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Abstract

We introduce a tool that extracts clinical data setsand provides visualizations from clinical data warehousesthat use
the Informatics for Integrating Biology and the Bedside (i2b2) query tool. Our tool, i2b2t2 (i2b2 to Tableau), can
extract and visualize any i2b2 query into a portable format that researchers can easily explore without needing a
highly technical or statistical background. This user-friendly format provides a quick visual summary of the queried
population and is easily extendable to develop more intricate and robust visualizations. Extraction and visualization
can be provided as a service by clinical data warehouses to expedite the rel ease of data setsfor research. i2b2t2 also
encourages visualization as a self-service; a motivated researcher can develop custom visualizations for exploration
or publication.

Introduction

Clinical research often begins with data extracted from clinical data warsh@B®/s). Informatics for Integrating
Biology and the Bedside (i2p2s an initiative sponsored by the NIH Roadmap National Cerite Biomedical
Computing whictprovides a query tool that supplies aggregate counts and basic analydesoppaulations from
CDWs. Ten internal medical centers, sixty academic medical centers, and ovédrdfiadites awarded a Clinical and
Translational Science Award (CTSA) report using RIizb?2 is effective at estimating patient cohort siaed has
an extendable architecture where plugins with additional features can bepddvel

Modifications to i2b2 have a wide variety of purposes and impacts. Fualctivodifications seek to add novel
functiondity, such as the Rngine cefland SMART apps Performance modifications, such as replacing internal
technical componeritg seek to improve the responsiveness of the tool. External modificasiocis as the Integrated
Data Repository Toolkit (IDRT) seek to enhance the adoption, usage, and proliferation of i2b2. Our tool iglexter
to i2b2 and attempts to bridge the gap lestavcohort identification and cohort information visualization.

Information visualization can engage usensitheir data and lessen the difficulty of discovering deeper details and
relationships by exploiting their visual recognition abilitiegisualization is welstudied in healtitare® *4, medical
informaticg?, and imaging informatié¢% but is relatively new to clinical research informaticsCurrent research
includes problenspecific examples, such as visualizing time series and &ialyBroblem and domairspecific®
examples are plentiful, but we aim to construct a tool capable of assstjagerapurpose clinial researcher in
delving intoa retrospective datxtract obtained through i2b@ther visualization systems exisich as HARVEST

and SMART appsbut their focus is primarily to summarize and visualize a singlerpatie their longitudinal event
history rather than summarizing antire population. Gnaeliss an example of a cohort visualization tool, but it does
not assist in finding the cohort.
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Figure 1. i2b2t2 fits into a setbervice model where researchers find their study populations thi2a@lamnd request
a data extract with an interactive, exploratory visualization component.

Visualization has beetlemonstrated to rede task completion times, Litd impact on finding and retrieving patients
is uncertain and highly dependent on the visualization intétfabée avoid the retrieval process by relying upon
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i2b2's dynamic interface to assist researchers in constructing a queryreavihges population. Oncepopulation
is retrieved, we can then visualize it and assist the researcher in undagsthediopulation's characteristics.

M ethods

We use our CDW as a hub for distributing clinical dataaets for research. One of the goals of i2b2t2 is to facilitate
the process of delivering extracted data and visualizationgégearcher once they have found a desired patient
population in i2b2. Table&uis a commercial software package for authoxiisgializations; these visualizations can
be delivered in the form of packaged workbooks, whichtisanbe opened in Tableau reader, a free workbook reader
tool° similar in look and feel to an interactive PDF reader.
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Figure 2. The pipeline of i2b2t2 égins with an i2b2 query and ends with a deliverable containing the rafilesta
for analysis, TDE files for constructing additional visualizatjcaasd preconstructed workbooks with interactive
visualizations copied from a template.

i2b2t2 uses Tablegs Software Development Kib create Tableau data extract (TDE) files; only a simple database
connection to i2b2 is needed. A user requests an extract and vismalizatkbook for a given i2b2 query; these
identified queries are logged and queued into a request table. i2b2t2 runsreiseatbat executes pending data
extract requests at a configurable interval. The pipeline for extractingrdatd2b2 and constructirtipe workbook

is found in Figure 2Preliminary staging of extracted data is necessary because each data extracttheptatest

and encounter identifiers with randomly generated keys specific toettpadst; this reduces security concerns that
additional information coudl be leaked or deduced from a “connect the dattsitk with multiple data extraétsAlso

with the goal of preserving privacy, we independently date shift eachtskiestory, so that the time between events
within a patient's record is faithfully preserted

