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Abstract
Background: Telehealth could potentially increase independency and autonomy of patients treated with peritoneal
dialysis (PD). Moreover, it might improve clinical and economic outcomes. The demand for telehealth modalities
accelerated significantly in the recent COVID-19 pandemic. We evaluated current literature on the impact of telehealth interventions added to PD-care on quality of life (QoL), clinical outcomes and cost-effectiveness.
Methods: An electronic search was performed in Embase, PubMed and the Cochrane Library in order to find studies
investigating associations between telehealth interventions and: i. QoL, including patient satisfaction; ii. Standardized
Outcomes in Nephrology (SONG)-PD clinical outcomes: PD-related infections, mortality, cardiovascular disease and
transfer to hemodialysis (HD); iii. Cost-effectiveness. Studies investigating hospitalizations and healthcare resource
utilization were also included as secondary outcomes. Due to the heterogeneity of studies, a meta-analysis could not
be performed.
Results: Sixteen reports (N = 10,373) were included. Studies varied in terms of: sample size; design; risk of bias,
telehealth-intervention and duration; follow-up time; outcomes and assessment tools. Remote patient monitoring
(RPM) was the most frequently studied intervention (11 reports; N = 4982). Telehealth interventions added to PD-care,
and RPM in particular, might reduce transfer to HD, hospitalization rate and length, as well as the number of in-person
visits. It may also improve patient satisfaction.
Conclusion: There is a need for adequately powered prospective studies to determine which telehealth-modalities
might confer clinical and economic benefit to the PD-community.
Keywords: Telehealth, E-health, Telemedicine, Peritoneal dialysis, Home-dialysis, Covid-19
Introduction
In Europe, approximately 250,000 patients depend on
dialysis for their survival. This number is increasing by
5–8% per year, due to ageing and the rising incidence of
diabetes mellitus and hypertension [1]. Peritoneal dialysis (PD) is a home-based dialysis treatment, carried out
autonomously by the patient or with the assistance of
an informal or professional caregiver. PD provides more
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flexibility to patients, improves health-related quality of
life (QoL), with similar clinical outcomes and survival
as compared to in-center hemodialysis (ICHD) [2–4].
Moreover, of the distinct dialysis modalities, PD confers the lowest (non)-dialysis-related costs [5, 6]. Hence,
an increased number of patients opting for PD could
strongly reduce the high resource and budget impact
of dialysis treatment on national healthcare systems [5,
6]. Despite these potential advantages for patient and
society, merely 20% of the Dutch patients starting with
dialysis, start with PD [7]. PD utilization is even lower
in other parts of the world [8–10]. A potential drawback
for both patients and professionals is that PD requires a
certain level of treatment-specific education, as well as
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an active attitude from the patient, partner or caregiver.
In addition, the lack of ability for the healthcare team to
monitor the treatment real-time and to intervene when
necessary, may contribute to the reserve that patients
and clinicians have against engaging in a home-based
dialysis treatment [11–13]. E-health interventions allowing for bi-directional data exchange and communication between patient and healthcare team could support
patients in their home-dialysis treatment by facilitating
education about home-dialysis, self-management and
thereby increase feelings of safety. In addition, telehealth
could allow the healthcare team to timely discover trends
in relevant treatment-related data, which precede possible unfavorable clinical outcomes such as fluid overload,
infections, hospitalizations or technique failure (i.e. the
need to switch from PD to HD). Although remote patient
monitoring (RPM) is gaining ground in automated PD
(APD), in current continuous ambulant PD (CAPD)
management, treatment-related data are mostly collected
on paper by the patient accompanied by communication
by telephone with the healthcare team or at the outpatient clinic. This is in great contrast with the use of digital
monitoring and smartphone apps in almost all aspects of
daily life nowadays.
Despite the growing interest in the use of e-healthbased interventions in home-dialysis, both the reported
interventions and studied outcomes are heterogeneous, thereby limiting evidence regarding effectiveness in
terms of improvement of standardized clinical outcomes
and associated impact on healthcare efficiency and economics [14]. Recently, the number of e-health initiatives
and publications amplified, largely accelerated by the
COVID-19 pandemic, resulting in seven new studies
on this topic, representing 9377 patients receiving PD
[15–21]. Furthermore, the importance of home-dialysis
and telemedicine support in the recent COVID-19 pandemic has recently been underlined by the ERA-EDTA
Working Group and by ISPD [22]. Hence, due to this
substantial increase in the number of publications on the
topic, as well as the increased urgency for the utilization
and optimization of PD as a home-dialysis treatment,
we performed a contemporary systematic review aimed
to study the impact of telehealth interventions added
to PD care in terms of QoL, Standardized Outcomes
in Nephrology (SONG)-PD clinical outcomes [23] and
cost-effectiveness.

Methods
Search strategy

An electronic search strategy was performed in
Embase, Pubmed and the Cochrane Library to find
eligible reports from January 1st 2010 until to March
1st 2021. The following terms were used: ‘peritoneal
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dialysis’, ‘intermittent peritoneal dialysis’, ‘peritoneum
dialysis’, ‘telemonitoring’, ‘distant (patient) monitoring’,
‘remote (patient) monitoring’, ‘telemedicine’, ‘telehealth’,
‘e-health’, ‘cell phone’, ‘tablets’, ‘device’, ‘smart phone’,
‘virtual consultation’, ‘video consultation’, ‘remote treatment monitoring’. Synonyms of all terms were added in
this search strategy (Supplementary Material I). Titles
and abstracts were reviewed by two reviewers (GB
and LJ), with consultation of a third reviewer in case
of doubt (AN). The full-text screening of publications,
including the reference lists, in order to identify possible additional eligible studies was performed by the
same two reviewers (GB and LJ). No review protocol
was made for this systematic review.
Eligibility criteria and outcome measures

