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Rationale & Objective: Because of coronavirus
disease 2019 (COVID-19), the US government
issued emergency waivers in March 2020 that
removed regulatory barriers around the use of
telemedicine. For the first time, nephrologists were
reimbursed for telemedicine care delivered during
in-center hemodialysis. We examined the use of
telemedicine for in-center hemodialysis during the
first 16 months of the pandemic.

Study Design: We ascertained telemedicine
modifiers on nephrologist claims. We used multi-
variable regression to examine time trends and
patient, dialysis facility, and geographic correlates
of telemedicine use. We also examined whether
the estimated effects of predictors of telemedicine
use changed over time.

Setting & Participants: US Medicare beneficiaries
receiving in-center hemodialysis between March 1,
2020, and June 30, 2021.

Exposures: Patient, geographic, and dialysis fa-
cility characteristics.

Outcomes: The use of telehealth for in-center he-
modialysis care.

Analytic Approach: Retrospective cohort analysis.

Results: Among 267,434 Medicare beneficiaries
identified, the reported use of telemedicine
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peaked at 9% of patient-months in April 2020 and
declined to 2% of patient-months by June 2021.
Telemedicine use varied geographically and was
more common in areas that were remote and
socioeconomically disadvantaged. Patients were
more likely to receive care by telemedicine in
areas with higher incidence of COVID-19,
although the predictive value of COVID-19
diminished later in the pandemic. Patients were
more likely to receive care using telemedicine if
they were at facilities with more staff, and the
use of telemedicine varied by facility ownership
type.

Limitations: Limited reporting of telemedicine on
claims could lead to underestimation of its use.
Reported telemedicine use was higher in an anal-
ysis designed to address this limitation by focusing
on patients whose physicians used telemedicine at
least once during the pandemic.

Conclusions: Some US nephrologists continued
to use telemedicine for in-center hemodialysis
throughout the pandemic, even as the
association between COVID-19 incidence and
telemedicine use diminished over time. These
findings highlight unique challenges and
opportunities to the future use of telemedicine in
dialysis care.
o maintain access to care while preventing the spread
Tof severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), the Centers for Medicare and Medicaid
Services (CMS) issued a series of emergency waivers in
March 2020 that removed regulatory barriers to the use of
telemedicine in the United States. For the 480,000 US
patients receiving in-center hemodialysis, these waivers
enabled their kidney care provider (nephrologist or affili-
ated advanced practice provider, hereafter referred to as
“nephrologist”) to substitute face-to-face in-center
hemodialysis visits with telemedicine encounters.1-4

Nephrologists soon began conducting some of their in-
center dialysis care by telemedicine, in which dialysis fa-
cility personnel relay a telemedicine device, such as a tablet
or smart phone, to patients who then communicate with
their nephrologist as they receive dialysis.5,6 This was the
first time that telemedicine was widely used by nephrol-
ogists for in-center hemodialysis care.

Before the coronavirus disease 2019 (COVID-19)
pandemic, interest in improving access to care and patient
convenience fueled initiatives to promote the adoption of
telemedicine in a variety of health care settings, including
pilot interventions in chronic kidney disease and legislation
permitting the use of telemedicine for home dialysis.7-14

Concerns about infection risk during the COVID-19
pandemic created new incentives to use telemedicine. In
hemodialysis, nephrologists could reduce the risk of con-
tracting SARS-CoV-2 and spreading the virus to their patients
by replacing face-to-face dialysis visits with telemedicine.
Unlike the treatment of other chronic diseases, inwhich face-
to-face outpatient visits occur in an office setting and inwhich
patients incur the cost of travel to see their physician, ne-
phrologists typically conduct in-person visits to patients
receiving dialysis while patients are at their dialysis center
receiving their treatment. These differences create a unique
array of incentives and barriers to replacing in-person visits
with telemedicine for in-center hemodialysis.

When telemedicine waivers were issued at the start of the
COVID-19 pandemic, CMS instructed nephrologists to report
the use of telemedicine on monthly dialysis billing claims.
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PLAIN-LANGUAGE SUMMARY
Emergency waivers issued during the coronavirus dis-
ease 2019 pandemic enabled reimbursement to US
nephrologists for telemedicine care delivered during in-
center hemodialysis. Using modifiers from Medicare
claims, we examined telemedicine use in the first 16
months of the pandemic. Reported telemedicine use
peaked early in the pandemic and declined subse-
quently. Telemedicine use was more common in areas
that were remote and socioeconomically disadvantaged
and at facilities with more staff. Telemedicine use also
varied by facility ownership type. Some nephrologists
continued to use telemedicine for in-center hemodial-
ysis throughout the pandemic, even as the association
between coronavirus disease 2019 incidence and tele-
medicine use diminished over time. These findings
highlight unique challenges and opportunities to the
future use of telemedicine in dialysis care.
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These instructions were disseminated widely to the
nephrology community by professional societies.15 In this
study, we use national Medicare claims data to examine
patterns of reported telemedicine use for in-center hemodi-
alysis care, including correlates of its use and how the use of
telemedicine changed over time throughout the pandemic.
METHODS

Study Population and Data Sources

In a retrospective cohort study, we used national Medicare
claims data to identify all US patients receiving hemodi-
alysis during the first 16 months of the COVID-19
pandemic from March 1, 2020, through June 30, 2021.
We divided the 16-month period into 4 consecutive
cohorts, in which each cohort included 4 months of data.
Cohorts started on the following index dates: March 1,
2020; July 1, 2020; November 1, 2020; and March 1,
2021. We included adult in-center hemodialysis patients
on each index date who had Medicare coverage and
received dialysis for at least 6 months previously. We used
6 months of prior Medicare claims (inpatient hospitaliza-
tion, outpatient institutional, and carrier) to identify
patient comorbid conditions. We excluded patients with a
kidney transplant in the 6 months before the index date.

