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Abstract

Objective: To assess the effects of eLongTermCare (eLTC), a telehealth program

implemented by an integrated health system in 45 nursing homes across the Mid-

west, on the use of acute hospital services and total expenditures for Medicare

residents.

Data Sources: Minimum Data Set, Medicare fee-for-service claims, and enrollment

data from 2013 to 2018.

Study Design: We used a longitudinal difference-in-differences design to estimate

the changes in outcomes for treatment beneficiaries before and after participating

in the eLTC program, relative to changes for the matched comparison beneficiaries

over the same period. We measured outcomes over a 24-month follow-up period,

including total Medicare spending, emergency department (ED) visits, hospitaliza-

tions, and the likelihood of readmission.

Data Collection/Extraction Methods: Using administrative data, we identified treat-

ment beneficiaries who stayed at participating nursing facilities during the program

period and matched comparison beneficiaries with similar baseline characteristics

from non-participating facilities in the same geographic locations.

Principal Findings: For long-term care residents, the eLTC program led to an esti-

mated reduction of 73 ED visits per 1000 beneficiaries (p < 0.01, 8.6% effect) over

the two-year follow-up period. The estimated effects for this group were concen-

trated among beneficiaries who entered the nursing home after program startup, with

sizable reductions in hospitalizations, ED visits, and spending. For skilled care resi-

dents, the program was associated with an estimated reduction of 85 ED visits per

1000 beneficiaries (p = 0.03, 9.7% effect), but had no discernible effect on their hos-

pitalizations or total Medicare spending.

Conclusions: Telehealth can be a valuable tool for nursing homes to enhance care

coordination and provide timely access to care, leading to lower spending for nursing
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home residents. Future research needs to explore payment methods that encourage

telehealth expansion in nursing homes.

K E YWORD S

health care costs, Medicare, nursing homes, program evaluation, technology adoption/diffusion/
use, telehealth, utilization of services

What is known on this topic

• Telehealth technologies can help improve access to care while delivering comparable health

outcomes. But most nursing homes in the United States have low use of telehealth.

• Previous studies have focused on the use of telehealth in homes, hospitals, and physicians'

offices. However, relatively few studies have examined the effects of telehealth services on

medical costs in nursing home settings.

What this study adds

• Using telehealth for transitional care planning and round-the-clock access to clinicians can

reduce unnecessary use of emergency and inpatient services, which lowers spending for

nursing home residents.

• Investment in high-quality, continuous support for frontline staff may contribute to the suc-

cessful implementation of telehealth programs in nursing homes.

• Payers and policy makers interested in expanding telehealth services in nursing homes should

explore payment models that align the costs of telehealth programs with potential savings

from reduced hospital use.

1 | INTRODUCTION

Telehealth technologies have long held promise for transforming the

health care industry by improving access to care and lowering costs.

During the COVID-19 pandemic, telehealth experienced explosive

growth in all regions of the country because of its potential to lower

disease exposure, preserve supplies of personal protective equipment,

and reduce patient demand on health care facilities.1 Given this expe-

rience, Medicare, Medicaid, and commercial payers are beginning to

establish policies to sustain and advance the adoption and use of

telehealth technologies in the post-pandemic era.

The literature has demonstrated telehealth technologies' potential

to improve patient satisfaction and reduce health disparities by

increasing access to care and empowering patients' self-management

of their conditions.2 Several studies suggested that integrating

telehealth in care management for patients with chronic diseases can

be effective in reducing hospitalizations and emergency department

(ED) visits.3–7 Other studies showed that, for elderly adults with multi-

ple comorbidities, the use of ambulatory telehealth interventions

(e.g., telemonitoring, video consults, and tele-exercise programs) can

help improve access to specialists while achieving comparable health

outcomes.8,9

The nursing home is an area where telehealth technologies may

help provide timely services to residents who lack access to onsite

physicians, thus reducing costly and inconvenient transfers to EDs

and hospitals.10 A few studies found preliminary evidence that

implementing telehealth consultations in nursing homes led to

reduced hospital admissions and ED visits among residents, but the

generalizability of existing studies is low due to small sample sizes or

incomplete study designs.11 In practice, most nursing facilities in the

United States do not provide remote consultations with specialists via

telehealth.12 This study expands to the literature by assessing the

effect of telehealth services in nursing homes on medical costs and

providing evidence on whether such services can generate savings to

payers, such as Medicare.

