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Project Statement

This project aims to develop and implement an algorithm to localize 
and identify the orientation of the ablation needles to predict the 

ablation zone during minimally-invasive tumor ablation procedures.
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Clinical Motivation
Tumor Ablation with RFA, MWA or Cryoablation:

● High rates of undertreated regions → Recurrence [Egger et al]

● Overtreatment → Complications [Egger et al]

Highly Dependent on Image Guidance
● Location of the ablation needles is crucial[Wood et al]

● Several attempts to track location of the needle (Real Time 
Ultrasound[Zhou et al], Intraoperative CT[Wood et al], EM tracker[Amalou et 

al])
● Multiple needles in one image
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Provided by Xu, Sheng and Wood, Bradford

Preoperative 
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Patient 
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RFA probe/needle 
insertion according to 
pre-planned path

Intraoperative CT 
scans for insertion 
guidance

Electrodes insertion 
and tumor ablation

Postoperative CT scan 
for ablation zone and 
complication evaluation

Physician leaves and reenters the OR

Depending on size of the tumor and the pre-planned approach



Project Goals

● Localize and identify the orientation of the ablation needles in CT 
images to support the insertion accuracy

● Generate and superimpose colorized isotherms to predict the ablation 
zone based on the location and orientation of the needles

● Evaluate the accuracy and efficiency of the implemented algorithms
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Technical Approach: Needle Segmentation
Key Algorithm: 3D Hough Transform[Zhou et al.] 
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Nifti CT images

Thresholded and Cropped 

Egger et al.

Binary mask

3D Hough Transform to 
Identify Lines

Combine lines that 
represent the same 

needle

Extract location of 
needle tips and 

orientation of the 
needles

Bachiller et al.

List of all potential lines 
with their associated 

position

● Programming Language: MATLAB (built-in image processing and visualization functions/packages)
● Supporting Software: Medical Image Processing, Analysis and Visualization (MIPAV)
● May prompt for user input such as ROI or number of needles inserted depending on algorithm performance

https://mipav.cit.nih.gov/


Technical Approach: Ablation Zone Prediction
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Wood et al.

● Used MATLAB 3D Finite Element Analysis in PDE toolbox to simulate heat transfer model[Paul et al.]

● Model with Epilliptic Heat Transfer model and Pennes Bioheat Transfer equation[Zhang et al.]



Validation Testing
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A. Algorithm evaluation with clinical medical images
● Provided by NIH Center of Interventional Oncology. 
● Manually segmented by marking the endpoints of the ablation needles →  Compute ground 

truth needle angles and locations 
● Compute deviations and statistically compare results

B. Predicted Ablation zone evaluation with phantom or ex vivo experiments
● Conduct at the NIH facility → acquire intraoperative and immediate postoperative CT images 
● Segment ground truth ablation zone using verified algorithms
● Compute volume and dimension deviations and analyze results



Key Activities and Deliverables
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Activity Deliverable

Minimum
● MATLAB implementation to process and 

standardize Nifti CT images
● Segment ablation needles from background

● MATLAB program and documentation on how to 
implement the code

Expected
● Extract needle tip location and needle orientation 

using 3D Hough Transform
● Evaluate algorithm accuracy using manually 

labeled medical images

● MATLAB code and documentation
● Manually labeled CT images
● Reports on algorithm performance with graphs 

and statistical analysis

Maximum
● Superimpose colorized isotherms using FEA to 

predict the ablation zone
● Evaluate prediction accuracy with phantom/ex 

vivo experiments

● MATLAB code and documentation
● Reports on algorithm performance with graphs 

and statistical analysis



Dependencies
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Dependency Reasoning Personnel Current Status Contingency Plan Expected Deadline

Access to internet and 
MATLAB, and other 
softwares

Crucial for research, code 
implementation and communications N/A Continuous access through JHU 

secured N/A N/A N/A

NIH badge and server 
access

Access to patient medical images
Access to NIH clinical center for 
onsite testing and clinical observation

NIH 
admin

Paperwork and security training 
completed
Waiting for authorization

Obtain clinical data transfer 
agreement. 
Can work with phantom/swine 
images first to develop algorithm 
before testing

26/02 03/03

Medical Images Crucial for algorithm development and 
testing

Dr. Xu 
and Dr. 
Wood

Have access to some phantom 
images. Will obtain clinical data 
once have NIH access

02/20 03/05

Image Conversion to Nifti 
File

Simplify the image preprocessing 
process Dr. Xu Dr. Xu agreed to send converted 

data

Work with smaller dataset or 
research on way to convert image 
(potentially using MIPAV)

03/10 03/15

Manually Labeled Medical 
Images

Reference for testing, crucial to 
evaluate algorithm performance

Dr. Xu 
and Dr. 
Wood

Requesting Self label images using MIPAV 03/10 03/15

Phantom and ex vivo 
samples, experiment space 
and instrument

Evaluate ablation zone prediction 
algorithm

Dr. Xu 
and Dr. 
Wood

Waiting for NIH badge access 
authorization Evaluate using previously acquired 

phantom images 04/15 04/25



Timeline
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Team Members and Mentors

Team member: 
Giang Hoang (giang@jhu.edu): Responsible for all tasks
BS, MSE Biomedical Engineering, Johns Hopkins Whiting School of Engineering

Mentors: 
Dr. Sheng Xu (xus2@cc.nih.gov): Lead Advisor 
Dr. Michael Kassin (michael.kassin@nih.gov): Clinical Advisor
Dr. Bradford J. Wood (bwood@cc.nih.gov): Clinical Advisor
NIH Center for Interventional Oncology
Interventional Radiology Section
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Management Plan

Meeting
● Weekly call with Dr. Xu at 2:30 pm - 3:30 pm on Friday
● On-site meeting with Dr. Xu, Dr. Kassin, and Dr. Wood during scheduled 

clinical procedures (to be scheduled throughout the semester)

Communication
● Communication via email and phone/text
● Imaging data sets (nonclinical) and codes shared through Box
● Documentation stored and maintained on the CIS II project Wiki page 
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