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Standard Form 298 (Rev. 8-98)

INTRODUCTION: An Interactive Visualization Framework to Support Exploration and Analysis of
TBI/PTSD Clinical Data

1. KEYWORDS: Data Visualization, Health Information Technologies, TBI/PTSD, Open Source Tools

2. ACCOMPLISHMENTS: The overarching goals of this project are to (1) address the gap between
the acquisition of clinical measurements and the diagnosis step by providing an institutive, flexible, and
customizable interactive data visualization framework and (2) validate the system among clinicians
treating service members diagnosed with TBI / PTSD.

During the first year of the award, a significant amount of work was accomplished. The work
accomplished during the first two years was extended to continue to reach each of the tasks and
deliverables of the award. The work accomplished during the last year can be summarized as:

1. [Aims 1.2, 1.3,1.7] Performed an in-depth literature review of existing work related to temporal
trajectory analysis that can be used to illustrate clinical data for TBI/PTSD patients. The
visualization and analysis of temporal event data is a widely studied topic. In our literature
review, we noticed two series of general studies, one that focused on lifelines and another one
that was more focused on flow visualization. Table #1 summarizes our findings:



TABLE 1: Who, What, When, Why, and How of Trajectory Analysis

who  (tool | when why (goal) what (functionality) how (method)
name) (condition)
1. Show an overview of the frequent
patterns
2. Examine the frequent patterns
and select specific patterns of inter- | 1. Frequent sequence mining algo-
est rithm
1 Care temporal event | Utilize historical EMR data to | 3. Compute the patient subsets that | 2. Bubble chart for overview visu-
Pathway sequence data extract common sequences of | match the physicians specified sub- | alization and Sankey diagram for

Explorer [4]

medical events such as diag-
noses and treatments, and in-
vestigate how these sequences
correlate with patient outcome

traces.

4. The Frequent Pattern Analytics
mines frequent patterns and dis-
plays them in the visualization.

flow visualization

2 Careflow
[7]

temporal event
sequence data

Help doctors devise a care plan
for their patient.

1. Mining care plans from data
2. Visualizing care plans

Sankey diagram for flow visualiza-
tion

3 Outflow [6],

temporal event

Provide important insights into

1. Aggregate multiple event se-
quences

2. Display the aggregate pathways
3. Summarize the pathways corre-

Sankey diagram for flow visualiza-
tion

[10] sequence data how diseases evolve over time | sponding outcomes
and help clinicians understand | 4. Allow users to explore external
how certain progression paths | factors
may lead to better or worse out-
comes.
1. Tssue a query to retrieve sub-
sequences of interest.
5&1%?;?:tgi;ﬁi?fpﬂatcggg S aéa 1. Milestone demotion algorithm
4 Decisionflow | high- Help analysts and epidemiolo- | 5=~ " =7 ) zegv to e];tr'acé 2. Horizontal layout algorithm of
[5] dimensional gists to study data from groups | _ oo Coo visual}i]zed milestone nodes
temporal event | of patients to understand what 4 Interalction allows ‘ex 1
; . X ploratory
sequence data | factors may influence a particu- analysis.
(e.g., thousands | lar outcome ysis.
of event types)
1. A visual query module to inter-
actively specify episode definitions
2. A pattern-mining module to
help discover important intermedi- | 1. Visual query capabilities
5 visual ana- | temporal event | Help to understand the pat- ate events within an episode 2. Pattern mining techniques
lytics tech- | sequence data terns of events observed within 31 An 1ir\tel}r\aclhve visualization mod- 3,. Interactive visualization tech-
nique [11] a population that most correlate ule that help uncover event pat- | niques

with differences in outcome

terns that most impact outcome and
how those associations change over
time.

6 LifeLines
[12]

personal
medical history
records

Design appropriate visualiza-
tion and navigation techniques
for presenting and exploring
personal  medical  history
records.

1. Present a personal
overview on a single screen
2. Provide direct access to all
detailed information from the
overview with one or two clicks of
the mouse

3. Make critical information or
alerts visible at the overview level.

history

The medical record is summarized
as a set of lines and events on a
zoom-able time-line

7 LifeLines2
8]

multiple records
of  categorical
temporal data

Find hidden patterns contained
in EHRs (Electronic Health
Records) and other temporal
dataset

timelines with the same absolute
time scale

8 PatternFinde:
[13]

multivariate

and categorical
data (over
26,000 medical
events for 950

Search and discovery of tempo-
ral patterns within multivariate
and categorical datasets

1. Visual temporal query languages
2. Query result visualization

1. Define a temporal pattern as a se-
quence of events separated by time
spans so that it can be queried by
events and time spans components.
2. Multiple timelines for query re-
sult.

patients)
1. Enable the users to create a se- 1.' Thg vs‘equer\ce SXP lora_tlor\ algo-
uence of activities rl_thm is steered using an interactive
9 ActiviTree large and | Systematic identification of se- i) visual interface

[14]

complex event-
based temporal
data

quences in social science activ-
ity diary data.

2. Show a sequence in the context
of the individuals daily life

2. The currently explored query se-
quence is shown with linked view

Table 1: Summary of papers reviewed related to temporal trajectory analysis.