We derived information about the use of telemedicine in
each month from Medicare claims. We ascertained patient
demographic information and Medicaid eligibility status
from Medicare enrollment data. We used Dialysis Facility
Reports to obtain facility-specific data at the start of each
cohort.16 We used data from the 2020 US Census to obtain
neighborhood-level socioeconomic data and population
density in the area surrounding each dialysis facility.

We obtained information about the incidence (ie, case
count) of COVID-19 in each county and month
2

throughout the study from the USAFacts database.17 We
selected this database because it was both comprehensive
and involved efforts to clean and reconcile discrepancies in
primary data.18 The USAFacts database has been used by
other researchers to study COVID-19.19,20

Cohort Selection

We began our cohort selection by identifying all patients
with an outpatient hemodialysis Medicare claim during the
16-month study period. We required that hemodialysis
claims had a diagnosis of end-stage kidney failure and
excluded claims with diagnoses of acute kidney injury. For
each patient receiving dialysis during the study period, we
created episodes of dialysis care from a set of consecutive
dialysis claims. Dialysis care episodes started with the first
outpatient hemodialysis claim and continued until loss of
Medicare Parts A or B coverage or 60 days without a
follow-up hemodialysis claim.

At each cohort index date, we identified all patients
receiving in-center hemodialysis and followed these pa-
tients for the duration of the 4-month cohort period. We
divided their dialysis episodes into calendar month, and
only included the calendar months when a dialysis episode
spanned the entire month and when the patients received
at least one nephrologist visit based on a monthly capita-
tion payment (MCP) claim in the month. We excluded
months when patients received home dialysis for all or part
of the month. Patients could appear in multiple months
within a cohort and in multiple cohorts if they continued
to receive in-center hemodialysis.

Outcomes

The primary study outcome was whether a patient was seen
by their nephrologist during dialysis by telemedicine. Infor-
mation about the use of telemedicine came fromMCP claims,
which nephrologists must submit each month to be reim-
bursed for dialysis care. Specifically, in March 2020, the CMS
began requiring that nephrologists include a telemedicine
modifier code in months when at least 1 visit was conducted
by telemedicine.We collected data about telemedicine use for
each patient-month included in the analysis.

Exposures and Model Covariates

We examined patient, dialysis facility, and geographic
predictors of telemedicine use listed in Table 1.21 In the
primary analysis, we summarized patient comorbid con-
ditions using an Elixhauser mortality index (Item S1).22-24

Recognizing limitations in predicting illness acuity among
patients with kidney failure from the Elixhauser Index, we
conducted an additional analysis in which we examined
each comorbid condition as an individual independent
variable.25 For each census block, we used a previously
published algorithm to calculate the Area Deprivation In-
dex (ADI), which represents a measure of socioeconomic
disadvantage in a geographic area.26,27 Quartiles of ADI
scores and population density in the area of facilities were
calculated using all of the 2020 census tracks in the
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Table 1. Baseline Characteristics by Cohort

Baseline Characteristics
Cohort 1-4a

(N = 267,434)
Cohort 1
(n = 217,813)

Cohort 2
(n = 213,620)

Cohort 3
(n = 210,743)

Cohort 4
(n = 170,457)

Patient factors
Age (y)
Mean (SD) 63.9 (14.0) 64.0 (13.9) 64.0 (13.9) 64.0 (13.9) 64.5 (14.1)
Median (IQR) 65.1 (54.8-73.8) 65.1 (55.0-73.8) 65.1 (55.0-73.8) 65.2 (55.0-73.8) 66.0 (55.4-74.6)

Female (n, %) 116,273 (43.5) 95,369 (43.8) 93,428 (43.7) 91,840 (43.6) 74,483 (43.7)
Raceb (n, %)
Non-Hispanic White 97,034 (36.3) 75,865 (34.8) 74,775 (35.0) 73,609 (34.9) 63,292 (37.1)
African American 99,172 (37.1) 83,809 (38.5) 81,625 (38.2) 80,394 (38.1) 61,096 (35.9)
Hispanic 47,405 (17.7) 39,060 (17.9) 38,318 (17.9) 37,827 (18.0) 29,789 (17.5)
Asian or Pacific Islander 12,494 (4.7) 10,152 (4.7) 10,012 (4.7) 10,029 (4.8) 8,577 (5.0)
North American Native 4,711 (1.8) 3,997 (1.8) 3,834 (1.8) 3,670 (1.7) 3,130 (1.8)
Other 6,618 (2.5) 4,930 (2.3) 5,056 (2.4) 5,214 (2.5) 4,573 (2.7)

Preindex home dialysis (n, %) 1,534 (0.6) 966 (0.4) 797 (0.4) 776 (0.4) 749 (0.4)
Preindex Medicaid (n, %) 141,757 (53.0) 117,706 (54.0) 114,294 (53.5) 112,688 (53.5) 89,445 (52.5)
Elixhauser mortality indexc

Mean (SD) 14.2 (15.6) 14.6 (15.8) 11.8 (13.5) 12.2 (13.9) 12.4 (14.0)
Median (IQR) 8.0 (5.0-21.0) 8.0 (5.0-22.0) 6.0 (5.0-19.0) 6.0 (5.0-19.0) 6.0 (5.0-19.0)

Dementia (n, %) 12,459 (4.7) 10,732 (4.9) 7,529 (3.5) 7,648 (3.6) 6,692 (3.9)
Obesity (n, %) 45,375 (17.0) 39,001 (17.9) 23,287 (10.9) 26,315 (12.5) 20,638 (12.1)
Autoimmune disease or AIDS (n,
%)

