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have prominent roles in HBPC including as program leaders, primary care providers and nurses who make
home visits. Delivery of primary care services to patients in their homes can be challenging due to travel dis-
tances, difficult terrain, traffic, and adverse weather. Mapmaking with geographic information systems (GIS)
can support optimization of resource utilization, travel efficiency, program capacity, and management during
normal operations, and patient safety during disasters. This paper reports on the feasibility, acceptability and
outcomes of an initiative to implement GIS mapmaking in VHA HBPC programs. A mixed method evaluation
assessed extent of adoption and identified facilitators and barriers to uptake. Results indicate that GIS map-
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ping in VHA HBPC is feasible and can increase effectiveness and efficiency of VHA HBPC nurses.
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Introduction

Improving access to care is a top priority for the Veterans Health
Administration (VHA)!; therefore, emphasis has been placed on
expanding non-institutional care programs. One example is the VHA
Home Based Primary Care (HBPC) program which provides compre-
hensive primary care services to mostly elderly Veterans (mean age
76.5 years) who have complex, chronic conditions, who can be frail
and disabled, and who face significant barriers accessing clinic-based
services.>> HBPC delivers cost-effective, long-term, primary care to
Veterans in their homes that can include coordination of care, reha-
bilitation, disease management, and palliative care.*

In the VHA, HBPC is provided by an interdisciplinary care team
that is comprised of nurses, nurse practitioners, physicians, rehabili-
tation therapists, dietitians, social workers, psychologists, and phar-
macists.” Most of these team members provide face-to-face care to
Veterans in their homes. Nurses have prominent roles on the teams.

*Corresponding author.
E-mail address: Jason.Lind@va.gov (J.D. Lind).

https://doi.org/10.1016/j.gerinurse.2019.10.010
0197-4572/$ — see front matter © 2019 Elsevier Inc. All rights reserved.

For example, nurses can provide in-home assessment for acute and
chronic medical problems and contribute to healthcare maintenance
by providing vaccinations. Nurse practitioners are commonly the pri-
mary care providers.

HBPC services have reduced hospital and nursing home stays,
reduced costs, and improved access and quality of care.”® Both urban
and rural Veterans who are medically homebound have significantly
benefited from HBPC due to increased accessibility to primary care,
mental health care, and pharmacy services.” The number of Veterans
receiving HBPC services in the 139 HBPC program sites nation-wide
has more than tripled since 2002 and, in 2016, reached 37,009, with
approximately 38% living in rural areas.>%!°

HBPC programs face several challenges to meet increased demand
for services. One challenge is that HBPC programs have been limited
in reach due to service area restrictions. The HBPC team is typically
based at a VHA medical center or community-based outpatient clinic
(CBOC), with a service area radius of 30—70 miles from the facility.*
Another challenge facing HBPC programs relates to program effi-
ciency. Patients enrolled in HBPC services are spread out over large
geographical areas. This makes it difficult to determine the most
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effective way to assign patients to HBPC care teams. Staff such as
nurses who may need to see many patients in a day face additional
challenges in making decisions about how to arrange travel plans to
maximize patient visits most efficiently. A final challenge is that
HBPC services have been tasked with developing their own emer-
gency preparedness program to meet the increased needs of their
Veteran population during disasters. Historically, HBPC programs
have received limited information and training on how best to under-
take HBPC program emergency preparedness.’

To meet these challenges, HBPC services have been encouraged to
use technology-based practice management tools to increase access
to care and improve overall efficiency.!"'> One such tool is a geo-
graphic information system (GIS). The VHA Office of Geriatrics and
Extended Care (GEC) has been supporting mentored partnerships for
local, field-based HBPC staff to learn and use a tool called ArcGIS for
Portal (ESRI®). This tool provides a secure web-based platform for
gathering, managing and analyzing data. This can provide HBPC pro-
grams with the ability to map locations, such as those of patients,
clinicians, hospitals, and environmental threats and can also integrate
clinically relevant patient information. As such, ArcGIS for Portal can
provide HBPC practitioners with advanced tools to facilitate decisions
about program expansion, clinical assignments, and emergency
preparedness.’*'*

Numerous studies have used GIS to address access to care issues
for different patient populations, such as acute stroke, multiple scle-
rosis, and traumatic injuries.'>~'° There is no known report, however,
on the specific use of GIS tools for VHA HBPC. Therefore, an evalua-
tion of ArcGIS for Portal as a tool for VHA HBPC (the VHA HBPC-GIS
Project) was conducted with the following goals: (1) evaluate feasi-
bility and acceptability of GIS mapmaking for HBPC programs, (2)
evaluate the use of maps in HBPC management (including its use in
travel efficiency, program expansion, and emergency preparedness),
and (3) identify barriers to and facilitators of ArcGIS for Portal imple-
mentation. This paper describes the VHA HBPC-GIS Project findings
and impact.