We included studies according to the following criteria:
adult patients treated with peritoneal dialysis (APD or
CAPD); implementation of any form of tele-monitoring,
telemedicine or e-health that meets the definition of the
World Health Organization [24] and assessment of any
of the following as primary outcomes: i. quality of life; ii.
any of the SONG-PD clinical outcomes [23]: PD-related
infections, mortality, cardiovascular disease or technique
failure (defined as transfer to HD); iii. Cost-effectiveness.
Studies investigating hospitalization rates or healthcare
resource consumption, i.e. length of hospitalization and
the frequency of (in person) consultations as primary
outcomes were included as secondary outcomes in our
current systematic review and analysis.
There were no restrictions regarding experimental
study design or methodology, except for the exclusion
of simulation-studies not involving actual patients. Case
reports, conference abstracts, reviews and perspectives
were also excluded, as well as publications in any other
language than English, Dutch or French.
Data‑extraction and analysis

Data extraction and quality assessment was performed
using the Cochrane Risk of Bias assessment tool for randomized studies (version 2011) [25] and the ROBINSI tool for non-randomized studies (version 2016) [26],
respectively. Risk of bias was assessed by two reviewers
(GB and LJ) using these tools. A third reviewer was consulted (AN) in case of doubt.
Since a meta-analysis was not possible for any of the
outcomes, a descriptive evaluation of primary and secondary outcomes was conducted by clustering reports
according to the investigated outcome of interest. Results
of this systematic review were reported according to the
PRISMA 2020 statement [27].
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Results
The search strategy yielded 439 publications to be
screened. Of these, fifty-five full-text articles were
extracted and reviewed. Finally, sixteen reports met all
eligibility criteria for inclusion in the systematic review
(Fig. 1).
Study and patient characteristics

We included sixteen studies in the review [15–21, 28–
36]. Together, these studies represent 10,373 patients
treated with PD, ranging from N = 6 to N = 6434. At
least 11.8% (N = 1222) of these patients were treated
with CAPD [15, 16, 28–30]. Five studies did not specify the PD-treatment modality of the participants
[17, 18, 31–33]. Approximately 40% of the participants were female. The average age of participants was

Fig. 1 PRISMA 2020 flow diagram of included studies
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57.3 ± 5.5 years. One study did not report the mean age
of the study group [33]. The mean duration of patient
follow-up was 181 ± 571 months. Two studies did not
report the duration of follow-up [15, 33]. Table 1 displays characteristics of the included studies stratified by
the studied outcomes of interest. These studies include
two randomized controlled trials [28, 30], one prospective cohort study [16], four observational cohort studies [17–19, 33], five retrospective cohort studies [20, 21,
31, 34, 36] and four pilot studies [15, 29, 32, 35]. Four
studies were conducted in the United States of America
[15, 29, 31, 33], three were performed in Italy [18, 20,
21], three in Colombia [19, 34, 36], two in China [28,
30] and one in the Dominican Republic [16], India [17],
the United Kingdom [35] and Canada [32], respectively.

Country

China

China

Study

Cao 2018 [28]

Li 2014 [30]

N = 135
Age 56.3 ± 12.4y
M = 59%
CAPD

N = 160
Age 52.2 ± 15y
M = 58%
CAPD

Population

RCT

RCT

Study design

Post-discharge nurseled telephone support
(N = 69)

Internet-based instant
messaging software
(N = 80)

Intervention

Table 1 Characteristics of included studies stratified by studied outcomes
Follow-up

Routine hospital
discharge care
(N = 66)

12 weeks

Traditional follow- 11.4 ± 1.5 months
up (N = 80)

Comparison

Lower in
intervention
group (p = 0.058,
number of events
not reported)

Mortality

N.S. difference
Higher in intervention group
(p < 0.01, 73.7% vs
70.5%)
N.S. difference
N.S. difference
(data not shown)
N.S. difference
Less in intervention group (71%
vs 47%, p = 0.039)

Peritonitis
Catheter-infections
Readmissions
Clinical visits

N.S. difference

Hospitalizations
Patient satisfaction (sub-item of
KDQOL-SF)

N.S. difference

Transfer to
HD (was not a
pre-specified
outcome)
QoL (KDQOL-SF)

Higher in
intervention
group (60 cases
in 80 patients
(75%) vs 40 cases
in 80 patients
(50%) statistical
significance not
reported)

Peritonitis

Exit-site infection N.S. difference

Higher in the
intervention
group (p < 0.001,
98.1% vs 92.1%)

Results

Patient-satisfaction [modified
from] [37]

Outcomes

Unclear

Unclear

Risk of bias
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Country

Colombia

USA

Italy

Study

Sanabria 2019
[36]

Harrington 2014
[29]

Milan- Manani
2020 [21]

Table 1 (continued)

N = 73
Age 60,4
[47.4–75.1] y
M: 77% in intervention group;
71% in control
group APD

N=6
Age 52.2 ± 6.5y
M = 50%
CAPD

N = 360
Age 57 ± 17y
M = 56%
APD incident
patients

Population

Retrospective
cohort study

Pilot study

Retrospective
cohort study

Study design

APD-RM (N = 35)

A tablet computer application allowing real-time
monitoring and two-way
communication
Mean duration = 92 days,
SD = not reported

RPM-APD (N = 65)
N = 63 used for propensity score matching
Mean duration = 0.76 ± 0.27 years

Intervention

APD standard
care (N = 38)

No comparison

APD without
RPM (N = 295).
N = 63 used for
propensity score
matching

Comparison

6 months

8 months

0.86 + − 0.27y
in APD-RPM vs
0.74 + − 0.34y in
APD without RPM

Follow-up

0 in intervention group, 1 in
control group
N.S. difference
in all-causeLess
disease-specific
hospitalizations in
the intervention
group (18.2% vs
77.8%, p = 0.022)

Transfer to HD
(duration not
specified)
Hospitalizations

N.S. difference
in all-cause
(p = 0.095)Less
urgent visits due
to overhydration
(p = 0.042)

N.S. difference
N.S. difference

QoL (KDQOL-SF)
Peritonitis

Frequency of
visits

Low

Risk of bias

Moderate

5.2 on Likert scale Moderate

Less in intervention group (5.59
vs 12.16 days per
patients-year,
p = 0.028)

Number of
hospital days

Patient satisfaction (Likert scale
(1-10))

Less in intervention group
(42.6% vs 68.1%,
p = 0.029)

Results

Hospitalizations

Outcomes
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Country

UK

U.S.A.