In this study, we examine the effect of a telehealth program

implemented in 45 nursing homes that partnered with Avera Health, a

nonprofit integrated health system that operates a large network of

providers across the Upper Midwest region. To help nursing home

residents gain access to timely, resident-centered care, Avera Health

implemented the eLongTermCare (eLTC) program that provided tran-

sitional care coordination and instant, round-the-clock access to clini-

cians for all residents in participating facilities. Avera Health provided

these eLTC services at a centrally staffed telehealth hub in Sioux Falls,

South Dakota. The eLTC staff at the hub site included clinicians (such

as nurses and physicians) and administrative staff. Avera Health oper-

ated the eLTC program from November 2014 through August 2018.

The program was funded by the Centers for Medicare & Medicaid

Service (CMS) as part of the second round of Health Care Innovation

Awards.

The eLTC program included three components:

1. Telehealth consults for urgent and specialty care. The eLTC team

provided 24/7 access to telehealth consults for all nursing home
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residents. Nursing home staff were encouraged to call the eLTC

team at the hub site whenever a resident needed urgent medical

care; the hub team member evaluated the resident via synchro-

nous two-way audio and video, if necessary, and instructed staff

on the next steps for care. For nonurgent specialty care, the hub

team offered to schedule a telehealth appointment with other

Avera Health specialists.

2. Telehealth transitional care coordination. For newly admitted resi-

dents, the eLTC team at the telehealth hub reviewed their medical

records and assessed their health status to identify those at high risk

for ED and hospital transfers. For high-risk residents, the eLTC team

conducted a full geriatric evaluation and developed a tailored elec-

tronic care plan, which included a chronic disease management plan,

a schedule for telephone and video consults, and a task list for nurs-

ing home staff to follow as appropriate. For low-risk residents, the

eLTC team reviewed medication lists and provided medication rec-

ommendations to the primary care provider and nursing home staff.

3. Staff training and empowerment. Upon launching the eLTC program,

Avera Health provided formal training to nursing home staff in par-

ticipating facilities to ensure that they know when and how to ini-

tiate telehealth consults. Avera Health subsequently provided

monthly training to nursing home staff on how to identify early

changes in residents' conditions to avoid unnecessary ED or hospi-

tal transfers. Avera Health held regular meetings with staff to

review unplanned transfers to an ED or hospital that nursing

homes made without first consulting the eLTC team.

We conducted an independent evaluation on the effect of Avera

Health's eLTC program on service use and costs for Medicare fee-for-

service (FFS) beneficiaries.13 We also examined the differential effects

of the intervention on long-term care residents and skilled care resi-

dents. We hypothesized that by training nursing home staff to use

telehealth consults and providing remote clinical consults (or referrals to

specialists) to their residents, the eLTC program would reduce unneces-

sary transfers to EDs and hospitals among residents, both of which

would reduce the total cost of care. Further, we hypothesized that the

overall effects of the program would be more pronounced among long-

term care residents than among skilled care residents who had less

exposure to program services due to their shorter length of stay.

2 | METHODS

2.1 | Study design

Avera Health implemented the eLTC program at participating nursing

homes in Iowa, South Dakota, North Dakota, and Minnesota on a rolling

basis. All residents in participating nursing homes were eligible to receive

eLTC services. To capture potential positive spillover effects from staff

training and eliminate selection bias at the beneficiary level, we included

all residents in participating nursing homes in the treatment group, regard-

less of whether they received telehealth services during their stay. We

defined residents' eLTC enrollment date based on whether they were

residing in the facility when the program was launched or were admitted

to the facility after the program began. For beneficiaries who were in the

nursing home before the facility launched the program, the launch date

serves as the beneficiary's enrollment date. For beneficiaries entering the

nursing home on or after the program launch date, their enrollment date

is the day they were admitted to the facility.

The study period covers a 12-month period before a beneficiary

enrolled in the intervention (baseline) and a 24-month period after

they enrolled (follow-up), conditional on being alive and enrolled in

Medicare FFS. To avoid bias due to the potentially endogenous effect

of the intervention on nursing home length of stay (which also affects

outcomes), we followed all beneficiaries for 24 months after enroll-

ment, including those who were discharged from the nursing facility

during the follow-up period.

2.2 | Data and study population

Using the Minimum Data Set and Medicare enrollment data from

November 2014 through February 2018, we identified all Medicare

FFS beneficiaries who were residing in a participating facility when

the eLTC program was launched or who were admitted to a partici-

pating facility after the start of the program. To ensure we had com-

plete data over a sufficient period to measure the outcomes, we

limited the treatment group to the 9608 Medicare FFS beneficiaries

who were enrolled in both Medicare Parts A and B and had Medicare

as the primary payer on their eLTC program enrollment date, were

enrolled in Medicare for at least 90 days during the 12 months imme-

diately before their program enrollment date, and were alive for a

period of at least 30 days after their enrollment date.