Table 1
VA home based primary care GIS project sites: characteristics and mapping activity, 2016.

Methods
Design and setting

The VHA HBPC-GIS Project is a quality improvement implementa-
tion and evaluation project consisting of three main types of activi-
ties: (1) implementation of GIS mapping at selected HBPC sites, with
the goal of recruiting additional HBPC sites over time, (2) develop-
ment of tools to support program sustainability, and (3) conducting a
concurrent mixed method evaluation of the feasibility, acceptability,
and barriers to and facilitators of the implementation, including
describing and evaluating the ways that the maps are used in HBPC
practice management, and exploring their impact on patient care
activities.

The implementation and evaluation design were guided by the
Consolidated Framework for Implementation Research (CFIR)?° and
the VHA HSR&D Implementation Facilitation Manual.?' Data from the
ongoing evaluation were used to refine the training and support
materials used for implementation, and these revised materials were
provided to new sites as they were recruited to the project. The proj-
ect was coordinated by a multi-disciplinary team of a HBPC clinician,
GIS experts, and specialists in implementation and evaluation. The
team provided support and facilitation to HBPC practice sites nation-
wide that were implementing the use of ArcGIS for Portal mapping
software.

The uptake and use of GIS mapping spread from a single pilot site
in 2012 to 21 sites nationwide at the end of 2016. Participating sites
represented a range of HBPC programs in terms of practice sizes, geo-
graphic locations, and rurality (Table 1): sites were distributed across
the United States (Northeast, Southeast, Mid-South, and West) and
included 6 small (<206 patients), 11 medium (207-400), and 4 large
(>400) HBPC programs. Programs included 2—11 HBPC care teams
and patient loads ranging from 83 to 580. Total patient enrollment in
the 21 sites participating in this project at the end of 2016 was 6332
Veterans.

Site Joined GIS project Rurality” HBPC teams (n)" HBPC patient census (n)" Reported mapmaking Reported map use Stage of adoption
1 2012 Urban 4 206 Yes, desktop version Yes Somewhat active
2 2014 Urban 2 280 Yes Yes Very active

3 2014 Mixed 11 580 Yes Yes Very active

4 2014 Mixed 4 327 Yes Yes Very active

5 2014 Rural 4 165 Yes Yes Active

6 2014 Mixed 4 304 Yes Yes Active

7 2014 Mixed 4 557 Yes Yes Active

8 2014 Mixed 2 83 Yes Yes Somewhat active
9 2014 Rural 2 153 No Yes' Somewhat active
10 2015 Mixed 7 335 Yes Yes Very active

11 2015 Mixed 11 436 Yes Yes Very active

12 2015 Mixed 4 240 Yes Yes Very active

13 2015 Urban 5 362 Yes Yes Active

14 2015 Urban 3 298 Yes Yes Somewhat active
15 2015 Mixed 5 291 Yes Yes Somewhat active
16 2015 Mixed 4 183 No Yes' Somewhat active
17 2015 Mixed 8 481 No® No*® Pre-adoption

18 2016° Urban 5 203 No® No*® Initial adoption
19 2016* Rural 4 280 No® No*® Initial adoption
20 2016° Mixed 3 252 No® No® Pre-adoption

21 2016° Mixed 6 316 No* No*® Pre-adoption

2 Sites 18—21 joined project in May 2016.

b Rurality: Rural >75% rural patients, Mixed 26—74% rural patients, Urban <25% rural patients.

€ Number of clinical teams and Average Daily Census at end of September 2016.

d Stage of Adoption based on qualitative reports and number of maps created in the ArcGIS software, October 2015 through September 2016: Very active = 45—94 maps,

Active = 9—18 maps, Somewhat Active = 1—6 maps.

€ Site is either in pre-implementation or early implementation phase of learning how to make maps. Map making not yet initiated.

' Using Maps made from a previous year.
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Implementation methods

Implementation consisted of a combination of training, technical
assistance, supported facilitation, and collaborative learning via a
VHA GIS mapping user community. Clinical and support staff inter-
ested in GIS mapping were identified during national HBPC confer-
ence calls. HBPC sites interested in GIS mapping were then contacted
and interviewed by the project staff and selected to participate in the
project based on their interest and goals for implementing GIS and
their administrative, technical, and clinical staff support. The profile
of participating team members was specific to each site, consisting of
program directors, medical directors, nurse managers, nurse practi-
tioners, registered nurses, and program support assistants.