Colombia

Study

Dey 2016 [35]

Chaudhuri 2020
[31]

Corzo 2020 [34]

Table 1 (continued)

N = 558
Age 53.8 ± 16.9y
M = 60%,
APD

N = 6343
Age 56. 9 ± 15.2y
M = 57%
% CAPD not
specified

N = 22
Age 61.6 [IQR
26.4–93.4] y
M = 55%
APD

Population

Retrospective,
multicenter,
observational
cohort study

Retrospective
study

Pilot study

Study design

APD-RPM
(N = 148)

RTM ‘PatientHub’
moderate users (N = 673)
frequent users (N = 1577)
RTM involves patients
viewing their dialysis
orders, laboratory
results, medications, supply orders
and documenting their
daily PD treatment data,
vital signs, complications

12 months

15 months

Follow-up

APD without RPM 1.1 ± 0.6 years
(N = 410)
N = 148 used for
propensity score
matching

RTM non-users
(N = 4093)

Comparison

Computer tablets (PODs) Pre-intervention
with integrated software with PODs
for weighing scales and
blood pressure machines;
patient vital data recording; questionnaire regarding complaints (at beginning and end of study);
twice-weekly dietary
questionnaire; access
to medical and educational information. Mean
duration = 341.9 days,
SD = not reported

Intervention

Mortality

Transfer to HD
(>30d)

N.S.
difference(only
reported for the
non-matched
population)

Lower in intervention group
(p = 0.03)

Lower in frequent
users versus nonusers (on average
34.75 ± 2.5%
lower, p ≤ 0.001)

Moderate

Lower in frequent
users versus nonusers (on average
23.75 ± 1.71%
lower, p ≤ 0.001)

Hospitalizations

Number of
hospital days

Lower in frequent Moderate
users versus nonusers (p = 0.001,
on average
30.5 ± 2.5%
lower)

N.S. difference

Patient satisfaction (QUEST)

Serious

Risk of bias

Transfer to HD (>
6wks)

N.S. difference

Results

Quality of life
(KDQOL-36)

Outcomes
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India

Colombia

Nayak 2012 [17]

Bunch 2020 [19]

Polanco 2020 [16] Dominican
Republic

Country

Study

Table 1 (continued)
Study design

N = 913
Age 51 [IQR
19–96] y
M = 62%
99.6% CAPD

N = 1.023
Age 63 [IQR
51–72] y
M = 61%
APD

RPM-APD during pandemic (on-site evaluation
only for special indications, weekly telephonic
triage, daily review APD
treatments, technique
review through videos
sent by patients)

Internet-based RM system
(including online log of
dialysis data, pictures,
access to laboratory
results, health records and
prescriptions, possibility
to schedule appointments
and to receive alerts) in
rural patients (N = 115)

Intervention

Observational
Telemedicine-facilitated
prospective study PD protocol (monthly
telephone contact, psychological and nutritional
surveys, pictures of daily
dialysis records and lower
limbs (possible edema)
through Whatsapp if
internet was available).
Duration = 3 months

Observational
cohort study

N = 246
Observational
Age 51.5 ± 12.8y
in rural group
52.3 ± 12.6y in
urban group
M: 70% in rural
group; 69% in
urban group
%CAPD not specified

Population

Standard
PD protocol
3 months prior to
implementation
of intervention

RPM-APD before
the covid-19
pandemic
(track patient’s
adherence,
blood pressure,
ultrafiltration,
and weight daily;
perform proactive telephone
interventions
anticipating
possible urgent
care requirements)

Internet-based
RM system
(including online
log of dialysis
data, pictures,
access to
laboratory results,
health records
and prescriptions, possibility
to schedule
appointments
and to receive
alerts) in urban
patients (N = 131)

Comparison

Outcomes

Results

3 months

3 months

N.S. difference

N.S. difference
N.S. difference

Transfer to HD
(duration not
specified)
Peritonitis
Hospitalizations

TeleconsultaHigher in the
tions per patient/ intervention
month
group p < 0.01
(the absolute
number of
teleconsultations
was not reported)

N.S. difference
Lower in the
intervention
group p < 0.01
(the absolute
number of evaluations was not
reported)

Peritonitis
On-site evaluations perpatient/
month

2008 patientPeritonitis
N.S. difference
months in the
rural group; 2288 Exit-site infection N.S. difference
patient-months in
the urban group

Follow-up

Serious

Serious

Moderate

Risk of bias
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Country

Italy

U.S.A.

Study

Viglino 2020 [18]

Lew 2019 [15]

Table 1 (continued)
Study design

N = 125
Age 56 [IQR
43.6–64.3] y
M = 57%
< 10% CAPD

Pilot observational study

N = 107
Observational
Age 72.2 ± 13.1y study
M = 59%
%CAPD not specified

Population

RBM of weight and
bloodpressure and twoway videoconferencing
between patient and
nurse (n = 125)
Duration not reported

VideoDialysis assisted PD
(N = 15)
Mean duration = 19.0 ± 12.9 months

Intervention

Costs pre-intervention

Traditional
assisted PD
(N = 62) and selfPD (N = 30)

Comparison

No information

285 months/1869
patient-months

Follow-up

N = 3 (20%) in
intervention
group versus
17 (18%) in the
control group (no
statistical analysis
performed)

Transfer to HD
(duration not
specified)

Hospitalizations
and length of
hospitalization

Serious

Risk of bias

Less for RBMcollected weight
and higher for
RBM-collected
blood pressure (number
of events and
length not
reported)

Outpatient visit
claim payment amounts
decreased
post-intervention
relative to preintervention for
those at age
18–54 years.
(p = 0.0155) In
other subgroups
(gender, race)
non- or nearly
significant
changes were
found.