We drew a comparison group from beneficiaries who stayed in a

nursing home located in the same four states as the program during the

same calendar period (to minimize cross-state variation in health care

practice patterns and outcomes), but were not affiliated with Avera

Health and thus ineligible to participate in the eLTC program. We used

the same rules for assigning enrollment dates for potential comparison

beneficiaries as for the treatment group, using November 1, 2014 as a

pseudo program launch date (the earliest launch date among the 45 par-

ticipating nursing homes). Using propensity score matching techniques,

we selected 24,620 comparison beneficiaries whose demographic,

health status, service use, and spending characteristics were similar to

treatment group members at baseline (defined as the 12-month period

before enrollment). Our propensity score matching model also controlled

for facility characteristics, including rural location, bed size, nonprofit sta-

tus, and a five-star rating from the CMS Nursing Home Compare. We

required an exact match on the state in which the facility was located,

rural facility status, and length of nursing home residency before the

enrollment date (0 days, 1–180 days, and more than 180 days).

Because of differences in health care needs between long-term

care nursing home residents and those receiving short-term, rehabili-

tative skilled nursing care only, we drew a comparison group and

modeled program effects for each group separately. We defined

skilled care beneficiaries as those who had a Medicare skilled nursing
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facility (SNF) claim spanning the date they were enrolled in the eLTC

program. We classified beneficiaries without an SNF claim at enroll-

ment as long-term care residents.

2.3 | Outcomes

Using Medicare Part A and Part B claims, we constructed four out-

comes: total Medicare FFS expenditures per beneficiary per month

(PBPM), number of hospitalizations, number of outpatient ED visits

(including outpatient observation stays), and the likelihood of hospital

readmission within 30 days of discharge from an initial hospitalization.

We constructed the first three outcomes for each beneficiary over

every 6-month segment covering the study period. In other words,

each beneficiary had two observations in the baseline period and up

to four observations in the follow-up period (observations were trun-

cated accordingly if the beneficiary died or left Medicare FFS during

the follow-up period). We annualized all three outcomes and mea-

sured them per 1000 beneficiaries. To account for extreme outliers in

expenditures and number of visits or stays, we trimmed the outcome

values for both groups at the 98th percentile of the treatment group

distribution; that is, all values above the 98th percentile were replaced

with the value of the outcome variable at the 98th percentile.

The last outcome, hospital readmission within 30 days of dis-

charge, is a binary variable defined at the discharge level. The variable

takes the value 1 if a hospital discharge was associated with at least

one subsequent readmission within 30 days and 0 if not. A beneficiary

with multiple discharges during the study period would have each dis-

charge included as a separate observation.

2.4 | Statistical analysis

To study the effect of the eLTC program, we employed a longitudinal

difference-in-differences design. Our regression model measures pro-

gram effects as the change in outcomes among treatment beneficia-

ries after versus before enrollment relative to the change in outcomes

over the same period among matched comparison group beneficiaries

with similar baseline characteristics.

For each continuous outcome (total Medicare expenditures, hos-

pitalizations, and outpatient ED visits), we estimated a regression

model that included observations for all baseline and follow-up time

periods that were available for each beneficiary in the sample. Our

regression model included beneficiary-level fixed effects and a

follow-up time indicator that took the value of 1 during a specific

follow-up period (months 1–12 and months 13–24). The beneficiary-

level fixed effects help isolate the treatment effect by removing any

bias from unmeasured confounders at the individual level. In other

words, the baseline observation serves as each individual's own con-

trol. We identified the effect of the program by the interaction

between the time indicator and a binary treatment indicator. Due to

the fixed-effect specification, the treatment indicator and baseline

characteristics of beneficiaries and facilities were not included as

stand-alone variables because the coefficients would not be identi-

fied. To control for the differential outcome trends among beneficia-

ries with different baseline health statuses, we included an

interaction between the time indicator and the beneficiary's hierar-

chical condition category (HCC) score measured at baseline. The

HCC score reflects the predicted cost of a beneficiary's care based

on their Medicare claims history and demographic information. Ben-

eficiaries with higher HCC scores at baseline have higher expected

expenditures in the follow-up period.

We used a different regression model for the 30-day readmission

outcome. Because the outcome was defined at the discharge level

and the event did not typically repeat on the same beneficiaries over

time, we estimated a point-in-time cross-sectional model instead of

the difference-in-difference model. We used a binary treatment indi-

cator, time indicators for follow-up period, and their interactions to

identify the effect of the program, controlling for beneficiaries' and

nursing facilities' characteristics at baseline, and discharge-level risk

factors for readmission (See Appendix S1 for modeling details.).

We used ordinary least squares to estimate all models. To

account for the correlation in outcomes among multiple observations

for the same beneficiary in our longitudinal dataset, we adjusted the

standard errors for clustering at the beneficiary level.

