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igitalization of patient-specific in-
Dforrnation over the past 2 decades

has dramatically altered health care
delivery. Nonetheless, this technology has
yet to live up to its promise of improving
patient outcomes, in part due to data stor-
age challenges as well as the emphasis on
data entry to support administrative and
financial goals of the institution.'* Sub-
stantially less emphasis has been placed
on the retrieval of information required for
accurate diagnosis.

A new search engine, Voogle, is now
available through Microsoft Internet Ex-
plorer (Redmond, WA) to all providers
in the US Department of Veterans Affairs
(VA) on any intranet-enabled computer be-
hind the VA firewall. Voogle facilitates rapid
query-based search and retrieval of pa-
tient-specific data in the VA Corporate Data
Warehouse (CDW).

CASE EXAMPLE

A veteran presented requesting consider-
ation for implantation of a new device for
obstructive sleep apnea. Guidelines for im-
plantation of the new device specify a nar-
row therapeutic window, so determination
of his apnea-hypopnea index (AHI) was
critical. The patient had received care at
more than 20 VA facilities and knew the ap-
proximate year the test had been performed
at a non-VA facility.

A health care provider (HCP) using
Voogle from his VA computer indexed all
Veterans Information Systems and Tech-
nology Architecture (VistA) notes for the
desired date range. The indexing of > 200
notes was completed in seconds. The HCP
opened the indexed records with Voogle
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and entered a query for “sleep apnea,”
which displayed multiple instances of the
term within the patient record notes. A VA
HCP had previously entered the data from
the outside sleep study into a note shortly
after the study.

This information was found immedi-
ately by sorting the indexed notes by date.
The total time required by Voogle to find
and display the critical information from
the sleep study entered at a different VA
more than a dozen years earlier was about
1 minute. These data provided the infor-
mation needed for decision making at the
time of the current patient encounter, with-
out which repeat (and unnecessary) testing
would have been required.

INFORMATION OVERLOAD
Electronic health records (EHRs) such as
VistA, upload, store, collate, and present data
in near real-time across multiple locations.
Although the availability of these data can
potentially reduce the risk of error due to
missing critical information, its sheer vol-
ume limits its utility for point-of-care deci-
sion making. Much patient-specific text data
found in clinical notes are recorded for ad-
ministrative, financial, and business purposes
rather than to support patient care decision
making.!? The majority of data documents
processes of care rather than HCP observa-
tions, assessment of current status, or plans
for care. Much of this text is inserted into
templates, consists of imported structured
data elements, and may contain repeated
copy-and-paste free text.

Data uploaded to the CDW are aggre-
gated from multiple hospitals, each with its
own “instance” of VistA. Often the CDW
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contains thousands of text notes for a sin-
gle patient. This volume of text may conceal
critical historical information needed for pa-
tient care mixed with a plethora of duplicated
or extraneous text entered to satisfy adminis-
trative requirements. The effects of informa-
tion overload and poor system usability have
been studied extensively in other disciplines,
but this science has largely not been incorpo-
rated into EHR design.'>*

A position paper published recently by
the American College of Physicians notes
that physician cognitive work is adversely
impacted by the incorporation of nonclinical
information into the EHR for use by other
administrative and financial functions.?

Information Chaos
Beasley and colleagues noted that infor-
mation in an EHR needed for optimal care
may be unavailable, inadequate, scattered,
conflicting, lost, or inaccurate, a condition
they term information chaos.” Smith and col-
leagues reported that decision making in 1 of
7 primary care visits was impaired by miss-
ing critical information. Surveyed HCPs es-
timated that 44% of patients with missing
information may receive compromised care
as a result, including delayed or erroneous
diagnosis and increased costs due to duplica-
tion of diagnostic testing.®

Even when technically available, the us-
ability of patient-specific data needed for
accurate diagnosis is compromised if the
HCP cannot find the information. In most
systems data storage paradigms mirror da-
tabase design rather than provider cognitive
models. Ultimately, the design of current
EHR interaction paradigms squanders pre-
cious cognitive resources and time, partic-
ularly during patient encounters, leaving
little available for the cognitive tasks nec-
essary for accurate diagnosis and treatment
decisions.!?*7

VA CORPORATE DATA WAREHOUSE

VistA was implemented as a decentralized
system with 130 instances, each of which is
a freestanding EHR. However, as all systems
share common data structures, the data
can be combined from multiple instances
when needed. The VA established a CDW
more than 15 years ago in order to collate
information from multiple sites to support
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operations as well as to seek new insights.
The CDW currently updates nightly from
all 130 EHR instances and is the only lo-
cation in which patient information from
all treating sites is combined. Voogle can
access the CDW through the Veterans In-
formatics and Computing Infrastructure
(VINCI), which is a mirror of the CDW da-
tabases and was established as a secure re-
search environment.

