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Abstract

Objective: To address the problem of limited health care access for patients in rural southern Minnesota, a
digitally capable mobile health clinic (MHC) quality improvement initiative was launched in a rural
community-based health system.
Methods: This project was designed and implemented according to our institutional strategic plan, guiding
principles for virtual community care, and existing approved standards of care. A quality improvement
development and pilot implementation framework was rapidly developed using Agile methodology.
Results: The resulting technology and equipment selection, overall clinic design, vehicle vendor selec-
tion, clinical schedule and workflows, staffing model, equipment and technology selection, and testing
were achieved in 12 months. The pilot site communities were chosen on the basis of size, interest, and lack
of existing access. Four underserved rural communities now have access to telehealth consultations,
laboratory testing, and in-person primary care examinations. By April 30, 2022, the MHC had provided
1498 patient appointments while maintaining our standards of care. Newly established broadband internet
access for these communities and their residents was a valuable secondary outcome.
Conclusion: By designing and implementing an MHC quality improvement intervention that provides
both in-person and advanced telehealth options for patients in rural communities, our institution rapidly
provided a potential solution for the rural health care crisis. The MHC not only replaces traditional brick-
and-mortar facilities but also expands service offerings and access to technology for rural communities and
the people who live and work in them.
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P roviding access to quality health care
across a wide geographic location is
an immense challenge. Identifying so-

lutions to this challenge is particularly difficult
in rural settings with sparse populations. Rural
communities across southern Minnesota rely
on Mayo Clinic Health System (MCHS) for
their health care. Many patients in this region
have comorbid conditions that require regular
monitoring by qualified health care teams and
transportation to their primary medical center,
which can often be a barrier for these patients.
Furthermore, as value-based payment models
gain momentum in the United States,1 access
will be critical for quality and cost contain-
ment. However, brick-and-mortar models in
rural communities, even those with filled
Mayo Clin Proc Inn Qual Out n October 2022;6(5):475-483 n https:
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schedules, are not financially sustainable.
This is a crisis that is unfolding nationally.

The coronavirus disease 2019 (COVID-19)
pandemic confirmed and enhanced our insti-
tution’s strategic direction to drive the future
of health care with virtual and digital models.
Similar plans for many health care organiza-
tions became realized sooner than anticipated
because of the global pandemic, which rapidly
reshaped the culture and policy of technology
use in health care. Indeed, our institutional
2030 virtual initiatives came to fruition in
2021 because of increased patient demand
for telemedicine, development of wearable
technologies, and application of machine
learning and artificial intelligence in health
care.2 The guiding principles of virtual
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vier Inc on behalf of Mayo Foundation for Medical Education and Research. This is an open
.org/licenses/by-nc-nd/4.0/).

475

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.mayocpiqo.2022.08.002
http://www.mcpiqojournal.org
http://creativecommons.org/licenses/by-nc-nd/4.0/


Expanding on an existin
set of digital and virtua
care models, capabilitie
and tools will position

MCHS as a practice of t
future.

MCHS patients w
personalized care d
portal enhanceme

op

Accurate diagnosis can h
anywhere, anytime

The patient w

FIGURE 1. Guiding princ

MAYO CLINIC PROCEEDINGS: INNOVATIONS, QUALITY & OUTCOMES

476
community care at MCHS include 5 key com-
ponents: (1) accurate diagnosis can happen
anywhere, anytime; (2) the patient will see
you now; (3) virtual interactions will outpace
physical interactions; (4) research, education,
and collaborations will increase; and (5) exist-
ing traditional business models will be disrup-
ted by digital initiatives (Figure 1).

To address the challenge of rural access
and meet the goal of increasing our virtual
footprint, MCHS launched a quality improve-
ment initiative to redesign health care delivery
for vulnerable populations in these rural com-
munities by using a flexible, scalable model
that can nimbly expand our digital footprint.
The aim of this initiative was to design, ac-
quire, and implement a digitally capable mo-
bile health clinic (MHC) that can efficiently
serve rural sites. Additionally, the MHC can
be used for occupational health screenings,
immunizations, and outreach programs that
connect our institution with local commu-
nities and businesses in an innovative manner.
METHODS

