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ABSTRACT

The COVID-19 (coronavirus disease 2019) pandemic has expanded telehealth utilization in unprecedented ways

and has important implications for measuring geographic access to healthcare services. Established measures

of geographic access to care have focused on the spatial impedance of patients in seeking health care that per-

tains to specific transportation modes and do not account for the underlying broadband network that supports

telemedicine and e-health. To be able to measure the impact of telehealth on healthcare access, we created a pi-

lot augmentation of existing methods to incorporate measures of broadband accessibility to measure geo-

graphic access to telehealth. A reliable measure of telehealth accessibility is important to enable policy analysts

to assess whether the increasing prevalence of telehealth may help alleviate the disparities in healthcare access

in rural areas and for disadvantaged populations, or exacerbate the existing gaps as they experience “double

burdens.”
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INTRODUCTION

Access to health care—especially equitable access—is a longstanding

concern in healthcare delivery and policy.1–6 The COVID-19 (coro-

navirus disease 2019) pandemic has brought both renewed aware-

ness of healthcare access and new care delivery patterns, especially

related to telehealth.7–10 Typical approaches to characterizing (or

measuring) access have yet to incorporate telehealth; thus, new

methods to account for both physical and virtual access are urgently

needed.

Healthcare access is often measured in terms of geographic ac-

cess, which is one of the generally accepted components of access

along with availability, affordability, acceptability, approachability,

and appropriateness.11 Geographic access is generally defined as the

availability of healthcare services in a given geographic area that is
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not inhibited by the availability of transportation or geographic or

topographic barriers.12 The measurement of geographic access is

typically best achieved by simultaneously evaluating the supply and

demand of a particular healthcare service13 across geographic units

and the transportation network connecting them. Specifically, the

supply (the number of available healthcare services) and demand

(the number of individuals or populations seeking the healthcare ser-

vice) are typically accounted for by a series of measurements related

to travel time, sometimes with the rudimentary measure of Euclid-

ean distance, sometimes with travel time measured through spatial

network analysis while estimating the decay of the influence of the

density of the healthcare service available at a particular geographic

locale.4 The travel time measures are typically mapped with a geo-

graphic information system (GIS) with an underlying transportation

network dataset to characterize the burden of the distance to the

healthcare service on populations by a transportation mode.1–3,6,14–

17 This approach has been widely adopted and is appropriate for

measuring geographic access to in-person healthcare utilization.

Yet, the pandemic yields a unique opportunity to better under-

stand and mitigate geographic access barriers for some healthcare

services through the inclusion of telehealth to augment or replace

the use of in-person office visits. Estimating the ability to deliver tel-

ehealth services is challenging and will need to include a shift toward

understanding the impact of broadband on telehealth access. Be-

cause the expanded use of telehealth to accommodate healthcare fa-

cility closures, reduced capacity, and safety measures18 during the

pandemic is likely to persist based on policy shifts and patient pref-

erences, we suggest augmenting the accepted approach to measuring

geographic access by incorporating access measures specific to tele-

health .

Telehealth visits, especially video visits, are fundamentally de-

pendent on available broadband infrastructure that has consistent

and reliable connectivity. Such a shift has major implications for ru-

ral communities,10,19–22 in which broadband has been slow to ex-

pand and is typically assessed by availability, not durability of

connection (specifically, defined for the purposes of this proposed

method is measured through broadband download and upload

speeds of at least 25 and 3 mbps, respectively, which are generally

considered by the Federal Communications Commission [FCC] as

the adequate speeds for sustained connectivity).10,21,23 The pan-

demic has underscored the importance of augmenting traditional

measures of healthcare access to include telehealth. This requires

reimagining access measures for healthcare catchment areas that are

not fully constrained by proximity and travel burden in the same

way as in-person care.

Developing appropriate measurement approaches will put a fo-

cus on the underlying geography and the inherent, persistent dispar-

ities in rural communities21 that have not had resources to support

high-demand digital streaming feeds from more sophisticated hospi-

tal information technology systems. Given this shift in healthcare

services, we propose an approach, demonstrated from existing data,

that evaluates the assessment of underlying broadband durability as

well as availability in both the patient population and the healthcare

system provider areas in Vermont. This approach is the first to inte-

grate both spatial (geographic availability) and virtual accessibility,

and has several unique features: (1) it addresses durability of the

broadband connections for both provider and patient not simply

geographic availability; (2) it accounts for the download and upload

speeds for data that could determine the ability for households to

support telehealth video (as well as audio), which can be important

for symptom management and patient evaluation; and (3) it uses

publicly available data from the FCC due to public reporting

requirements for telecommunications companies.23 This proposed

approach, even as a cursory visual tool, allows the overview of the

availability and durability of broadband for the hospitals without

the capacity to do in-depth analysis.

