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SUMMARY 

The Image Processing and Informatics Laboratory (IPILab) is currently located at the 
Annenberg Research Park at 734 W. Adams Blvd. in the Kerckhoff Hall near the University 
Park Campus. During this year, IPILab has continued its vision and course to provide a 
bridge of collaboration between the two schools  - Viterbi School of Engineering and the 
Keck School of Medicine  - establishing new collaborations and research funding and 

hosting visitors interested in Imaging Informatics training and research. 

Last year’s milestones for past IPILab members include the following: 

One of our previousT32 Predoctoral Fellow from our Training Grant from the NIBIB/NIH) 
entitled: “Biomedical Imaging Informatics Training Program”, Syed Ashrafulla completed his 
PhD in EE student in the Viterbi School of Engineering.  Additionally, one of our past IPILab 
trainees, Anh Le, PhD, completed her Oncology residency program at the University of 
Pittsburgh Medical Center (UPMC). The USC Summer Undergraduate Research Program 
continues to fund our efforts to recruit and foster bright young undergraduate students 
searching for future academic research directions and we recruited two  undergraduate 
researchers.  We also had two MS graduate students from the BME program who 
participated in research training activities and has since found professional positions.  
Currently within the IPILab, two former Provost Fellow PhD students Ruchi Deshpande and 
Ximing Wang, former T32 trainee Kevin Ma, and PhD student Sneha Verma - all from the 
BME graduate program  - have continued their PhD research with IPILab. Both Ruchi and 
Ximing plan to advance to PhD candidacy in the next few months while Kevin Ma plans to 
complete his studies during the summer.  

We have continued in our areas of Medical Imaging Informatics research with a transition 
to new frontier areas of research: 1) The development of an eFolder System for Multiple 
Sclerosis Patients 2) A  multimedia cloud-based ePR system to support the large-scale 
OPTT-RERC “Rehabilitation Engineering Research Center for Technologies for Successful 
Aging with Disability” multi-media data; 3) The development of imaging informatics core for 
large-scale stroke rehab clinical trials (eg, Interdisciplinary Comprehensive Arm 

Rehabilitation Evaluations – ICARE); 4) Continued development of data mining of DICOM- 
RT objects in conventional radiation therapy of prostate cancer patients; 5) An ePR to 
provide decision support in evaluating does optimization in Stroke Rehabilitation (DOSE);6 
) An ePR-based system for Spinal Cord Injury patients for treating pain with Proton 
Therapy Radiosurgery. Once again, we attended the RSNA conference in December 2013 
with a total of  5 presentations. Some of the research work continues to be supported by 
extramural finds including NIH, DOE/NIDRR, VA, U.S. Army Medical Research and 
Materiel Command, and the private industry. We are continuing to transition to areas in 
Rehabilitative Science and Physical Therapy since multi-media data is utilized in the 

research field in addition to patient-related imaging informatics data. 

In the Table of Contents, this 2014 Annual Report includes materials related to the IPILab, 
IPILab R & D plans and  current results, selected published and in-press peer-reviewed 
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papers during the year, as well as preprints to appear in the Proceedings of the 
International Society for Optical Engineering (SPIE) in Medical Imaging, San Diego, CA, 
February 19-20, 2014. 
 

Our research has been supported by: 
 
 

 NIH/NINDS/NICHD U01NS05625 (ICARE) 
 NIH/NICHD R01HD065438 (DOSE) 
 Optimizing Participation Through Technologies (OPTT) - RERC for Successful 

Aging with Disability, DOE/NIDRR, No. H133E080024 
 VA SCI HCG IPA No. 54-4508-4361 
 DOD/Loma Linda University Subcontract No. W81XWH-11-2-0151 
 USC Undergraduate Research Award No. 22-1508-1030 
 ImageNation, LLC, USA 
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ABSTRACT 
Clinical trials usually have a demand to collect, track and analyze multimedia data according to the workflow. Currently, 

the clinical trial data management requirements are normally addressed with custom-built systems. Challenges occur in 

the workflow design within different trials. The traditional pre-defined custom-built system is usually limited to a 

specific clinical trial and normally requires time-consuming and resource-intensive software development. To provide a 

solution, we present a user customizable imaging informatics-based intelligent workflow engine system for managing 

stroke rehabilitation clinical trials with intelligent workflow. The intelligent workflow engine provides flexibility in 

building and tailoring the workflow in various stages of clinical trials. By providing a solution to tailor and automate the 

workflow, the system will save time and reduce errors for clinical trials. Although our system is designed for clinical 

trials for rehabilitation, it may be extended to other imaging based clinical trials as well. 

 

Keywords: Workflow Engine, Rehabilitation Engineering, electronic Medical Record (eMR), Clinical Service 

 

1. INTRODUCTION 
 

With the dramatic changes in technology in the past decade, the present-day stroke rehabilitation clinical trials are 

equipped with modern technology that can produce massive amounts of multimedia data [1].  Consequently, the 

organization and management of large volumes of generated data can be complex.   For example, clinical trials in stroke 

rehabilitation may include: biomechanics, behavioral, physiological, psychophysical, imaging (such as Magnetic 

Resonance Imaging(MRI), computed tomography(CT)), transcranial magnetic stimulation(TMS), kinetics, video, 

electromyography (EMG), and survey/questionnaire items that may reside in various devices, such as hospital picture 

archiving and communication system (PACS) and hardcopy paper forms. The collection of multimedia data typically 

involves complex workflows and teams of staff.  Thus, efficient management of the clinical trial workflow is crucial. 

Although the concept of rehabilitation informatics has already been introduced, it has not traditionally focused on the 

needs of the clinical trial workflow, presenting an opportunity for further exploration.   