The CDW contains information on
25 million veterans, with about 15 tera-
bytes of text data. Approximately 4 billion
data points, including 1 million text notes,
are accrued nightly. The Integrated Con-
trol Number (ICN), a unique patient identi-
fier, is assigned to each CDW record and is
cross-indexed in the master patient index.
All CDW data are tied to the ICN, facilitat-
ing access to and attribution of all patient
data from all VA sites. Voogle relies on this
identifier to build indexed files, or domains
(which are document collections), of re-
quested specific patient information to sup-
port its search algorithm.

Structured Data

Most of the data accrued in an EHR are struc-
tured data (such as laboratory test results and
vital signs) and stored in a defined database
framework. Voogle uses iFind (Intersystems
Inc, Cambridge, MA) to index, count, and
then search for requested information within
structured data fields.

Unstructured Text

In contrast to structured data, text notes are
stored as documents that are retrievable by
patient, author, date, clinic, as well as nu-
merous other fields. Unstructured (free) text
notes are more information rich than either
structured data or templated notes since their
narrative format more closely parallels pro-
viders’ cognitive processes."” The value of the
narrative becomes even more critical in un-
derstanding complex clinical scenarios with
multiple interacting disease processes. Nar-
ratives emphasize important details, reducing
cognitive overload by reducing the salience
of detail the author deems to be less criti-
cal. Narrative notes simultaneously assure
availability through the use of unstandard-
ized language, often including specialty and
disease-specific abbreviations.! Information
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FIGURE 1 Structured and Unstructured Data Are Queried
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needed for decision making in the illustrative
case in this report was present only in HCP-
entered free-text notes, as the structured data
from which the free text was derived were
not available.

Search

The introduction of search engines can be
considered one of the major technologic dis-
ruptors of the 21st century.® However, this
advance has not yet made significant inroads
into health care, despite advances in other
domains. As of 2019, EHR users are still re-
quired to be familiar with the system’s data
and menu structure in order to find needed
information (or enter orders, code visits, or
any of a number of tasks). Anecdotally, one
of the authors (David Eibling) observed that
the most common question from his train-
ees is “How do you . . .?” referring not to the
care of the patient but rather to interaction
with the EHR.

What is needed is a simple query-based
application that finds the data on request.
In addition to Voogle, other advances are
being made in this arena such as the
EMERSE, medical record search engine
(project-emerse.org). Voogle was released
to VA providers in 2017 and is available
through the Internet Explorer browser on
VA computers with VA intranet access. The
goal of Voogle is to reduce HCP cognitive
load by reducing the time and effort needed
to seek relevant information for the care of a
specific patient.
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Natural Language Processing

Linguistic analysis of text seeking to under-
stand its meaning constitutes a rapidly ex-
panding field, with current heavy emphasis
on the role of artificial intelligence and ma-
chine learning.! Advances in processing both
structured data and free-text notes in the
health care domain is in its infancy, despite
the investment of considerable resources. Un-
doubtedly, advances in this arena will dra-
matically change provider cognitive work in
the next decades.

VistA is coded in MUMPS (Massachu-
setts General Hospital Utility Multi-Program-
ming System, also known as M), which has
been in use for more than 50 years. Voogle em-
ploys iKnow, a novel natural language process-
ing (NLP) application that resides in Caché
(Intersystems, Boston, MA), the vendor-
supported MUMPS infrastructure VistA uses
to perform text analysis. iKnow does not at-
tempt to interpret the meaning of text as do
other common NLP applications, but instead
relies on the expert user to interpret the mean-
ing of the analyzed text. iKnow initially divides
sentences into relations (usually verbs) and
concepts, and then generates an index of these
entities. The efficiency of iKnow results in very
rapid indexing—often several thousand notes
(not an uncommon number) can be indexed
in 20 to 30 seconds. iKnow responds to a user
query by searching for specific terms or simi-
lar terms within the indexed text, and then dis-
plays these terms within the original source
documents, similar to well-known commer-
cial search engines. Structured data are indexed
by the iFind program simultaneously with free-
text indexing (Figure 1).