13,238 (5.0) 11,179 (5.1) 8,165 (3.8) 8,594 (4.1) 6,849 (4.0)

Cardiovascular disease (n, %) 119,737 (44.8) 101,323 (46.5) 70,370 (32.9) 76,269 (36.2) 60,700 (35.6)
Diabetes (n, %) 155,043 (58.0) 127,746 (58.6) 105,912 (49.6) 109,597 (52.0) 86,704 (50.9)
Drug or alcohol abuse (n, %) 8,697 (3.3) 7,376 (3.4) 4,866 (2.3) 5,174 (2.5) 3,958 (2.3)
Heart failure or valvular disease
(n, %)

95,285 (35.6) 80,127 (36.8) 56,047 (26.2) 59,555 (28.3) 47,901 (28.1)

Lung disease (n, %) 56,594 (21.2) 48,569 (22.3) 32,354 (15.1) 33,816 (16.0) 26,793 (15.7)
Malignancy (n, %) 17,998 (6.7) 15,071 (6.9) 10,455 (4.9) 11,406 (5.4) 9,501 (5.6)
Neurological disease or
psychoses (n, %)

49,724 (18.6) 42,324 (19.4) 29,569 (13.8) 30,687 (14.6) 25,732 (15.1)

Facility factorsd

Nurses, per 100 patients
Mean (SD) 5.0 (2.7) 5.0 (2.7) 5.0 (2.7) 5.0 (2.8) 5.1 (3.3)
Median (IQR) 4.6 (3.5-5.9) 4.6 (3.5-5.9) 4.6 (3.5-5.9) 4.6 (3.5-5.9) 4.6 (3.5-5.9)
N missing 85 43 103 127 212

Patient care technicians, per 100
patients
Mean (SD) 6.3 (2.4) 6.3 (2.4) 6.3 (2.4) 6.3 (2.4) 6.4 (3.3)

(Continued)
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Table 1 (Cont'd). Baseline Characteristics by Cohort

Baseline Characteristics
Cohort 1-4a

(N = 267,434)
Cohort 1
(n = 217,813)

Cohort 2
(n = 213,620)

Cohort 3
(n = 210,743)

Cohort 4
(n = 170,457)

Median (IQR) 6.3 (4.8-7.6) 6.3 (4.9-7.6) 6.3 (4.9-7.6) 6.3 (4.9-7.6) 6.3 (4.9-7.7)
N missing 85 43 103 127 212

Social workers, per 100 patients
Mean (SD) 0.9 (0.7) 0.9 (0.7) 0.9 (0.7) 0.9 (0.7) 0.9 (1.2)
Median (IQR) 0.8 (0.6-1.0) 0.8 (0.6-1.0) 0.8 (0.6-1.0) 0.8 (0.6-1.0) 0.8 (0.6-1.0)
N missing 85 43 103 127 212

No. of patients
Mean (SD) 136.0 (74.4) 136.7 (74.1) 136.1 (74.0) 136.0 (74.6) 135.7 (75.5)
Median (IQR) 122.0 (85.0-170.0) 122.0 (86.0-171.0) 122.0 (86.0-170.0) 121.0 (85.0-170.0) 121.0 (85.0-170.0)
N missing 84 43 103 122 205

% In-center dialysis patients
Mean (SD) 89.6 (14.6) 89.7 (14.6) 89.7 (14.5) 89.8 (14.4) 89.7 (14.4)
Median (IQR) 99.1 (81.8-100.0) 99.3 (82.1-100.0) 99.2 (82.1-100.0) 99.3 (82.1-100.0) 99.1 (82.1-100.0)
N missing 1,413 1,137 955 759 937

Facility type (n, %)
LDOe 198,093 (74.1) 161,747 (74.3) 158,400 (74.2) 156,012 (74.1) 125,721 (73.9)
Non-LDO, profit 41,807 (15.6) 33,632 (15.4) 33,144 (15.5) 32,940 (15.6) 26,228 (15.4)
Non-LDO, nonprofit 27,444 (10.3) 22,393 (10.3) 21,975 (10.3) 21,651 (10.3) 18,257 (10.7)
N missing 90 41 101 140 251

Geographic factors
Area Deprivation Index score
Lowest quartile (n, %) 49,752 (19.3) 40,087 (19.1) 39,214 (19.1) 39,220 (19.4) 33,478 (20.4)
2nd quartile (n, %) 63,749 (24.8) 51,589 (24.6) 50,715 (24.7) 49,984 (24.7) 41,645 (25.4)
3rd quartile (n, %) 71,970 (28.0) 58,469 (27.9) 57,377 (27.9) 56,607 (27.9) 45,640 (27.8)
Highest quartile (n, %) 72,036 (28.0) 59,525 (28.4) 58,248 (28.3) 56,757 (28.0) 43,437 (26.5)
N missing 9,927 8,143 8,066 8,175 6,257

Population density
Highest quartile (n, %) 53,590 (20.5) 43,960 (20.6) 42,594 (20.4) 42,226 (20.5) 34,758 (20.9)
3rd quartile (n, %) 84,049 (32.1) 68,430 (32.1) 67,052 (32.1) 66,149 (32.2) 53,299 (32.0)
2nd quartile (n, %) 93,120 (35.6) 75,510 (35.5) 74,442 (35.7) 73,306 (35.6) 59,267 (35.6)
Lowest quartile (n, %) 30,802 (11.8) 25,109 (11.8) 24,702 (11.8) 24,094 (11.7) 19,311 (11.6)
N missing 5,873 4,804 4,830 4,968 3,822

Abbreviations: AIDS, acquired immune deficiency syndrome; LDO, large dialysis organization.
aCharacteristics of patients when they were enrolled into a cohort for the first time during the study period.
bBased off of the Research Triangle Race code.
cIn a study of patients aged ≥66 years with Medicare who were hospitalized, the interquartile range of this Elixhauser comorbidity index was associated with a 30-day mortality rate range from ≈3% to ≈9%.21
dNumber of facility staff (patient care technician, or social worker) is defined as 100 * (number of full-time staff + 0.5 * number of part-time staff)/number of patients in a facility.
eLDO is a large dialysis organization, which is defined as ownership by DaVita or Fresenius.
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contiguous 48 states. When examining dialysis facility
ownership, we categorized facilities as nonprofit organi-
zation, for-profit independently owned, and owned by a
large dialysis organization (LDO).