All scientific papers reviewed were put into specific categories. Papers #1 to #5 were designed
for visualization of aggregated data. An important step in these studies was the mining or
aggregating the temporal data to find patterns and then employing visualization techniques
such as the Sankey diagram to illustrate the longitudinal aspects of the data. Papers #6-#8 were
designed for visualization of individual data points. Lifelines was designed for personal patients
clinic history visualization, although the other two methods Lifelines2 and PatternFinder are
designed for multiple records, they visualize the multiple records separately. Finally, paper #9
(ActiviTree) was a method developed to allow users to explore the event sequences rather than

aggregate patterns form the multiple temporal sequences.




[Aims 1.3, 1.7, 1.8] Designed the Necklace interface. In order to help users explore the
trajectory of medical claim data and compare trajectories and costs, we designed Necklace. The
Necklace interface consists of three main design ideas: (1) guided interaction; (2) position based
global pattern finding; (3) multivariate comparison. See Figures #1 and #2 for more
information.

There are two kinds of rings that are part of the Necklace interface: root ring and branch ring.
The initial display only shows a root ring, which contains the information of all the
transformation and relationships in the dataset. As users interact with the interface, Necklace
will show more and more branch rings. Each branch ring has a parent ring and a parent
trajectory, and contains a parent event E and the either the incoming events of E or outgoing
events of E. Thus a trajectory is composed of the parent events of a series linked rings.

Each ring contains four components: nodes, groups, links and chords. Each node on the ring
represents a diagnosis event, and those events on branch rings are not individual events, they

present events in a trajectory. For instance, assuming there is a branch ring R which shows its
parent event E3, and those outgoing events of E3, and the parent trajectory of RisE1 - E2 =

E3, so an event E4 on R represents the event E4 in the trajectory E1 = E2 - E3 = E4. And using
the ICD 9 Code, we clustered those nodes on a ring into groups. And each link inside the ring
represent a transformation relationship between two events, and links from one group to
another group are gathered into a chord.

The initial heights of nodes are similar and link nodes encode the incident rate of the
corresponding event, which means that the more links, the higher the node will be. In addition,
in each node there is a histogram for users to show more information. A ring shows abstract
information when it occupies a small area, the detailed nodes information and links information
will be hidden if the area is not big enough. In order to obtain detailed nodes information, users
can click on outer contour of a group to expand this group to a higher level for more space, and
they can also click on the inner contour of a group to shrink to a lower level. One of the
advantage of ring is that it has a powerful ability to show large scaled event since a ring can
show thousands of event at a time.
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Figure 1: Screenshot of the Necklace system. Necklace visualizes temporal events trajectories, this screen shot
shows CMS data, which contains 222 patients and 668 claim records. Users can explore the diagnoses trajectory
by directly interacting with the visual objects shown in C, and compare trajectories of different patients cohorts
with the overview graphs shown in B. And Necklace also offers a user panel, which is shown in A, for users to

edit patient cohorts, search for diagnosis node and zoom the display.

Figure 2: Screenshot of the Necklace system. Necklace visualizes temporal events trajectories, this screen shot

shows CMS data, which contains 222 patients and 668 claim records.



3. [Aims 1.3,1.7, 1.8] Developed, extended, and continued to enhance the Patient Timeline tool
based on comments and feedback received from different clinical staff members. The Patient
Timeline tool was developed to assist physicians explore the longitudinal medical data of a
patient. In a visually appealing way, the Patient Timeline starts by displaying a tree that provides
a quick glimpse of the data available for a patient. Icons and their size show if the patient has a
certain type of data in their history and how much or how important that data is. The year
nodes can be expanded to show another level of the tree, showing the patient’s monthly data
for that year. To the right of the patient’s tree is a summary panel. This summary panel shows a
brief text summary of the patient, their lab history, their diagnosis history and their medication
history. The Labs, Diagnoses, and Medications tabs display their information in analytical models
that make the data easier to digest. The Labs, Diagnoses, and Medications tabs update when a
new tree node is clicked. Furthermore, three patients’ tree can be seen by selecting the Three
Trees display from the dropdown button at the top of the page.

Kimberly Martin
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Figure 3: The Patient Timeline starts by displaying a tree that provides a quick glimpse of the
data available for a patient.

In the more robust portion of the Patient Timeline, the nodes are presented to us on a
timeline as shown in Figure #3. Here, individual days of the patient’s data can be explored in
panels. Within the panels there are tabs for Labs, Medications, Vitals, Notes, Diagnoses,
Procedures, Radiology Note, and Chief Complaint for a single day, assuming the patient has
that type of data available for that day. To the left of the timeline, we have a filter that
allows the user to filter nodes based on Provider Type, Provider Name, DMIS/MTF, MEPER4,



Encounter Type, Data Type, and/or Date. To the right we have a smaller version of the,
previously presented, summary panel.
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Figure 4: The nodes are presented on a timeline and individual days of the patient’s data can
be explored in panels.

[Aims 1.3, 1.7, 1.8, 1.9] In order to also satisfy the requirements from research clinicians
interested in exploring clinical data but also understanding what data is available, we designed
the Database Search tool. The Database Search tool was designed to facilitate the searching
and exploration of databases. When the user clicks the Run Query button, the Results panel fills
with statistics of their selected tables and variables. In the Results panel, they can see the Count,
Missing, Mean, Standard Deviation, Zeroes, Minimum, Maximum, and Histogram for their
chosen variables. Once the user has selected all the data they would like to put a request in for,
they can click the Export button, followed by the ‘Copy to clipboard’ button to copy their
selections to their computer’s clipboard. This saves the user from having to individually copy
and paste, or type up, the tables and variables they would like to put a request in for.
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Figure 5: Screenshots of the Database Search tool designed to better explore clinical
data that is available to research purposes.