N.S. difference for Serious
overall costs

N.S. difference

Time free from
first peritonitis

Overall costs of
care

N.S. difference

Results

Peritonitis

Outcomes
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Country

Italy

UK

Canada

Study

Milan- Manani
2019 [20]

Dey 2016 [35]

Kiberd 2014 [32]

Table 1 (continued)

Pilot study

Observational
cohort study

Study design

N = 17
Pilot study
Age 57.1 ± 1.9y
M = 52%
%CAPD not specified

N = 22
Age 61.6 [IQR
26.4–93.4] y
M = 55%
APD

N = 85
Age 56.5 ± 15.5y
M = 75%
APD

Population

Web-based portal allowing communication
between patients and
healthcare team; Duration = 12 months

Pre-intervention

Patients with APD
without RM (historical cohort)
(N = 42)

Comparison

Computer tablets (PODs) Pre-intervention
with integrated software with PODs
for weighing scales and
blood pressure machines;
patient vital data recording; questionnaire regarding complaints (at beginning and end of study);
twice-weekly dietary
questionnaire; access to
medical and educational
information.
Mean duration = 341.9 days,
SD = not reported

RM-APD (N = 43)
Duration = at least
12 months

Intervention

6 and 12 months

15 months

13.28 [IQR 6.65–
14.65] months
in the invention
group
12 months (fixed)
in the control
group

Follow-up

N.S. difference
as compared to
baseline
6.5 ± 0.6 on Likert
scale

Patient satisfaction (Likert scale
(1-10) modified
from) [38]

N.S. difference

Patient satisfaction (QUEST

Quality of life
(CQI and EQ-5D)

N.S. difference

Quality of life
(KDQOL-36)

Critical

Serious

Lower in the
intervention
group (3.56 vs
5.14 visits per
patient/year,
p < 0.01)

In-person visits

Risk of bias

€9130 for person- Serious
nel and €5810 for
logistics (p < 0.01)

Results

Hospital savings

Outcomes
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Country

N = 200
Mean age = not
reported
M = 51%
% CAPD not
specified

Population
Observational
study

Study design
RBM of blood pressure,
weight and glucose (if
diabetic), including video
chat with the healthcare
team; access to online
educational resources.
Duration = not reported

Intervention
Pre-intervention
with RBM; videochat and/or
access to online
educational
videos

Comparison
Not reported

Follow-up

Number of
persons that
were satisfied or
completely satisfied (90.7%) was
higher
than at baseline
(p < 0.001)

Results

Hospitalizations

20.8% preintervention and
15.1% post-intervention (no statistical analysis)

Exit-site infection 10.5% post-intervention and 7.3%
pre-intervention
(no statistical
analysis)

Patient satisfaction
(26-item TSUQ)
[39]

Outcomes

Critical

Risk of bias

Details and abbreviations Table 1: Age is described as mean age ± standard deviation, if not specified otherwise. APD Automated peritoneal dialysis, CAPD Continuous ambulatory peritoneal dialysis, PD Peritoneal dialysis,
CQI Consumer quality index, EQ-5D EuroQol Five Dimensions Questionnaire, F Female, HD Hemodialysis, KDQOL-SF Kidney Disease Quality of Life Short Form, KDQOL-36 Kidney Disease Quality of Life − 36 Form, M Male,
N Number of patients, NS Non-significant, SD Standard deviation, IQR Interquartile range, QoL Quality of life, QUEST Quebec User Evaluation of Satisfaction with assistive Technology, RBM Remote biometric monitoring,
RCT Randomized controlled trial, RM Remote monitoring, RPM Remote patient monitoring, RTM Remote treatment monitoring, RM-APD Remote monitoring automated peritoneal dialysis, SMS Short messaging service, y
years, TSUQ Telemedicine Satisfaction and Usefulness Questionnaire

Magnus 2017 [33] USA

Study

Table 1 (continued)
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Telehealth interventions

Five studies investigated remote monitoring (RM) during predominantly APD as an intervention [20, 21, 29,
34, 36]. Other studies investigated the implementation of
RM, including the possibility to: i. contact the health care
team through video-chat [15, 19, 33]; ii. send pictures,
view healthcare-records and schedule appointments [17],
iii. View laboratory results, medication prescriptions and
supply orders [31], iv. access medical information and fillout online questionnaires [35] (Table 2).
The remaining studies investigated a diversity of telehealth interventions aimed at online communication
between the patient and the healthcare team, including: internet-based instant messaging software [28]; an
eHealth portal software using a web-based application
[32]; a nurse-led post-discharge telephone support service [30]; a telemedicine system using video-assisted
dialysis (VD) [18] and a telemedicine-facilitated PD protocol, including daily transfer of dialysis records, pictures
of lower limbs and monthly contact by telephone [16]
(Table 2).
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Quality of life (QoL)
QoL

The impact of telehealth interventions on QoL was
evaluated in four of the included studies [21, 30, 32,
35], encompassing a total number of 247 patients, with
an average age of 58.9 ± 2.6 years. Fifty-five percent of
these patients were treated with CAPD [30]. Follow-up
ranged from 12 weeks to 15 months in these studies.
Both the telehealth interventions and the tools to assess
QoL differed among the four studies [21, 30, 32, 35].
QoL – RM – studies

One study evaluated RM-APD [21] and another RMAPD with additional features, such as access to medical
data and the use of online questionnaires [35]. QoL was
assessed using the Kidney Disease Quality of Life Short
Form (KDQOL-SF) [21] and by the Kidney Disease
Quality of Life − 36 Form (KDQOL-36), respectively
[35]. No significant improvement in QoL was observed
in either study.
QoL – patient communication – studies