Although USAFacts publishes COVID-19 incidence for
each county, many nephrologists see patients across mul-
tiple counties. When examining the risk of exposure to
SARS-CoV-2, we considered how individual nephrologists
were likely to change their practice patterns in response to
the perceived risk of COVID-19 across the broader
geographic area where they see patients.28 This exercise
(described in Item S2) yielded a measure of COVID-19 risk
around each dialysis facility most likely to influence
nephrologist decisions about whether to see patients face-
to-face or by telemedicine.

Statistical Model

We plotted trends over time in the use of telemedicine
for in-center hemodialysis as well as geographic varia-
tion in its use. We described covariates of interest across
all 4 cohorts. We used multivariable logistic regression
models to examine independent associations among
covariates of interest and the use of telemedicine. All
models included separate categorical variables for each
calendar month of the study period and used cluster-
robust standard errors to account for repeated mea-
sures across patients.29

To examine whether the associations among correlates
of interest and telemedicine use varied over the course of
the pandemic, we created interaction terms representing
the presence of each selected covariate and time on or
after January 1, 2021. We selected the start of 2021
because this was the time when COVID-19 vaccination
became available for health care providers and patients.
Following vaccination, we expected nephrologists to
become less sensitive to COVID-19 risk when making
decisions about whether or not to use telemedicine. We
focused this analysis of time interaction effects on
COVID-19 incidence, facility, and geographic covariates.
When we modeled continuous variables of interest as
categorical variables (for ease of interpretation and pre-
sentation) in the primary analysis, we tested for interac-
tion effects using the continuous form. To facilitate
interpretation of the data, we present results from these
analysis by displaying separate models stratified by each
calendar year and P values representing the statistical
significance of interaction terms in models that spanned
both study years.

In a secondary analysis, we examined a restricted cohort
that only followed up patients whose nephrologist had
already reported the use of telemedicine on a claim during
the pandemic for at least one of the nephrologist’s patients.
This restriction focused the secondary analysis on ne-
phrologists who had demonstrated their knowledge and
ability to use the telemedicine modifiers during the
pandemic. The study was approved by an institutional
review board at Baylor College of Medicine.
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RESULTS

Baseline Characteristics and Unadjusted Outcomes

We identified 267,434 Medicare beneficiaries receiving
in-center hemodialysis who were eligible for the study
(Fig 1). The reported use of telemedicine varied over time,
peaking at 9% of patients in April 2020 and declining to
2% of patients by June 2021. In a cohort restricted to
patients whose nephrologists had already used telemedi-
cine for at least 1 of their patients, telemedicine use was
higher, peaking at 48% in April 2020 and declining to 5%
in June 2021 (Fig 2).

The use of telemedicine varied geographically. Early in
the pandemic (March 2020-June 2020), it was used more
frequently in areas of the Northeast, Midwest, Southwest,
and Pacific Northwest. Later in the pandemic (March 2021-
June 2021), it continued to be used at increased frequency
in these same areas, except for parts of the Northeast and
Pacific Northwest where its use declined (Fig 3).

The mean age of the study population was 64 years, and
44% were women. In total, 36% were non-Hispanic White
race, 37% were African American race, 5% were Asian race,
2% were American Indian race, and 17% were of Hispanic
ethnicity. In total, 53% of patients had dual Medicaid and
Medicare coverage in the 6 months before each cohort in-
dex date. The mean Elixhauser mortality index was 14. The
reported burden of comorbid conditions was highest in the
first cohort and declined in later cohorts (Table 1).

Regression Results

In a multivariable regression model, the use of telemedi-
cine peaked early in the pandemic and declined thereafter,
similar to observed unadjusted trends. The incidence of
COVID-19 in areas surrounding dialysis facilities was
strongly associated with the use of telemedicine, with
patients more likely to be seen by telemedicine if COVID-
19 incidence was higher in the current or prior 2 months.
Older patients were less likely to receive care by tele-
medicine, as were patients of African American race.
Compared with patients of non-Hispanic White race, pa-
tients of North American Native race and of Hispanic
ethnicity were more likely to receive nephrology care by
telemedicine.

Dialysis facility characteristics were also related to the
use telemedicine. Patients were more likely to receive
nephrology care by telemedicine if they were at facilities
with more social workers and more patient care techni-
cians per patient and if they were at larger facilities (ie,
those providing care to more patients). Patients were more
likely to receive care by telemedicine if they were at an
LDO-owned facility.