3 | RESULTS

3.1 | Baseline characteristics

The treatment group represented a population of high-need, high-

cost beneficiaries, as typically seen in nursing homes. The average

age of treatment group beneficiaries at enrollment was 80 years

(Table 1). Nearly two-thirds of them were female, and 30% were

dually eligible for Medicare and Medicaid. Measured over the

12 months before enrollment, the average HCC risk score for

treatment group beneficiaries was 2.3, indicating their health care

expenditures in the next year were expected to be nearly two-and-

a-half times the national Medicare FFS average. Congestive heart

failure and vascular disease were the most common chronic condi-

tions among them. Treatment group beneficiaries were in rela-

tively high resource use groups (RUGs) upon nursing home

admission, with an average RUG-IV case-mix index of 42 (out of a

maximum of 66). They also had high rates of service use and Medi-

care expenditures during the baseline year. For example, the rate

of hospitalization was 1002 per 1000 beneficiaries for the treat-

ment group, 3.5 times higher than the U.S. average of 274 per

1000 beneficiaries.14 About two-thirds of the treatment group

beneficiaries resided in rural facilities with an average of 93 certi-

fied beds. The average star rating for the participating nursing

homes was 3.1 out of 5.
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TABLE 1 Characteristics of treatment and matched comparison groups at baseline

Full study population Treatment group only, by type of stay

Treatment Comparison
Long-term
care residents Skilled care residents

Measure (N = 9608) (N = 24,620)
Standardized
difference (N = 7194) (N = 2414)

Patient characteristics

Age at enrollment 80 80 0.05 81 79

Female, % 65 65 0.01 66 62

White, % 94 93 0.05 95 93

Medicare/Medicaid dual statusa, % 30 30 �0.02 33 18

Days between admission and enrollment: 0, % 39 39 0 22 92

Days between admission and enrollment: 1–180, % 10 10 0 11 7

Days between admission and enrollment: 181+, % 51 51 0 68 2

HCC scoreb 2.3 2.4 �0.05 2.2 2.7

COPD, % 26 27 �0.02 25 27

CHF, % 34 35 �0.02 33 37

Morbid obesity, % 8 8 �0.02 7 9.2

Vascular disease, % 31 29 0.03 33 25

Major depressive disorder, % 11 11 0 12 9.1

RUG-IV case-mix index at admissionc 42 42 �0.01 40 49

RUG-IV group: rehabilitation, % 78 79 �0.01 73 95

RUG-IV group: reduced physical function, % 10 10 0.02 13 2

RUG-IV group: clinically complex, % 4 4 �0.01 5 2

Service use and expenditures

Number of hospital admissions (per 1000) 1002 1058 �0.04 824 1533

Number of outpatient ED visits (per 1000) 919 892 0.02 871 1064

Total Medicare expenditures ($ PBPM) 2274 2423 �0.05 2060 2912

Facility characteristics

Facility state: Iowa, % 23 23 0 26 13

Facility state: Minnesota, % 10 10 0 9 14

Facility state: Nebraska or South Dakota, % 68 68 0 66 73

Rural facility, % 64 64 0 65 59

Nonprofit facility, % 37 43 �0.13 38 34

Number of federally certified beds 93 94 �0.03 93 94

Nursing home compare 5-star rating 3.1 3.1 �0.04 3.1 3.1

Note: All beneficiary characteristics were measured during or as of the end of the baseline year, which is defined as the 365 days before each beneficiary's

enrollment date. The statistics are weighted means, with beneficiary weights proportional to the number of months during the 12-month baseline period

that the beneficiary was enrolled in both Medicare Parts A and B. In addition, statistics for comparison beneficiaries are weighted to reflect the size of its

match set (i.e., the number of comparison beneficiary matched to a treatment beneficiary). Facility characteristics are summarized from the beneficiary-

level data. The reference group for nonprofit facilities are for-profit facilities. Public facilities are excluded from the study. Standardized differences are

calculated as the ratio of the difference in means and standard deviation of the variable estimated on the treatment group.

Abbreviations: CHF, congestive heart failure; CMS, Centers for Medicare & Medicaid Services; COPD, chronic obstructive pulmonary disorder; ED,

emergency department; ESRD, end-stage renal disease; HCC, hierarchical condition category; PBPM, per beneficiary per month; RUG, resource utilization

group.
aIncludes residents with both a disability and ESRD.
bThe HCC score incorporates diagnosis history and demographics to estimate a score representing the expected costs of a Medicare beneficiary in the

upcoming year. A score of one represents average expected expenditures. HCC scores were calculated by using the most recently available HCC

algorithms.
cCase-mix index is an integer ranking of the RUG Codes based on the total Medicare rate, and reflects the relative resources predicted to provide care to a

resident. A case-mix index is designated to each RUG under the CMS RUG-IV system. The higher the case-mix index, the greater the resource

requirements for the resident.
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The matched comparison group beneficiaries were very similar to

the treatment group on baseline measures (means for the two groups

were within 0.05 standard deviations of each other for all but one

baseline variable). They also showed similar trends for hospital admis-

sions, ED visits, and total Medicare expenditures during the 24-month

period before enrollment (Figures S1–S3).