Once staging isomplete, queries # extractselected dimensions, such as diagnoses, medications, procedures, and
so on, are logged and executed. The result set of these queries are ovitfn files and to TDE files. The CSV

files provide the detailed data necessary for analysishen@DE files will be the data source for the workbook of
visualizations. To construct the workbook, a template is copied fracahflle repository(Figure 3)and its data
sources are set to the newly extracted TDE files. The workbook tempiaitaénvisualizations we have developed

and found useful for a general purpose data extract. For highly motreatatchers, new visualizations can be added

by leveraging the same TDE files in Tableau Desktop or by using the CSVhfd@sanalysis softwangackage of

their choosing. Other templates exist which provide visualizatimmprbject specific queries, such asia-depth

visual analysis of our diabetic population.

ahttp://www.tableau.com
b http://www.tableau.com/products/reader
¢ http://onlinehelp.tableau.com/current/api/sdkiesthelp.htm
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Figure 3. Any number of temlates can reside in thepository; all visualization share a common data source of
models constructed through extracted i2b2 concepts.

Once the template is copied and its data sources are configured, a packaged wisrkbeated; this is a single
compressed archive containitige workbook and data soesmerged together and can be opened with the free reader
tool. As a last step, i2b2t2 compresses all data files, workbooks, andjy@hakakbooks into a single compressed
file that is deliverable to the researcher.

Results

A workbook can contain as mamsualizations as desired. oTprevent information overlogdmulti-perspective
summaries are provided. Our default template has eight ggnepaise isualizations patient list, demographics,
top 10 medications, top 10 labs, top 10 procedures, HbAlc, metabolic panel, and bloaé.pressu
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Figure 4. When plotting blood pressure, outliers are evident (orange dots are malkianibts are female).
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Thesevisualizationgive a bird's eye view of the population contained in the data set.eTddtdvokbook template
attempts to fulfill two common visualization needs: discovering trendsdamtifying outliers. Figre 4 shows how

a very basic plot of blood pressure could help identify outliers of intéfiggtre 5 shows how easily cohort trends
can bevisualized. Figure 6 shows how a highlume set of lab values cae conciselysummarized with a traditional
box-andwhiskers plot.
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Figure5. Visualization allows one to see trends for certain study populations.
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Figure 6. Box and whiskers plots catow quartiles and outliers for lab measurements (HbAlc shown).
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The template is extendable and interchangeable so that additional visualiaatimrkbooks can be implemented as
needed. We also have a patient record viewer and evenliienemplatethat allows one to dritlown based on a
chosen concept (diagnosis, medication, etc.) to see only those patiertiawehthat concept in their records.

For security and practical reasons, all queries are logged so that we know ekatttlata has beéncluded in a

given data extract. This is helpful iloth security and regulatory audits of clinical data releases. This also enables us
to refresh an extract should the researcher need updated data in the future. Byatlefatracts are released it
identifiers for patients and visits specific to that encounter; thisisefemture also acts as a fingerprintthie data
extract.

Before creating the entire pipeline, we piloted the idea of providing vistialns to researchers as part of their data
extract requests. Initial feedback indicates tleerfriendly pointandclick interfaces that these interactive
visualizations prowe are greatly welcomed. In our early findings, a clinical researchepleasedhat he did not

have to completely rely on his statistician collaborator to explore theetatatéch was too large to explore vise
researcher'sraditional means. Begnable to engage a very large data set without the need for an advanced statistical
package eliminated a barrier for clinical research.