Patients were more likely to receive care by telemedi-
cine if they lived in socioeconomically disadvantaged areas
(represented by a higher ADI) or if they lived in more
remote areas, with a step-wise increase in the use of
telemedicine observed with higher ADI and decreased
population density (Table 2).
5



Hemodialysis paƟents in the US during the first 16 months of COVID-19 pandemic,
3/1/2020-6/30/2021

(N = 361,461)

In-center hemodialysis paƟents aged 18-99 on the index date of 4 cohorts*

(N = 340,921)
(n1=275,132, n2=268,266,
n3=262,579, n4=233,170)

PaƟents with Medicare coverage and conƟnuous hemodialysis for ≥182 days prior to
cohort index date

(N = 282,900)
(n1=230,762, n2=226,453,
n3=224,791, n4=183,195)

No kidney or kidney-pancreas transplantaƟon in 182 days prior to cohort index date
(N = 281,344)

(n1=229,375, n2=225,248,
n3=223,482, n4=182,138)

PaƟents with full-month in-center
hemodialysis and MCP claim in ≥1 follow-up

months
(N = 267,434)

(n1=217,813, n2=213,620,
n3=210,743, n4=170,457)

PaƟent with full-month in-center
hemodialysis and MCP claim in ≥1 follow-up

months from physicians who previously
used telemedicine

(N = 91,633)
(n1=53,879, n2=66,083,
n3=69,806, n4=58,041)

PaƟent-months without missing covariates
(m1=758,401, m2=740,798,
m3=670,375, m4=574,521)

PaƟent-months without missing covariates
(m1=132,775, m2=204,934,
m3=203,676, m4=181,908)

Figure 1. Study selection flow diagram. The index dates of the 4 cohorts were March 1, 2020; July 1, 2020; November 1, 2020; and
March 1, 2021. Subscripts n1 through n4 refer to the number of patients in cohorts 1 through 4, respectively. Subscripts m1 through
m4 refer to the number of patient-months in cohorts 1 through 4, respectively.

Niu et al
Patient comorbid conditions were not significantly
associated with the use of telemedicine, whether measured
using the Elixhauser Index in the primary model or when
Figure 2. Reported use of telemedicine over time.

6

examined using separate comorbid conditions in a sec-
ondary analysis (Table S1). Predictors of telemedicine were
similar in an analysis that was restricted to patients whose
Kidney Med Vol 6 | Iss 4 | April 2024 | 100798



Figure 3. Geographic variation in telemedicine use over time. A through I represent US Census Divisions. Abbreviations: A, Pacific;
B, Mountain; C, West South Central; D, East South Central; E, South Atlantic; F, Middle Atlantic; G, New England; H, East North
Central; I, West North Central.
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nephrologist had previously reported the use of telemed-
icine (Tables S2-3).

In an analysis of time interaction effects, variation in the
incidence of COVID-19 in the current month became less
predictive of telemedicine use later in the pandemic. The
use of telemedicine increased significantly in nonprofit fa-
cilities in 2021 relative to LDO-owned facilities. Although
patients in the lowest quartile of population density
continued to receive telemedicine more frequently in 2021,
the use of telemedicine in the second and third quartiles of
population density moderated in 2021 such that its use in
the second and third quartiles was no different from the
highest population density quartile (Table 2).

Additional descriptive analyses are discussed in Item S3
and Tables S4-S5.30
DISCUSSION

The use of telemedicine by US nephrologists providing in-
center hemodialysis care during the COVID-19 pandemic
peaked in the summer of 2020 and then declined during
the first half of the following year. Telemedicine use in
hemodialysis varied geographically. It was used more
intensively in remote locations, in areas where the inci-
dence of COVID was higher, and at facilities with more
support staff. Although some patient demographic and
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socioeconomic characteristics were associated with the use
of telemedicine, the burden of comorbid condition was
not. These findings highlight similarities and differences
between the use of telemedicine for in-center hemodialysis
and its use in the treatment of other chronic diseases.

Before 2020, telemedicine visits during hemodialysis
were generally not reimbursable through Medicare.
Limited exceptions included a small number of patients
enrolled in telemedicine pilot programs or receiving he-
modialysis at rural, hospital-based, dialysis units located in
designated professional shortage areas.31 On March 17,
2020, the CMS issued an emergency waiver that allowed
in-center hemodialysis units to serve as the originating site
for telemedicine encounters. The encounters could be
conducted using everyday communications technologies
that allowed interactive communication in real time, such
as FaceTime or Skype.2 Subsequent guidance clarified that
these encounters must be provided by platforms with
combined audio and video formats and that telemedicine
could be used for any MCP visit type, including the
monthly comprehensive visit.15

Following the waivers, telemedicine use for in-center
hemodialysis care increased sharply between April and
June of 2020. This increase was in parallel with observa-
tions in the broader Medicare population, in which the use
of telemedicine was found to have increased by more than
7



Table 2. Risk Factors for Telemedicine Use, by Calendar Year

2020-2021

By Calendar Year

2020 2021 P Value for
InteractionbOR (95% CI)a P Valuea OR (95% CI)a OR (95% CI)a

Calendar month Mar 2020 1.0 (referent) 1.0 (referent) —
Apr 2020 13.57 (12.88-14.30) <0.0001 13.65 (12.95-14.38)
May 2020 13.13 (12.46-13.84) <0.0001 13.23 (12.55-13.94)
Jun 2020 9.39 (8.90-9.91) <0.0001 9.46 (8.97-9.98)
Jul 2020 7.91 (7.49-8.36) <0.0001 8.07 (7.64-8.52)
Aug 2020 6.12 (5.79-6.47) <0.0001 6.29 (5.95-6.65)
Sep 2020 4.59 (4.34-4.86) <0.0001 4.65 (4.39-4.93)
Oct 2020 4.52 (4.27-4.79) <0.0001 4.72 (4.45-5.00)
Nov 2020 3.95 (3.72-4.19) <0.0001 4.12 (3.88-4.38)
Dec 2020 3.46 (3.26-3.68) <0.0001 3.61 (3.39-3.85)
Jan 2021 2.73 (2.56-2.92) <0.0001 1.0 (referent)
Feb 2021 3.02 (2.82-3.23) <0.0001 0.96 (0.91-1.00)
Mar 2021 2.69 (2.51-2.88) <0.0001 0.83 (0.78-0.87)
Apr 2021 2.49 (2.32-2.66) <0.0001 0.70 (0.66-0.75)
May 2021 2.72 (2.55-2.90) <0.0001 0.78 (0.73-0.83)
Jun 2021 2.20 (2.05-2.35) <0.0001 0.64 (0.60-0.69)