Table 1 also shows that short-term skilled care residents had

higher health risks on average than long-term care residents. Skilled

care residents had higher HCC risk scores at baseline (2.7 vs. 2.2)

and were expected to have a higher need for care, indicated by the

RUG-IV case-mix index (49 vs. 40), than long-term care residents.

Skilled care residents also had higher Medicare expenditures and

rates of inpatient service use during the baseline year than long-term

care residents. Medicare coverage for nursing facility costs explains

part of the difference in baseline expenditures and service use

between the two groups of nursing home residents. Long-term nurs-

ing home care is not covered under Medicare, and thus the cost of

long-term care is not captured in our total expenditures measure.

3.2 | Effect of eLTC program on service use and
expenditures

3.2.1 | Long-term care nursing home residents

For long-term care nursing home residents, the regression-adjusted

total Medicare expenditures for treatment group beneficiaries

decreased by roughly 1% (from $1987 PBPM in the baseline year to

$1970 PBPM) over the 24-month follow-up period (Table 2). During

the same period, the Medicare expenditures for the comparison group

beneficiaries increased from $2148 to $2204 PBPM. The differential

change between the two groups suggests that the eLTC program was

associated with a marginally significant reduction of Medicare expen-

ditures by $73 PBPM (p = 0.08) over 2 years, which represents a

3.6% reduction from what the treatment group mean would have

been absent in the program (the treatment group's predicted mean in

the follow-up period minus the estimated effect). The estimated rela-

tive reduction in Medicare expenditures was similar in the first and

TABLE 2 Estimated effect of the eLTC program on service use and spending outcomes among long-term care beneficiaries

Treatment group mean (N = 7194)

Comparison group

mean (N = 19,713) Estimated effect (SE) Percent effect p-value

Total Medicare expenditures ($ PBPM)

Baseline year 1987 2148

Follow-up year 1 2109 2351 �81* (44) �3.7% 0.07

Follow-up year 2 1855 2105 �89* (53) �4.6% 0.09

Cumulative 1970 2204 �73* (42) �3.6% 0.08

Hospital stays (per 1000 beneficiaries)

Baseline year 805 888

Follow-up year 1 793 880 �4.1 (20) �0.5% 0.84

Follow-up year 2 738 855 �35 (25) �4.5% 0.17

Cumulative 753 845 �9.9 (19) �1.3% 0.60

ED and observation visits (per 1000 beneficiaries)

Baseline year 814 831

Follow-up year 1 779 871 �75*** (22) �8.8% <0.01

Follow-up year 2 757 841 �66** (28) �8.0% 0.02

Cumulative 772 863 �73*** (21) �8.6% <0.01

Likelihood of readmission within 30 days of hospital discharge (percentage)

Baseline year 18 18

Follow-up year 1 22 22 �1.0 (1.0) �4.3% 0.30

Follow-up year 2 18 18 �0.89 (1.4) �4.7% 0.52

Cumulative 21 21 �0.98 (0.94) �4.5% 0.30

Note: Estimated effects for expenditures and number of visits or stays are based on a difference-in-differences approach and show the regression-adjusted

change for the treatment group relative to that for the comparison group between the baseline and follow-up periods. The estimated effect for the binary

outcome of any readmission within 30 days of hospital discharge is a regression-adjusted treatment–comparison difference based on a cross-sectional

regression that controls for a beneficiary's baseline characteristics and discharge-level risk factors for having a readmission. The follow-up years are

beneficiary-specific and defined relative to each beneficiary's date of enrollment. Percentage effect is relative to a counterfactual value defined as the

regression-adjusted treatment group mean minus the estimated effect.

Abbreviations: ED, emergency department; eLTC, eLongTermCare; PBPM, per beneficiary per month.

*Significantly different from zero at the 0.10 level, two-tailed test.

**Significantly different from zero at the 0.05 level, two-tailed test.

***Significantly different from zero at the 0.01 level, two-tailed test.
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second follow-up years: $81 PBPM (p = 0.07) in Year 1 and $89

PBPM (p = 0.08) in Year 2.

