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Introduction: Telehealth videoconferencing (TVC) may improve access in rural areas, but reported uptake

and outcomes among kidney transplant recipients (KTRs) and chronic kidney disease (CKD) patients are

limited. This study aimed to assess the feasibility, sustainability, and clinical outcomes of TVC for this

patient population.

Methods: A total of 64 participants were recruited in this single-center, prospective, 2-year longitudinal,

case-control study. Inclusion criteria for the telemedicine group included travel of $15 km to the hospital,

and the control group was matched for transplant or CKD status, age, and sex. The primary outcome was

feasibility ($50% of consultations for each individual patient in the telemedicine group being conducted by

TVC in year 1). Secondary outcomes were sustainability of telemedicine, change in blood pressure and

creatinine, hospitalization, and travel distance.

Results: There were 32 participants in both the telemedicine and control arms, with no baseline differ-

ences. The majority were male (65.6%) and the mean age was 63.9 years (SD ¼ 12.3 years). TVC uptake in

year 1 in the telemedicine arm was 71% (interquartile range [IQR] ¼ 50.0�100.0) but reduced significantly

in year 2 (50.0% [IQR ¼ 33.3�71.4], P < 0.01). No significant differences in creatinine or blood pressure

were observed between groups, including in the KTRs and CKD subgroup analysis. Patient satisfaction

remained high for both groups. Compared with travel distance required if TVC was unavailable, travel

distance in the TVC group decreased by 48% (16,644 km) in year 1 and by 37.0% (8177 km) in year 2.

Conclusion: TVC was feasible and sustainable, with outcomes comparable to those of standard care.

Larger studies, especially among KTRs, are needed to confirm these findings.
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K
idney disease is associated with high morbidity
and mortality. Poorer outcomes from kidney dis-

ease have been shown among Indigenous and non-
Indigenous people living in rural areas or more distant
from nephrology services.1–5 Residents of rural areas
are often of low socioeconomic status, which is also
associated with poorer outcomes.6–8

Nephrology care is critical to improve outcomes;
however, disadvantaged groups may not access care or
may experience poorer quality of care. Canadian data
have shown that people with chronic kidney disease
(CKD) in rural areas are less likely to see a nephrologist,
and that those with diabetes are less likely to have an
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HbA1c or urine albumin measured or to receive an
angiotensin-converting enzyme inhibitor or a receptor
blocker.5 Hemodialysis patients more distant from a
nephrologist are less likely to have seen a nephrologist
within 90 days and have poorer Kt/V and suboptimal
phosphate control.9 Aboriginal Australians are less
likely to be waitlisted or to undergo kidney trans-
plantation once undergoing dialysis10 and have poorer
transplantation outcomes, especially in rural areas.3

Telemedicine (or telehealth), including the modal-
ities of Web-based applications, videoconferencing,
and remote monitoring devices, has been proposed to
improve healthcare access and outcomes for rural
populations with kidney disease.11 In Australia, tele-
health videoconferencing (TVC) between a medical
practitioner and patient has become a standard of care,
supported by Medicare reimbursement for the pro-
vider.12 However, the uptake of TVC for management
of kidney transplant recipients (KTRs) has been
1265
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lagging,13 and reports of outcomes of care are
limited.14,15 Telehealth videoconferencing has been
more widely reported among the CKD population,
including in observational studies16–18 and a random-
ized controlled trial,19 all suggesting improved patient
access and clinical outcomes comparable to those of
standard care. A systematic review of telemedicine for
blood pressure control in nondialysis CKD found only 3
studies with no difference compared to standard care.20