[Aims 1.3, 1.7, 1.8, 1.9] A new module was prototyped to visually analyze clinical notes. The
tool automatically highlights clinical concepts within unstructured provider notes. The new
module can be used to compare clinical notes and highlight changes over time. In addition, the
new module can be used to identify commonalities between different EHR notes.
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Figure 6: Screenshots of the module under development to analyze / compare clinical
notes.

[Aims 1.3, 1.7, 1.8, 1.9] In order to better understand and validate the effectiveness of different
visualization tools, we have developed a method to capture how users interact with the
different systems. Given a clinical dataset and a visualization tool or dashboard, we designed an

application to compare the correlations, patterns, and flows different groups follow to reach an
answer for a specific clinical question.
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Figure 7: Screenshot of a tool designed to explore and understand how users interact
with different visualization tools.

What were the major goals of the project?

The first major goal of this project was to design a visual analytic framework that combines multiple
clinical measurements and allows the exploration of large collections of clinical data. In addition, the
second major goal (year 2) is to validate the effectiveness and usability of different visualization
techniques for exploring large collections of clinical variables with complex associations.

The first major goal of the second year was to iterate on our work for summarizing large, longitudinal
datasets by expanding on our previous work and developing a novel visualization method for analyzing a
large dataset of events. In addition, we validated the effectiveness of our visualization techniques
throughout the year. The second major goal of the second year was to build a system that summarizes
the various elements of a patient’s EHR data. Through these two goals, we have addressed the many
difficulties associated with clinical variables and data from both a big data and a singular patient-
provider perspective.

The first major goal of the third year was to continue to enhance the existing tools from previous years
by adding new visualization techniques, new validation approaches, and new data. That was
accomplished by continuing the perform a literature review, develop the Necklace interface, continue to
enhance the patient time-line framework, develop an effective interface for research clinicians to search



at data, and by creating a systematic approach to analyze the patient interaction data. During the next
year the priority will be to continue to enhance those tools and make them available to other
researchers, investigators, and organizations.

What was accomplished under these goals?

During the first year, four different systems were prototyped and developed to perform visualization of
tabular, hierarchical, and longitudinal data. First, VisXplore was enhanced to become a clinical data
visualization system to perform group or single-subject analysis of multivariate tabular, hierarchical, or
temporal clinical data. Second, CoFlow was developed as an interactive multi-view and exploratory
visualization tool designed to analyze longitudinal EHR data. Third, a graph-based visualization
technique was developed to visually explore the frequency of patients going from one specific clinical
diagnosis to other diagnosis. Finally, a visual summarization approach was created and tested with
thousands of mTBI patients. Each of the tool has a corresponding draft paper describing the design and
techniques. See attachments.

During the second year, two different systems were extensively prototyped and developed to effectively
summarize the various data elements that are present in Electronic Health Records (EHRs). First, a novel
visualization method, event summary diagrams, and a corresponding system were built to enable for a
large dataset of events to easily be understood through a top-down interactive exploration. This
visualization was evaluated with a dataset of thousands of mTBI patients and shown to reduce the visual
complexity and analytical capacity required compared to existing techniques. Second, a timeline-based
framework for aggregating and summarizing EHRs was extensively researched, designed, and developed
to overcome the challenges that exist in EHR systems where data integration is lacking and the disparate
nature of data creates difficulties for clinicians. Through this framework, a clinician is able to view the
entire history of a patient at multiple time scales and develop an understanding of the patient state over
time. Each of these tools have a corresponding draft paper describing the design and techniques. See
attachments.

During the third we continued to perform a literature review, developed the Necklace interface,
continued to enhance the patient time-line framework, developed an effective interface for research
clinicians to search at data, and by creating a systematic approach to analyze the patient interaction
data. During the next year the priority will be to continue to enhance those tools and make them
available to other researchers, investigators, and organizations.

What opportunities for training and professional development has the project provided?

“Nothing to Report.”
How were the results disseminated to communities of interest?

Some of the prototype visualization tools were demonstrated during the 2017 Workshop on Visual
Analytics in Healthcare and at the 2017 American Medical Informatics Association (AMIA). Three
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additional papers describing the other systems are currently in draft mode. See attached documents.

What do you plan to do during the next reporting period to accomplish the goals?

Continue to enhance the different system, continue the validation process, and prepare the applications for
distribution.

4. IMPACT:

What was the impact on the development of the principal discipline(s) of the project?

The four prototype systems that have been designed have generated great interest among multiple
providers, researchers, and administrators. Two senior individuals at the Defense Health Agency (DHA)
have seen the systems and are interested in looking into how we can integrate some of those tools within
the DHA enterprise enclave. In addition, widely recognized researchers from Johns Hopkins University
(JHU) are interested in how to used our visualization techniques for population health.

What was the impact on other disciplines?

The impact of our work is touching multiple disciplines and research domains including clinical
informatics, health 1T, computer science, medicine, and population health.

What was the impact on technology transfer?

“Nothing to Report.”

What was the impact on society beyond science and technology?