Risk of bias

The risk of bias of the two included RCTs [28, 30] was
classified as unclear, due to uncertainty regarding possible selection and detection bias (Supplementary Material II). The risk of bias of the 14 non-randomized studies
was classified as low in one study [36], moderate in five
studies [17, 21, 29, 31, 34], serious in six studies [15, 16,
18–20, 35] and critical in two studies [32, 33] (Supplementary Material III).
Reported outcomes

Of the sixteen included studies, four reported on quality
of life [21, 30, 32, 35]. Six studies evaluated patient-satisfaction [28–30, 32, 33]. Clinical outcomes were assessed
in ten of the sixteen included studies [16–19, 21, 28, 30,
31, 33, 34]. Of these, six investigated peritonitis rates
[18, 19, 21, 28, 30] and in four studies exit-site or catheter infections [17, 28, 30, 33] were evaluated. Technique
failure as defined by transfer to HD was reported by six
studies [16, 18, 21, 28, 31, 34] and two studies [28, 34]
investigated mortality. There were no studies reporting
cardiovascular events as a study outcome.
Furthermore, cost-effectiveness was investigated as
primary outcome measure by two studies [15, 21]. The
number of hospitalizations was studied in eight studies
[15, 16, 21, 28, 30, 31, 33, 36], length of hospitalization
in three studies [15, 31, 36] and four studies evaluated
the number of patient-visits [19–21, 30, 36]. Results are
shown in Table 1.

The KDQOL-SF was also used in the randomized study
by Li et al [30], which investigated a post-discharge
nurse-led telephone support service to patients treated
with CAPD. Kiberd et al [32] evaluated a web-based
intervention to facilitate bi-directional communication between PD-patients and healthcare team. In that
study, QoL was assessed by use of the Consumer quality
index (CQI) and the EuroQol Five Dimensions Questionnaire (EQ-5D) [32]. As in the other studies, no significant improvement in QoL was observed (Table 1).
Patient satisfaction

The impact of telehealth interventions on patient satisfaction was studied in six of the included reports [28–
30, 32, 33, 35]. These comprise a total number of 540
patients, with an average age of 55.9 ± 3.9 years. At least
55.7% of patients were treated with CAPD. Follow-up
ranged from 12 weeks to 15 months and types of telehealth intervention differed across the studies (Table 1).
Patient satisfaction – RM – studies

Three studies assessed RM-CAPD [29], RM-APD with
additional features [35] and remote biometric monitoring (RBM) of blood pressure and weight, with additional features such as video-chat with the healthcare
team and access to online educational resources in
either CAPD or APD treated patients [33], respectively.
Patient satisfaction was investigated by the following
tools: the Likert scale at the end of follow-up [29], the
Quebec User Evaluation of Satisfaction with assistive
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Table 2 Overview of included articles grouped by the type of telemedicine interventions and outcomes
Remote monitoring (RM)
Study

Intervention

Outcomes

Results

Risk of bias

RM-CAPD
N=6

Patient satisfaction

5.2 on Likert scale (1-10)

Moderate

Peritonitis Transfer to HD (duration
not specified)

N.S. difference 0 in intervention
group, 1 in control group

Moderate

Transfer to HD (>30d)

Lower in intervention group
(p = 0.03)

Moderate

Quality of Life
Harrington 2014 [29]

SONG-PD clinical outcomes

Milan-Manani 2020 [21] RM-APD
N = 35

Corzo 2020 [34]

RPM-APD
N = 148

Mortality

N.S. difference, only reported for
the non-matched population

Cost-effectiveness
Milan-Manani 2019 [20] RM-APD
N = 43

Hospital savings

€9130 for personnel and €5810 for
logistics (p < 0.01)

Serious

Sanabria 2019 [36]

Hospitalizations

Less in intervention group
(p = 0.029)

Low

N.S. difference in all-cause
Less disease-specific hospitalizations in intervention group
(p = 0.022)

Moderate

Lower in the intervention group
(p < 0.01)

Serious

Serious

Hospitalizations and health-care consumption
RPM-APD
N = 65

Milan-Manani 2020 [21] RM-APD
N = 35

Number of hospital days
Hospitalizations

Frequency of visits

Milan-Manani 2019 [20] RM-APD
N = 43

In-person visits

Less in intervention group
(p = 0.028)

N.S. difference in all-causeLess
urgent visits due to overhydration
(p = 0.042)

Remote monitoring (RM) with additional features
Quality of Life
Dey 2016 [35]
Magnus 2017 [33]

RM-APD + access to medical data
and online questionnaires N = 22

Quality of life (KDQOL-36)

N.S. difference

Patient satisfaction (QUEST)

N.S. difference

RBM-APD
+videochat and access to educational material
N = 200

Patient satisfaction

80.1% of participants were either
satisfied or completely satisfied
with the intervention

Critical

RM-APD + viewing laboratory
results, medication prescriptions,
supply ordersN = 2284

Transfer to HD (>6wks)

Lower in frequent users versus
non-users (p = 0.001)

Moderate

Peritonitis

N.S. difference

Moderate

Exit-site infection

N.S. difference

SONG-PD clinical outcomes
Chaudhuri 2020 [31]

Nayak 2012 [17]

Bunch 2020 [19]
Magnus 2017 [33]

RM-APD + send pictures, view
healthcare-records and schedule
appointments N = 246

Peritonitis rates

N.S. difference

Serious

RBM-APD + videochat and access
to educational material N = 200

RPM-APD + videochat N = 1023

Exit-site infections

10.5% post-intervention and 7.3%
pre-intervention (no statistical
analysis

Critical

RPM-APD + videochat N = 125

Overall costs of care

N.S. difference (except for in certain Serious
subgroups)

Hospitalizations

Lower in frequent users versus
non-users (p ≤ 0.001)

Cost-effectiveness
Lew 2019 [15]

Hospitalizations and health-care consumption
Chaudhuri 2020 [31]

RM-APD + viewing laboratory
results, medication prescriptions,
supply orders N = 2284

Number of hospital days

Lower in frequent users versus
non-users (p ≤ 0.001)

Moderate
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Table 2 (continued)
Lew 2019 [15]

