-guided surgery. The solution uses software to correct for any mis-registration that is caused by 

the presence of intraoperative deformations. This invention helps to improve the performance and capabilities of 

image-guided surgery.  

 

Technology Description  

Prior to the operation, a pre-operative image of the organ of surgical/interventional interest is acquired.  Prior to 

surgery a computational model of the organ of interest is generated.  During the surgery, the physical organ is 

presented for surgery/intervention which can often experiences deformation or shape change when compared to 

its pre-operative state.  The shape change can be digitized by the image-guided system.  Using the digitized data 

and the computer model based on pre-operative images, a nonrigid alignment relationship is established among 

pre-operative model, corresponding image data, and intraoperative organ presentation.  This process allows for the 

physician to better use pre-operative information 

and to localize tissue for the performance of surgery/

intervention.   

 

Unique Properties and Applications 
 This technology would be the first commercially 

available image-guided system that accounts for 

deformation during surgery.  

 This approach can be tailored to individual 

organs. 

 This approach can be used to improve the 

accuracy of tool use for surgery and intervention. 

 

Technology Development Status 

Technology has been fully developed, tested and 

validated in clinical practice. 

 

Intellectual Property Status 

 Issued US patent:  9,767,573 

 Issued patents in China, Japan, and Germany 

 

Philip Swaney, Ph.D. 

615-322-1067 

philip.swaney@vanderbilt.edu 

Michael Miga, Ph.D. 

Prashanth Dupuri, Ph.D. 

Daniel Rucker, Ph.D. 

Biomedical Modeling Laboratory 

VU1040/VU13007 

Figure 1: Protocol for deformation correction in IGS 

http://cttc.co/technologies
https://patents.google.com/patent/US9767573B2/en?oq=9767573
http://www.tgt.vanderbilt.edu/
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Image Guidance System for 

Breast Cancer Surgery 

Summary  
Vanderbilt researchers have developed an image guidance system that aims to reduce the revision 

rate for breast conserving surgeries through the use of intraoperative tumor location. The platform 

integrates MRI imaging, optical tracking, tracked ultrasound, and patient specific biomechanical 

models  to provide a superior tumor localization end result.  

 

Addressed Need 
Current reoperation rates for breast cancer surgeries average 

20-40% due to the difficulty of determining tumor borders 

during surgery.  This invention addresses that exact need by 

making it easier to locate the boundaries of the tumor 

intraoperatively. 

 

Unique Features 
 Use of image guidance system to aid in localization during 

breast cancer surgery 

 Includes an algorithm for registration of patient-specific 

biomechanical models 

 Intraoperative tracked ultrasound is used to model 

subsurface anatomical features 

 Image guided approach is compatible with standard 

supine surgical presentations 

 

Technology Development Status  
This technology has been through preliminary testing and 

validation.  Preoperative and intraoperative data has been 

collected and both rigid and non-rigid registrations have been 

performed to align preoperative data to intraoperative space 

with clinically relevant accuracy.  The system has been tested 

on two patient subjects, and further studies will be performed 

on additional breast cancer patients to optimize data 

acquisition procedures. 

 

Intellectual Property Status 
Issued US patent: 10,426,556 

Philip Swaney, Ph.D. 

(615) 322-1607 

Philip.swaney@vanderbilt.edu 

Michael I. Miga, Ph.D. 

Ingrid Meszoely, M.D. 

Rebekah Conley | Thomas Pheiffer 

Vanderbilt Biomedical Modeling Laboratory 

VU 15170 

Figure 1: Preoperative and intraoperative 

data collected by the system is shown. 

 

http://cttc.co/technologies
https://patents.google.com/patent/US10426556B2
http://www.tgt.vanderbilt.edu/
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Brain Shift Compensation Using 

Computer Models 

Summary  

The Vanderbilt University Biomedical Modeling Laboratory, led by Dr. Michael Miga, has developed a method to 

overcome intra-operative brain shifts experienced during neurosurgery using computer modeling in tandem with 

image-guided surgery. Previous methods of image-guided surgery proved to have limitations on accuracy, which is 

overcome by this new method.  

 

Technology Description  

This protocol begins with the collection of a pre-operative brain image. A statistical map on a pro-operative image is 

then created, which includes a distribution of brain shift solutions that correspond to the surgical plan formed from 

the pre-operative images. The brain displacements are then measured intra-operatively, and an intra-operative 

statistical map is formed. Following the formation of the images and image maps, the intra-operative brain shift can 

be compensated for during the operation.  

 

Unique Properties and Applications 

• Low cost alternative to intra-operative imaging that uses computational methods 

• Provides personalized approaches to image-guided surgery 

• Overcomes  alignment differences between pre-operative and intra-operative images that result with traditional 

image-guided approaches 

 

Technology Development Status 

The protocol has been fully developed and tested.  

Implementation into the clinical environment is ongoing.  

 

Intellectual Property Status 

• Issued US patent: 7,072,705 

 

 

Philip Swaney, Ph.D. 