“Nothing to Report.”

5. CHANGES/PROBLEMS:
Changes in approach and reasons for change

“Nothing to Report”

Actual or anticipated problems or delays and actions or plans to resolve them

The project and actions are a little bit behind schedule due to the challenges of finding qualified
candidates that can obtain the credentials needed to work within a DoD facility.
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Changes that had a significant impact on expenditures

No changes on expenditure.

Significant changes in use or care of human subjects, vertebrate animals, biohazards, and/or select
agents

“Nothing to Report”

6. PRODUCTS:
e Publications, conference papers, and presentations

Journal publications. Nothing to Report
Books or other non-periodical, one-time publications. Nothing to Report

Other publications, conference papers, and presentations

* Filip Dabek and Jesus J Caban “VisXplore: Flexible Visualization System for Analyzing
Complex Clinical Datasets”, Workshop on Visual Analytics in Healthcare, ACM Digital Library,
Oct. 2014

* Filip Dabek, J. Chen, A. Garbarino, and Jesus J. Caban, “Visualization of Longitudinal Clinical
Trajectories using a Graph-based Approach”, Workshop on Visual Analytics in Healthcare,
ACM Digital Library, Oct. 2015

e Akshay Peshav, Jian Chen, and Jesus J. Caban, “CoFlow: Interactive Visual Exploration of
Temporal Encounters in Electronic Health Records” [Draft]

* Filip Dabek, Jian Chen, and Jesus Caban, “Visual Summarization of a Collection of Temporal
Sequences using Adaptive Frequency Mining and Graph-based Event Modeling” [Draft]

*  Website(s) or other Internet site(s)
“Nothing to Report”
* Technologies or techniques
The design and development of our different visualization tools have produced novel techniques
including:
* Novel graph-based approach to visualize clinical trajectories
* New pixel-based visualization method that works as a look-ahead tool for patients
* Novel sequence modeling algorithm to summarize longitudinal trajectories

1. Inventions, patent applications, and/or licenses

“Nothing to Report”
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2. Other Products
e The four different software tools

7. PARTICIPANTS & OTHER COLLABORATING ORGANIZATIONS
What individuals have worked on the project?

Name: Jesus Caban, PhD

Project Role: PI

Contribution to Project: Dr. Caban has organized meetings, tracked progress of the project, and
evaluated various visualization techniques for exploring large clinical data.

Name: Jian Chen, PhD

Project Role: Co-PI

Contribution to Project: Dr. Chen has helped assist in meetings and researched existing visualization
techniques in order to identify a new technique to deploy for the visual analytics framework.

Name: Elizabeth Jimenez

Project Role: Developer

Contribution to Project: Ms. Jimenez has begun implementing an interface for the visual analytics
framework, in addition to developing and evaluating a visualization technique.

Name: Filip Dabek

Project Role: N/A (Data Scientist for the National Intrepid Center of Excellence)

Contribution to Project: Mr. Dabek has begun implementing an interface for the visual analytics
framework, in addition to developing and evaluating a visualization technique.

Has there been a change in the active other support of the PD/PI(s) or senior/key personnel since
the last reporting period?

“Nothing to Report.”

What other organizations were involved as partners?

8. SPECIAL REPORTING REQUIREMENTS:
See attachments.
e WB81XWH-15-2-0016 Year 3 Quarter Reports.pdf: copy of all the quarterly reports for year #1.
* WB81XWH-15-2-0016 Year 3 Supplements.pdf: copy of all the papers and draft papers.

8. APPENDICES:
See attachment.
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and do not reflect the official policy of the Department of Army/Navy/
Air Force, Department of Defense, or U.S. Government.




8l

DHAZ Project Information

Defense Heallth Agency

<+ QOrganization / key partners / institutes: The Geneva Foundation
<+ Award # W81XWH-15-2-0016

» Award Mechanism: Cooperative Agreement

» Solicitation: USAMRMC BAA

+ Principal Investigator: Jesus Caban
Key Sub-Awards: (Co-Pls)

+ Total Cost/Budget:

« Period of Performance: 15 Apr 2015 — 14 Apr 2018,

« Grants / Contract Officer Representative: Gay Hayden
« Grants / Contract Specialist: Karen L. Petrore

+ Related government funding: N/A

1 Requested no-cost extension on Feb 2018




61

DHA= Introduction

® Traumatic Brain Injury (TBI) continues to be labeled a the signature injury of the
wars in Iraq, Afghanistan, and other recent conflicts

® Over 360,000 TBIs occurred in the DoD between 2000 — 20161
» ~294,000 are cases of Active Duty mTBI

® mTBI may result in chronic symptomatology
» Up to 25% of deployed service members report mTBI symptoms
» Following mTBI, most people are expected to recover within a short period of time,
however, neurologic, cognitive, and physical symptoms may persist for days to
months or longer, requiring ongoing medical treatment

> DoD Numbers for Traumatic Brain Injury
&7/ Worldwide — Totals

2000-2016 (Q1-Q3)

I Penetrating 5,045
Il severe 3733
Il Moderate 32,434

Mild 294,010
B Not Classifiable 21826

Total - All Severities
Source: Defer
Theater Med

357,048
m (DMSS),

Center [CVBIC] 2000-2016 (Q1-Q3), as of Nov 10, 2016
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DHAZ Natural History of TBI

Defense Heallth Agency

® The National Intrepid Center of Excellence (NICoE) and Intrepid
Spirit Centers (ISCs) core mission is to improve the lives of patients
and families impacted by TBI through excellence and innovation.
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TBI Document
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NICoE Research
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TBI Dashboards

Support NICoE
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Provide services, tools, data, and analysis that can have profound impact in the treatment, management, and overall understanding of TBI.
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How can we explore clinical data?
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DHAZ  Overview of the Research Project

<+ We propose to design and validate an interactive visual analytics framework that:
% clinicians assessing TBI/PTSD patients can use to explore and analyze clinical data
“* researchers can use to hypothesize new research questions. .