RPM-APD + videochat N = 125

Hospitalizations and length of
hospitalization

Less for RBM-collected weight and
higher for RBM-collected blood
pressure

Serious

Bunch 2020 [19]

RPM-APD + videochat N = 1023

Teleconsultations

Higher in the intervention group
(p < 0.01)

Serious

On site evaluations

Lower in the intervention group
(p < 0.01)

Hospitalizations

20.8% pre-intervention and 15.1%
post-intervention (no statistical
analysis)

Critical

Higher in the intervention group
(p < 0.001)

Unclear
Unclear

Magnus 2017 [33]

RBM-APD + videochat and access
to educational material N = 200

Online bi-directional communication between patients and healthcare team
Quality of Life
Cao 2018 [28]
Li 2014 [30]
Kiberd 2018 [32]

Internet-based instant messaging
N = 80

Post-discharge nurse-led telephone support N = 69

Online communication between
patient and healthcare team via
web-based portal N = 17

Patient-satisfaction
QoL (KDQOL-SF)

N.S. difference

Patient satisfaction

N.S. difference

Quality of life (CQI and EQ-5D)

N.S. difference as compared to
baseline

Patient satisfaction (Likert scale
(1-10))

6.5 on Likert-type scale

Critical

SONG-PD clinical outcomes
Cao 2018 [28]

Internet-based instant messaging
N = 80

Exit-site infection

N.S. difference

Peritonitis

Higher in intervention group (60
cases in 80 patients (75%) vs 40
cases in 80 patients (50%) statistical
significance not reported)

Mortality

Lower in intervention group
(p = 0.058)

Transfer to HD (was not a prespecified outcome)
Li 2014 [30]
Polanco 2020 [16]

Viglino 2020 [18]

Post-discharge nurse-led telephone support N = 69

Video-assisted PD N = 15

N.S. difference

Peritonitis

N.S. difference

Catheter-infections

N.S. difference

Telemedicine-facilitated PD proto- Transfer to HD (duration not
col (daily transfer of dialysis records specified)
and pictures, monthly contact by
Peritonitis
telephone N = 913

Unclear

N.S. difference

Unclear
Serious

N.S. difference

Peritonitis

N.S. difference

Time free from first peritonitis

N.S. difference

Serious

Transfer to HD (duration not
specified)

N = 3 (20%) in intervention group
versus 17(18%) in the control
group (no statistical analysis
performed)

Hospitalizations

N.S. difference

Unclear

Readmissions

N.S. difference

Unclear

Clinical visits

Less in intervention group (71% vs
47%, p = 0.039)

Hospitalizations and health-care consumption
Cao 2018 [28]
Li 2014 [30]

Polanco 2020 [16]

Internet-based instant messaging
N = 80

Post-discharge nurse-led telephone support N = 69

Telemedicine-facilitated PD proto- Hospitalizations
col (daily transfer of dialysis records
and pictures, monthly contact by
telephone
N = 913

N.S. difference

Serious

RM Remote monitoring, RBM Remote biometric monitoring, RM-APD Remote monitoring automated peritoneal dialysis, HD Hemodialysis, N Number of patients,
KDQOL-36, QoL Quality of life, QUEST Quebec User Evaluation of Satisfaction with assistive Technology Kidney Disease Quality of Life −36 Form, CQI Consumer quality
index, EQ-5D EuroQol Five Dimensions, KDQOL-SF Kidney Disease Quality of Life Short Form Questionnaire
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Technology questionnaire (QUEST) at the start and
end of the follow-up period [35] and by quarterly surveys using the 26-item Telemedicine Satisfaction and
Usefulness Questionnaire (TSUQ) [33]. The study by
Magnus et al [33], involving 200 patients, was the only
study that reported significant improvement in patient
satisfaction after introduction of RBM. In that study,
PD-modality and follow-up time were not specified.
The study [33] was considered at critical risk of bias
(Supplementary Material III).
Patient satisfaction – patient communication – studies

The studied types of telehealth-interventions in the three
included studies involved: an internet-based instant messaging service [28], a post-discharge nurse-led telephone
support service [30] and an online communication platform via a web-based portal [32].
Tools to assess patient satisfaction differed across the
studies [28, 30, 32]. Kiberd et al [32] assessed patient satisfaction using a Likert scale. In the other studies [28, 30]
tools for assessing patient satisfaction were not specified.
The two randomized studies [28, 30] found a significant
improvement in patient satisfaction after introduction
of an internet-based messaging service [28] and a postdischarge nurse-led telephone support [30], respectively
(Table 1). These studies involved 55% of the total number of patients in which patient satisfaction was evaluated and included 295 patients treated with CAPD [28,
30]. These studies [28, 30] were considered to carry an
unclear risk of bias (Supplementary Material II).
Clinical outcomes
PD‑related infections

Eight studies evaluated the association between telehealth interventions and peritonitis rate. These studies
include a total number of 2857 patients, with an average age of 58.1 ± 7.7 years [16–19, 21, 28, 30, 33]. At least
45.5% of those patients were treated with CAPD (Table 1)
[16, 28, 30].
PD‑related infections – RM – studies

Four of the eight studies investigated RM [17, 19, 21, 33],
involving a total number of 1542 patients. A minority
(16%) was treated with CAPD. In the study by Nayak et al
[17], RM also included several additional features, such
as online log of dialysis data and pictures, access to laboratory results, health records and prescriptions, possibility to schedule appointments and to receive alerts [17].
PD-modality was not specified in that study [17]. None of
these studies reported significant differences in peritonitis rate after introduction of RM (Table 1).
Exit-site infection rates were reported in two of the
studies [17, 33], but no significant associations with the
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intervention were found (Table 1). In the study by Magnus et al [33], involving 200 patients treated with APD, a
higher number of exit-site infections were reported postintervention (10.5%), as compared to pre-intervention
(7.3%) [33]. No statistical analysis was performed in that
study.
PD‑related infections – patient communication – studies