Study Context
Mayo Clinic Health System is the community-
based, practice-focused branch of our institu-
tion. Mayo Clinic Health System is committed
Accurately matching the intensity of care
delivery to the intensity of the need will drive
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to transforming rural population and commu-
nity care and serves 44 communities with 16
hospitals and 46 clinics. A 2017 survey3 per-
formed in a partnership between the Minne-
sota Department of Health and the
University of Minnesota School of Public
Health showed that more than 50% of sur-
veyed Minnesotans stated that they could not
schedule an appointment with a primary care
clinician as soon as they needed. The same
survey also showed that rural Minnesotans
were more likely than urban Minnesotans to
be told that a clinic or clinician’s office was
not accepting new patients. Rural Minnesotans
were also more likely to have more chronic
conditions, poorer health status, and higher
rates of frequent mental distress and suicide.3

Because of the COVID-19 pandemicerelated
directive mandated by the State of Minnesota,4,5

MCHS deferred or cancelled nonessential medi-
cal and surgical specialty appointments and pro-
cedures in the first quarter of 2020. Ambulatory
clinic staff was redirected to inpatient units
because of the increased number of hospitaliza-
tions related to the COVID-19 pandemic; there-
fore, nonurgent clinic appointments were also
cancelled or deferred, and some MCHS clinics
were temporarily closed. Patients were given op-
tions of receiving care via virtual visits (ie, tele-
medicine) or clinic visits at other MCHS sites.6
 the low-risk proof-of-concept environment
tice innovations and new care delivery models.
cally publish on its success in next-generation community
come a leader in virtual community care.

Targeted virtual- and digital-enabled initiatives
and investments will decrease the total cost of
care to patients and MCHS.  This will open new

avenues for MCHS to participate in novel payment
structures across different patient populations.
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This led to the initiation and piloting of a digitally
capable MHC as a quality improvement interven-
tion to address the immediate and ongoing con-
cerns for smaller MCHS clinics in rural
Minnesota.

A formal project team was created to
brainstorm the idea of a clinic on wheels (ie,
an MHC vehicle). This project team consisted
of key stakeholder groups representing various
multidisciplinary teams with a shared goal of
establishing a digitally capable MHC. The
project team consisted of practice leaders,
nursing leaders, operations leaders, a project
manager, and a health systems engineer.
Project Implementation Process
Because the COVID-19 pandemic accelerated
the closure of many brick-and-mortar clinics
in rural southern Minnesota, MCHS pursued
the fast-tracking of a complex quality
improvement initiative with unknown obsta-
cles and uncertain outcomes. The project
planning began in the fourth quarter of
2020, in which preliminary endorsements
from various committees were sought. A
financial estimation analysis was conducted
to determine initial capital expenses, opera-
tional expenditures for successive years, return
on investment, and an exit strategy. Bench-
marking was conducted, and requests for pro-
posals from various vendors were made to
finalize the provider of the MHC vehicle.
Identification of 1-2 pilot
locations and services in
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The project officially began June 30, 2021,
with a completion date June 30, 2022. Because
of this expeditious timeline and to ensure the
project’s successful completion, Agile method-
ology was used.7 The use of Agile methodol-
ogy also enabled the team members to make
calculated assumptions regarding the un-
known aspects of the project and validate
these assumptions via rapid iteration. This
facilitated better response times for minimum
viable product delivery, which enabled faster
value addition than that of conventional
waterfall methods.
Development and Pilot Implementation
Framework
The development and pilot implementation
framework consisted of an outline of the 9 steps
used to develop a digitally capable MHC at
MCHS (Figure 2). It specifically provided a
step-by-step breakdown of the project stages
from initiation to execution of the MHC in the
Southeast Minnesota (SEMN) and Southwest
Minnesota (SWMN) regions. Because the
framework was created with Agile methodol-
ogy, the steps of the framework were not
necessarily completed in consecutive order,
and backward movement between steps was
possible. The primary goal of the quality
improvement project outlined by this frame-
work was to redesign health care delivery to
serve the vulnerable population in rural
ation of an
dule for the
hicle

Development of clinical
workflows

ut with a
feedback

Design elements of an MHC

lection Staffing model

and implementation framework. The framework
MHC quality improvement intervention.
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communities with a flexible and scalablemodel.
The overarching goals of the MHC generated
from this project were to maintain existing
services in underserved areas, increase the
flexibility of MCHS to respond to rural patient
needs, maintain stable fixed expenses, and
optimize costs for patients and MCHS.
RESULTS