 

Different from conventional database management experience, clinical trials typically require that data be collected, 

tracked, presented and analyzed in accordance with a study’s workflow and protocol. At present, the clinical trial data 

management requirements are usually serviced by a custom-built system. However, each trial typically has unique needs 

associated with its respective workflow and research questions, including the types of data collected and the 

structure/content of data collection forms. Even within a single trial, the workflow and forms may change significantly 

during various research stages. For example, a change of data management staff, a refinement of research goals, and the 

appearance of new ideas or technologies can lead to a change of the workflow. Thus, such changes to the workflow may 

render the pre-defined custom-built system obsolete. However, system updates may require additional software 

development, which is a step that can be time-consuming, resource-intensive and can negatively impact the data 

collection and analysis. Therefore, flexibility in the workflow design in clinical trials is crucial, and a solution that can 

provide efficient workflow, data management, and decision support to serve the rehabilitation clinical trials, is urgently 

needed. 

 

The concept of the workflow engine has been present for decades and the workflow engine has proven to enhance the 

efficiency of business through process automation. Complex clinical trial workflows, such as those of stroke 
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rehabilitation clinical trials, can also benefit from the workflow engine by allowing for efficient collection, analysis and 

release of multimedia data at various stages of the workflow. In this paper, we present an intelligent workflow engine 

core informatics system for complex randomized control trials. It is first applied to a stroke rehabilitation clinical trial 

designed to understand the best dose of a principle-based rehabilitation intervention for stroke (Dose Optimization for 

Stroke Evaluation, DOSE). The objective of the DOSE clinical trial is to determine prospectively the optimal dose of 

therapy that will lead to further improvements of upper extremity use for individual patients who have had a stroke. The 

trial aims to recruit 60 subjects. Each subject is recruited, enrolled, and randomized into the trial and undergoes 10 

months of therapy. A variety of data will be collected, including rehabilitation evaluation and clinical test data in forms, 

MRI studies with DTI and Transcranial magnetic stimulation (TMS), and wearable sensor data. 

 

2. METHODOLOGY 
 

System Components 

The alpha prototype system is developed in PHP, Javascript, HTML 5 and MySQL on an Apache server. As shown in 

figure 1, the base level of the system is comprised of an image viewing system and the database and file systems. The 

image viewing system is adapted from a Web Access to DICOM Objects (WADO) viewer developed by the Image 

Processing and Informatics Lab at the University of Southern California.[3] The image viewing system is composed of 

an image uploader, DICOM anonymizer, DICOM parser and a zero footprint vendor neutral WADO viewer. Beyond the 

imaging data, all clinical information is stored in a centralized MySQL database and all multimedia data is stored in the 

file storage systems. The software is built in an Ubuntu 12.10 environment.  

 

The upper tier of the software consists of a workflow designer and a system generator. As shown in the figure 1, a project 

manager is able to use the workflow designer to draw the workflow and deploy the system based on the specific 

workflow. The second component, system generator, is able to create a customized system designed by the project 

manager. The workflow designer is developed on the HTML 5 standard [8] and an open source library fabricjs[9].  

 

Scenario of the application of the software 

The system allows the project coordinator to build a data collection and management system customized to the research 

protocol workflow. This is achieved through a graphical user interface for users to pick tools to build a workflow 

specifically designed for the clinical trial. A library of tasks can be added to each phase of the workflow. The available 

tasks include questionnaires, assessment form templates, a web-based DICOM viewer with annotation tools for 

visualization of brain images, DICOM uploader with anonymizer and parser, and multimedia video player. The 

assessment form templates are designed for common tests such as Motor Activity Log (MAL), Wolf Motor Function Test 

(WMFT) and Stroke Impact Scale (SIS). A graphical tool is also available for the user to create a web-based 

questionnaire form or modify the form based on the templates. The web-based DICOM viewer allows the user to view, 

download images, mark ROI, measure the length of the lesion, store the annotation and ROI into database, and compare 

images of same patient in the studies from different timeframe, which is useful to track the lesion location and size.  

 

The system is able to create distinct user groups that allows specific rights and access to various data—a crucial 

component in maintaining data safety and integrity. The data presentation component of the system can create data 

reports for online viewing and downloading. By using this system, users can customize workflow according to their 

specific needs without any knowledge of software development.  
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Figure 1 Software Components. The upper tier of the software consists of a 

workflow designer and a system generator. A project designer is able to use the 

workflow designer to draw the workflow and deploy the system based on the specific 

workflow. The second component, system generator, is able to create a customized 

system designed by the project leader. 

 

 

3. RESULT 
 

Workflow Designer 

An alpha version of the prototype system was developed at IPILab,  University of Southern California. The system is a 

web-based system with two modules included. The workflow designer and system generator both have a distinct uniform 

resource locator (URL). In the workflow designer module, the user is able to design the workflow by a web-based 

HTML5 tool shown in figure 2. The designer tool provides simple shapes, such as rectangle, circle and arrow to choose 

from. The user can drag a shape and drop it on the canvas. These shapes represent a group of tasks in the workflow.  The 

canvas allows user to group several tasks together to form a workflow stage within the trial. After designing the 

workflow, the user can edit the title and description of each task group. By managing contents of each task group, the 

user is able to assign tasks such as imaging viewer, textual forms to each group. The last step is setting up engine rules 

for the workflow. The rules specify prerequisite requirements for access of specific modules. The requirements include 

completeness or approval of a specific form, or uploading of imaging data. 
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Figure 2 HTML5 workflow designer. The user is able to pick simple shapes and drop on canvas, 

change the format and the layout of the canvas, and change background, color, and opacity of the 

canvas. Once the workflow is designed, user can set the contents for each block and set the engine 

rules for the workflow. 