< Primary aims of this project are:

1. design a visual analytic framework that ;
combines multiple clinical measurements

2. validate the effectiveness and usability of y & /
different visualization techniques |
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DHAE Research Question/Hypothesis &
High Level Objectives

Objective 1: The design and development of an intuitive framework to visually
analyze and explore a large number of clinical variables.

Objective 2: Perform a usability study to validate application with clinical and
research staff treating service members diagnosed with TBI/PTSD

Objective 3: Establish a research community. The software application will be
shared with researchers and clinicians at different DoD and federal
organizations as a validated software application to visually integrate and
analyze large number of clinical variables.
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Task
Task 1.1
Task 1.2
Task1.3
Task 1.4
Task 1.5
Task 1.6
Task 1.7
Task 1.8
Task 1.9
Task 1.10
Task 2.1
Task 2.2
Task2.3
Task 2.4
Task 2.5

DHAZ

Defense Health Agency

Tasks & Milestone Update

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 4D 41 42 43 44 45 46 47 48 Original SOW

Major Task 2: Validation of visualization systems
in clinical settings

Subtask 1: Write and submit expedite IRB protocol 48 Dr. Caban Dr. Chen
to perform usability study
Subtask 2: Preliminary validation of the Dr. Chen
framework with small number of students, 9-15

S TBD - Research
clinicians and researchers. Assl

ssistant

Subtask 3: Perform formal user study of the Dr. Caban Dr. Chen
usability of the system. The system will be tested
with over 20 clinicians and 40 students / 16-19 TBD - Research
researchers from Walter Reed and the University
of Maryland System.
Subtask 4: Analysis of usability study. 20-22 Dr. Caban Dr. Chen
Subtask 5: Share and/or publish findings of our Dr. Caban Dr. Chen
usability study. 22.24

TBD - Software
Developer

TBD - Research
Assistant

Task Timeline Site 1 Site 2
N!a]or Task 1: Design and development of clinical Months NICoE UMBC
visual analytics framework
Subtask 1: New software developer and research
assistant will be hired and brought up-to speed
about our research, the expectations, and 13 Dr. Caban Dr.Chen
deliverables of the project.
Subtask 2: Team will compare and evaluate
existing data visualization libraries and software
tools that could be used to develop a visual
analytics framework to explore and analy
clinical data. In particular, Data-Driven Dr. Caban Dr. Chen
l)ocume:\n. ProtoVis, FLIn.re, and l’rx‘h.m' will be 1-3 TBD - Software | TBD - Research
ed for their of them to Developer Assistant
illustrate dependencies among many clinical
variables. In addition, software applications such
as Tableau, QlikView, and Spotfire will be
evaluated.
Subtask 3: Design a modularized visual analytics Dr. Caban Dr, Chen
framework capable of loading, filtering and 3.18 §
illustrating any number of clinical variables, TBD - Software [ TBD - Research
Developer Assistant
Subtask 3: Obtain previously collected multi-
modal clinical data for 300 mTBI/PTSD subjects
and Joad data into the visualization system. The 9-12 Dr. Caban
data will be obtained from the NICoE at no cost to
this project.
Subtask 4: Perform preliminary validation of Dr.Chen
different visualization techniques . ~aba
q 9-15 Dr. Caban TBD - Research
Assistant
Subtask 5: Prepare and submit research progress z F 7
x 12 Dr. Caban Dr.Chen
report
Subtask 6: Update application based on e i ”
preliminary validation with clinicians and 15-16 IBD-Sofoware |-TBD T‘R_L.smrc
researchers. Developer Assistant
Subtask 7: Update system based on usability study 20-24 TBD - Software | TBD - Research
and suggestions received from users. Developer Assistant
Subtask 8: Share initial framework with different 23.24 Dr. Caban Dr. Chen

federal organizations including WRNMMC, MHS,

100%
100%
90%
100%
100%
80%
80%
80%
80%
80%
100%
90%
B80%
80%
80%

88%
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DHAZ Research Methodologies
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Table #1: Descriptive Statistics of our Dataset