Identification of 1-2 Pilot Locations and
Services in Southern Minnesota
Mayo Clinic Health System operates in a hub-
and-spoke model, in which each health system
region has a central location (hub). Both the
SEMN and SWMN regions contain brick-
and-mortar mini-hubs that would serve as
the MHC center of operations, which are
located in Owatonna and Fairmont, Minne-
sota, respectively.8 Site characteristics were
collected from each region in southern Minne-
sota, including weekly schedules, proximity of
nearest alternative facilities, and primary com-
petitors. Additional data defining visit charac-
teristics, which included the number of
distinct patient visits and total visits, fill rate
(ie, the number of scheduled appointments
divided by the number of available appoint-
ments), and nurse triage use, were collected
to determine the pilot locations. The specific
pilot locations were then selected based on, in-
terest, and lack of existing access. The project
team evaluated the top Current Procedural Ter-
minology codes and International Classification
of Diseases, Tenth Revision, Clinical Modification
primary diagnoses reported to determine the
most common care needs in those
communities.
Design and Validation of an Operational
Schedule for the MHC Vehicle
The project team designated a weekly rota-
tional schedule for each region to minimize
interregional travel. The vehicle would be
initially used Monday through Thursday in 1
region, with Friday used as a travel day be-
tween regions and for other uses. Within the
Monday through Thursday weekly schedule,
the MHC would rotate between 2 site loca-
tions, such that the MHC would be located
at 1 site on Monday and Wednesday and at
another site on Tuesday and Thursday. This
Mayo Clin Proc Inn Qual Out n October 2022
rotation design minimized the number of
days between site visits.

Development of Clinical Workflows
Initial clinical workflows were modeled after
current telehealth and virtual visit practices
in the region. This included preparatory
work by desk operations staff and nursing
support for previsit intake, such as medication
and allergy reconciliation and vital signs
assessment. The onboard clinician modeled a
standard clinical workflow to best replicate
that of a brick-and-mortar appointment. The
onboard equipment, routine vehicle opera-
tions, and clinical equipment (eg, phone sys-
tems, telehealth tools, and laboratory
equipment) were also modeled to match spec-
ifications according to clinical and regulatory
needs. Design and workflow modifications
were made to ensure patient privacy and
ease of use, including the addition of privacy
screens at workstations, increased curtain
coverage for doors, and resupply methods.

Procurement of Supporting Equipment and
Technology
The procurement process was managed in 2
stepsdan initial and final process. In the
initial procurement process, supplies that
would be needed in the MHC vehicle were
identified and documented. Regional practices
were consulted to determine the appropriate
supply levels and equipment needs for the
MHC. In the final procurement process, the
MHC was outfitted with the actual supplies
and technologies to provide appropriate care
to the patients, which was optimized accord-
ing to our institution’s specifications. Vehicle
equipment also included 4 workstations, a lab-
oratory fully equipped for collection-only ser-
vices, printing and scanning capabilities, and
telehealth equipment.

Phased Rollout With a Trial Run and
Feedback
Trial runs were conducted with team members
from each region who would be providing
clinical care in the MHC. These trial runs
occurred approximately 2 weeks before the
MHC launch to provide time to incorporate
feedback from the clinical care team members
during team huddles, as necessary. The trial
runs consisted of 2 scenarios: (1) 1 patient
;6(5):475-483 n https://doi.org/10.1016/j.mayocpiqo.2022.08.002
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arriving for an onboard clinician visit and (2)
multiple patients arriving in a staggered
fashion (according to calendar slots) for
telehealth or clinician visits.
Design Elements of an MHC
The MHC external design elements were sim-
ple and aligned with the brand language of the
institution. Similarly, internal aspects of the
design supported the inclusion of 2 examina-
tion rooms on either side of the clinic with
the technology to provide virtual care
(Figure 3).
FIGURE 3. Exterior illustration and floor plan schema
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Vendor Selection
We assessed several different vendors and
vehicle models and narrowed our selection
to 3 vendors. The criteria for vendor selection
are summarized in the Table. On the basis of
these criteria, we determined that the MHC
proposed by vendor 1 was specifically tailored
for our needs.
Staffing Model
The MHC was designed to allow for flexible
staffing models, including in-person and virtual
care staff. The MHC design facilitated both pri-
mary and specialty care visits, with opportu-
nities to address other occupational and
community needs. An onsite laboratory would
tic of the mobile health clinic.
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TABLE. Summary of Mobile Health Clinic Vehicle
Vendor Selection Criteria