 

System Generator 

Once the user completes designing the workflow, the system generator module will deploy a new imaging informatics 

based clinical trial system based on the workflow designer. In the generated system, the system allows user to enroll new 

patients, collect data based on the workflow and retrieve collected data. The system shows a profile page for each patient 

and a workflow associated with the patients. As shown in figure 3, the workflow is shown in the patient profile page. In 

each stage of the workflow, there is a small number illustrating the number of tasks in each block and the number of 

tasks that have been completed. Choosing the stage in the workflow will lead to a popup window with all tasks in that 

stage. Users can collect the data through the modules in the window. If the engine rules are defined with a task in 

workflow designer, the task will be unavailable to access unless all requirements have been satisfied.  
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Figure 3 Patient profile page in the system. Clicking a stage in the workflow will lead 

to a popup window with all tasks in that stage. Users can collect the data through the 

tasks in the window. The module will be unavailable to access if the engine rules are 

not satisfied.  

 

Once the user uploads the DICOM files into the system through the imaging uploader, the user is able to view the images 

through a web access to DICOM objects (WADO) viewer. The viewer enables the user to scroll, pan, zoom and change 

the window/level of the images. The user is also able to make annotations, mark ROI and measure distance between two 

points.  More details of this viewer were discussed by X. Wang et al in 2012. [3] 

 

  

Step 1. Click 

the stage in 

workflow 

Step 2. Popup 

window with 

tasks 
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Figure 4 Web based DICOM viewer integrated with the system The viewer enables users to scroll, pan, 

zoom and change the window/level of the images. The user is also able to make annotations, mark ROI 

and measure distances between two points. 

 

The alpha system has already been developed and currently being tested. To provide a fully functional system for 

managing clinical trial data, a beta version is currently under development. The beta version aims to improve the 

robustness of the program and provide new tasks such as multimedia data player into the workflow.  

 

4. FUTURE WORK and CONCLUSION 
 

Based on the experiences gained by the alpha version, the beta system will be developed and applied to the Dose 

Optimization for Stroke Evaluation clinical trial. A preliminary evaluation of the system will be conducted in the DOSE 

clinical trial with data from the subjects enrolled in the DOSE trial. The trial has enrolled 18 subjects and target 

enrollment is 60 subjects during a four year period. The system will be evaluated by researchers, therapists, and 

evaluators in the DOSE trial based on these subjects enrolled. Evaluation will be conducted on adaptability to workflow, 

usability, cost-reduction, user-interaction and user’s satisfaction. Questionnaires from the users will also be collected. 

 

In summary, we have developed a prototype alpha informatics system with the intelligent workflow engine. The system 

aims to provide flexibility in building and tailoring the workflow in various stages of clinical trials. By providing a 

solution to tailor and automate the workflow, the system can save time and reduce errors for clinical trials. Although our 

system is designed for a clinical trial in stroke rehabilitation, it may be extended to all other imaging based clinical trials. 
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multiple sclerosis lesions in an imaging informatics-based eFolder 
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ABSTRACT 
 
In the past, we have presented an imaging-informatics based eFolder system for managing and analyzing imaging and 
lesion data of multiple sclerosis (MS) patients, which allows for data storage, data analysis, and data mining in clinical 
and research settings. The system integrates the patient’s clinical data with imaging studies and a computer-aided 
detection (CAD) algorithm for quantifying MS lesion volume, lesion contour, locations, and sizes in brain MRI studies. 
For compliance with IHE integration protocols, long-term storage in PACS, and data query and display in a DICOM 
compliant clinical setting, CAD results need to be converted into DICOM-Structured Report (SR) format. Open-source 
dcmtk and customized XML templates are used to convert quantitative MS CAD results from MATLAB to DICOM-SR 
format. A web-based GUI based on our existing web-accessible DICOM object (WADO) image viewer has been 
designed to display the CAD results from generated SR files. The GUI is able to parse DICOM-SR files and extract SR 
document data, then display lesion volume, location, and brain matter volume along with the referenced DICOM 
imaging study. In addition, the GUI supports lesion contour overlay, which matches a detected MS lesion with its 
corresponding DICOM-SR data when a user selects either the lesion or the data. The methodology of converting CAD 
data in native MATLAB format to DICOM-SR and displaying the tabulated DICOM-SR along with the patient’s clinical 
information, and relevant study images in the GUI will be demonstrated. The developed SR conversion model and GUI 
support aim to further demonstrate how to incorporate CAD post-processing components in a PACS and imaging 
informatics-based environment.  
 
Keywords: multiple sclerosis, system integration, structured reporting, DICOM, wado 
 

1. INTRODUCTION 

 
This manuscript presents new advancements in a disease-centric patient record and data management system for 
Multiple Sclerosis patients. The eFolder project has expanded to be applicable in full DICOM-compliant clinical and 
research environments. The manuscript also explains the methodology of converting a computer-aided detection (CAD) 
result from raw image processing data to a structured report format fit to the DICOM standard (DICOM-SR). The SR 
document, along with MR images and patient data, are displayed via a web accessible DICOM object (WADO) viewer. 
The result offers an example of how to integrate and view post-processing data in both clinical and research 
environments via the current web technology.  

1.1. Multiple Sclerosis research  

 
Multiple Sclerosis (MS) is an autoimmune neurological disease that affects approximately 2.5 million people worldwide, 
and proximately 200 new patients are diagnosed with MS each week in the United States. The body’s own immune 
system attacked the central nervous system, causing damages and scar tissues (called lesions) in brain parenchyma, 
spinal cord, and optic nerves1. There is no known cure for MS, and thus treatments for MS include disease management, 
reducing number and severity of attacks, and improve patients’ ability to function in daily lives2, 3. Therefore, 
longitudinal disease tracking of patients become key in MS treatment. 

Magnetic Resonance Imaging (MRI) is a commonly-used tool in diagnosing and monitoring MS by visually displaying 
lesions4. In longitudinal tracking, existing individual MS lesions need to be identified and quantified for monitoring 
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patients’ responses to treatments as well as disease progress. To solve these challenges, an imaging-informatics based 
eFolder has been designed to store and display MS patient data with MR images and MS lesion quantification results. 
The benefits of the eFolder include integrated patient data repository, an automatic lesion detection and quantification 
system to allow disease tracking on MR, and a data mining tool for both clinical and research purposes. 