COVID-19 incidence
Current month, per 1,000
people

0-5 1.0 (referent) 1.0 (referent) 1.0 (referent) 0.0002
6-10 1.07 (1.06-1.09) <0.0001 1.05 (1.04-1.07) 1.09 (1.06-1.13)
10-20 1.27 (1.24-1.29) <0.0001 1.25 (1.23-1.28) 1.09 (1.04-1.14)
≥21 1.34 (1.30-1.38) <0.0001 1.34 (1.30-1.39) 1.13 (1.06-1.21)

1st month before current
month, per 1,000 people

0-5 1.0 (referent) 1.0 (referent) 1.0 (referent) 0.1338
6-10 1.04 (1.02-1.05) <0.0001 1.02 (1.01-1.04) 1.02 (0.99-1.06)
10-20 1.25 (1.23-1.28) <0.0001 1.22 (1.19-1.25) 1.17 (1.12-1.23)
≥2 1.26 (1.23-1.30) <0.0001 1.20 (1.15-1.26) 1.32 (1.24, 1.41)

2nd month before current
month, per 1,000 people

0-5 1.0 (referent) 1.0 (referent) 1.0 (referent) <0.0001
6-10 1.06 (1.04-1.07) <0.0001 1.04 (1.02-1.06) 0.99 (0.96-1.03)
10-20 1.17 (1.14-1.19) <0.0001 1.21 (1.17-1.25) 1.03 (0.98-1.08)
≥21 1.20 (1.16-1.24) <0.0001 1.69 (1.57-1.81) 1.04 (0.99-1.10)

3rd month before current
month, per 1,000 people

0-5 1.0 (referent) 1.0 (referent) 1.0 (referent) 0.0226
6-10 1.01 (0.99-1.02) 0.5349 0.96 (0.94-0.98) 1.09 (1.05-1.13)
10-20 0.98 (0.95-1.01) 0.1415 0.93 (0.90-0.97) 1.07 (1.02-1.12)
≥21 1.01 (0.98-1.06) 0.4740 1.12 (0.98-1.29) 1.15 (1.09-1.22)

(Continued)
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Table 2 (Cont'd). Risk Factors for Telemedicine Use, by Calendar Year

2020-2021

By Calendar Year

2020 2021 P Value for
InteractionbOR (95% CI)a P Valuea OR (95% CI)a OR (95% CI)a

Patient factors
Age (y) <50 1.0 (referent) 1.0 (referent) 1.0 (referent) —

50-64 1.00 (0.96-1.04) 0.8444 0.99 (0.95-1.03) 0.98 (0.92-1.05)
65-79 0.95 (0.91-0.99) 0.0097 0.94 (0.90-0.98) 1.03 (0.96-1.11)
≥80 0.90 (0.85-0.95) 0.0001 0.89 (0.84-0.94) 1.00 (0.91-1.10)

Sex Male 1.0 (referent) 1.0 (referent) 1.0 (referent) —
Female 1.05 (1.02-1.08) 0.0017 1.05 (1.02-1.08) 1.07 (1.02-1.12)

Race Non-Hispanic
White

1.0 (referent) 1.0 (referent) 1.0 (referent)

African American 0.88 (0.85-0.92) <0.0001 0.89 (0.86-0.93) 0.92 (0.86-0.98)
Asian 0.94 (0.86-1.02) 0.1470 0.97 (0.89-1.06) 1.18 (1.03-1.34)
Hispanic 1.24 (1.19-1.30) <0.0001 1.26 (1.21-1.31) 1.60 (1.50-1.72)
North American
Native

2.58 (2.38-2.79) <0.0001 2.49 (2.30-2.69) 2.38 (2.12-2.66)

Other/unknown 0.89 (0.80-0.99) 0.0349 0.90 (0.81-1.00) 1.04 (0.88-1.23)
Preindex home dialysis No 1.0 (referent) 1.0 (referent) 1.0 (referent) —

Yes 1.03 (0.89, 1.18) 0.7214 1.06 (0.92-1.23) 0.92 (0.66-1.30)
Preindex Medicaid No 1.0 (referent) 1.0 (referent) 1.0 (referent) —

Yes 0.90 (0.87-0.93) <0.0001 0.89 (0.86-0.91) 0.89 (0.85-0.94)
Elixhauser mortality index 0.9998 (0.9992-1.0004) 0.5585 0.9996 (0.9990-1.0003) 0.9999 (0.9986-1.0012) —

Facility factors
Nurses, per 100 patients ≤4 1.0 (referent) 1.0 (referent) 1.0 (referent) 0.0606

>4-6 1.03 (0.99-1.06) 0.1409 1.02 (0.99-1.06) 0.94 (0.89-1.00)
>6 0.92 (0.88-0.96) <0.0001 0.91 (0.87-0.95) 0.85 (0.79-0.91)

Patient care technicians,
per 100 patients

≤5 1.0 (referent) 1.0 (referent) 1.0 (referent) <0.0001
>5-8 1.18 (1.14-1.22) <0.0001 1.21 (1.17-1.26) 1.20 (1.13-1.28)
>8 1.28 (1.22-1.34) <0.0001 1.34 (1.28-1.40) 1.42 (1.32-1.53)