Studies of telemedicine typically report positive or
neutral findings, are of relatively short duration,21 or
report patient satisfaction.22 We aimed to examine the
feasibility, sustainability, and clinical outcomes of TVC
for chronic care of KTRs and CKD patients in a case-
matched observational cohort study.
MATERALS AND METHODS
We performed a case-controlled longitudinal observa-
tional cohort study, with each participant of a matched
pair having nephrology care by telemedicine or stan-
dard care with 2 years’ follow-up. Case matching (1:1)
was for transplant or CKD status, age, and sex. Inclu-
sion criteria for the telemedicine arm were$18 years of
age and living at least 15 km from the specialized clinic
or in an aged care facility (to comply with Medicare
telehealth payment requirements). Exclusion criteria
included requiring dialysis, poor compliance (i.e., a
history of regular nonattendance at outpatient ap-
pointments), cognitive impairment (documented in the
medical record), life expectancy <1 year, requirement
of an interpreter, nephrologist discretion (i.e., where
the nephrologist was of the opinion that face-to-face
appointments were essential for patient care),
inability to access or use a computer, and inability to
measure blood pressure or weight or to obtain pathol-
ogy results prior to the appointment. The control arm
had the same inclusion and exclusion criteria except for
the requirement to live >15 km from the specialized
clinic.

Participants were recruited opportunistically from a
single tertiary hospital outpatient clinic that serviced
an area of 10,000 km2 (3900 square miles). The
recruitment target for this pilot study was 30 in each
arm, divided between KTRs and nondialysis CKD pa-
tients. Recruitment commenced on 15 May 2015 and
was completed on 17 May 2016, with the last follow-up
on 7 June 2018 All participants were followed for 2
years unless they withdrew from the study, died,
started hemodialysis, or were lost to follow-up.

The TVC was delivered with the nephrologist at the
tertiary hospital clinic and the patient either in their
own home or at the health facility nearest to their
residence. The hospital telehealth service assisted staff
1266
and patients to establish telehealth capability. Staff
used a desktop computer with specific telehealth soft-
ware and linked to the patient in the virtual waiting
room using a dial code. The patient could choose where
to receive TVC. If it was conducted to the patient’s
home, the telehealth service assisted the patient with
initial software set-up on their desktop computer,
tablet, or smartphone, and a dial-up code was provided
prior to each appointment. If the patient preferred,
they could attend a telehealth clinic at their nearest
healthcare facility, where a nurse measured blood
pressure, noted other observations, and facilitated the
TVC. The telemedicine group aimed to receive up to
75% of consultations by TVC, with the remainder
delivered by standard face-to-face care, whereas the
control group received only face-to-face consultations.

The primary outcome of the study was feasibility of
telemedicine, defined as at least 50% of consultations
for each individual patient in the telemedicine group
being conducted by TVC in the first year. This measure
was chosen pragmatically, prior to study commence-
ment, as a target that would justify establishing TVC
capabilities at patients’ homes or local health care fa-
cilities. Secondary outcomes were sustainability of
telemedicine (defined as percentage consultations for
each individual patient in the telemedicine arm being
conducted by TVC in year 2); change in blood pressure,
serum creatinine, and estimated glomerular filtration
rate (eGFR) at 1 and 2 years; hospitalizations; and travel
distance.

The study was approved by The Prince Charles
Hospital Human Research Ethics Committee (HREC/14/
QPCH/250) and local governance. It was registered
with the Australian New Zealand Clinical Trials Reg-
istry (ACTRN12614001237673). All participants pro-
vided written informed consent.

Data Collection

Baseline data for participants in both the telemedicine
and control groups were collected at the enrollment
visit. This included both demographic (age, sex, race,
marital status, first language, education level, family
income, occupation, home Internet access, computer at
home, home address) as well as health-related data
(comorbidities, smoking status, medications, serum
creatinine, total cholesterol, blood pressure, height,
and weight). Participants were asked “Out of 10, how
would you rate your entire experience with all staff
and services at the Sunshine Coast Hospital and Health
Service Renal Unit?” and scored from 0 to 10 on a vi-
sual analogue scale at baseline, month 12, and
month 24.