Security

Maintaining high levels of security of Health
Insurance Portability and Accountability
(HIPAA)-compliant information in an online
application such as Voogle is critical to ensure
trust of veterans and HCPs. All patient data
accessed by Voogle reside within the secure
firewall-protected VINCI environment. All
moving information is protected with high-
level encryption protocols (transport layer
security [TLS]), and data at rest are also en-
crypted. As the application is online, no data
are stored on the accessing device. Voogle
uses a secure Microsoft Windows logon
using VA Active Directory coupled with VistA
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authorization to regulate who can
see the data and use the appli-
cation. All access is audited, not
only for “sensitive patients,” but
also for specific data types. Users
are reminded of this Voogle attri-
bute on the home screen.

ACCESSING VOOGLE

Voogle is available on the VA in-
tranet to all authorized users at
https://voogle.vha.med.va.gov
/voogle. To assure high-level se-
curity the application can only
be accessed with the Internet Ex-
plorer browser using established
user identification protocols to
avoid unauthorized access or du-
plicative log-in tasks.

Indexing

Indexing is user-driven and is re-
quired prior to patient selection and
term query. The user is prompted
for a patient identifier and a date
range. The CDW unique patient
identifier is used for all internal pro-
cessing. However, a social security
number look-up table is incorpo-
rated to facilitate patient selection.
The date field defaults to 3 years
but can be extended to approxi-
mately the year 2000.

Queries

Entering the patient name in
Lastname, Firstname (no space)
format will yield a list of indexed
patients. All access is audited in

order to deter unauthorized queries. Data
from a demonstration patient are displayed in

Figures 2, 3,4, 5, and 6.

Structured Data Searches

Structured data categories that contain the
queried term, as well as a term count, are
displayed after the “Structured Data” tog-
gle is selected (Figure 2). After the desired
category (Figure 2: “Outpatient Rx”) is se-
lected, Voogle accesses the data file and dis-
plays it as a grid (medication list, Figure 3).
Filter and sort functions enable display of
specific medications, drug classes, or date

ranges (Figure 4).
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FIGURE 2 Querying Structured Data?
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Selecting the Structured Data toggle displays the structured data fields that contain the term. Entering
Medications in the query box will return outpatient, inpatient, and non-VA meds and the number of
prescriptions in each category.

aFor demonstration purposes only, not actual patient data.

FIGURE 3 Displaying Medication List as Grid?
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Selecting the desired Structured Data category, in this instance Outpatient Rx displays the data in
grid format, 1 row per prescription. Note that the selected category contains 478 prescriptions.
aFor demonstration purposes only, not actual patient data.

FIGURE 4 Filtering Medication List by Drug Class?
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Active sort and filter functionality is supported within the structured data grid as in the unstructured
text search grids. In this example the display was filtered for the GA900 drug class to select the gas-
trointestinal medications the patient had received during the period of interest.

aFor demonstration purposes only, not actual patient data.

Display of Terms Within Text Notes

Selecting a term from the drop-down list
(Figure 5) opens a grid with the term high-
lighted in a snippet of text (Figure 6). Open-
ing the document displays the context of the
term, along with negation terms (ie, not, de-
nies, no, etc) in red font if present. Voogle,
unlike other NLP tools that attempt to inter-
pret medical notes, relies on interpretation
by the HCP user. Duplicate note fragments
will be displayed in multiple notes, often
across multiple screens, vividly demonstrat-
ing the pervasive use of the copy-and-paste
text-entry strategy. Voogle satisfies 2 of the
4 recommendations of the recent report on
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FIGURE 5 Term Query Search Example
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Concepts (terms) found within indexed free text are displayed in the drop-down display that refreshes
with each additional character. Voogle finds all instances of similar terms regardless of where the
desired word or term exists within the concept.

aFor demonstration purposes only, not actual patient data.