Criteria Vendor 1 Vendor 2 Vendor 3

Vehicle type Mobile
unit

Mobile
unit

Trailer

Purchase cost $571,000 $510,000 $850,000

Projected first-year
operational
expenses

$657,000 $642,000 $1,135,000

Build time, mo 4-6 6-8 6

Warranty period, y 2 1 1

Reliability ratinga Better Good Good

Accessibility ratingb Good Good Better

aDetermined by vendor availability for vehicle service and
support, including during winter conditions.
bDetermined by ceiling height, interior space, and lift access.
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permit a limited range of point-of-care studies
and more comprehensive studies that will be
performed at our institution’s laboratories. Staff-
ing model teams included various combinations
of nurse practitioners, physician assistants,
nurses, a desk operations specialist, and virtual
clinicians.
Pilot Site Outcomes
The MHC phase 1 launch established primary
care services at 4 rural sites: Blooming Prairie,
Kenyon, Sherburn, and Butterfield, Minnesota
(Figure 4A). These communities each have an
approximate population of 3000 or less. Part-
nerships were also established with regional
schools to provide sports physical examina-
tions. By April 30, 2022, the MHC had pro-
vided 1498 patient appointments while
maintaining our standards of care. Of the
1498 patients, 57.4% were women and
42.6% were men. The mean (SD) patient age
was 47.9 (26.6) years. Most patients were
White (95.4%) and not Hispanic or Latino
(93.5%). Most health insurance payers were
government programs (61.8%), whereas
38.2% of payers were private commercial
plans.

Of the patients seen at the MHC during
the pilot period, 68.6% were seen for primary
care and family nurse visits, 22.8% were seen
for blood and urine laboratory testing, 5.3%
were seen for well-child visits, 2.6% were
seen for COVID-19 and influenza immuniza-
tions, and 0.7% were seen for telemedicine
Mayo Clin Proc Inn Qual Out n October 2022
and other health issues. The MHC was able
to serve patients who lived not only in the
towns where the MHC had scheduled stops
but also in the surrounding communities
(Figure 4B). Patients in the surrounding com-
munities contributed to more than 45% of ap-
pointments. Therefore, the MHC is estimated
to have saved hundreds of hours of drive
time for the patients. These phase 1 launch
outcomes led to the expansion of virtual and
speciality care services and additional partner-
ships and locations for phase 2 in 2022.

Internet Access Outcomes
The MHC used a wireless network architec-
ture provided by a gateway that received
cellular-based internet from multiple existing
networks/providers. The cellular internet
signal then provided internet connectivity
throughout the MHC and a secure connection
to the institution’s internal network via the
gateway. This strategy helped to bring high-
speed internet, via a combination of 4G, 4G
LTE, and 5G network connections, to rural
communities in which broadband internet ac-
cess was not previously available. Because of
the telehealth capability of the MHC, the pa-
tients in these rural settings now have access
to primary care and specialists via onboard
telemedicine in their hometown. This allows
MCHS to provide the right care at the right
time. This also prevents unnecessary costs
incurred by emergency department visits and
hospitalizations resulting from exacerbated
illnesses caused by delayed examinations.

Patient Feedback
Initial patient feedback obtained from focused
questions by clinical care team members indi-
cated that the MHC was well received by pa-
tients at the pilot sites in southern
Minnesota. Patients expressed positive feed-
back regarding the vehicle itself and its prox-
imity. For example, at the Kenyon site, many
patients stated that they avoided a trip to Owa-
tonna or Faribault and instead were able to
travel just down the block. They also provided
positive feedback about the larger-than-
anticipated clinical space and the convenience
of onboard laboratory services. Many also
shared that they were anxious before being
seen in the clinic but were delighted after their
appointment was completed. Patients seen at
;6(5):475-483 n https://doi.org/10.1016/j.mayocpiqo.2022.08.002
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FIGURE 4. Map of the mobile health clinic (MHC) pilot sites. A, The 4 Mayo Clinic Health System regions (Southeast Minnesota,
Southwest Minnesota, Northwest Wisconsin, and Southwest Wisconsin) are outlined in blue, and the MHC pilot sites (Kenyon,
Blooming Prairie, Sherburn, and Butterfield, Minnesota) are indicated in red. Additional MHC stops are indicated in black. B, Map of
the home zip code regions of the patients seen in the MHC during the pilot period. The numbers of patients from each home zip
code are also indicated. The zip code regions of the MHC pilot sites are circled in red. IA, Iowa; MN, Minnesota; WI, Wisconsin. Used
with permission of Mayo Foundation for Medical Education and Research.
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the Blooming Prairie and Kenyon sites specif-
ically stated, “The clinical space was much
larger than anticipated.” Patients seen at the
Sherburn and Butterfield sites stated, “It is
very close to our home”; “The clinic space
was quite large”; and “We were unsure about
the care and experience we would receive
but were pleased by the time the appointment
was completed.”
DISCUSSION
The residents of rural communities face
considerable socioeconomic challenges.
Health care disparities lead to a higher
incidence of diseases, increased mortality
rates, and lower life expectancies.9 This prob-
lem has been exacerbated by a population
decreasing in size and increasing in age, lack
of economic growth, and inadequate infra-
structure to support broadband internet access
in rural areas. Health care delivery and access
to primary and speciality care has substantially
declined in rural communities over the past
few years, further increasing health outcome
disparities for their residents.10 Traditional
brick-and-mortar clinics providing health
care access in rural communities have been
challenged by staffing shortages and inade-
quate funding and reimbursement resources.