For researchers with the capacity and desire to do an in-depth

analysis of access accommodating both broadband access and dura-

bility, we suggest an enhancement to the generally accepted standard

for measuring geographic access called the 2-step floating catchment

area (2SFCA) method.5,24 The 2SFCA method employs these basic

steps to measure geographic access: (1) characterizing physician sup-

ply, establishing the catchment area around the physician location,

summarizing the population served, and dividing the available serv-

ices by population to quantify the supply’s availability; and (2) sum-

ming up the availability of supplies within a demand’s catchment

area to measure its access. A more generalized version of 2SFCA

method introduces a distance decay effect, captured by a continuous

or a discrete function or a hybrid between the two, in place of the

rigid catchment area.4 In essence, the 2SFCA measure yields an intu-

itive score of accessibility as the ratio of accessible supply to demand

within reach such as number of physicians per 1000 residents, in

which both the supply and demand discounted by their distances

apart from each other.

A recommended conceptual approach and

demonstration for incorporating broadband durability

in geographic access methods
Given the evolution of the measurement of geographic access to

health service access over the years, we focus on a modification to

the popular 2SFCA method, termed the generalized 2SFCA model.4

For physical accessibility at patient location i, PAi, it is written as

PAi ¼
Xn

j¼1
½Sjf
�

dijÞ=
Xm

k¼1
ðDkf dkj

� �
Þ� (1)

where supply capacity at facility j is denoted by Sj, demand amount

at location k (or i) is denoted by Dk (or Di), and the interactions be-

tween them is a declining function of their physical distance dkj (or

dij). For simplicity in this case study, we assume that the distance de-

cay function f(dkj) or f(dij) takes binary values 0 or 1. In other

words, f dkj

� �
¼ f dij

� �
¼ 1 when dkj � d0;dij � d0(ie, within the

catchment area radius d0); and f dkj

� �
¼ f dij

� �
¼ 0 when

dkj > d0;dij > d0(ie, beyond the catchment area radius d0).

In the revised approach, titled the 2-step virtual catchment area

(2SVCA), we propose to replace the use of distance decay measures

with the download and upload speeds of the underlying geography’s

broadband access for which data are available nationally, and in

some cases, with better spatial resolution by state.23,25 In other

words, the digital transmission speeds at the supply (service pro-

vider) and the demand (patient) locations dictate the feasibility and

quality of telehealth and the strength of virtual connection between

them, equivalent to the distance decay effect in the physical world.

Telehealth rarely works completely independently of physical visits

to service providers, and often as supplementary consultation to re-

duce travel burdens for patients,26 and thus takes effect within the

provider’s physical catchment area.

The conceptual model of 2SVCA is illustrated in Figure 1. The

virtual accessibility at patient location i, VAi, is expressed as:

VAi ¼
Xn

j2ðdij � d0Þ
½Sjf
�

bibj

�
=
Xm

k2ðdkj �d0Þ
ðDkf bkbj

� �
Þ� (2)

where the virtual interaction between facility j and demand location
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k (or i) (being apart in physical distance dkj or dij) takes place within

the physical catchment area d0 and its strength is a function of their

broadband strengths f ðbkbjÞ or f ðbibjÞ, and all other notations re-

main the same as in equation 1.

In equation 2, the telehealth communication strength in the

2SVCA, f ðbkbjÞ or f ðbibj), is a function of the joint broadband quali-

ties at both demand and supply locations (eg, a product of their

durabilities bkbj or bibj), whereas f(dkj) or f(dij) in the 2SFCA indi-

cates that the physical interaction between them is a declining func-

tion of their corresponding physical distance dkj or dij. In this

2SVCA model, the telehealth communication strength function is

the key innovation, which can be derived from a spatial interaction

model2 based on empirical data on telehealth service volume, cover-

age of broadband durability, and sizes of supply and demand. Here,

for simplicity and illustration prior to such an empirically derived

function becoming available, they take the binary values, such as

f ðbkbjÞ¼ 1 if broadband Internet access is available at both supply

and demand locations (ie, bk¼ bj ¼ 1), and f ðbkbjÞ¼ 0 if broadband

internet access is not available at either supply or demand (ie, bk

¼ 0 or bj ¼ 0), and the same applies to f ðbibj).

The new measure for telehealth access has 3 desirable properties:

(1) it acknowledges the interdepence between physical and virtual

access, (2) the quality of telecommunication is a joint effect of

broadband durabilities at the service provider and patient locations,

and (3) its result retains an intuitive and straighforward interpreta-

tion, like the 2SFCA method for geospatial accessibility, as a ratio of

service supply capacity and demand volume, which interact beyond

geopolitical boundaries but within a physical catchment.

To demonstrate the method, we have chosen to calculate the

new telehealth accessibility by the 2SVCA and compare it with the

physical accessibility by the traditional 2SFCA in Vermont. Ver-

mont is a largley rural state with a few densely populated urban

and suburban areas, and yields good comparison between the

methods, and data were readily available. Using the FCC fixed

broadband availability dataset,18 available at the U.S. Census

Block level data for Vermont,27 and Vermont hospital locations,28

we calculate an origin-destination matrix from all Vermont U.S.

Census block origins (n¼32 580) to all 14 hospital locations in

Vermont to create a matrix of 456,120 records. Here, the catch-

ment area size d0 is defined as a travel time of 60 minutes. The

supply capacity S is defined by total bed size in each hospital and

the demand amount D is population size in each block.