615-322-1067 

philip.swaney@vanderbilt.edu 

VU0506 

 

Michael Miga, Ph.D., and others  

Vanderbilt Biomedical Engineering 

Biomedical Modeling Laboratory  

Figure 2: Flow of steps within the protocol to 

compensate for intra-operative brain shifts.  

Figure 1: Brain images used 

in mapping out the brain 

field pre-operatively 

http://cttc.co/technologies
https://patents.google.com/patent/US7072705B2/en?oq=7072705
http://www.tgt.vanderbilt.edu/
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Laser Range Scanning for 

Cortical Surface Registration 

& Deformation Tracking 

Summary  
This technology aligns a patient in an image-guided surgery system (registration) without the use of fiducial 

markers on the cranium exterior. The system utilizes laser range scanning technology, the features on the cortical 

surface and the corresponding natural features derived from the patient’s preoperative MR-data. In addition, the 

technology is amenable to measuring deformation (brain shift) in order to compensate for intra-operative 

registration error.  

 

Addressed Need 
This technology could be used to augment existing image-guided surgery (IGS) system. The vast majority of medical 

centers can afford IGS systems but cannot afford dedicated intra-operative magnetic resonance (iMR) imaging 

suites. This technology allows for the registration and tracking of deformations within brain surgery without that 

expense. It also directly supports methods associated with brain shift compensation for IGS that use cortical surface 

data. The system developed can readily augment existing IGS 

equipment, be minimally disruptive to surgical workflow for brain 

surgery, and do so in a cost-efficient manner.  

 

Unique Properties and Applications 
 Registration is accomplished off the brain surface; therefore, 

this method can be more accurate in the presence of shifts 

at earliest time points in surgery 

 Brain deformations can be measured, allowing 

compensation strategies for brain shift to be developed  

 The overlays provided by this technology provide new spatial 

cues to surgeons to aid orientation in the intracranial 

environment  

 

Technology Development Status 
Technology has been developed and implemented into a 

clinical environment. 

 

Intellectual Property Status 

Issued US patents: 7,103,399 and 7,647,087 

 

Philip Swaney, Ph.D 

615-322-1067 

philip.swaney@vanderbilt.edu 

VU03106 

 

Michael Miga, Ph.D., and others 

Vanderbilt Biomedical Engineering 

Biomedical Modeling Laboratory  

Figure 1: Protocol for achieving intra-operative 

brain shift compensation 

http://cttc.co/technologies
https://patents.google.com/patent/US7103399B2/en?oq=7103399
https://patents.google.com/patent/US7647087B2/en?oq=7%2c647%2c087
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CTTC CONTACT: INVENTORS:  VU REFERENCE:  

Visit http://cttc.co/technologies for available 
Vanderbilt technologies for partnering  

Compression Correction for 

Ultrasound Imaging 

Summary  
Vanderbilt researchers have developed a system 

that corrects for compressional effects in 

ultrasound data during soft tissue imaging. The 

system uses tracking and digitization information 

to detect the pose of the ultrasound probe 

during imaging, and then couples this information 

with a biomechanical model of the tissue to 

correct compressional effects during 

intraoperative imaging. 

 

Addressed Need 
Existing ultrasound probes create inaccurate 

alignment and image distortion when pressed 

into soft tissue. As a result, intraoperative 

ultrasound images become incompatible with 

other intra- or preoperative imaging modalities 

leading to poor registration accuracy during 

image-guided therapies. The present technology 

overcomes these difficulties. 

 

Technology Description 
The technology can be integrated with existing 

surgical navigation systems to improve their 

imaging accuracy. The technology is also 

adaptable to all forms of soft tissue image-guided 

surgery. Using a biomechanical model, the 

technology predicts how the soft tissue is being 

manipulated during ultrasound imaging and uses 

this model prediction to correct the ultrasound 

data from a compressed to an uncompressed 

state. The technology can also enable real-time 

compensation, which is a capability that no other 

system on the market possesses.  

 

 

Unique Features 
 Use of a biomechanical model to predict how 

soft tissue is being manipulated during 

ultrasound imaging 

 Integration of the model prediction with 

imaging data, resulting in uncompressed 

ultrasound images 

 Can be performed in real-time  

 

Technology Development Status  
The efficacy of the technology has been 

demonstrated, and further refinement of the 

algorithms is ongoing. 

 

Intellectual Property Status 
 US 9782152 

 

Philip Swaney, Ph.D.  

(615) 322-1607 

Philip.swaney@vanderbilt.edu 

Michael Miga, Ph.D.  

Vanderbilt Biomedical Engineering 

Biomedical Modeling Laboratory  

VU 15001 

Examples of uncorrected B-mode (a) and strain image 

(b) contours showing the segmented tumor contour in 

red and the tomogram tumor volume in green.      