Leveraging existing, approved and non-funded DoD

) Number of Patients 112,738
PrOJeCt fOr data' Gender Male 89.6%
e Protocol: DoD IRB #374953 Female 10.4%
. Age 18-24 35.8%
e PI: Jesus J Caban, PhD 9 °
25-34 40.4%
 Approval date: May 30th, 2012 =» Dec 2018
35-44 18.3%
45-64 5.4%
DHA Enterprise Services
Other 0.1%
———_—
AETA Pe——— Branch of Service Us Army 77,172
eR Analytics and Thorels .
P Dashboards US Marine 15,607
e T
cHes cxes Ciiical D 5 o US Air 9,823
Warehou: o arepoint ront-en
O arenouse g ‘Iznlcvlac: Force
I US Navy 9,011
DEERS
- Queries Other 1,125
— -~ SMs with evident War-Related TBIs 44,451
s _— Number of TBI-related Clinical 17,189,609
— Encounters
e Mean number of encounters per 24
patient per year
Wilke Number of Medication Transactions 9,964,413
Number of Laboratory Results 3,664,461
Data g
i Number of Radiology Notes 1,123,196
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DHAZ= Taxonomy of Clinical Data Types

eeeeeeeeeeeeeeeeeee

1. 1D/Linear
» lists of data items, organized by a single feature (e.g., EKG)
2. 2D/Planar (X-Ray, Geospatial)
» Geographical distribution of a specific disease
3. 3D/Volumetric
 medical imaging (CT, MR, etc...)
4. Temporal
o T=time series
5. nD/Multidimensional & INTL =
e category proportions (e.g. Neurog [ 4
6. Tree/Hierarchical o
 |CD codes, many medical tests
7. Network
e Clinical research
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DHAZ= Taxonomy of Clinical Data Types

eeeeeeeeeeeeeeeeeee

1. 1D/Linear
» lists of data items, organized by a single feature (e.g., EKG)

4. Temporal
e T=time series
5. nD/Multidimensional b I L
 category proportions (e.g. Neurog [~ \
6. Tree/Hierarchical -
 |CD codes, many medical tests
7. Network
e Clinical research




DHAZ= Results - Last Year
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1. Parallel

2. Chord

3.  Windrose
4. Lines

5.  Statistics

6. Area Chart
7. Histogram
8. Pie Chart
9. Bar Graph
10. Radar Fill

PCwp
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%
o

Results - Last Year
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Visually Exploring EHR data for a
Single Patient

18
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Previous Encounters  View lait four View Al
Date | Status "I Primasy Diagrosis | G
03 Aug 2006 1740 Neads Co-Sinatuie HYPERLIPIDEMIA CHCSHITT Clnic:
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Patiert SUAREZ, EDUARD O Date: 17 Jul 2006 Appt Type: WI
Fackty CHCSH T Facility Cliic. CHCSHITT Clinie Prowder. USER, TEST

IEST 24

Problens

HYPERLIPIDE MA

DIABETE S MELLITUS TYPE 1|

ESSENTIAL HYPERTENSION

Allespes

todine Containng Agerts

ke USER, TEST €0 17 0 20081224

Vial Signs Review
PKE Couglers Reaen For s
Peadiness Altorpen insformmtion verified brUSER, TEST 0 17 Jul 2006 1224

Patarit Questionn
Selected Reasonis) For Vist
reason for st screering exam lipoid disorders: (New) Commsrts:

Yisate
B0 12060, HR 80, RR. 12

= "—"':'"g:‘““""” I COLON, CHARLENE C: Military Clinical Desktop - Appointments (Privacy Act of 19747F0UO)

rd 1224

‘5’:;'5"“""” $O NoteVwilen by USER. TEST @0 17 04 2006 1224 Bl Ed Yew Go Jook Actions el
+ Elar PR e s mecrem “Ee o @& 0 E IS i & | x 4 1 o2 B
& Dispositon e Befresh (10 NewAppt PrgtAppts Lrmales Frovids gk r ki Fi d o Close
Esantisd hiypartangon.
o psion No Patient Selected>
ﬁm'mmmmum Last labs »1 year old
Bzt | Change Selections | [Appariments o CANNON MARJORY E in WARRIOR TRANSITION CLINIC (BHAM) for 07 May 2008 Ary Stahs.
=t o b, Appt Date/Tene | Status Reason for Vist | b1 ey | Classificolion | Encounter | Appt IEN [ ApptiD
07 May 20080740 Complete med 1etil OPEN ACCESS APPT Outpatierd 1TES0243 204047073
& » 07 May 20080800  Complete niomees OPEN ACCESS APPT Oulpatiers  CORGZ2T186T 1FRMTEBE 20391086
JEV b e 1 ot e et SO 07 May 20080620  Updated med el OPEM ACCESS APPT Oulpatiert 1RSI 204041523
Commerts: Schedule appt. weh PCM and request PCM refl cholesterod medication to cover pati 07 May 2008 0828 Comptete b check ACUTE APPT Outpatert 1FEE2404 204115551
LY O LB Gty RAVE SR S 07 May mm End case OPEN ACCESS APPT Oulpatient 17647804 203967047
-HEMOGLOBIN A1C (Routine) Resull Resu Status 07 May 2008 0300 ACHATY-CANGELLED INITIAL NEED FULL HOUR ESTABLISHED/FOLLOW UPAFPT Oulpatiert 1TROGES)  ZZBASIG
07May 20080900  FACILITY CANCELLED indial Exam ESTABLISHED/FOLLOW UP AFPT  Culpatiert ITEIGASS  ZUI0N4T
07 May 20080900  Complate Irshal E s ESTABLISHEDUFOLLOW UP AFPT Oulpaierd  CORJ2Z43323 17617995 209126363
— 07 May 20080346 Comgplete sl need full how INITIAL SPECIALTY CARE APPT  Culpatierd  COR-JZ284371 178STI97 208139069
07May 20081000  FACILITY CANCELLED iniial ESTABLISHED/FOLLOW UP AFPT  Oultpatient T 20291424
07May 20081100  FACILITY CANCELLED f/u MR tesults ESTABLISHED/FOLLOW UP AFPT  Oulpaticrt 1{7ITES 200831610
07May 20081100  Complate pebnc pan ROUTINE AFFT Oulpatiers 14850025 204046547
07May 20081102 Complete fnal dizposhon AOUTINE AFFT Ouipabiert TSI AWISTHSE
OF May 20081130 FACILITY CANCELLED  final dispeossion ESTABLISHED/FOLLOW UP AFPT  Cutpatiert 147 5
07 My 20081200 Comglate [R——— OPEN ACCESS APPT Oulpaiiers 1384 208081753
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Timeline Construction