Developing GIS training

Learning to use ArcGIS for Portal requires database management
skills and familiarity with the mapping interface. Based on feedback
from facilitation calls and evaluation interviews with each HBPC site,
complementary training was needed for many of the HBPC local pro-
gram staff. An online computer-based training curriculum was devel-
oped and implemented by the project team. To enable ready access to
the training, computer-based modules were developed and housed in
the VHA national training website. Training consisted of sequential
and interactive online training modules that provided real world
examples and tasks geared toward mapmaking within the context of
HBPC program management. These include: (1) taking the user
through the steps of organizing and uploading patient and provider
data for mapping, (2) creating desired maps, (3) customizing the maps,
and (4) sharing maps with other members of the HBPC team.

GIS technical support

To address technical questions related to database manage-
ment, mapmaking, and general problem-solving, technical assis-
tance was provided by two GIS experts from the VHA Office of
Organizational Excellence/Reporting, Analytics, Performance,
Improvement and Deployment (RAPID), which holds the license
for ArcGIS for Portal and maintains the software on a secure
server.”” Technical assistance was available as-needed through
electronically generated help-desk requests that were addressed
within 48 h and through a weekly online scheduled teleconfer-
ence time available to all project participants.

Implementation facilitation

Implementation facilitation provides help in tailoring implemen-
tation activities to site-specific needs through involved interactive
problem solving and support using methods described in the VHA
HSR&D Implementation Facilitation Manual.?! Facilitation support
for GIS implementation activities was conducted via telephone and
computer-based teleconferences approximately once per month dur-
ing the initial phases of implementation, with additional support as
needed.

Online GIS user’s community for HBPC

To create a community of GIS users across HBPC sites and facilitate
implementation efforts, representatives from all HBPC-GIS sites were
invited to participate in monthly teleconference calls that featured
presentations and discussion on key topics of general interest, and
project related announcements. Topics included technical aspects of
mapmaking plus topics related to use of maps in practice manage-
ment. Finally, a specific webpage dedicated to the VHA HBPC-GIS
Project was created on an internal VA internet networking site

known as VA Pulse. This enabled participants to share documents
including GIS user manuals, past presentations, articles and web tuto-
rials. Via the Pulse page, participants were also able to post questions
to a community user board.

Evaluation methods

A concurrent mixed-method evaluation using quantitative and
qualitative data was conducted to produce formative feedback and
document the overall VHA HBPC-GIS project site experiences and
outcomes with implementation activities.>> In order to ensure valid-
ity and interpretive potential of program findings and to gain wholis-
tic perspectives of project implementation, multiple data collection
methods, both quantitative and qualitative, were used and then tri-
angulated.”* Quantitative data consisted of the number of maps cre-
ated monthly in Portal for ArcGIS by each site, reported automatically
by the ArcGIS software; the number of patients at each of the sites
from a VHA administrative database; the number of HBPC staff at
each site, as reported by the site. In addition, HBPC staff completed a
brief survey of their experiences and satisfaction with Portal for Arc-
GIS. Qualitative data sources consisted of semi-structured evaluation
interviews and field notes from facilitation contacts.

Satisfaction survey

An online evaluation and satisfaction survey were developed in
RedCap.?> All HBPC staff involved in the program at each site were
invited to complete the survey. A total of 37 HBPC staff at 20 sites
completed the survey (program directors and program support assis-
tants were most likely to take the survey). The survey consisted of
five demographic items and 19 items focused on map-making ability
using GIS maps in practice management, learning to use ArcGIS for
Portal, and pilot project participation. All non-demographic items
were answered using a Likert scale as follows: (1) poor, (2) fair, (3)
good, (4) very good, and (5) excellent. See results from the satisfac-
tion survey in Table 2.

Qualitative interviews with HBPC staff

The semi-structured interviews were conducted over the tele-
phone with 34 HBPC staff at 18 sites. Interviews were commonly con-
ducted with HBPC program directors, nurse managers, and program
support assistants. The interview guide consisted of 18 questions and
allowed for probes as needed. Interview questions addressed rele-
vant information about site goals, plans, implementation activities,
personnel, contextual factors, mapmaking, map use, and barriers and
facilitators to making and using GIS maps in HBPC. Interviews were
audio-recorded with permission and transcribed for analysis. See all
salient quotes from interviews in Table 3.

Analysis

Descriptive analysis of software utilization (the number of maps
created in Portal for ArcGIS and the number of patients and HBPC
staff at each of the sites) and satisfaction survey data were conducted
by Drs. Cowper-Ripley, Fleming, and Fickel. Data were calculated for
all sites, with continuous data presented as mean, standard deviation,
and minimum and maximum values, and categorical data as fre-
quency (%) using Microsoft Excel.