Consistent with the estimated reduction in total expenditures,

the eLTC program was associated with a statistically significant esti-

mated reduction of 73 ED visits per 1000 beneficiaries (p < 0.01), or

8.6% over the two-year follow-up period. The number of hospitaliza-

tions declined by 52 per 1000 beneficiaries during the two-year

period in the treatment group, compared with a decline of 43 per

1000 beneficiaries in the comparison group. However, the estimated

number of hospitalizations and the likelihood of 30-day readmission

were not statistically significant, suggesting that any effects the eLTC

program had on hospitalizations or readmission among long-term care

residents were small or nonexistent.

Because the eLTC program provided risk-stratified transi-

tional care coordination services to newly admitted residents only

(and not existing residents), the program effects might concen-

trate more on the newly admitted beneficiaries. To test this

hypothesis, we re-estimated the regression model by including

only residents who enrolled after the start of the eLTC program

(accounting for about 22% of the treatment group of long-term

care residents). As expected, the estimated program effects are

larger for the group of newly admitted long-term care residents

than for the full group (Table 3). For this group of beneficiaries

over the two-year follow-up period, the eLTC program was asso-

ciated with estimated reductions in total Medicare expenditures

by $467 PBPM (p < 0.01, 11.3% effect), 237 per 1000 beneficia-

ries fewer ED visits (p < 0.01, 18.5% effect), and 84 fewer hospi-

talizations (p < 0.01, 6.1% effect) relative to the comparison

group.

3.3 | Skilled care nursing home residents

For short-term skilled care beneficiaries, the eLTC program was

associated with an estimated reduction of 85 ED visits per 1000

beneficiaries (p = 0.03), or 9.7% over the two-year period (Table 4).

TABLE 3 Estimated effect of the eLTC program on service use and spending outcomes among newly admitted long-term care beneficiaries

Treatment group mean (N = 1558) Comparison group mean (N = 5082) Estimated effect (SE) Percent effect p-value

Total Medicare expenditures ($ PBPM)

Baseline year 2444 2665

Follow-up year 1 4230 4975 �524*** (115) �11.0% <0.01

Follow-up year 2 2526 2976 �229 (146) �8.3% 0.12

Cumulative 3671 4359 �467*** (111) �11.3% <0.01

Hospital stays per 1000 beneficiaries

Baseline year 1177 1325

Follow-up year 1 1445 1693 �100** (50) �6.5% 0.05

Follow-up year 2 1015 1209 �47 (70) �4.4% 0.51

Cumulative 1290 1521 �84* (47) �6.1% 0.07

ED & observation visits per 1000 beneficiaries

Baseline year 1255 1207

Follow-up year 1 1128 1316 �236*** (59) �17.3% <0.01

Follow-up year 2 827 1008 �229*** (77) �21.7% <0.01

Cumulative 1044 1233 �237*** (57) �18.5% <0.01

Percentage likelihood of hospital discharges with a 30-day readmission

Baseline year 21 21

Follow-up year 1 27 28 �1.4 (2.0) �4.9% 0.50

Follow-up year 2 22 17 4.1 (3.0) 22.9% 0.18

Cumulative 27 26 �0.64 (1.9) �2.3% 0.74

Note: Estimated effects for expenditures and number of visits or stays are based on a difference-in-differences approach and show the regression-adjusted

change for the treatment group relative to that for the comparison group between the baseline and follow-up periods. The estimated effect for the binary

outcome of any readmission within 30 days of hospital discharge is a regression-adjusted treatment–comparison difference based on a cross-sectional

regression that controls for a beneficiary's baseline characteristics and discharge-level risk factors for having a readmission. The follow-up years are

beneficiary-specific and defined relative to each beneficiary's date of enrollment. Percentage effect is relative to a counterfactual value defined as the

regression-adjusted treatment group mean minus the estimated effect.

Abbreviations: ED, emergency department; eLTC, eLongTermCare; PBPM, per beneficiary per month.

*Significantly different from zero at the 0.10 level, two-tailed test.

**Significantly different from zero at the 0.05 level, two-tailed test.

***Significantly different from zero at the 0.01 level, two-tailed test.
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However, the estimated reduction in ED visits was not large enough

to result in a statistically significant reduction in total Medicare

expenditures. Neither was there a discernable change in the number

of hospitalizations and likelihood of 30-day readmission. We did not

repeat the analysis on newly admitted short-term skilled care benefi-

ciaries, because virtually all beneficiaries in this group were newly

admitted.

3.4 | Robustness test

To test the robustness of our results, we re-estimated the regression

models for expenditures, hospitalizations, and outpatient ED visits,

using a baseline period covering 2 years before the enrollment

date—as opposed to 1 year only as in the main analysis. This test helps

assess the parallel trends assumption for the difference-in-differences

model. If trends in outcomes for the treatment and comparison groups

are not parallel during the baseline period, the estimated effects are

likely to change substantially as the baseline period extends back an

additional year. Results from this analysis are qualitatively similar to

the main results (see Table S2).