Follow-up data were collected by telephone or in
person every 6 months for a total of 2 years from
Kidney International Reports (2021) 6, 1265–1272
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Figure 1. Study flow chart describing subjects excluded from study
at 12 and 24 months.
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enrollment. Pathology results were either those taken
at the face-to-face appointment or those closest to the
time of the telemedicine appointment and the 6-
monthly dataset. Pathology was from either the hos-
pital laboratory or a private laboratory as part of the
patients’ routine medical assessment. Blood pressure
for the TVC group was as provided by the participant
or as recorded during a face-to-face visit at the relevant
time point.

Travel Distance

Travel distance used the patients’ home address as
collected with baseline data. Travel distance (in kilo-
meters) to each appointment was calculated using
Google Maps. For those patients having standard care
(or a face-to-face appointment when in the telemedicine
group), travel was from home to the tertiary hospital
clinic. For those having TVC, travel distance was either
0 km, if staying at home, or was calculated to the
nearest health facility that they attended with TVC
facilities. Travel distance to the tertiary hospital clinic
was used as the comparator for the telemedicine group.

Hospitalization

Overnight hospitalizations were recorded throughout
the study for each subject. Hospitalizations were
identified by hospital record review and by asking the
participants at each 6-month study visit. The hospi-
talization rate was calculated by dividing the number
of days in the hospital by the number of days that each
subject was in the study and multiplied by 100 to give
a rate per 100 at-risk days.

Data Analysis

Data analyses were performed using STATA SE 16.1
(Statcorp LLC, College Station, TX), and figures were
produced with GraphPad Prism version 8.4.2 for
Windows, GraphPad Software, La Jolla, CA. Normality
plots and histograms were used for evaluating
normality of data. For baseline data with non-
parametric distribution, Mann�Whitney U test was
used to compare telemedicine and standard care
groups. For baseline data with normal distribution, t
tests were used. Complete data was available for the
primary outcome which was assessed using Wilcoxon
signed rank test. Other secondary outcomes were
analyzed using the Mann�Whitney U test or Wilcoxon
signed rank test for unpaired and paired data, respec-
tively. Subgroup analysis for CKD and transplant
groups were conducted for feasibility, blood pressure,
creatinine, and glomerular filtration rate. A 2-tailed P
value of <0.05 was considered significant. Data are
expressed as mean � standard deviation or as median
(interquartile range) unless otherwise stated.
Kidney International Reports (2021) 6, 1265–1272
RESULTS
A total of 64 subjects were included, 32 each in both
the telemedicine and control arms, evenly divided in
each group between KTRs and CKD patients. After 1
year, 28 patients were available for analysis in the
telemedicine arm and 30 in the standard care arm
(Figure 1). After 2 years, there were 27 participants in
each group. Throughout the study, there were 4 deaths
and 1 patient lost to follow-up in the control group,
and 2 withdrawals of consent and 1 each of death,
transfer to palliative care, and commencement of he-
modialysis in the telemedicine group.

At baseline, the mean age was 64.4 � 12.0 years and
63.4 � 12.7 years (P ¼ 0.74) for the control and tele-
medicine subjects, respectively (Table 1). The majority
of subjects were male (65.6%), and there were no sig-
nificant differences between groups for primary renal
disease, comorbidity status, smoking status, medication
use, or income. There were also no significant differ-
ences between groups in serum creatinine, estimated
glomerular filtration rate (eGFR), blood pressure,
cholesterol, or satisfaction with care.

Baseline characteristics of KTRs and CKD patients
allocated to the telemedicine and control arms were also
not statistically different (Supplementary Table S1).