® Represent the patient’s longitudinal history as a timeline.

® Encodes multiple attributes to a single encounter

Visually encode clinically relevant information into each node.
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® Encode information about the clinical data elements into attribute nodes:

»

»

»

»

»

»

»

Lab Test Results
Medications
Vitals

Clinical Note
Diagnosis Codes
Procedure Codes
Radiology Notes

Summary Node
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® Size of each attribute node is varied based on:
» Volume of data collected for the encounter
» Clinical significance of the captured data.

Patient was prescribed
multiple medications

The chief complaint was
clinically significant to the
patient’s history.

Attribute Nodes

No lab data was collected
for this encounter.

A large volume of vitals
data was collected.
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® Only show encounters that contain lab data.

Data Type =

| Check All
= ¥ Lab
Medications
Vitals

Notes

Dx




6¢

DHA= Filtering Example #2

® Only show encounters that
occurred with a specific type of
provider.

e Jan
Provider Type + Ezs
~ Check All é g
Audiologist °
~ Neurologist o
i i e
Physical Therapist OE@
Psychiatry
Speech Patholoagist Apr
0 8




DHAZ Timeline Interface
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® Allows providers to find the -

encounter that they want to G‘““““‘”*

PSA
ngimi

look at. : :

Vitamin D

LDL Cholesterol
mg/dL A
160 180 2

® Need to: oL e ) !

Total Cholesterol

» Allow to drill down further. . )

» Utilize visualization to R -
communicate each attribute.

g
8

§a

8

a

@
8-

February 6, 2017

Lab A EUNTEUEER N Vitals A« Notes [ Dx(CD) gy ProciCPT) '= RadNote | Chief Complaint g

Trilipix i ‘ Physical Attributes
45 MG Delayed Release Oral Capsule

” Imprint: 45;a
Abilify Color(s): Yellow, Red
5 MG Oral Tablet
Shape: Capsule

Zemplar Size (mm): 16.00
0.002 MG Oral Capsule waming
« Myopathy and rhabdomyolysis have been reported in patients taking
fenofibrate. The risks for myopathy and rhabdomyolysis are increased in
elderly patients; patients with diabetes, renal failure, or hypothyroidism;
and patients being treated with a statin
» Trilipix can increase serum transaminases. Liver tests should be

25
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DHA= Data View - Labs

@ Visualization of lab tests conducted for a given encounter.

® Color scale indicating whether patient is within normal range.

{i
iE
L]

NN Medications ® Vitals An Notes || DxfiCD) gy Proo{CPT) '= RadMNote [™ Chief Complaint 8 March 7, 2017

Initial

Glucose (fasting)
(non-diabeticjmg/al |
PSA
ngiml
[

Vitamin D
ngimL

LDL Cholesterol
mag/dlL

' '
80 160 190 220

HDL Choles_t_e[el
Total Cnoles_t_er__ql

Triglycerides

' '
100 130 200 500 00

Markers indicating
the patient’s
measured value
against the
possible range.

26
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@ N I ‘ o E NATIONAL INTREPID CENTER OF EXCELLENCE WALTER REED BETHESDA

Patient Summary

Increasing
amount of
lab data.

No lab data.
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Visually Exploring EHR data for a
Population or a Cohort of Patients

28




DHA= inical Trajectories
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plos Poed

p]lh.‘l

ploed
ploed
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Exploring Longitudinal Data
l @NICOE for a Cohort of Patients

Depression
\H/

PTSD

5 M Tool to analyze clinical trajectories 30
nTBI From 15t TBI to 1st diagnosis of PTSD for 5,000 service members.



DHA= Hierarchical Exploration of
Clinical Trajectories

14

Event Summary Sankey Raw Sequences Event Flow

Dataset: TBI Patients ~
0-7 | 7-32 | 32-60 92-127 127-165 | 165-206 | 206-252 | 252-303 |

PEFEFEFF

Timeframe: 0 to 360 days
10 Number of

Windows

Customize Windows

31




DHA= Hierarchical Exploration of
"""""""""""""""" Clinical Trajectories

07 732 32-60 | 60-92 | 92-127 \ 127-165 | 165-206 | 206-252 | 252-303 | 303-360 |

I

Endocine dysfunction

Jivijand




pDHA= Hierarchical Exploration of 0|

................... Clmlcal Trajectones

Anxiety
-
. Behavioral
. Cognitive deficits
. Depression

Endocine dysfunction
P Headache
. NONskull fracture
- Neurology

PCS
. PTSD

Parkinsonism
. Seizure
=

Stress
. Veode
. Vision




DHA= Hierarchical Exploration of
"""""""""""""""" Clmlcal Trajectorles

Endocine dysfunction
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DHA= Barriers / lssues
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« POP started on April 151, 2015
+» Delayed on starting the project. It didn’t start until August 2015