Qualitative data analysis of the 18 site evaluation interviews was
conducted by Drs. Lind, Cotner and Bradley. Interview transcripts
were uploaded into ATLAS.ti v 7.2,%° a qualitative data analysis soft-
ware program. Interviews were coded based on the interview ques-
tions and categories from the interview guide. New codes were
created based on emerging themes from the interviews and added to
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Table 2
GIS HBPC site survey results.
Topic N Mean Std Range
rating dev.
HBPC Survey Participating Sites 21 35 09 2-5
Map-making
Ability to upload patient data to mapping software 19 3.3 1.3 1-5
Ability to create GIS maps 19 3.2 1.1 1-5
Overall user-friendliness of Portal for Arc GIS software 23 2.8 09 1-5

Using GIS maps in practice
Overall ability to incorporate ArcGIS into HBPC practice 23 2.8 1.1 1-5
Ability to use GIS maps re program expansion 15 3.0 1.1 1-5
Ability to use GIS maps re boundaries and territories 20 3.6 12 1-5
Ability to use GIS maps in day-to-day travel plans 13 25 1.2 1-5
Ability to use GIS maps for emergency preparedness 19 3.1 1.1 1-5
Learning to use Portal for ArcGIS

Quality of training modules 15 3.6 1.0 2-5
Accessibility of training modules 17 3.2 14 1-5
Technical support 21 40 09 3-5
Monthly all-site calls 24 36 08 2-5
Facilitation calls with individual site 21 35 0.7 3-5
Project participation
Clarity of expectations 31 34 10 2-5
Ability of site to set goals for use of maps 29 3.1 1.3 1-5
Ability of site to achieve stated goals 29 29 14 1-5
Overall experience in 2016 30 34 1.1 1-5

Likert scale with: (1) poor; (2) fair; (3) good; (4) very good; and (5) excellent.

Total survey respondents N=37. Because of the varying roles of HBPC team members
across sites re map-making and use, specific survey topics were relevant to subgroups
of respondents.

the coding structure. The constant comparative method of qualitative
analysis was used to compare codes across all interviews to identify
emerging themes.”> Consensus of thematic categories was achieved
through several discussion meetings with the evaluation team.

Field notes from facilitation support calls for GIS implementation
activities were collected as running notes and were organized in an
excel spreadsheet and categorized by site location and broad facilita-
tion and implementation topics. Such topics included: (1) current
mapping use; (2) barriers and facilitators to implementation; (3)
staffing; (4) goals and objectives for implementation; (5) technical
issues; and (6) recommendations. This information was updated con-
currently as facilitation support calls occurred.

For this project, we employed a triangulation protocol as a strat-
egy to integrate findings from different data sources.?’ Data triangu-
lation was conducted by Drs. Fickel, Katzburg, Lind, Cotner, and
Bradley. Data sources included: (1) site specific software utilization;
(2) satisfaction surveys; (3) qualitative interviews with HBPC staff;
and 4) and field notes from facilitation support calls. Specifically, we
utilized a site-specific matrix as a strategy to integrate and analyze
both quantitative and qualitative findings from different data sources
in one place.?®?° The site-specific matrix consisted of a separate excel
spreadsheet that was used to display salient findings, insights, and
themes by site. Site-specific data from multiple sources were then
compared and contrasted to determine the extent to which the data
triangulate or converge.”> This approach enables consideration of
agreement, partial agreement or dissonance between findings from
different data sources?® and led to a greater level of convergent valid-
ity of data collected by the implementation and evaluation teams.
This process enabled us to produce comprehensive site descriptions
based on multiple data sources.

Results
Mapmaking and utilization of GIS in HBPC

According to utilization data, survey data, facilitation notes, and
interview findings, 16 of the 21 HBPC sites (76.2%) were making maps

at the end of 2016, while the other 5 were still in the pre-implementa-
tion training phase (Table 1). Typically, one or two HBPC team mem-
bers per site trained to make maps in Portal for ArcGIS. Most of these
map-makers were medical support assistants (MSAs) or program sup-
port assistants (PSAs), but also included program directors, nurses, and
social workers. The profile of team members who used maps to sup-
port their practice management activities varied with the local site
characteristics, and included program directors, medical directors,
nurse managers, staff nurses, other clinical staff, MSAs, and PSAs.

Satisfaction survey respondents (n=37) indicated that use of GIS
was feasible and useful. On a scale from 1 (poor) to 5 (excellent) they
rated their ability to create maps as “good”, with an average of 3.2
(n=19) and their overall ability to incorporate GIS maps into HBPC
practice as “fair to good” with an average of 2.8 (n=23). Among
respondents who made maps (n=17), time spent in a typical week
working with ArcGIS including training and various mapping-related
activities was 1 h or less for 10 participants, 2—3 h for 5 people, and
4-5 h for 2 individuals. See all survey results in Table 2.