Social workers, per 100
patients

≤0.5 1.0 (referent) 1.0 (referent) 1.0 (referent) 0.6404
>0.5-1 1.22 (1.16-1.28) <0.0001 1.21 (1.15-1.27) 1.45 (1.33-1.58)
>1 1.42 (1.33-1.51) <0.0001 1.40 (1.32-1.49) 1.66 (1.49-1.84)

No. of patients <50 1.0 (referent) 1.0 (referent) 1.0 (referent) 0.2840
50-99 1.14 (1.07-1.22) <0.0001 1.18 (1.10-1.26) 1.13 (1.01-1.26)
100+ 1.21 (1.12-1.30) <0.0001 1.25 (1.16-1.35) 1.36 (1.21-1.54)

In-center dialysis patients <80% 1.0 (referent) 1.0 (referent) 1.0 (referent) 0.0266
80%-89% 0.72 (0.68-0.76) <0.0001 0.71 (0.68-0.75) 0.71 (0.65-0.78)
90%-100% 1.01 (0.98-1.05) 0.4901 1.02 (0.98-1.06) 0.93 (0.87-0.99)
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Table 2 (Cont'd). Risk Factors for Telemedicine Use, by Calendar Year

2020-2021

By Calendar Year

2020 2021 P Value for
InteractionbOR (95% CI)a P Valuea OR (95% CI)a OR (95% CI)a

Facility type LDO 1.0 (referent) 1.0 (referent) 1.0 (referent) <0.0001
Non-LDO, profit 0.67 (0.64-0.71) <0.0001 0.67 (0.63-0.70) 0.57 (0.52-0.62)
Non-LDO,
nonprofit

0.87 (0.82-0.92) <0.0001 0.93 (0.88-0.98) 1.24 (1.14-1.35)

Geographic factors
Area Deprivation Index
score

Lowest 1.0 (referent) 1.0 (referent) 1.0 (referent) 0.0028
2nd quartile 1.70 (1.61-1.80) <0.0001 1.67 (1.58-1.76) 1.34 (1.23-1.47)
3rd quartile 1.72 (1.63-1.82) <0.0001 1.73 (1.64-1.83) 1.68 (1.53-1.84)
4th quartile 2.19 (2.08-2.32) <0.0001 2.19 (2.08-2.31) 2.18 (2.00-2.39)

Population density highest quartile 1.0 (referent) 1.0 (referent) 1.0 (referent) <0.0001
3rd quartile 1.22 (1.16-1.28) <0.0001 1.22 (1.16-1.27) 0.86 (0.80-0.93)
2nd quartile 1.29 (1.23, 1.35) <0.0001 1.28 (1.22-1.34) 0.94 (0.87-1.02)
Lowest quartile 1.34 (1.26-1.42) <0.0001 1.33 (1.26-1.42) 1.33 (1.22-1.46)

Abbreviations: LDO, large dialysis organization.
aFrom multiadjusted logistic regression model including calendar month, coronavirus disease 2019 (COVID-19) incidence rate, demographic characteristics, Elixhause ortality index, facility and geographic factors. Generalized
estimating equation used to address correlation among multiple patient observations.
bTesting whether the dose-response relation between telemedicine use and COVID-19 incidence rate and facility factors is different between calendar years, ie, from ultiadjusted logistic regression model including calendar
month, COVID-19 incidence rate category as continuous variable, demographic characteristics, Elixhauser mortality index, facility and geographic factors with ordinal v iables as continuous ones, further including calendar year,
interaction between calendar year and COVID-19 incidence rate, facility and geographic factors.
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10-fold in the early months of the pandemic.32-34 Many of
the reasons for increased use of telemedicine in other
clinical settings, such as the easing of regulations related to
internet and mobile device security, flexibility around the
originating site for telemedicine visits, and efforts to
reduce exposure to SARS-CoV-2, likely contributed to the
adoption of telemedicine in hemodialysis.

After peaking in April 2020 at 9% of all patient-months,
the reported use of telemedicine among patients receiving
in-center hemodialysis began to decline. By June 2021,
only 2% of patient-months included a telemedicine
modifier claim. It is possible that this decline would have
been steeper had there not been additional waves of
COVID-19. In an analysis in which we examined the use of
telemedicine among physicians who had previously billed
the telemedicine modifier claim (indicating awareness of
the billing code), telemedicine was used in 5% of patient-
months by June 2021. This suggests that a small but sizable
number of nephrologists continued to use telemedicine for
in-center hemodialysis and might, therefore, be expected
to continue using it if legislation permits continued
reimbursement of telemedicine for in-center hemodialysis.

Declines in the use of telemedicine over time coincided
with changes in the threat of COVID-19. We observed that
the use of telemedicine for in-center hemodialysis at every
point in time was closely associated with the incidence of
COVID-19 in an area. When the incidence of COVID-19
was higher, nephrologists appeared more likely to
replace face-to-face visits with telemedicine to avoid
contracting and spreading SARS-CoV-2. Yet, an analysis of
time interaction effects demonstrates that the magnitude of
this association diminished over time. Access to effective
vaccines, the evolution of less virulent strains of SARS-
CoV-2, and increased comfort with screening procedures
and contact precautions implemented in dialysis centers
may have reduced nephrologists’ perceptions of the threat
from COVID-19 spread.35-37 Telemedicine use in hemo-
dialysis may have declined over time because nephrologists
were less concerned about the spread of COVID-19 later in
the pandemic.