Alignment after applying the model-based correction is 

shown for B-mode (c) and strain image (d) contours. 

a 

c 

b 

d 

http://cttc.co/technologies
https://patents.google.com/patent/US9782152B2/en?oq=9782152
http://www.tgt.vanderbilt.edu/
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Trackerless Image-Guidance  

Using a Surgical Microscope 

Summary  
Researchers at Vanderbilt have developed a 

new image-guided, tracker-less surgical 

microscope system to be used in soft tissue 

surgeries. The current method is to use a 

surgical microscope along with an image-

guided system. This new design eliminates the 

need for a separate image-guidance system; 

the entire guidance environment can be 

realized within the microscope environment. 

 

Addressed Need 
As of now, special coordination is required to 

ensure that all surgical tools are seen by the 

camera as well as the scope. This approach 

simplifies the surgical imaging process by 

conducting all surgical guidance through the 

surgical microscope environment. This 

includes image-to-physical registration, 

measurements of brain deformations, 

correction for deformations, and successful 

image guidance through the surgical 

environment. 

 

Unique Features 
 Ability to conduct registration and 

deformation correction without a tracker 

 Eliminates need for coordination between 

image guidance system and microscope 

system. 

 

 

 

Technology Development Status  
Several of the design components have 

been tested and the stereo-pair textured 

surfaces have been generated. The image to 

physical registration using the patient head 

and cortical surface and the non-rigid 

deformation correction based on cortical 

surface data have both been achieved. 

Furthermore, texture point cloud driven 

methods for deformation measurement have 

been developed and tested. 

 

Intellectual Property Status 
 A patent application has been filed    

 

Philip Swaney, Ph.D. 

(615) 322-1607 

Philip.swaney@vanderbile.edu 

Michael Miga, Ph.D.  

Vanderbilt Biomedical Engineering 

Biomedical Modeling Laboratory  

VU 16044 

This is a 3D rendering of the image that this new   

device can produce. It includes both a Textured 

Point Cloud (TPC) and MR map. 

http://cttc.co/technologies
http://www.tgt.vanderbilt.edu/


Professor Michael Miga, Ph.D. 

Michael I. Miga, Ph.D. received his B.S. and M.S. from 

the University of Rhode Island in Mechanical 

Engineering and Applied Mechanics.  He received his 

Ph.D. from Dartmouth College in Engineering with 

Biomedical Specialization.  He joined the faculty of the 

Department of Biomedical Engineering at Vanderbilt 

University in the Spring of 2001 and is the Harvie 

Branscomb Professor at Vanderbilt.  He is a Professor of 

Biomedical Engineering, Radiology and Radiological 

Sciences, and Neurological Surgery.  He is director of 

the Biomedical Modeling Laboratory, and co-founder 

of the Vanderbilt Institute for Surgery and Engineering 

(VISE).  In 2014, Dr. Miga was inducted into the 

American Institute for Medical and Biological 

Engineering College of Fellows which represents the top 

2% of medical and biological engineers.    He served as 

a charter member of the Biomedical Imaging 

Technology (BMIT-B) Study Section of the Center for 

Scientific Review at NIH from 2010-2014, and recently joined the Bioengineering, 

Technology, and Surgical Sciences (BTSS) Study Section as a charter member in July 

of 2017.  His research interests are in image-guided surgery and intervention, 

computational modeling for therapeutic applications, soft-tissue mechanics, 

biotransport, and inverse problems in therapeutics and imaging. 

 

The focus of Dr. Miga’s laboratory is on the development of new paradigms in 

detection, diagnosis, characterization, and treatment of disease through the 

integration of computational models into research and clinical practice.  Current 

projects include: (1) advanced instrumentation and model integration for surgical 

guidance platform technologies, (2) real time integrated biomechanical-based 

modeling approaches to improve image-guided localization for use within soft-tissue 

organs (e.g. liver, brain, kidney, and breast), (3) tumor growth model-deriving 

biophysical feature parameterization for driving interventions and predicting 

chemotherapeutic outcomes, and (4) computational multi-physics modeling for 

radiofrequency, and microwave ablation for therapeutic planning, delivery, and 

prediction. 



Vanderbilt Research Quick Facts 

Vanderbilt University is ranked 14th among the best national universities. 

Vanderbilt sponsored research and project awards total $696 million in FY17. 

Vanderbilt University School of Medicine ranks 8th in NIH funding in 2016 with $340 million. 

The School of Engineering ranks 37th for graduate engineering programs. 

Vanderbilt is home to one of the oldest Biomedical Engineering departments in the country, 

dating back to 1968. 

For licensing inquiries please contact: 

 

 
 

 

 

 

Additional Vanderbilt technologies available for licensing and collaboration: 

https://cttc.co/technologies 

The close proximity of the Vanderbilt School of Engineering and Vanderbilt University Medical Center 

enables a culture of interdisciplinary collaboration in research and education. The recent addition of 

the Engineering & Science Building in 2016 brings further opportunity for collaboration with seven 

floors of state-of-the-art research spaces and an Innovation Center.  

Ashok Choudhury, Ph.D. 

ashok.choudhury@vanderbilt.edu 

615.322.2503 

Philip Swaney, Ph.D. 

philip.swaney@vanderbilt.edu 

615-322-1067 

https://cttc.co/technologies
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