In the four remaining studies [16, 18, 28, 30] involving
PD-related infections, the following telehealth interventions were investigated: videodialysis-assisted PD [18],
an internet-based instant messaging service [28], a postdischarge nurse-led telephone support service [30] and a
telemedicine-facilitated PD protocol with bi-directional
contact between patient and healthcare team [16]. PDmodality was not specified in the study by Viglino et al.
[18].
One study reported a significantly higher peritonitis
rate after introduction of the telehealth intervention [28].
In the study by Cao et al [28], involving 160 patients with
a follow-up time of 11.4 ± 1.5 months a peritonitis rate of
60 episodes was found in the group that used an internetbased instant messaging service, as compared to 40 in the
control group. Statistical significance was not reported
(Table 1).
Exit-site infection rate was reported in two studies [28,
30]. No significant associations with the telehealth interventions were found (Table 1).
Mortality

Two studies [28, 34] reported associations between telehealth interventions and mortality. The study by Cao
et al [28] evaluated an internet based instant messaging
service in 80 CAPD-treated patients as compared to 80
controls without this service, with a follow-up time of
11.4 ± 1.5 months [28]. These authors found a lower mortality in the intervention group as compared to the control group (p = 0.058), yet the number of events in each
group was not reported [28]. That study [28] was considered to carry an unclear risk of bias (Supplementary
Material II).
Corzo et al [34] reported no significant differences in
mortality (Table 1).
Transfer to HD

Six studies evaluated associations between telehealth
interventions and transfer to hemodialysis [16, 21, 28,
31, 34, 40]. These studies comprise a total of 8054 participants, with an average age of 58.6 ± 7.2 years. At least
13.3% of patients were treated with CAPD (Table 1). The
duration of HD in the definition of this outcome was
unspecified in most studies, with the exception of the
studies by Corzo et al [34] and Chaudhuri et al. [31] In
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these reports, this was defined as hemodialysis for at
least 30 days [34] and 6 weeks [31], respectively.
Transfer to HD – RM – studies

The association of RM-APD with transfer to HD was
investigated in three studies [21, 31, 34], of which one
studied RM-APD with additional features [31]. In the
largest study included in this review, accounting for 78%
of the total number of participants, transfer to HD was
significantly lower in the 1586 frequent RM-APD users
as compared to the 4123 non-users, evaluated after
12 months follow-up (p = 0.001) [16]. Furthermore, in the
study by Corzo et al [34], a significant reduction in transfer to HD was found in 148 patients who had used RMAPD, as compared to 148 propensity-matched controls
(p = 0.03), after a mean follow-up time of 1.1 ± 0.6 years.
Milan-Manani et al [21] investigated RM-APD in 73 participants and found no transfers to HD after 6 months
in the intervention group (N = 35), as compared to one
patient in the control group (N = 38). These three studies
[21, 31, 34] were considered to carry a moderate risk of
bias (Supplementary Table III).
Transfer to HD – patient communication – studies

The three remaining studies [16, 18, 28] involving transfer to HD investigated the following telehealth interventions: an internet-based instant messaging software
system [28], a telemedicine-facilitated PD protocol [16]
and a video dialysis system [18]. In the study by Viglino
et al [18], evaluating video-assisted PD in 15 patients,
as compared to 92 controls with either traditionally
assisted PD or self-PD, three (20%) transfers to HD were
reported, as compared to seventeen (18%) in the control
group (Table 1). That study [18] was considered at serious
risk of bias (Supplementary Material III). The remaining
two studies investigating transfer to HD [16, 28] did not
report any differences as compared to the control group
(Table 1).
Cost‑effectiveness

Two studies evaluated the association of telehealth
interventions with cost-effectiveness [15, 20]. The study
by Milan-Manani et al [20] evaluated RM-APD in 43
patients, as compared to 42 patients without RM from
a historical cohort. They found a significant increase in
hospital savings in terms of costs for personnel and logistics 12 months after introduction of RM-APD (Table 1)
[20]. In the study by Lew et al [15], overall costs of care
were reduced after introduction of RBM of weight and
blood pressure and two-way videoconferencing between
patient and nurse in 125 patients, as compared to standard care without daily RBM. Duration of the intervention
and follow-up time was not specified in the latter study
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(Table 1) [15]. These two studies were considered to carry
a serious risk of bias (Supplementary material III) [15,
20].
Secondary outcomes
Hospitalizations

Associations between telehealth interventions and hospitalization rates were evaluated in eight of the included
studies (Table 1) [15, 16, 21, 28, 30, 31, 33, 36]. These
reports encompass a total of 8309 patients, with an average age of 55.7 ± 3.2 years. Of these patients, at least
14.5% were treated with CAPD. Average follow-up was
7.6 ± 4.1 months.
Hospitalizations – RM – studies

RM-(A)PD was studied in five studies [15, 21, 31, 33,
36], three of which included RM-(A)PD with additional features [15, 31, 33]. Of these five studies (total
N = 7101), three reported significantly lower hospitalization rates after introduction of the telehealth interventions (Table 1) [21, 31, 36]. In the study by Sanabria
et al [36], hospitalizations were significantly lower in 63
patients with RPM-APD as compared to 63 propensitymatched controls without RPM-APD (p = 0.028). In the
report by Chaudhuri et al [31], hospitalization rates after
12 months were significantly lower in the 1586 frequent
users of the remote treatment monitoring (RTM) intervention (Table 1), as compared to the 4123 non-users
in that study (p ≤ 0.001). The study by Milan-Manani et
al [21] reported a non-significant difference in all-cause
hospitalization rate. Yet, a significantly lower diseasespecific hospitalization rate was observed after 6 months
in 35 patients with RM-APD, as compared to 38 patients
without RPM [21]. This was 18.2% in the RM-APD group
compared to 77.8% in the control group (p = 0.022) [21].
These studies were considered to carry a moderate [21,
31] or low [21] risk of bias, respectively.
Hospitalizations – patient communication – studies