Optimization of travel efficiency: assigning patients to providers

In 2016, 15 of the 21 sites used GIS maps to assign new patient
admissions (consults) to clinical care teams with the goal of facilitating
travel efficiency. GIS maps provide program leadership and administra-
tors an accurate, real-time geographical visualization of clinical care
teams relative to new patients waiting to be admitted into HBPC. By
mapping pending or new patient admissions alongside current patients
color-coded by provider, program directors can more easily plan and
make decisions regarding patient clinical assignments (see Table 3). A
sample map illustrating this type of map may be seen in Fig. 1. Accord-
ing to several HBPC program directors, GIS maps facilitate sound clini-
cal decisions regarding patient assignments, and ensure that patients
are assigned to clinical teams within specific geographical boundaries,
thus preventing inefficient overlapping clinical coverage. A HBPC pro-
gram director at one site explained that the increased efficiency, from
the ability to map and plan future patient assignments using GIS, can
reduce the time patients spend on the wait list by quickly identifying
the appropriate clinical team and by increasing staff efficiency so that
clinical teams can handle additional patients, thereby increasing Veter-
ans’ access to needed primary care services.

GIS maps can also be used to reorganize existing clinical assign-
ments by providing HBPC program leadership with geospatial infor-
mation of both patient locations and clinical care team territories.
This information can provide HBPC program leadership the ability to
reassess and change current patient assignments, resulting in
increased travel efficiency for providers in terms of drive time and
patient visits (see Table 3). In one example, the program director at
an HBPC site recalled that one of her nurses was assigned patients in
three different geographical areas. The program director used GIS
mapping to reassign that nurse to focus her efforts in one geographi-
cal area. In another example, a nurse reported that after she was reas-
signed a new patient case load based on mapping, she was able to
reduce her driving distance by over 600 miles per month.

Another way GIS maps are used by program leadership is to visu-
ally communicate HBPC administrative needs to hospital leadership.
For example, an HBPC program director reported creating GIS maps
to present a visual representation of their patient census to hospital
leadership to justify hiring additional nursing staff to address the
needs of an expanding patient population. At another rural HBPC site
where most clinical staff are authorized to telework, GIS maps were
used to justify parking government vehicles in approved federal gov-
ernment locations (e.g. United Stated Post Offices) located near
patient clusters. This decreased staff travel time by eliminating the
need for staff to drive to the HBPC office, pick up a government vehi-
cle, and travel to the patients’ homes.
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Table 3
Exemplar quotes from qualitative interviews.
Theme Category Exemplar quote
Mapmaking and utilization Benefits Apart from mapping Veterans, we can now map nurse practitioners, the RNs, social work. . .all the

of GIS in HBPC

Optimization of travel
efficiency: Assigning
patients to providers

Optimization of travel
efficiency: Staff daily
travel

Identifying geographical
areas for potential HBPC
program expansion

Developing emergency
preparedness plans

Goals/future plans for using
GIS in HBPC

Assigning new patient
referrals

Managing patients on the
wait list

Visualizing better staff
organization

Increased travel efficiency
and planning

Examples of HBPC expansion
plans

Examples of GIS and
emergency preparedness

disciplines. The rationale is that we can visualize, to see where the Veterans are located and what clini-
cians they are assigned.

Because with the maps, a picture is worth a thousand words. . .It's so much better than 17 paragraphs of
verbiage.

I'd like to use GIS to map where my fleet [cars] are parked, because it's very hard to try to figure out where
they are, in relationship to where my nurses live, that’s another layer I'd love to have.

And because we have a lot of highly rural locations, if there was a reported wildfire, flooding, or some other
natural disaster, that we would be able to be able to see which Veterans we absolutely need to call to
notify.

I want all the HBPC nurses to understand the GIS mapping system so they can plan their patient visits. [
want them to know not only the acuity of the Veterans, but where they are located because I know that
will increase the productivity, especially because I have nurses that work 10 h and some others work only
8. And the mapping can help me to prove that their productivity increased when the nurses worked 10 h,
that would allow me to bring all the nurses to work 10 h.

So, for example, one of the things that [the mapmaker] and I talked about at one point was identifying heart
failure patients that are actively being seen within the VA and how many of those have had
hospitalization in the last six months for that problem, and then be able to show them on a map where do
they reside. So, if you're looking at program growth, program development you could use a diagnosis and
where the patient lives to help try and map out where that growth needs to occur.

I want to be able to make that a tangible instrument as far as what my staff can use, what I can use to make
sure that we are doing the right things as far as resources are concerned. So, do we have the right nursing
staff and clinical staff in the right places at the right time and how do we consolidate.