Waning logistic support from dialysis facilities may
have also contributed to declines over time in the use of
telemedicine. In hemodialysis, a member of the dialysis
facility staff, such as a nurse, patient care technician, or
dietitian, typically relays the telemedicine device to pa-
tients and helps to establish a remote connection while the
patient receives dialysis.5,6 Because this person is employed
by the dialysis facility, and not by the nephrology practice,
the use of telemedicine in dialysis requires an interest and
willingness on the part of dialysis facilities to make staff
available to facilitate the process. To deliver telemedicine
effectively in the in-center hemodialysis setting, additional
resources, generally in the form of staff time, need to be
deployed so as to not compromise other patient-centered
activities (eg, dietary counseling and vocational rehabili-
tation). We observed that patients were more likely to
receive telemedicine care if they were at facilities with
Kidney Med Vol 6 | Iss 4 | April 2024 | 100798
more patient care technicians and social workers, indi-
cating the importance of facility staffing resources in
making telemedicine possible. Patients receiving dialysis at
facilities owned and operated by the 2 LDOs were also
more likely to receive telemedicine from their dialysis care
providers. The potential scope of telemedicine for future
in-center hemodialysis care will depend on incentives and
decisions involving dialysis facility administrators.

In some ways, population-level patterns of telemedicine
use in in-center hemodialysis resembled other areas of
health care. Older patients were less likely to receive care
by telemedicine, similar to findings from a study of sur-
gical patients during the pandemic.34 In this instance,
technical assistance from dialysis facility staff may not have
been sufficient to overcome barriers to the use of tele-
medicine among older patients. Patients living in socio-
economically disadvantaged areas were more likely to
receive hemodialysis care by telemedicine, which is
consistent with observed increases in the use of telemed-
icine among Medicare beneficiaries who are also eligible
for Medicaid.32 In other clinical settings, associations
among race, ethnicity, and telemedicine use in nondialysis
populations vary.33,38-40 Among patients receiving in-
center hemodialysis, African American race was associ-
ated with reduced likelihoods of telemedicine use, whereas
Hispanic ethnicity was associated with an increased like-
lihood of use. It will be important to understand the ways
in which telemedicine may affect the quality of care and
access to care in underserved populations.

In nondialysis health care settings, patients living in
urban areas were more likely to experience increases in the
use of telemedicine in association with the COVID-19
pandemic.41 In contrast, patients receiving hemodialysis
were more likely to receive care by telemedicine if they
lived in less densely populated areas. This discrepancy may
reflect differences in technological limitations across set-
tings. In many chronic disease settings, patients receive
telemedicine care from their homes. Technologic chal-
lenges, such as limited broadband internet access, may be
more likely to impede the use of telemedicine from patient
homes in rural locations.42 In contrast, patients receive
telemedicine during hemodialysis from their dialysis cen-
ter, where adequate internet connectivity is more likely to
be available regardless of surrounding population density
or socioeconomic status.

Increased use of telemedicine in remote hemodialysis
settings also highlights the roles of convenience and cost
reduction as key determinants of telemedicine use. One
way that telemedicine can be more convenient than in-
person visits is by eliminating the need for patients and
clinicians to travel to the clinic. In most chronic disease
settings, patients are the primary beneficiaries of this
convenience because telemedicine enables them to see
their physician from home rather than having to travel to
the physician’s office. In contrast, in hemodialysis, it is the
nephrologist who benefits mostly from the convenience of
telemedicine. Patients must travel to their dialysis facility
11
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multiple times per week regardless of whether their
nephrologist sees them in person or by telemedicine. Ne-
phrologists may be using telemedicine more frequently in
remote settings because travel distances (and therefore costs
of face-to-face visits) are generally larger in remote settings.
This has implications for the potential benefits of continued
telemedicine use for in-center hemodialysis care. Rather
than considering benefits in terms of convenience to pa-
tients, it may be more accurate to consider benefits in terms
of reduced costs (ie, efficiency) on the part of clinicians.

Our study has several limitations. We rely on physicians
to code telemedicine modifiers accurately. Physicians who
were unaware of coding guidelines may have seen patients
by telemedicine but not appropriately coded for the visit,
leading to underestimation of the use of telemedicine. We
attempted to address this limitation in an analysis in which
we restricted the cohort to patients seen by physicians who
had already used telemedicine. The telemedicine modifier
code only indicated whether telemedicine was used for at
least 1 of the monthly visits. Approximately 70% of pa-
tients are seen by their nephrology practitioner 4 or more
times in a month.43,44 In months when telemedicine use
was reported, we could not determine how many visits
were conducted by telemedicine. Finally, measures of
support staff were ascertained annually and did not reflect
more granular staffing variations that might have occurred
during peaks of the pandemic.

The role of telemedicine in in-center hemodialysis
following elimination of the COVID-19 waivers remains
uncertain. Emergency waivers that allowed telemedicine to
be used for in-center hemodialysis in the United States
expired on May 11, 2023, and, following a temporary
extension period, telemedicine for in-center hemodialysis
will no longer be reimbursed after December 31, 2024.45-47

Although several federal laws have been introduced to make
aspects of telemedicine waivers permanent, none have
explicitly addressed in-center hemodialysis.48-50 In other
areas of health care, access to effective and efficient tele-
medicine care is associated with patient satisfaction and
generally yields similar or improved clinical outcomes.51,52

Small pilot programs assessing the feasibility of using tele-
medicine for in-center hemodialysis care found that patient-
reported and hard clinical outcomes were comparable to
traditional in-person care.53-58

As the threats related to COVID-19 wane, it will be
important to consider how telemedicine could be used to
improve the care of patients receiving in-center hemodi-
alysis. Findings from this study suggest a potential role for
telemedicine in the in-center hemodialysis setting going
forward.
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