FIGURE 6 Selected Query Term From Text Notes Displayed in Grid
Format
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Selecting a term from the drop-down list displays the note title, hospital number, date, and a snippet
of text containing the selected term in a grid that can be sorted by column. Negated concepts are dis-

played in red font. Selecting the desired snippet of text (or clicking on the “eye” icon) opens the note so

the term can be seen in context. Note the structured data toggle above the grid (Figure 2), along with
additional display toggles such as negated text, time line, and a word map (not shown).
aFor demonstration purposes only, not actual patient data from an actual patient.

Limitations

Voogle is unable to access all VA
patient data currently. There are
a dozen or so clinical domains
that are indexed by Voogle that
include prescriptions, problem
lists, health factors, and oth-
ers. More domains can be added
with minimal effort and would
then be available for fast search.
The most critical deficiency is
its inability to access, index, or
query text reports stored as im-
ages within VistA Imaging. This
includes nearly all reports from
outside HCPs, emergency de-
partment visits or discharge
summaries from unlinked hos-
pitals, anesthesia reports, in-
tensive care unit flow sheets,
electrocardiograms, as well as
numerous other text reports
such as pulmonary function re-
ports or sleep studies. Informa-
tion that is transcribed by the
provider into VistA as text (as in
the case presented) is available
within the CDW and can be
found and displayed by Voogle
search.

Voogle requires that the
user initiates the index-
ing process prior to initiating
the search process. Although
Voogle defaults to 3 years prior
to the current date, the user
can specify a start date extend-
ing to close to the year 2000.
The volume of data flowing
into the CDW precludes au-
tomatic indexing of all patient
data, as well as automatic up-
dating of previously indexed

copy-and-paste by Tsou and colleagues.’ The
Voogle text display grid identifies copy-and-
pasted text as well as establishes the prov-
enance of the text (by sorting on the date
column). Text can be copied from Voogle
into an active Computerized Patient Record
System (CPRS) note if needed for active pa-
tient care. Reindexing the following day and
then repeating the search will demonstrate
the newly copied-and-pasted text appended
to the sequence.
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data. We have explored the feasibility of
queueing scheduled appointments for the
following day, and although the strategy
shows some promise, avoiding conflict with
user-requested on-demand indexing re-
mains challenging.

The current VA network architecture up-
dates the CDW every night, resulting in up to
a 24-hour delay in data availability. However,
this delay should be reduced to several min-
utes after implementation of real-time data
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feeds accompanying the coming transition to
anew EHR platform.

CONCLUSIONS

The recent introduction of the Joint Legacy
Viewer (JLV) to the VA EHR desktop has en-
hanced the breadth of patient-specific infor-
mation available to any VHA clinician, with
recent enhancements providing access to
some community care notes from outside
HCPs. Voogle builds on this capability by en-
abling rapid search of text notes and struc-
tured data from multiple VA sites, over an
extended time frame, and perhaps entered by
hundreds of authors, as demonstrated in the
case example. Formal usability and workload
studies have not been performed; however,
anecdotal reports indicate the application dra-
matically reduces the time required to search
for critical information needed for care of
complex patients who have been treated in
multiple different VA hospitals and clinics.

The Voogle paradigm of leveraging pa-
tient information stored within a large
enterprise-wide data warehouse through
NLP techniques may be applicable to other
systems as well, and warrants exploration.
We believe that replacing traditional data
search paradigms that require knowledge
of data structure with a true query-based
paradigm is a potential game changer for
health information systems. Ultimately this
strategy may help provide an antidote for
the information chaos impacting HCP cog-
nition. Moreover, reducing HCP cognitive
load and time on task may lessen overall
health care costs, reduce provider burn-
out, and improve the quality of care re-
ceived by patients.

Near real-time data feeds and adding ad-
ditional clinical domains will potentially
provide other benefits to patient care. For
example, the authors plan to investigate
whether sampling incoming data may as-
sist with behind-the-scenes continuous
monitoring of indicators of patient status
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to facilitate early warning of impending
physiologic collapse.'® Other possible ap-
plications could include real-time scans for
biosurveillance or other population screen-
ing requirements.
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