Using GIS mapping was helpful when we got some new referrals, to be able to make determinations on
which Nurse Practitioner that patient would be assigned to, that might work best with the current patient
population that they had, based on location of other patients.

My role with the GIS portal is I oversee the consults and so with doing the consults for Veterans that come
into or are interested in the HBPC program. I'll look at the map and see where Veterans are located and
see what clinical teams are located close to them. And we've got the maps separated into four quadrants,
and so we try to keep certain teams in certain quadrants.

One of the things I like to use it for is the EWL [Electronic Waiting List], being able to figure out logically if
one Nurse provider’s full, all right, who's the next closest, and what can we logically do to try to shift
things around again to best assign that patient what they are admitted to our HBPC program.

We were literally, all over the map. Two different providers are tripping over each other; both traveling to
the same areas. Which you can see on the map, literally you can look at the [patient location] and see, that
nurse practitioner on team “A” sees patient “X” and that nurse practitioner on team “B” sees that patient
“Y” and they're five miles apart. That makes no sense when we have such a wide catchment area. So, the
maps help you see it in a way that you wouldn’t know otherwise.

So, what we had was a nurse basically in three different geographical areas and we were having difficulty
with the travel time with her, and her ability to get up to panel size because of it. Right now, we are using
the GIS mapping to minimize how many different areas this nurse would have to go into; basically, how
best to reorganize the clinical panel.

After we reorganized staff based on mapping, the Nurse Practitioner said to me, “I'm finally realizing that
I'm not spending 125 miles on the road. I went out the other day, I was out for 47 miles and saw three
patients.” She said, “That is a real difference.”

I mapped the average drive times between the medical center and where one of the off-site HBPC centers
are; where most of the staff are. So, that was helpful to get estimated drive times and correlate that with
our case management territories, so we can start to make better decisions regarding clinical assignments.

One of the other things that we're excited about is to be able to show each nurse’s caseload and where they
are, so the nurses are not overlapping each other.

[ would say it improved efficiency because of being able to find a logical divide for their territories.

We are about to have transponders, geolocators, put on most of our fleet. . .we'll be able to do some analysis
on that and then take it back to the teams and point out to them perhaps how they could be more
efficient if they changed some of the things they do.

Then we've also used the maps to sort of track potential or past consults that we've had and seen where
their population is, where we've received consults beyond our current catchment area, so potential
expansion area.

We're going to expand to two more pilot locations and hopefully fill that program specialist position, so we
can get back up and running. . .Right now they were looking at, I think it was Pasadena and. . .Gardena.

We are getting ready to expand services and add 125 more patients. So, we definitely, desperately need to
implement the GIS mapping because we're going to be expanding by over 75% of our census will be
growing in probably the next fiscal year-and-a-half.

Yes, we do. We have our emergency preparedness plan for the flooding coming into the area, due to the
weather. We're able to notify the patients based on their flood zone.

When we've had severe weather and been trying to contact Veterans about potential power outages and
what issues those at-risk patients that we have. So again, being able to utilize the mapping and overlay a
map of the affected area with our patient population, we know who to contact. That's been helpful.

Currently we’re mapping for patient by disaster code, you know, who's priority 1, 2 and 3; oxygen, home
help, who has community home help. And then, also we are able to use it also for disaster planning
because we can map the bad weather; whether it be fire, tornadoes, hurricanes, flooding—so we are
currently integrating that into practice.

(continued)
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Table 3 (Continued)

Theme Category Exemplar quote

Staff turnover and
disruption

Barriers of and facilitators
to using GIS maps in
HBPC practice

We've had some turnover in staff. | know that has been a struggle, at least to me personally, to work with
becoming a little more familiar with the mapping system.
[The program support assistant] took care of updating the patient lists and all the mapping. Unfortunately,

he left for a new position about three months ago, and when he left, everything with the mapping

stopped.
Competing demands and
lack of time

I know there’s so much more I can be doing with this software, but it is a time-consuming initiative, and I'm
just getting caught up on getting that time allotted into my schedule.

We lost our administrative support at one of our HBPC sites, so my time is even busier since we have over
320 patients now. Being able to keep up with the GIS became even less of a priority for us. We have many
other things going on at the same time.

Our big problem is with staffing and budgets. We just don’t have enough people to do what needs to be
done, not to mention something extra like the GIS mapping.

Inexperienced staff

We were without a program support assistant for over four months and then we had a couple changes in

our staffing during the last year. So, that’s been kind of unreliable. The PSA position tends to lead a lot of
the utilization of the software. It took the new PSA coming in a long time to learn the GIS mapping
software and get reacquainted with it.

Technical difficulties

Recently, when I went into [the GIS software], | was having difficulty launching the maps, they weren't

coming up the same way, so [ need to get on the technical support call and see what's going on with that.