Feasibility

Uptake of TVC for consultations by each participant in
the first year among the telemedicine group was 71%
(IQR ¼ 50.0�100.0) (Figure 2a), meeting the pre-
specified definition of feasibility. Telemedicine was
sustainable, although patient uptake was lower in year
2 compared with year 1 (50% [IQR ¼ 33.3�71.4] vs.
71% [IQR 50.0�100]; P < 0.01), respectively. Both
1267



Table 1. Baseline characteristics of study population
Control (n [ 32) Telemedicine (n [ 32) P value

Age, yr mean (SD) 64.41 12 63.37 12.74 0.74

Female sex, (%) 11 34.40% 11 34.40% 1.00

Transplant, (%) 16 50.00% 16 50.00% 1.00

Caucasian race, (%) 32 100% 32 100% 1.00

Primary renal disease 0.07

Diabetes 9 28.1% 2 6.3%

Hypertension 2 6.3% 4 12.5%

Vascular 2 6.3% 5 15.6%

Glomerulonephritis 6 18.8% 13 40.6%

Cystic disease 2 6.3% 1 3.1%

Other 11 34.4% 7 21.9%

Time since transplantation, yr [IQR] 4.74 [2.39– 9.47] 0.95 [0.57– 5.54] 0.13

Smoking statusa 0.59

Current/former 17 53.1% 18 56.3%

Never 15 46.9% 12 37.5%

Comorbidities

Diabetes 13 40.6% 10 31.3% 0.43

Peripheral vascular disease 3 9.4% 1 3.1% 0.30

Ischemic heart disease 6 18.8% 4 12.5% 0.49

Medication use

ACEi or ARB 22 68.8% 22 68.8% 1.00

Loop diuretic 7 21.9% 7 21.9% 1.00

b-Blocker or CCB 16 50.0% 12 37.5% 0.31

Corticosteroid 15 46.9% 18 56.3% 0.45

Azathioprine 1 3.1% 1 3.1% 1.00

Mycophenolate 13 40.6% 16 50.0% 0.45

Tacrolimus or cyclosporin 13 40.6% 13 40.6% 1.00

Sirolimus or everolimus 2 6.3% 2 6.3% 1.00

Household characteristics

Home computer (%)b 27 84.4% 26 81.3% 0.53

Home Internet (%)b 28 87.5% 25 78.1% 0.19

Income (AUD) 0.69

< $30k 17 53.1% 12 37.5%

$30k to $60k 8 25.0% 9 28.1%

$60k to $100k 3 9.4% 3 9.4%

> $100k 1 3.1% 2 6.3%

Declined to answer 3 9.4% 6 18.8%

Employment status

Retired 23 71.9% 19 59.4% 0.26

Occupation unknown 2 6.3% 2 6.3%

Metabolic parameters

Creatinine, mmol/l [IQR] 155.5 [108.5–215] 129 [94–185] 0.49

eGFR, ml/min per 1.73 m2 [IQR] 37 [23–58] 50 [26–60.50] 0.46

Systolic BP, mm Hg (SD) 132.4 16.3 134.9 15.2 0.53

Diastolic BP, mm Hg (SD) 75.1 11.3 77.8 8.5 0.29

Cholesterol, mmol/l [IQR] 4.05 [3.5–4.85] 4.75 [3.85–5.5] 0.19

BMI, kg/m2 [IQR] 28.93 [24.5–35.3] 28.11 [25.3–30.8] 0.65

HbA1c, %c [IQR] 7.1 [5.9–8.2] 6.55 [6.1–7.8] 0.78

Satisfaction, Likert scale score 0�10 [IQR] 10 [10–10] 10 [10–10] 0.15

Data are presented as n (%), mean (standard deviation), or median [interquartile range].
ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; AUD, Australian dollars; BMI, body mass index; BP, blood pressure; CCB, calcium channel blocker;
eGFR, estimated glomerular filtration rate.
aTwo absent in telemedicine group.
bOne absent in control group.
cIncludes only diabetic patients (control, n ¼ 13; telemedicine, n ¼ 10),