The pitfall of this approach is that not every visuatian need can possibly be met. There will lmagvisualizatios

that are overlystudy specific, causintheir utility to the general public to bguestionable. A highly motivated
researcher can use the TDE files to constuiscor heilown visualizations for research or publications without needing
our template workooks. There is a natural learning curve to Tableauthede have been studieskafown barriers
and challenges withovices creating visualizatiois

Discussion

Our approach for having visualization as a service relies upon thihatexisting information visualization authoring
tools are highly effective in creating visualizations. Once the templatésfaalization is authored, instances of the
visualizations can operate on specific data sets and be released to the neseaictiieem in surveying thdata. We
have chosen Tableau as a visualization framework because of its frdik® Bfader tool that researchers can easily
download. As the process already yields CSV and TDE files, addifamnaatscan be supported in the futureor
exampe, we could provid R data frames and R scripts for basic analysd ceate Rbased visualizations also

The entire pipeline is automatedhich drastically increases our ability as a CDW to release data to researcheys quickl
We have extracted data aservice for several years and the ability to create a ggnerase data extragreatly
unburdens our data analyst team. Our institution maintairnistemal CDW that feedsnto i2b2; we could have
interfaced Tableau with oumternal CDW, but by choosing to layer Tableau with i2b2, wisualizationefforts are
reusdle in the biomedical community for those that use i2b2 Asoillustrated in Figure 2, i2b2 acts as a public
facing portal that enables cohort discovery under asgalfice model; data extracts and visualizations are additional
deliverables of the process.

There is more than one strategy for connecting visualizations to i2b2lteknative to our design is to develop i2b2
plugins thatdirectly contain visualizations ithe i2b2 web client's interface; this design could leverage existing
libraries such as D3 (Dafariven Documents)to create datdriven visualizations. Software development ian
inarguably expensive process and often requires maintenance in perp®faitavoid the need for programming
visualizations for the web by designing visualizations and workbemwlplates within the Tableau ecosystem, which
removes théurdenof designing visualizations compatible with different web browgdatforms, and dewés. This
should improvehe user's experience by providing a consistent, professional visualigzationment; the cost of
this experience is that it requires downloading a free tool to reaubitidooks. Development of new visualizations
requires a licensed copy of the Tableau Desktop software, which is availagi@demic pricing. The proge of
developing visualization templates for i2b2t2 is quite rapid due to the-goikdlick nature of Tableau. We are
expanding our repository of visualization workbook templates to inclugie wisualizations, including ones for
popular subsets of patients such as diabetics.

As a means of communicating with visualizations, Tableau supporysesiiog®, which is an open area of research
in the informationvisualization communi#. As future work, we are experimenting through i2b2t2 with effective
ways to tell a storyith visualizatiors for a given patient population. Intuitively, this requires thestirelative

ahttp://d3js.org/
b http://www.tableau.com/about/blog/2014/5/8viewtell-story-your-datastory-points30761
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templates to be chosen basgon the poplation selectedand to order vigalizations in a way thaéll a meaningful
story.

i2b2t2 runs as a service and can be installed on any server that runs i2b2urGeicede is available onlit@nd is
completely extendable to other institutions. i2b&titks with many of the common ontologies found in i2b2, such
as ICD9 cods for diagnoses and CPT codes for procedures. Adding a dimension simply regedtes) a TDE
model indicatingvhich columns and data types are present.

As seen in Figure 22b2t2 fits into a selbervice model of cohort identification and aims to connect researchers to an
environment that allows for visual exploration of their data. This enwvieoi can be controlled as needed by the
regulatory requirements of the CDW: thegsual workbooks could be delivered to a virtual machine where access is
controlled and logged necessaryAn unintended consequences of this security measure is that the Usegemn
needs to download and install the free workbook reader ¥d have focused our efforts on usingidentified data
withoutlarge regulatory burdenbut acknowledge thather institutions may benefiom addingdataaccess controls
based on theequestingiser’s access level.

Conclusions

We introduced i2b2t2 raopensourceservicewhich handleslata extractequests for queries developed in i2b2. The
resultingdata extract containsoth raw data files for analysis and a pagkd workbook of visualizations, which
assistghe researchén exploring and understandjthedata effectively. With i2Bt2 CDWs can rapidly releagem
i2b2 an improved data extract with visualizations for reseaftiis completes a CDW g$edervice model with a
researcher constructirrgqueryto targeta desiregopulation in i2b2 andubsequentlyeceivingin return a workbook
containinguseful and insightful visualizationas well as data files for analysis.
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