% Challenges hiring qualified developer to focus on the project due to budget
modifications
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DHAZ Risks & Risk Mitigation Plan

Defense Heallth Agency

Risk: Delays due to complexity of brining qualified candidates.
Mitigation: Spent significant amount of time training candidate.
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Metrics

Number of research publications, presentations, and abstract

Interest and the engagement shown by clinical providers

e

PPy

~,

Visualization of Longitudinal Clinical Trajectories using a
Graph-based Approach

ELSEVIER

Leveraging Big Data to Model the Likelihood of Developing
Psychological Conditions After a mild TBI

Filip Dabek and Jesus J. Caban®

Nestomad sy Conter of Excxfiemce INICREL
Wik Nped Nariomal Mitory Midicef Crmier

Hliﬁ Dabek Jian Chen Alexander Garbarino A Grammar-based Approat e
Dage. of Computer SMEC Dm- of wm Clinical Trajectory after
fiip. dabek. clr@mall mil Unmrsi:y of Mwland U Ur-verany cr Mamm b Injuw
p.} jichen@umbe.edu garbal@umbc.edu M e )
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jesus.j.caban. cw@mad mil

ABSTRACT

The adoption ofnbclmmc health records (EHRs) and the
and clinics in health in-
formation exchange m hl\'l: resulted in unique longi-
tudinal data that describes a patient's clinical trajectory.
In-depth analysis of that information is important to bete
ter understand the gencral course to rocavery or the evolu-
tion of a lar disease. U felling and
understanding the progression of a discase is still a chal-
lenging task given that most often patients take vastly dif-
ferent paths after being dingnosed with a specific discase
or condition. The different trajectories patients follow, the
individual temporal events that each patient goes through,
the uncertainties associated with clinical dingnoses, and the
irregular time intervals between clinical dingnoses present
challenges to rescarchers trying to analyze the commaon tra-
jectories of a set of N patients. This paper presents a
graph-based visualization method to b ively analyze
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1. INTRODUCTION
The rapid advancements in medical sciences and the in-
ercased adoption of electronic health records (EHRs) have
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DHAZ Anticipated Impact

D)

as an Outcome of Research

Visually exploring the effects of a particular treatment plan and graphically
monitoring changes over time will have a significant impact on the way clinicians
assess the sequelae of TBI.

To guarantee the success of our software application, two clinicians will guide,
review, and validate the visualization system so it can be easily used and adapted
by other researchers.

We believe that the design and development of the software will create a
community within the NICoE, Walter Reed, DHA, Intrepid Spirits, Uniformed
Services University (USU), and other organizations that will use state-of-the-art
visual analytic tools to better understand and explore TBI research data.

Components of our visual analytical techniques being incorporated into CarePoint.
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DHAZ Transition Plan

<+ Research Community: the software application will be primarily developed to
target clinicians and researchers who need to fuse physiological, cognitive,
behavioral, and imaging measurements. To accomplish that we plan to:

)

% Include clinicians in regular meetings so they can guide the research and development
of specific charts, correlations, and comparisons most clinicians are interested in
analyzing.

+» Validate the framework with other clinicians within the NICoE.

“» Freely distribute the software application to members of the community.
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DHA= Conclusions
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Visualization systems can have a significant impact in how providers look at
clinical data

This project has the potential to impact different providers that need assistant
with the data analysis and exploration

Project on track

Contact Info:

Jesus J Caban, PhD

Chief, Clinical & Research Informatics
NICoE, Walter Reed Bethesda
E: jesus.j.caban.civ@mail.mil
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An Interactive Visualization Framework to Support Exploration and Analysis of

TBI/PTSD Clinical Data

Pl: Dr. Jesus J. Caban

Org: National Intrepid Center of Excellence (NICoE) / Geneva

Problem, Hypothesis and Military Relevance

» Problem: The large number of evaluation techniques to assess
TBI patients poses challenges to clinicians who must integrate
disparate measurements to understand the patient’s condition.

» Hypothesis: In order to successfully analyze a large number of
multi-modal clinical variables and integrate different evaluation
protocols, new visual analytics techniques and applications are
needed.

» Military Relevance: The computational models and visual
analytical interfaces will use TBI data of military personnel.

Proposed Solution

* Objective 1: The design and development of an intuitive framework to
visually analyze and explore a large number of clinical variables.

» Objective 2: Perform a usability study to validate application with
clinical and research staff treating service members diagnosed with
TBI/PTSD

* Objective 3: Establish a research community. The software
application will be shared with researchers and clinicians at different
DoD and federal organizations as a validated software application to
visually integrate and analyze large number of clinical variables.

* Budget Expenditure to Date:
*  Projected Expenditure: S101K

e Actual Expenditure: $303K Updated: 15 JAN 2018

Timeline and Cost

Activities FY15 FY16 FY17 FY18
R&D visual analytics application |
Compare application with existing

techniques —
Perform a usability study *
Validate software application with é
TBI Data

Software Integration with other ]
tools and libraries

Share application I
Estimated Total Budget ($452k) $45K | $103K | $113K $94