CLINICAL RESEARCH S Lambooy et al.: Telemedicine and Kidney Disease
CKD and KTR subgroups had significant reductions in
telemedicine uptake in year 2 compared with year 1
(Figure 2b), 57% (IQR ¼ 50.0�80.0) vs. 100% (IQR ¼
62.5�100.0), P < 0.05 and 45.0% (IQR ¼ 0.0�63.0) vs.
1268
61.1% (IQR ¼ 35.4�93.8), P < 0.05, respectively. The
broad interquartile ranges show significant variability
in uptake of TVC at the patient level. Over the 2 years
of the study, 177 TVC consultations were conducted,
Kidney International Reports (2021) 6, 1265–1272
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Figure 2. Individual uptake of telemedicine per year. (a) Telemedicine consultations are shown as a percentage of total consultations for each
patient at 12 months and 24 months in the telemedicine arm. (b) Subgroup analysis of chronic kidney disease (CKD) patients and kidney
transplant recipients. Data expressed as median and interquartile range.
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comprising 48.6% of total consultations in the tele-
medicine arm.
Secondary Outcomes

Change in creatinine, eGFR, and systolic/diastolic blood
pressure for each group was expressed as percentage
change from baseline at 12 and 24 months (Figure 3).
No significant changes were measured at 1 and 2 years
compared to baseline for the above parameters in either
group, nor were there any differences between the
control and telemedicine groups at 1 or 2 years
(Supplementary Table S2). There were no graft failures
in the transplant recipients in either group. Patient
satisfaction with the care provided during the study
was high throughout, measured at 10 (IQR ¼ 9�10)
and 10 (IQR ¼ 10�10) at baseline for the standard care
and telemedicine group, respectively, and 10 (IQR ¼
10�10) and 10 (10�10) at 2 years. There was no sig-
nificant change in satisfaction over time in the KTR and
CKD subgroup analysis (Supplementary Table S2).

At 24 months, the number of overnight days
admitted to hospital per 100 at-risk days remained low
in both the control and telemedicine groups 0 (IQR ¼
0�0.55) vs. 0 (IQR ¼ 0�0.48) (P > 0.05), respectively.

Travel distance to the tertiary hospital outpatient
clinic in the standard care group was significantly less
than the telemedicine group (21.0 km [IQR ¼
12.6�32.9] vs. 65.4 km [IQR ¼ 31.8�106.7], P <
0.0001). To investigate whether TVC had a significant
reduction in distance traveled, the theoretical distance
(the distance to travel to the outpatient clinic for a face-
to-face appointment if telemedicine was unavailable)
was calculated and compared to actual distance trav-
eled. Travel distance in the TVC group reduced by
47.9% (16,644 km) in year 1 and 37.0% (8177 km) in
year 2 (Figure 4).
Kidney International Reports (2021) 6, 1265–1272
DISCUSSION
We conducted a case-matched longitudinal observa-
tional cohort study of telemedicine compared with
standard care including KTRs and CKD patients, and
found that the intervention was feasible at 1 year.
Furthermore, uptake of TVC in the telemedicine group
remained at 50% of consultations in the second year,
although it was lower than in the initial 12 months.
Travel distance reduced significantly in the TVC
group, and there were no between-group differences
during follow-up for 2 years in kidney function, blood
pressure, mortality, or hospitalization.

Studies of TVC are often brief and examine feasi-
bility and satisfaction, without continuing follow-up
for long enough to assess whether the initial enthu-
siasm for telemedicine wanes or whether relevant
clinical outcomes are comparable. We have shown that
feasibility of TVC persists beyond 1 year, albeit with
lower uptake. It is possible this decrease in TVC may be
due to both patient and clinician factors, including
comfort with standard care, concerns with technology,
failure to consider TVC as an option, and additional
reasons to travel from home to the tertiary hospital area
such as shopping, other appointments, or visiting
family members. Nevertheless, 50% of consultations
were with TVC in the second year of the study and
reduced travel distance by 8177 km (37%).