Our quality improvement intervention
addressed 2 fundamental challenges facing
health care systems that serve diverse commu-
nities in rural settings. The first challenge was
providing cost-effective, timely, efficient, and
high-quality care to rural residents while
addressing and resolving health care dispar-
ities. The second challenge was bringing resil-
ient, nimble, and iterative health care solutions
that can pivot as the needs of the community
change.

Many health care organizations have estab-
lished MHCs to address gaps in health care
related to the inability of patients to travel to
the clinic because of a lack of time or transpor-
tation.11,12 Mobile health clinics are important
for addressing the medical and social determi-
nants of health because they provide care at a
community level.Mobile health clinics also pro-
vide considerable cost savings and, thereby,
cost-effective care to patients in rural and un-
derserved communities.11 Mobile health clinics
can be costly at first but are an effective method
Mayo Clin Proc Inn Qual Out n October 2022
to address the health care disparities in under-
served populations.

A 2016 survey conducted by the Harvard
Medical School Mobile Health Map showed
that approximately 2000 MHCs were present
in the United States, with an estimated 6.5
million MHC visits annually.11 Preventive
screenings, primary care, and dental services
were the most common services offered by
MHCs.13 Early findings have shown promising
health care outcomes for patients who use
MHCs, which include increased access to
health care, reduced emergency department
cost and use, lower hospital readmission rates,
improved patient quality of life from expanded
preventive services, diminished barriers to
health care access, enhanced chronic disease
management, and increased health literacy.14

Mobile health clinics also provide convenient
access for an increasing population of older
patients who may have transportation and
connectivity challenges.

Although the use of an MHC to address
various health care needs is not completely
new, expansion of an MHC to include specialty
services via virtual care options or broadband
internet access to rural communities has not
been extensively reported.15,16 Telemedicine ca-
pabilities and remote use of Bluetooth peripheral
devices for diagnoses, such as Bluetooth-enabled
stethoscopes and otoscopes, can provide sub-
stantial advantages for specialist visits and
improve patient outcomes, mortality rates, and
health disparities.17 An MHC affords the ability
to efficiently move between locations, attend to
the preventive care needs of communities, and
bridge internet deserts in rural communities.

Thorough assessments of the feasibility of
proposed MHC projects should be conducted
before they are implemented. These assess-
ments should include consideration of practice
structure, cost, proposed visit models and
workflows, literature reviews, and bench-
marking of similar models. We used Agile
methodology to create a phased approach
with work chunks and minimally viable prod-
ucts to support the development of the inter-
vention. This approach was important to our
overall strategy and allowed us to engage team
members from many fields, seek and imple-
ment input, and iterate and add services within
a relatively short 7-month period from decision
to implementation. We recommend further
;6(5):475-483 n https://doi.org/10.1016/j.mayocpiqo.2022.08.002
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studies to assess the effectiveness of MHCs in
addressing health care disparities. We also sug-
gest that a framework produced with Agile
methodology be considered for health care
innovations that yield scalable products.

CONCLUSION
The preliminary findings of this study showed
that a digitally capable MHC can provide flex-
ibility and reach in rural communities. A lack
of required technology, infrastructure, and
equipment can hinder the implementation
and sustainability of similar innovative solu-
tions in rural communities in the United States
and around the world.18 Our quality improve-
ment initiative to design and implement a digi-
tally capable MHC helped to expand access to
in-person health care and specialty care via
advanced telehealth for patients living in rural
southern Minnesota. This initiative represents
an innovative solution to the rural health
care crisis that replaces traditional brick-and-
mortar facilities and expands service offerings
and access to technology.

SUPPLEMENTAL ONLINE MATERIAL
Supplemental material can be found online at
http://www.mcpiqojournal.org. Supplemental
material attached to journal articles has not
been edited, and the authors take responsibil-
ity for the accuracy of all data.
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