1.2. The MS eFolder project  

 
The MS eFolder is a disease-centric, imaging informatics based electronic system that allows management of patient 
data, imaging data, and post-processing data. The purpose is to integrate patient’s neurological examinations, 
demographic data, and disease history with patient’s radiological images to help track a patient’s disease profile and 
disease progression. The MS eFolder system has three main design components: database, graphical user interface, and a 
computer-aided detection (CAD) system that can quantify lesion volume and number of lesions. The CAD system is 
used to detect disease changes on the imaging level, including changes in quantity and size of 3-dimensional lesions and 
changes in brain parenchyma ratio, and correlate MS lesion characteristics (size, number, location) with patient’s 
demographic data for research purposes.  
 

1.2.1. eFolder Database 

 
The eFolder database stores text data such as patient history, MR image locations, and lesion quantification results. 
Database schema has been developed in MySQL The database structure is built such that one single patient has a unique 
data entry regarding demographics and social data, has a list of all MR studies regarding to MS, and a list of all post 
processing results available for that patient. The data therefore is patient-centric and allows quick access to a patient’s 
historical data. Patient demographic data is collected and designed via physicians’ survey forms. The imaging database 
follows the DICOM structure to store metadata from headers. The CAD results database stores quantified lesion 
statistics on both study and image level. The purpose of the database design is to allow patient lookup and query/retrieve 
of images based on disease profiles and MS lesion characteristics.  

1.2.2. Computer-aided Lesion Detection (CAD) and quantification system 

The MS CAD algorithm is designed to output lesion volumes, lesion locations, and total lesion load. The detailed 
algorithm design splits up into three parts: preprocessing, lesion voxel identification by probability thresholding, and 
lesion quantification. The algorithm has been prototyped in MATLAB and has been refined to increase post-processing 
efficiency by reducing processing time.  
 
The CAD algorithm is designed on 3-D MRI brain images. It uses T1 and FLAIR (Fluid attenuated inversion recovery) 
axial sequences. The algorithm converts the series of MR images into a three-dimensional matrix for 3-D lesion analysis. 
Lesion voxel classification is based on Statistical Parametric Mapping (SPM) brain image analysis toolkit for 
MATLAB4. Grey matter and white matter are first segmented, and an expectation minimization algorithm for k 
multidimensional Gaussian mixture5 is applied to the brain images. The estimation results are used to determine the 
likelihood of a lesion voxel based on whether the voxel intensity is outside the predetermined normal range. The normal 
range is current set at within 3 standard deviations of normal FLAIR intensities.  
 
The results from the voxel classification algorithm is then clustered and quantified based on DICOM values, and the 
final output includes individual lesion volumes in 3D, lesion locations in coordinate space, and total lesion load for the 
study. 

1.3. IHE Post-processing workflow with MS eFolder 

 
Last year, we presented a workflow profile and simulation for MS eFolder within a clinical environment. The workflow 
is designed based on the Integrating the Healthcare Enterprise (IHE) post-processing workflow profile6,7. Figure 1 shows 
how the MS eFolder is hit in the clinical workflow.  
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Figure 1. MS eFolder workflow diagram with IHE postprocessing profile. The blue circle indicates all of the 
components included in the eFolder. The steps 1 through 4 indicates the order of workflow of the demonstration. 

 
The workflow for MS eFolder integration is defined in four steps:  

1. MR images are sent from modality simulator to the eFolder server for archiving 
2. The eFolder server sends a copy of the images to the CAD Workstation for postprocessing analysis 
3. The CAD Workstation sends the completed CAD report back to eFolder server for archiving 
4. At the completion of each of the previous steps, a status tracking tool inside eFolder displays alerts of the study 

progress to the user 
 
The workflow was demonstrated successfully in the laboratory environment. The last step of this workflow is to let users 
view post-processing data on the eFolder web-based GUI. Therefore, converting post-processing data (which was in 
MATLAB results format) into a DICOM-compliant format and display was the next step in eFolder integration. 
 
 
 

1.4. DICOM SR 

 
A structured report (SR) is by definition a radiological report in a tabulated format. Instead of radiologists’ dictations on 
a particular study, the report is converted to a tabulated format. A DICOM SR is a structured report object that is treated 
the same as DICOM image objects, conforming to the DICOM standard in archiving, transferring, and managing of 
studies8. Figure 2 shows how the DICOM SR structure fits in a real-world model9. 
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Figure 2. DICOM SR objects in the DICOM model of the real world. CAD results are saved in the SR document 
on the same level as the DICOM images, under the DICOM series. 

 
The advantages of DICOM SR include consistent report contents throughout the system, linking with DICOM study 
origins and linking of key images, allowing data mining, and provide better support to automatically generated content 
from a CAD application. These benefits highlight the motivation of converting CAD result generated by the MS eFolder 
to DICOM SR.  
 
After the CAD results are converted to DICOM-SR, users need to be able to view the SR data along with the DICOM 
images. The MS eFolder has a web-based GUI to display DICOM images and patient’s clinical and demographical data. 
The goal is to parse SR documents on the server side, and display the DICOM SR document contents by a web browser 
to complete the eFolder’s comprehensive GUI.  
 

2. METHODS 

 
In this section, the methodology of creating a DICOM-SR web-based viewer is explained. This includes data collection 
and how the CAD data is generated, converting the CAD data into DICOM SR objects, and how to parse and integrate 
SR objects into web-compliant format for display.  

2.1. Data collection  

 
Image and patient data used in the MS eFolder setup is the same as existing eFolder data that has been collected over 3 
years. A total of 72 patients are collected: 36 Hispanic and 36 Caucasian patients. The patients of two groups are 
matched by gender, age (within 5 years), disease duration (within 5 years), and disease type (all are relapse-remitting). 
All brain MR studies are collected at University of Southern California Academic Medical Center and Los Angeles 
County Hospital. MR images are in DICOM format and anonymized. All studies contain noncontrast T1 and FLAIR 
axial slices as required by the MS CAD algorithm. 
 