I have had some glitches with the software. Some of the names didn’t populate over. [ was given
instructions on how to find out which ones, but I still can’t figure out, you know, why one nurse only has
three patients and I don’t know what happened to the rest.

Optimization of travel efficiency: staff daily travel

In another effort to improve travel efficiency, 13 out of the 21 sites
used GIS maps in day-to-day travel plans. In terms of practice man-
agement, GIS maps are a valuable tool for nurses and other clinical
staff who regularly provided in-home care because it allows them to
more easily visualize their service territory and thus better plan their
weekly home visits. For example, having up-to-date GIS maps pro-
vides nurses and other clinicians with the ability to visit other
patients who are clustered near patients with scheduled visits. As a
result, several nurses reported that using maps in their planning of
weekly travel allowed them to visit more patients while driving
fewer miles (see Table 3). GIS maps can be especially valuable to
team members (e.g., nurses, social workers, psychologists, and thera-
pists) who are assigned to cross-cover multiple care teams and work
across unfamiliar geographical areas. In these cases, maps provide a
means for HBPC staff who perform irregular patient visits, or who are
reassigned to different care teams to more efficiently plan patient
home visits.

Identifying geographical areas for potential HBPC program expansion

HBPC sites are increasingly being asked to expand services into
new geographical areas to serve more Veterans. As of 2016, 7 out of
the 21 HBPC sites were using GIS mapping to plan for HBPC program
expansion by identifying potential patient populations not currently
being served. Using facility-level data, sites can map locations of Vet-
erans with diagnoses and complexity levels who would benefit from
HBPC services. Once these Veterans are identified and determined to
fit within the HBPC territory, patients can be informed and receive a
referral for HBPC through their primary care provider (consults). In
one example, a HBPC program director reported that GIS maps of
potential HBPC patients were used by hospital leadership to plan for
HBPC program expansions (see Table 3).

In another example of using GIS to facilitate HBPC program expan-
sions, a HBPC program in the Eastern US received 20 patients from an
adjacent HBPC program site because of administrative restructuring.
In order to distribute new patient admissions among providers, the
HBPC program director used GIS maps to visualize the most efficient
way to modify patient assignments among nurse practitioners.
Within one month, all 20 new patients were admitted into the HBPC

program and started receiving care, without the HBPC program need-
ing to hire additional staff.

Developing emergency preparedness plans

All HBPC programs are required to assist patients with emergency
preparedness.” At the end of 2016, 8 of the 21 HBPC sites were incor-
porating the use of GIS maps into their emergency preparedness
plans. The remaining sites expressed that using GIS mapping to facili-
tate their emergency preparedness plans was of top priority, and one
of the major reasons they were interested in implementing GIS map-
ping in their HBPC practice. HBPC program directors reported that
GIS maps allowed locations of patients to be displayed relative to the
location of natural disasters (see Table 3). In addition, GIS enabled
patients to be labeled with an acuity or risk score based on their
health needs or vulnerability. Being able to visualize on one map the
location of patients, their risk scores, and the location of potential dis-
asters allows HBPC program directors and nurses to quickly identify
affected patients and prioritize their care. In one example, a HBPC
program used GIS maps to develop a comprehensive emergency pre-
paredness plan. The HBPC program’s catchment area is prone to
flooding and wildfires with coastal areas at risk for tsunamis. The
HBPC program assistant can map the location of current disasters in
real time, along with patients’ locations and associated risk score on
the same map. This information can be used during a real disaster sit-
uation to quickly identify which patients might be affected, and to
prioritize which patients need to be contacted first to communicate
personal disaster management plans and the proper actions to take.

Barriers of and facilitators to using GIS maps in HBPC practice

According to staff, the most common barrier to implementing GIS
maps in HBPC practice is staff turnover in the program director, pro-
gram support assistant, and nursing positions (see table 3). When
staffing disruptions occur due to turnover, temporary detail, or
extended leave, resources are often diverted to ensure the continuity
of patient care and focus is shifted away from making GIS maps.
Other common barriers to implementing GIS maps in HBPC were
competing programmatic demands, lack of time for the designated
map maker to properly learn or consistently use GIS mapping, and
having an inexperienced staff member in place who had yet to learn
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Fig. 1. Example of map of patient admissions alongside current patients color-coded by provider.

to use the Portal for ArcGIS software. Prior to the training modules
becoming readily available via the VHA national training website, a
lack of hands-on training with the software, or not enough training,
was also commonly mentioned as a barrier. The main technical bar-
rier were perceived glitches in the software and difficulty properly
formatting and uploading HBPC patient database files into the Portal
for ArcGIS software for the creation and updating of maps. This
included the time-consuming task of manually updating patient
database files on a regular basis, which is necessary to maintain maps
with up-to-date patient information.