4 | DISCUSSION

This study assessed the effects of a telehealth program for nursing

home residents. The results suggest that the eLTC program reduced

the number of ED and observation visits among long-term care Medi-

care residents. The reduced hospital service use might have also

reduced total Medicare expenditures, but the estimated effect was

small and imprecise. However, the program had larger estimated

effects and led to a greater reduction in the number of hospitaliza-

tions and Medicare expenditures among newly admitted long-term

care residents, who received telehealth transitional care coordination

in addition to having access to telehealth consults with specialists. For

beneficiaries in short-term skilled nursing care, the program led to

fewer ED and observation visits but had no discernable effect on total

Medicare expenditures. The lack of program effects on Medicare

TABLE 4 Estimated effect of the eLTC program on service use and spending outcomes among skilled care beneficiaries

Treatment group mean (N = 2414) Comparison group mean (N = 4907) Estimated effect (SE) Percent effect p-value

Total Medicare expenditures ($ PBPM)

Baseline year 2810 2975

Follow-up year 1 2823 2906 83 (75) 3.0% 0.27

Follow-up year 2 1932 2126 �29 (102) �1.5% 0.78

Cumulative 2493 2602 57 (74) 2.3% 0.44

Hospital stays per 1000 beneficiaries

Baseline year 1472 1507

Follow-up year 1 567 617 �15 (32) �2.6% 0.63

Follow-up year 2 705 738 2.2 (47) 0.3% 0.96

Cumulative 592 636 �8.8 (30) �1.5% 0.77

ED & Observation visits per 1000 beneficiaries

Baseline year 977 977

Follow-up year 1 815 896 �81* (43) �9.0% 0.06

Follow-up year 2 729 837 �108** (55) �12.9% 0.05

Cumulative 793 878 �85** (40) �9.7% 0.03

Percentage likelihood of hospital discharges with a 30-day readmission

Baseline year 21 19

Follow-up year 1 13 13 �0.52 (1.5) �3.8% 0.73

Follow-up year 2 17 12 4.7** (2.3) 38.2% 0.05

Cumulative 13 13 0.26 (1.5) 2.0% 0.86

Note: Estimated effect for expenditures and number of visits or stays are based on a difference-in-differences approach and show the regression-adjusted

change for the treatment group relative to that for the comparison group between the baseline and follow-up periods. The estimated effect for the binary

outcome of any readmission within 30 days of hospital discharge is a regression-adjusted treatment–comparison difference based on a cross-sectional

regression that controls for a beneficiary's baseline characteristics and discharge-level risk factors for having a readmission. The follow-up years are

beneficiary-specific and defined relative to each beneficiary's date of enrollment. Percentage effect is relative to a counterfactual value defined as the

regression-adjusted treatment group mean minus the estimated effect.

Abbreviations: ED, emergency department; eLTC, eLongTermCare; PBPM, per beneficiary per month.

*Significantly different from zero at the 0.10 level, two-tailed test.

**Significantly different from zero at the 0.05 level, two-tailed test.
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expenditures among skilled care beneficiaries could be due to less

exposure to the intervention, given that skilled care beneficiaries in

the study spent fewer than 60 days in nursing homes on average.

Avera Health's comprehensive, continuous support for frontline

staff may have contributed to the favorable estimated effect of the

eLTC program in participating nursing homes. Qualitative information

collected in the study suggested that Avera Health provided frequent,

intense training to frontline staff who were responsible for initiating

telehealth consults. The training aimed at helping staff identify early

changes in residents' conditions that could be medically addressed

through a telehealth consult, thereby avoiding unnecessary ED or hos-

pital transfers. According to Avera Health, these training efforts

yielded high levels of engagement and satisfaction by the nursing

staff, which is a possible driver of the favorable program effects.13

Although the estimated reduction in Medicare expenditures for

long-term care beneficiaries is small and lacks statistical significance,

its consistency with results for service use outcomes suggests that if

CMS were to implement a program such as eLTC in nursing homes

nationwide, it might generate modest savings for Medicare through

the reduced hospital and ED use among Medicare beneficiaries resid-

ing in nursing facilities. At the time of the intervention, Avera Health

reported that it would take a one-time fee of $250 plus a monthly fee

of $55 per resident to cover the cost of the eLTC program (regardless

of the frequency of telehealth consults provided). Using the average

length of stay of 19 months for long-term care residents in our treat-

ment group, we estimated that eLTC would have an incremental cost

of about $68 PBPM ([$250/19 months] + $55), compared with the

usual care a resident would receive in a nursing home such program.