2.1.1. CAD data 

 
The CAD algorithm has been performed on all 72 studies. In addition, lesion contours by neuroradiologists at USC have 
been collected to act as gold standard for lesion detection. The contours were done manually by two neuroradiologists on 
Fuji Synapse 3D post-processing client in the clinical environment. Currently the manual contours are used in this 
project, as the CAD algorithm is still being refined for more consistent accuracy in its results. Figure 3 shows the 
MATLAB results of a sample data.  
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Figure 3. Raw MATLAB output of MS CAD. Left: original FLAIR axial image. Middle: lesion contour overlaid 
on the FLAIR image. Right: MATLAB outputs. lesionLoad includes individual lesion volumes, numberOfLesions 
indicates that there are 22 unique lesion bodies in this study, and totalLesionLoad is the sum of all lesion volumes. 

 

2.1.2. Brain matter volume quantification 

 
Whole brain atrophy is related to MS disease progression10. The loss of white matter and grey matter volume is directly 
related to disease severity and can be tracked to measure treatment’s effectiveness. An often-used indicator for this is the 
brain parenchymal fraction, or the fraction of brain matter volume over the whole brain volume (brain matter and CSF). 
In order to track BPF in MS patients, the eFolder utilizes BrainSuite’s segmentation methodology11. The BrainSuite 
toolset is a free-to-use brain MR image processing software developed from a combined effort of UCLA and USC. Brain 
segmentation from BrainSuite utilizes patient’s T1 axial series to perform a number of tasks, including skull stripping, 
tissue classification, pial surface generation, etc. to identify brain matter structures. The usage of 3rd-party software like 
BrainSuite is to quickly propotype the new CAD features and generate comprehensive CAD results for DICOM-SR 
objects. Figure 4 shows BrainSuite GUI and results of brain segmentation of a sample study. 
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Figure 4. BrainSuite GUI for brain volume segnmentation and registration. 

 
The output of the BrainSuite analysis is quantified via MS eFolder CAD software to calculate white matter volume, grey 
matter volume, and CSF volume. The results are saved and included in the DICOM-SR documents.  

2.1.3. Lesion Location identification 

 
The lesion location data for MS eFolder CAD is obtained from BrainSuite’s surface and volume registration toolkit 
(SVG)12. The purpose of the SVG toolkit is to spatially map the segmented brain parenchyma (surface models from the 
previous section) into a brain template, which in turn allows anatomical labelling of the segmented brain. Using this 
knowledge, the eFolder is able to map a patient’s lesion coordinates to the registered brain of the same study, thus 
identifying anatomical location of MS lesions. In the above Figure 4, results from the SVG toolkit can be seen on the 
bottom-right panel of the 4x4 window.  

2.2. DICOM-SR methodology 

2.2.1. Creating DICOM-SR objects from MS CAD 

The workflow of converting CAD results from MATLAB to DICOM-SR, then converting to web-based display format 
is shown in Figure 5.  
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Figure 5. Workflow diagram for DICOM-SR conversion and display. Top row: converting MS CAD results to 
DICOM-SR for storage. Bottom row: querying and displaying information within DICOM-SR objects 

 
The first step is to convert CAD results to an XML document, which then is converted to DICOM-SR via the dcmtk 
open-source toolkit. In order to generate the correct XML document, sample DICOM SR files are downloaded from D. 
Clunie’s website13 and converted to XML. The XML template then is modified and customized to store the CAD 
quantification values. A MATLAB script is used to convert CAD output from a study to the XML file according to the 
customized template. Figure 6 shows a partial screenshot of the resultant XML document. 

27 



 
Figure 6. XML document to store MS CAD analysis results based on DICOM SR template 

 
The DICOM-SR object is created by dcmtk’s xml2dsr function14 and is sent to archive via DICOM protocol.  

2.2.2. Creating DICOM-SC objects 

 
DICOM secondary capture, or DICOM-SC, are DICOM image objects generated by post-processing clients and 
software packages. In the eFolder project, DICOM SC are image captures of MS CAD contour results. DICOM-SC, 
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along with SR, aids users to visualize MS lesion contours in both 2D and 3D space. The secondary captures of MS CAD 
results are converted to the DICOM format for storage and display from a DICOM image viewer, for streamlining the 
DICOM-compliant workflow in the MS eFolder system.  
 
For 2D image captures, a MATLAB script is used to overlay 2D lesion contours on top of the FLAIR axial images to 
create a new series under the DICOM study. An example of the overlay technique is shown previously in Figure 3. 
DICOM-SCs are stored in the archive and can be viewed alongside the original DICOM images in the DICOM web-
based viewer. Figure 7 shows how the DICOM images and SCs are viewed in a WADO (web accessible DICOM 
objects) viewer.  
 

 
Figure 7. Screenshot of WADO viewer displaying DICOM images and DICOM-SC for the MS eFolder. Upper 
left panel displays the 2D contour overlay, upper right panel displays the 3D lesion rendering from different 
angles.  

2.3. Integration of SR with web-based GUI 

 
In order to access DICOM-SR object and display on the web-based GUI, the GUI automatically queries the SR and 
images from the DICOM archive when the user accesses a patient’s profile in the eFolder. While the DICOM studies are 
loaded into the WADO viewer, the SR document is displayed separately in an HTML table. The SR object is converted 
back to the original XML document, and a custom XML-parser is built in PHP to read the document and extract data in a 
tabulated format. The eFolder simultaneously displays the patient’s clinical data, the WADO image viewer, and the SR 
document viewer. Figure 8 shows the eFolder GUI with all the information available.  
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Figure 8. Screenshot of comprehensive MS eFolder web-based GUI. Left panel: patient’s clinical and 
demographic data. Right top panel: WADO image viewer embedded in eFolder GUI. Right bottom panel: SR 
document content in tabulated format.  