Based on interviews conducted with key informants regarding
their ability to make and use GIS maps for their HBPC practice, staff
reported that the main facilitators were: (1) having access to training
materials (the computer-based video modules and the implementa-
tion manual), (2) having access to the GIS experts for problem-solv-
ing issues, (3) having staff members in key positions who have
relevant computer skills such as database management and prior
experience with GIS software, and (4) having key HBPC staff mem-
bers who championed the use and implementation of GIS mapping.
HBPC sites reported that the training modules provided them with
the necessary knowledge to successfully make maps. In addition,
many of the sites reported that having a GIS expert available during
weekly “office hours” meetings, as well as on an individual basis via a
“help desk” request, was invaluable to their ability to successfully
make maps.

Discussion

The primary goal of HBPC teams is to improve Veterans’ health and
independence by utilizing a network of professionals who can provide
comprehensive care in the home environment.” Tools that increase
the efficiency and effectiveness of HBPC programs have the potential
to improve patient care. These findings show that, for most HBPC pro-
grams, staff members including nurses were able to learn how to use
the ArcGIS for Portal mapping software and how to make useful maps.

Both clinicians and administrative staff perceived that implementing
GIS mapping into HBPC practice was beneficial in several ways: (1) to
improve program planning and organization in ways that benefit
nurses and other clinical staff and lead to increased travel efficiency,
(2) to increase access to primary care services for Veterans by identify-
ing areas for service area expansion, and (3) helping HBPC program
directors with emergency preparedness planning.

There has been relatively little work studying this type of locally-
tailored GIS mapping by field-based clinical teams. One early study
described the development of a GIS-based spatial decision support
system for scheduling and route-planning for visiting nurses.* Other
work has described planning health services for populations of
patients with specific medical conditions.'”> '® The feasibility and
desirability of field-based GIS mapping demonstrated by these VHA
HBPC programs suggests that additional research on the benefits of
using GIS mapping as it relates to nursing care delivery in HBPC set-
tings would be worthwhile.

Planning for sustainability and spread will need to consider com-
peting demands for staff time. In addition, collaboration of adminis-
trative stakeholders or funders will be important to assure adequacy
of access to the software and technical support, including options for
improved automation of data management. Ongoing evaluation will
be beneficial to understanding the full potential of utilizing GIS in
VHA HBPC. Many of the HBPC sites had implementation plans or
goals that had not yet been realized by the time of this evaluation.
These included using the software to organize the fleet cars used to
reach patient homes, so that care team driving time can be as efficient
as possible. Sites also hoped to increase use of the GIS mapping for
emergency preparedness and management.

Conclusion
This evaluation shows that using GIS tools via a secure portal plat-

form can assist field-based clinical teams in planning and decision-
making processes to enhance nursing care efficiency and practice.
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The evaluation of this project was focused on the HBPC program as
whole (including all clinical staff) and was not directed specifically at
nursing personnel, though nurses fill the largest percentage of per-
sonnel slots in HBPC (including over 40% of the program director
positions). The evaluation established both the feasibility and accept-
ability of GIS mapping in the context of HBPC in general. However,
more information is needed to definitively generalize the program
results to nursing practice. Given the sizable percentage of nurses
who staff the HBPC program and the mapping project, data suggest
that GIS mapping provided benefits to both nursing management
and staff and, concomitantly, to their patients. An important next
step would be to focus research on the efficacy and value of GIS map-
ping to HBPC nursing staff specifically. Additional study is worth pur-
suing, both to more definitively establish benefits for nursing
managers, nursing staff, and patients, and to develop additional uses
of GIS mapping to improve HBPC nursing services.

This project evaluation was successful in confirming the value of
field-based personnel utilizing GIS tools to a variety of HBPC program
needs. However, as a national system, the VHA includes more than
130 diverse local HBPC program sites. While Portal for ArcGIS has ful-
filled a need for a limited number of HBPC programs, the eventual
goal of this project is to institute a national solution that provides all
HBPC programs with GIS tools and capabilities. The next step for the
implementation team is finding the platform whereby this can be
accomplished. As the program is expanded, ongoing evaluations will
be beneficial for expanding understanding of how the use of GIS in
VHA HBPC can best benefit practitioners and patients at sites across
the country.

Limitations

The VHA HBPC programs sites participating in this implementa-
tion project represent a diverse range of program sizes, geographic
locations, and rurality. However, they were selected based on their
interest and capacity to adopt this innovation, and the findings may
not generalize across all VHA HBPC sites enterprise-wide. Also, as
there are differences between VHA and non-VHA HBPC programs,
the results of this study may not be generalizable to non-VHA HBPC
programs.
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