The calibration of physical accessibility by the 2SFCA in equa-

tion 1 is implemented in 2 steps: (1) for each hospital, we sum up

the total population within its catchment area and calculate the ratio

of hospital bed size and the summed-up population as a preliminary

measure of hospital availability; and (2) for each census block, we

sum up the availability ratios for hospitals, derived from the previ-

ous step, within the catchment area of that block as its physical ac-

cessibility. The result is shown in Figure 2A.

To calculate the 2SVCA, we follow the same steps as detailed

previously with the addition of an accommodation for broadband

durability. The FCC fixed broadband file contains multiple records

per location due to the fact that multiple providers may service a sin-

gle census block. We rationalize that an average of the download

and upload speeds would give us the most appropriate estimate of

the stability and durability of the connection, and calcluate an aver-

age of download and upload speeds for each Vermont census block.

We consider a census block having broadband access with a mini-

mum download and upload speed of 25 and 3 mbps (ie, bk; bi ¼ 1),

respectively, and no access otherwise (ie, bk; bi ¼ 0). All 14 hospitals

have broadband access (ie, bj ¼ 1). In implementation, equation 2 is

computed similarly to equation 1, while only the blocks with broad-

band access enter as effective terms in the dominator, and only the

hospitals with broadband access (here, all hospitals) enter as effec-

tive terms in the numerator. The result is shown in Figure 2B. The

spatial pattern of virtual accessibility is largely consistent with that

of physical accessibility, but minor discrepancies can be detected by

close look. Table 1 summarizes differences in the results by the 2

methods.

Significance and potential impact
The modification outlined above as demonstrated in our example will

provide researchers with a more appropriate measure of access that

Figure 1. Conceptualization of the 2-step virtual catchment area method.
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accounts for telehealth services by examining the durability of the digi-

tal infrastructure associated with telehealth delivery. From the pilot

example, the overall geographic patterns of hospital accessibility

measures are similar, except that with the addition of broadband, the

availability scores appear to enhance access in suburban areas of hos-

pital catchments as well as some rural hospital catchment areas. How-

ever, there remain pockets of persistent limited geographic access,

suggesting an interrelationship between broadband availability and

rural locations of the northernmost locations of Vermont.

The increased use of telehealth has the potential to bridge some

of the healthcare accessibility gaps for rural and isolated communi-

ties. To realize that potential, it is imperative that policymakers,

healthcare systems, and health services researchers augment their

evaluation of geographic access to health care by incorporating

measures of virtual access that account for both the speed and dura-

bility of the broadband infrastructure for each health system and

provider and community served—with a focus on the impact on ru-

ral communities. The underlying broadband infrastructure has be-

come arguably as crucial to a patient’s overall healthcare access as a

road network is to reaching brick-and-mortar in-person services.

The conventional wisdom seems to suggest that increasing adop-

tion of telehealth might help alleviate the disparity of healthcare access

via physical visits of healthcare facilities for rural residents.22 A recent

FCC report warns of the “double burdens” for rural counties where

broadband access is<50% and physician shortages are most acute.19

Inotherwords, rural residents could face anotherobstacle in telehealth

access due to lack of broadband infrastructure, just like their geo-

graphic challenge in making physical visits to healthcare providers. So

could be the case of socioeconomically disadvantaged populations (in

both rural and urban areas) because of their lack of affordability of

broadband service, which has contributed to digital divides.29 With

the sustained use of telehealth even after the COVID-19 pandemic, the

benefits of broadband infrastructure improvement could extend

across the rural-urbancontinuum.9,10 While this work assumes broad-

band availability within the healthcare system, future work should

limit this assumption because all health systems may not be equipped

to host both audio and video telehealth visits.30 Additionally, this ex-

ample utilizes hospital locations and does not include outpatient facili-

ties, which could alter the geographic accessibility landscape in the

pilot study area. An additional important consideration is that the

Figure 2. Hospital accessibility in Vermont: (A) physical accessibility by 2-step floating catchment area and (B) virtual accessibility by 2-step virtual catchment

area.

Table 1. Summary statistics for hospital accessibility in Vermont by 2SFCA and 2SVCA

Statistic 2SFCA-Derived Physical Accessibility 2SVCA-Derived Telehealth Accessibility

Minimum 0.1623 0.1719

Maximum 3.6066 4.0431

Mean 1.5337 1.7395

Standard deviation 0.7531 0.8276

2SFCA: 2-step floating catchment area; 2SVCA: 2-step virtual catchment area.
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FCC data itself may overestimate the availability of this critical infra-

structure, specifically in rural communities.31 Notwithstanding, this

example demonstrates that a reliable measure of telehealth accessibil-

ity is important to enable policyanalysts toassess the impactof the dra-

matic shift in increase of telehealth services: will it close the gaps or

enlarge the divides? What policy or strategy can effectively mitigate

any negative outcomes while preserving and enhancing positive gains?

For these reasons, we suggest that the generally accepted approaches

to measuring geographic access be updated to accommodate this sig-

nificant shift in the healthcare market.
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