3. RESULTS AND DISCUSSIONS 

 
The comprehensive eFolder GUI has been successfully completed and is available for viewing on the web. The DICOM-
SR conversion workflow has been completed and successfully tested within the system. Lesion location and BPF 
measurement features have been tested with all available data from data collection. Overall, the comprehensive GUI 
design and layout to display CAD data in DICOM-SR has been completed. 
 
There are a few areas of the eFolder DICOM-SR GUI and the eFolder system that need further work and is currently 
under development: 

1. CAD process is currently not automated. While the original CAD based on MATLAB can be run and stored 
automatically, the BPF measurement and lesion location analysis involve a different software and thus the 
workflow needs manual inputs to run. In addition, BPF measurements and lesion location identification through 
BrainSuite toolkit do not work on all of the cases due to image quality from archived PACS studies. 
Adjustments of calculation parameters and modifications of images are being considered to solve the current 
roadblock. Future plan is to streamline the CAD process by including BPF and lesion location calculation 
within the CAD algorithm.  

2. Generating the DICOM-SC objects also requires manual input and currently not automated due to involvement 
of different software toolkits. Future work can include researching on displaying 3D objects by a WADO-
compliant viewer directly.  

3. The completed eFolder system with IHE post-processing workflow will also need to be completed and 
evaluated in a real clinical setting. Performance evaluations and user feedbacks will be used to improve system 
performance and GUI design. The current GUI can be also more interactive to include dynamic referencing on 
individual lesions in wado viewer and DICOM-SR viewer. Additional features will be discussed and planned 
according to user feedback. 
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4. CONCLUSION 

 
There are advantages of using DICOM structured reporting to store and present computer-aided detection data in a 
DICOM-compliant environment. Last year, an implementation of MS eFolder workflow according IHE post-processing 
workflow profile was presented. In order to display post-processing data in this workflow, the MS CAD data was 
converted into DICOM SR documents via XML conversions. Additionally, brain parenchymal fraction and lesion 
location information has been stored along with lesion volumes and numbers of lesions on MR. The conversion 
methodology has been completed and tested, and results are successfully shown on the MS eFolder web-based GUI. 
Future work involves automating the entire DICOM SR workflow, completing the MS eFolder system in the clinical 
environment, and collecting evaluation results in intended day-to-day operations. 
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ABSTRACT  

We have built a decision support system that provides recommendations for customizing radiation therapy treatment 

plans, based on patient models generated from a database of retrospective planning data. This database consists of 

relevant metadata and information derived from the following DICOM objects - CT images, RT Structure Set, RT Dose 

and RT Plan. The usefulness and accuracy of such patient models partly depends on the sample size of the learning data 

set. Our current goal is to increase this sample size by expanding our decision support system into a collaborative 

framework to include contributions from multiple collaborators. Potential collaborators are often reluctant to upload 

even anonymized patient files to repositories outside their local organizational network in order to avoid any conflicts 

with HIPAA Privacy and Security Rules.  We have circumvented this problem by developing a tool that can parse 

DICOM files on the client’s side and extract de-identified numeric and text data from DICOM RT headers for uploading 

to a centralized system. As a result, the DICOM files containing PHI remain local to the client side. This is a novel 

workflow that results in adding only relevant yet valuable data from DICOM files to the centralized decision support 

knowledge base in such a way that the DICOM files never leave the contributor’s local workstation in a cloud-based 

environment.  Such a workflow serves to encourage clinicians to contribute data for research endeavors by ensuring 

protection of electronic patient data.  

Keywords: Cancer Registry, Radiation Therapy, Radiation Oncology, IMRT, Imaging Informatics, Prostate Cancer, 

DICOM RT 

 

1. INTRODUCTION  

The primary goal in radiation therapy for cancer is to expose the tumor to as much radiation as possible, while curtailing 

the dose delivered to critical organs and structures surrounding the tumor. The radiation target, known as the ‘Planning 

target Volume’, is generated during treatment planning, and includes a buffer around the tumor to account for organ 

movement and planning uncertainties. The critical structures surrounding the tumor are called ‘Organs At Risk’, or 

OARs. OARs involved in prostate cancer include the bladder and the rectum, since they are situated in close proximity 

to the prostate. Head and neck cancer OARs include the parotid glands, the mandible, tongue, brainstem, cochlea, etc. 

Oftentimes, the boundary of the PTV encroaches on some of the surrounding critical structures, or is situated too close to 

the PTV, resulting in excessive dose being delivered to the OARs. Different types of tissue have different tolerance 

doses. Research and evidence-based medicine lead to the development of guidelines that should be followed and 

determination of OAR dose limits that should not be exceeded.  Doses in excess of these recommended amounts may 

lead to undesirable complications and toxicity. However, in order to sufficiently destroy the tumor, some OARs simply 

cannot be spared and are exposed to more radiation dose than is recommended to avoid severe complications. Currently,  

there are very few quantitative methods that can assist in the determination of how much sparing is possible without 

compromising PTV dose coverage. Usually, a patient’s internal anatomy places limits on the amount of sparing that is 

possible for certain critical structures. The spatial inter-relations between the PTV and surrounding OARs can be 

quantified in terms of distances, overlap [1, 2] and orientation and then a database of retrospective patients with 

quantified anatomical features can be used to provide estimates of practical dose parameters for new patients. This 

technique extracts those historical patients who had anatomical features similar to the current patient, but had the best 
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dose parameters for the OARs as well as the PTV. The treatment plans for these patients can then be used as a reference 

for carrying out treatment planning for the new patient.  

1.1 Workflow  

Before designing a clinical decision support system, or any other medical imaging informatics system, it is essential to 

analyze the clinical workflow. The next step is to determine where the new system fits into the clinical workflow, and 

analyze the effect it will have on normal clinical operations. Figure 1 shows the clinical workflow in Radiation Therapy 

Treatment Planning. It assumes that the patient has already been enrolled for Radiation Therapy, and depicts the steps 

that follow. These steps are summarized below: 

 CT Simulation and Portal Image: Generation of the CT images that are used for treatment planning. 