There are limited studies of TVC for KTRs. In the
United States, the Department of Veterans Affairs has
reported that TVC resulted in reduced travel time for
patients and reduced travel costs for both patients and
healthcare providers.14 An Australian group has re-
ported on 263 clinical consultations delivered by TVC,
saving significant travel distance for patients with
resultant reductions in carbon dioxide emissions.15 A
small randomized controlled trial from Germany
1269
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comparing standard care with standard care plus case
management and telemedicine found lower hospitali-
zations and less medication nonadherence.23 Our study
showing that TVC has clinical outcomes equivalent to
those of standard care has expanded on the reported
literature for management of KTRs by TVC; however,
the results of larger studies24,25 are needed to confirm
our findings.

Our findings among the CKD population are similar
to those of previous studies.16,17 Interestingly, Ladino
et al. found improved outcomes for blood pressure,
although this was among an underserviced population
compared with our study population, who were
already accessing care.18

The experience of patients is important to consider.
Overall patient satisfaction with the care provided was
very high in both groups. The TVC was comparable to
standard care, which may be due to an established
relationship with the staff and the opportunity to have
1270
face-to-face consultations if desired. The extremely
high satisfaction with care in both groups suggests that
the question asked did not adequately explore the
Kidney International Reports (2021) 6, 1265–1272
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impact of TVC on patients. Future work should
examine the ease of using the technology, adequacy of
video and audio quality, perceived quality of care, and
preference for TVC versus travel for face-to-face
appointments.

We did not explore why patients may not access
TVC when available. A study of transplant recipients
from Belgium found that there was limited smartphone
ownership but that 72% of patients owned a computer
with Internet access. Several patient variables affected
the willingness to use interactive health technology,
including marital status and previous use of informa-
tion and communications technology.26 Patients may
also identify the risks and barriers of TVC, such as cost
of telehealth equipment, poor Internet access, loss of
personal interaction with the multidisciplinary team, or
concerns with data breach as reasons not to pursue
TVC.27

The COVID-19 pandemic highlights another role for
telemedicine, whereby patients can receive routine
clinical care without attending a hospital clinic with
the associated risks of infection.28 Telemedicine was
used in New York to deliver care to KTRs in response to
COVID-19.29 In Australia, COVID-19 prompted an
expansion of the criteria for reimbursement for TVC.
As a result, routine outpatient appointments were able
to be undertaken by TVC as previously, but also by
standard telephone call without any restrictions on
distance to the treating practitioner.30 It is likely that
the ability to use a telephone will benefit patients with
poor or no Internet access and those who are not
technology literate, especially elderly and socioeco-
nomically disadvantaged individuals, allowing them to
access healthcare safely during a pandemic.

Reimbursement and regulation related to telehealth
is central to its uptake and acceptance. In Australia, the
Medicare Benefits Schedule details criteria that allow
medical practitioners to claim reimbursement for
TVC.30 In the United States, there is a need to show
cost-effectiveness or superior outcomes to allow reim-
bursement.11 Furthermore, a number of specifications
and legislative requirements are listed relevant to
dialysis patients, including that only 2 of 3 monthly
visits may be conducted via telehealth, and the pro-
vider must be registered in the state the patient
resides.27

This study has several limitations. It was performed
at a single Australian center in a Caucasian population,
which limits the generalizability of the results. Pa-
thology was not analyzed at a central laboratory, and
blood pressure in the TVC group was measured either
at the hospital clinic or was measured and reported by
the participant at home, who may not have followed
the standard protocol. The study is small, and larger
Kidney International Reports (2021) 6, 1265–1272
studies are needed to confirm these findings, especially
in the transplant population, in which important end
points must include patient and graft survival, whereas
among the CKD population, progression to kidney
failure and mortality must be examined. Nevertheless,
the study has strengths, including the 2-year follow-up
and high retention rate.

In conclusion, in this study, telemedicine delivered
as TVC was shown to be feasible and had outcomes
similar to those of standard care for both KTRs and CKD
patients. The slow uptake of telemedicine among the
nephrology community, especially for KTRs, should be
an area of attention so as to improve access to specialist
care for patients who have difficulty attending clinics.
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