Considering the estimated reduction of $73 PBPM in Medicare

expenditures due to eLTC (i.e., the difference-in-differences savings

estimate for Medicare long-term care residents), the program would

generate a net saving of $5 PBPM, amounting to a total saving of $95

per long-term care resident over the average stay.

There are several caveats to our savings estimate of $95 per

long-term care resident. First, the 95% confidence interval for our

point estimate of $73 PBPM was large, ranging from a cost reduction

of $155 PBPM to a cost increase of $8 PBPM. Second, our study was

based on a group of nursing homes that chose to participate in Avera

Health's eLTC program, which may differ from other nursing homes in

ways that limit the generalizability to the potential effect of the pro-

gram. For example, the nursing homes participating in the intervention

might have been more invested in other quality improvement strate-

gies than non-participating nursing homes, making the eLTC program

more likely to yield a favorable effect on their residents. For these

reasons, the actual total cost savings to Medicare can be much higher

or lower than $95 per long-term care resident if a program like eLTC

was implemented nationally.

4.1 | Limitations

This study has several limitations. First, the study was based on a mat-

ched group design rather than a randomized control trial. The

treatment and comparison beneficiaries might have had different tra-

jectories of outcomes over time, even in the absence of the interven-

tion, which could lead to a biased estimate of the program effect. The

close match of the two groups on the baseline characteristics of resi-

dents and facilities, along with a fixed-effects specification to net out

any time-invariant differences on unobservables and the parallel

trends in outcomes observed in the baseline period, lessen our con-

cern about remaining biases. Second, we were not able to obtain cost

and other outcome data for nursing home residents who had only

Medicaid coverage. Thus, we cannot assess whether the program

would generate savings for Medicaid for those residents, since they

may have quite different needs and risks for hospitalization than less

economically disadvantaged patients. Furthermore, we were unable to

assess whether the program might have reduced Medicaid costs for

dual-eligible beneficiaries by limiting the need for transferring patients

to infirmaries and other more intensive care sections of the nursing

home. Third, sample sizes for minority populations were insufficient

to assess whether the program was able to reduce any racial dispar-

ities in outcomes. Finally, as noted above, the facility-level differences

between Avera Health's nursing homes and other nursing homes

across the nation may limit the generalizability of this study. Nonethe-

less, the results suggest that expanding the use of telehealth in nurs-

ing homes could benefit residents through reduced hospital service

use and potentially lower spending.

4.2 | Implications

Findings from this study provide three important implications for

nursing homes, payers, plans, and policy makers. First, when

implemented effectively, telehealth can be a useful tool to enhance

care coordination and provide timely access to care for nursing home

residents. Our findings are consistent with existing evidence that

telehealth interventions can reduce hospitalizations and ED visits in

nursing homes.6,7,11

Second, although our study did not test the effect of training

frontline staff on job satisfaction, Avera Health's emphasis on high-

quality staff training as part of the eLTC intervention is consistent

with the literature that suggested a positive correlation between

training support and staff satisfaction and quality of care in nursing

home facilities.15 As COVID-19 accelerated the diffusion of digital

technologies in the health care system, more research is needed to

understand the effective strategies that help engage frontline nursing

home staff with new technologies while maintaining staff morale and

satisfaction.

Third, despite the advantages of the program for patients and

potential cost savings to payers, nursing homes may have limited

financial incentives to adopt similar telehealth interventions. In the

current payment model, nursing homes have to cover the full cost of

telehealth programs—which is not a trivial amount in the case of eLTC.

The Medicare SNF Patient-Driven Payment Model and SNF Value-

Based Purchasing program both provide incentives for nursing homes

to reduce hospital readmissions among SNF patients. But, given that
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Medicaid is the largest payer for long-term care, it is unclear whether

the Medicare incentives alone will lead nursing homes to widely adopt

telehealth programs. Medicare Advantage plans might have an incen-

tive to encourage telehealth visits for their enrollees who are in long-

term care facilities, but relatively few nursing home residents are

enrolled in Medicare Advantage.16 Emerging capitated payment initia-

tives may provide incentives for a broader range of health care organi-

zations to invest in nursing home telehealth. For example, the CMS

Direct Contracting Model offers ACO-like organizations and Medicaid

Managed Care Organizations the opportunity to take on the financial

risk for managing patients' total cost of care. These organizations may

be more willing to pay for a telehealth program in affiliated nursing

homes if they provide long-term and post-acute care to many attrib-

uted beneficiaries. As value-based purchasing continues to evolve,

more research is needed to examine the value to payers for improved

nursing home outcomes, as well as to explore payment models that

encourage the expansion of telehealth services in nursing homes.
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