 ROI Contouring: All relevant ROIs are contoured slice-by-slice on the Treatment Planning System (TPS). 

 Initial Parameters: Selection and placement of fields, number and direction of beams, etc. 

 Dose Grid Computation: The TPS calculates the dose grid. 

 Plan Evaluation: Review of Dose Volume Histograms, isodose contours, dose homogeneity, etc. 

 Plan Approval: The radiation oncologist either approves or rejects the plan based on the evaluation results 

 Re-adjustments and fine-tuning: Further adjustments to resolve inadequacies (if any) found in the evaluation.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Radiation Therapy Workflow [5, 3] 

The decision support system benefits the clinical workflow by potentially reducing the number of iterations of the 

treatment evaluation loop. Not only can it reduce the number of iterations, but also provides the most optimized 

evaluation results in very few iterations. This helps to increase workflow efficiency, and to facilitate development of 

treatment plans that are practical as well as more optimal. 

1.2 The Decision Support System and Challenges in Implementation 

The main goal of the decision support system is to provide clinicians with feedback regarding how other similar patients 

have been treated and then facilitating the clinician to use those treatment plans that had the best dose parameters. In this 

context, the system should be able to take relevant input from users, record user input methodically in a database, carry 
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out machine learning procedures, perform ranking algorithms as well as present information in a familiar and user-

friendly fashion. Since the core application is that of a decision-support system, the quality, variety and amount of 

training data dictate the performance of the system. To accomplish this objective, it is important for the system to recruit 

data from multiple institutions and multiple treatment planning systems. The follow strategies may be employed in order 

to help fulfill this requirement: 

1. Adoption of DICOM [4,5]: Integrating data from systems built by different vendors either requires a universally 

accepted standard, or complicated data consolidation and recoding techniques. Fortunately, DICOM provides 

very reliable definitions for DICOM Radiation Therapy objects, and is also supported by most major Treatment 

Planning System vendors. As a result, we have chosen to build our data model around the DICOM standard, 

and so the system can accept DICOM RT [5] objects such as Structure Set, Plan, etc. This allows data from 

multiple sources to be merged into a single, central repository. 

2. A web-based approach: A web-based system allows users to access the system from any location in a cloud-

based environment. Since the application is designed to run in web browsers, this also allows it to be platform 

independent up to a certain extent. Data from multiple sources can thus be collected efficiently, and every user 

can now draw upon the wealth of the entire aggregated data pool.  

3. Client-side DICOM Parsing Protocol in a cloud-based environment: Potential collaborators are often reluctant 

to upload even anonymized patient files to repositories outside their local organizational network in order to 

avoid any conflicts with HIPAA Privacy and Security Rules.  This problem can be circumvented by developing 

a tool that can parse DICOM files on the client’s side and extract de-identified numeric and text data from 

DICOM RT headers for uploading to a centralized system. As a result, the DICOM files containing PHI remain 

local to the client side. This results in extracting only relevant yet valuable and unidentifiable data from 

DICOM files in such a way that the DICOM files never leave the contributor’s local workstation.  Such a 

workflow serves to encourage clinicians to contribute data for research endeavors by ensuring protection of 

electronic patient data.  

1.3 The Data Model 

This section describes the DICOM data model used in the decision support system. As mentioned previously, we have 

adopted the DICOM standard as the backbone of our system. The data model leading up to the actual database lays the 

foundation for all future applications by ensuring efficient data accessibility. Proper organization and good data 

accessibility is essential in making the machine learning and data processing tools feasible. A good understanding of the 

structure and the relationship between the principal data elements facilitates proper implementation. The four main types 

of data objects that the system deals with are: DICOM RT Structure Set, DICOM RT Dose, DICOM RT Plan, DICOM 

CT Images. Figure 2 shows where each of these objects fit into the data model. The DICOM RT Structure Set object 

defines the various structures of relevance, or ‘Regions Of Interest’ (ROIs) such as the radiation target (the tumor) as 

well as surrounding Organs at Risk (OARs). It also provides the coordinates of the contours that outline these ROIs. The 

DICOM RT Dose object contains a three-dimensional dose grid, as well as Dose Volume Histogram sequences for all 

the ROIs defined in the Structure Set object. The DICOM RT Plan object contains technical parameters and details 

regarding the treatment beams and fields such as shape, number, energy, etc. The CT images are the CT simulation 

images that are used specifically for treatment planning. The RT objects all fall under a special type of series – the RT 

series. Figure 3 shows the relationship between the different elements in the Structure Set objects and Figure 4 shows 

similar relationships, but for the dose object.  
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     Figure 2. DICOM RT objects in the DICOM data model  

      

 

Figure 3. Data Model of the RT Structure Set Object 
           

      
 

      
     Figure 4. Data Model of the RT Dose Object 
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2. METHODS 

The following sections describe the system architecture and components as well as the client-side parsing protocol for 

data sharing and collection. Proper design and implementation are essential in order to fulfill system goals.   

 

2.1 System Architecture 

Figure 5 depicts the system architecture and inter-connections between the various components. The main components 

of the system are describes below: 

1) The DICOM Gateway: This component is responsible for reception and management of incoming DICOM data. It 

can operate in one of two modes. The first is server-side parsing, wherein the files are uploaded after 

anonymization, and then parsed on the server by a python script. The second is client side parsing, where the 

DICOM files do not leave the client’s machine at all, and a JavaScript parser accesses these files through a browser 

and extracts only certain pre-defined attributes that are known to be anonymous. The gateway also catalogs all the 

DICOM metadata that it receives into the database.  

2) The Database: The database records all relevant metadata associated with various DICOM objects, as well as data 

that are extracted from the DICOM metadata after processing. Our decision support system uses MySQL, which is 

an open-source relational database management system. 

3) The Web-based Zero-Footprint Graphical User Interface: The GUI is responsible for presentation and visualization 

of the results of system analysis, as well as clinical data objects such as CT images, ROI overlays, isodose curves, 

etc. The GUI is written using HTML and JavaScript. 

4) The Decision Support module:  This module carries out all the data processing and machine learning tasks such as 

extraction of anatomical features, similarity searches, regression model predictions, etc. Some of these functions 

have only been prototyped in MATLAB so far, but are in the process of being ported to Python scripts that can be 

integrated directly with the system.  The algorithms are performed on the server-side while the results are displayed 

through the web-based GUI. 

5) The Knowledge Base: This consists of information that is derived from the raw DICOM data after data processing. 

This is a specialized subset of the database, which is physically contained within the database, but is conceptually 

more specific. For instance, it contains the overlap volume histogram [3][4], which is computed from the DICOM 

RT Dose, RT Structure Set and CT images.  

6) The System Controller: This controls the flow of data and operations according to the user’s needs and 

requirements. It acts as the link between the different system components, and schedules and coordinates tasks.   

 

 

 

 

 

 

 

 

 

 

 

 

     Figure 5. System Component and Architecture diagram  
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2.2 Client-Side Parser 

In order to make the system a collaborative initiative that encourages more participants to contribute data from their 

institutions, we have enabled the system to work in a local client-side parsing mode. This protocol ensures that the user’s 

DICOM files never leave the client machine. Only those fields that have been pre-selected and verified for anonymity 

are extracted from the DICOM files that the user selects. This extracted metadata is not identifiable, and thus fulfills 

HIPAA requirements.  

This client-side parser is written in JavaScript, and will soon be available as an open source toolkit for imaging 

informatics developers. The functions of this toolkit run purely on the client’s machine, facilitated by a web browser . 

The user interface prompts users to select a folder from their local file system. All the DICOM files associated with the 

treatment data that the user wishes to contribute must be available in this folder. The parser will then associate each data 

element with an attribute. For e.g. the parser will determine exactly which bytes in the data stream belong to the attribute 

‘Number of Rows’. Once this mapping is in place, another component of the toolkit will extract data elements for a list 

of pre-determined attributes, encapsulate this information in a format compatible to the server, and send this 

encapsulated data to the server.  

The client-side DICOM parser was developed at the Image Processing and Informatics Lab of the University of Southern 

California, and is enabled to deal with complex DICOM objects such as radiation therapy files, which include multi-

level nested sequences. The list of attributes that are required was determined based on the input parameters for all the 

data processing algorithms that are run on the server in the decision support module.  

3. RESULTS 

The implementation of this new client-side DICOM parsing workflow is still in progress. However, we have developed a 

data sharing workflow that demonstrates how this new protocol can be put to practical use. Currently, the client-side 

DICOM parser has been fully developed and tested and has been shown to preserve the integrity of the data being 

extracted. It was tested with a dataset of 10 treatment plans associated with 10 different patients. Each dataset included 

CT images, DICOM RT Structure Set and DICOM RT Dose. A subject matter expert in Radiation Therapy performed 

verification of the results. DICOM RT Plan is yet to be tested. Figure 6 shows the workflow of this new data sharing 

protocol for research applications.  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

      

      

Figure 6. Data Sharing Protocol Workflow in a Cloud-based Environment 
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(1) The user must first initiate a data sharing protocol with the server. This is a notification to the server that a 

client wishes to upload data.  

(2) The server then returns an acknowledgement and transfers resources back to the client in the form of a 

JavaScript package that is executed by the client’s web browser.  

(3) The user is first prompted to select a folder containing all the DICOM files to be processed.  

(4) The parser identifies all the DICOM and non-DICOM files stored within sub-folders in the main selected 

folder. For every DICOM file encountered, the file type is first identified.  

(5) Based on the type of file, the parser selects a set of pre-determined attributes to extract since a different set of 

attributes is associated with each file type.  

(6) The values or content for those attributes are extracted and reformatted.  

(7) Next, the JavaScript tool sends a request to the server for a new system ID to associate the data with.  

(8) This system ID is then stored in a mapping with the true patient ID of the dataset. This mapping is stored in an 

encrypted format on the client’s machine, and can be loaded the next time the user wants to upload follow-up 

information for the same patient.  

(9) The de-identified, reformatted data is then transferred to the server for storage. 

4. DISCUSSION 

Our ultimate aim is to develop a data sharing and collaboration workflow that encourages clinicians to contribute clinical 

data to our centralized knowledge repository. This data fuels machine learning and data mining applications leading to 

the development of decision support tools and knowledge discovery of disease patterns, biomarkers, efficacy of 

treatment protocols, etc. One of the major hurdles is that clinicians are hesitant to contribute data for research purposes 

out of fear of HIPAA violations. HIPAA regulations are often not well understood, and clinicians often have no time to 

consult with experts, anonymize files for sharing or to verify the anonymization procedure with a statistician or other 

expert (which is a HIPAA requirement). This often makes them reluctant to share data, since the procedure is 

cumbersome and complicated. Offering a simple system that facilitates HIPAA compliance by default will make them 

more willing and able to share their data. Our system ensures that the DICOM files never leave the user’s workstation. 

Only fixed and selected fields are parsed. Experts have already verified that these fields contain only de-identified data.  

As a result only de-identified data leaves the user’s workstation. This is better than providing an anonymization tool to 

be executed on the clinician’s workstation. However, there is no guarantee that every possible field that has de-identified 

data, including private tags, will get anonymized. It is better to simply identify a set of ‘safe’ fields, and then parse those 

fields only.  

5. CONCLUSION 

We have presented the concept of a novel cloud-based data sharing and collaboration workflow that simplifies the 

process of contributing clinical data for research purposes, in full compliance with HIPAA regulations. We have 

described the components of this new data sharing methodology, and described the workflow that demonstrates how this 

tool may be used in practice. Further development and testing is required to verify the usefulness and usability of this 

tool.  
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