The remaining three studies evaluated various types of
online bi-directional communication between patients
and the healthcare team (Table 2) [16, 28, 30]. No significant associations between the implemented telehealth
interventions and hospitalizations were reported.
Length of hospitalization

Three studies, involving RM with additional features such
as access to laboratory results, medication prescriptions,
supply orders [31] and videochat [15], investigated associations between telehealth interventions and length of
hospitalization [15, 31, 36].
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The retrospective studies by Sanabria et al [36] and
Chaudhuri et al [31] (N = 6743, aged 57 ± 0.1 years)
reported a significantly reduced length of hospitalization after introduction of the telehealth interventions
(Table 1) [31, 36]. In the study by Sanabria et al [36],
length of hospitalization was 5.59 days per patient-year
in 65 patients treated with RPM-APD, as compared to
12.16 days per patient-year in 295 patients without RPMAPD (p = 0.028). Chaudhuri et al [31] reported an average 34.75 ± 2.5% lower hospital length in frequent users
of a RTM-system, as compared to non-users (p ≤ 0.001).
These studies were considered to carry a low [36] and
moderate [31] risk of bias, respectively (Supplementary
Material III).
Lew et al [15] showed conflicting results with respect
to this outcome (Table 1). This latter study was considered to be at serious risk of bias (Supplementary Material
III) [15].
Number of (in‑person) visits

The four studies that evaluated this outcome, all found a
significantly lower number of in-person visits after introduction of the telehealth intervention (Table 1) [19–21,
30]. Three of these investigated RM-APD [19–21], of
which one with the additional availability of videochat
[19]. In the remaining study [30], an online bidirectional
communication system was studied in a population
treated with CAPD. These studies represent a total of
N = 1316 patients, with an average age of 59.1 ± 3.3 years.
Mean follow-up time was 6.3 ± 4.9 months. Manani et
al [20] reported a median number of in person visits of
four (3.0–5.0) in the RM-APD group, as compared to five
(4.25–5.75) in the control group (p < 0.01). In another
study [21] by the same authors, a lower number of clinic
visits was found in patients treated with RM-APD,
as compared to the control group (0.17 ± 0.45 versus
0.66 ± 1.36, p = 0.042). This was in line with the study by
Bunch et al [19], yet the absolute number of events was
not reported in that study. Finally, Li et al [30] reported
a significantly lower number of clinic visits at the end of
follow-up in the intervention group (32 visits in the intervention group as compared to 58 visits in the control
group, p = 0.039). These studies involved one randomized
study with unclear [30] risk of bias (Supplementary Material II) and three observational studies with a moderate
[19, 21] and serious [20] risk of bias, respectively (Supplementary Material III).

Discussion
In this review, we described the current evidence on the
clinical and economic benefit of telehealth interventions
added to PD care. Despite the growing number of reports
on telehealth initiatives in PD, the evidence remains
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limited. This is due to a large heterogeneity between
studies in terms of: study design, type and duration of
the telehealth intervention, duration of follow-up, lack of
information on adherence in all but one study [21] and
the chosen clinical and economic outcomes. Except for
two randomized trials [28, 30], all studies were observational and thereby subject to various degrees of risk of
bias (Table 1).
Potential sources of bias included: patient characteristics and selection, involving health literacy, education
level and/or access to e-health; limited information on
loss to follow-up and deviations from intended interventions, as well as handling of missing data. Nevertheless, the included recent studies indicate that RPM might
reduce transfer to hemodialysis, as well as healthcare
consumption.
A similar review on e-health interventions in PD
care was recently published by others [14]. That review
included 15 studies, published between 1992 and 2018,
representing 1343 patients receiving PD. SONG-PD outcomes were evaluated as primary outcomes, as well as
hospitalization rates [14]. As compared to that report,
this review included 16 more contemporary studies published between 2012 and 2020, representing an 8-fold
larger PD-treated population (N = 10,373). This allowed a
first review of associations between telehealth interventions and transfer to HD. This outcome of interest could
not be evaluated previously [14]. Our current findings
indicate a potential benefit of RPM in terms of PD-technique survival. This is an important finding that warrants
further investigation. Furthermore, in the current review
associations of telehealth interventions with healthcare
resource consumption could be evaluated into greater
extent than previously reported [14]. Based on our synthesis, it can be argued that telehealth interventions, and
RPM in particular, could potentially reduce hospitalization rates, as well as healthcare resource consumption
in terms of hospitalization length and the number of inperson visits. This is consistent with several other reports
in which RM-APD was evaluated [40–42]. These reports
were excluded from this review, because these concerned
simulation studies. Hence, telehealth interventions in PD
may induce favorable economic impact. However, this
remains to be established, as at present cost-effectiveness
of telehealth interventions in PD care has only been evaluated in two relatively small-scaled studies, with a serious
risk of bias [15, 20]. In the previous review by Cartwright
et al [14], economic impact could be evaluated only in
one study with 125 participants and a critical risk of bias.
Finally, in line with the previous review [14], we report
mixed results on the other outcomes of interest, such as
PD-related infections, mortality and QoL.

Biebuyck et al. BMC Nephrology

(2022) 23:292

At present, ‘telehealth’ is a catch-all term for a large
variety of interventions in which digital applications are
used in healthcare. This is reflected by the large diversity of tools used throughout the studies included in this
review. RM-APD is the intervention most extensively
studied in PD care thus far. Less is known regarding the
benefit of telehealth interventions in the CAPD-population, as patients treated with CAPD (N = 1213) comprised merely 11% of the total number of patients in the
studies included in this review. This is an issue to address
in future studies, as CAPD is used more frequently than
APD in many parts of the world [43].
Moreover, in the included studies, there is hardly any
information regarding the arguments supporting the
choice of a specific telehealth intervention in a specific
PD-population. Before one can truly evaluate clinical and
economic benefit of telehealth intervention, it is important to investigate user needs and preferences, adoption,
user satisfaction and compliance in the specific patient
population first [44]. This applies to both patients and
caregivers as users of the telehealth tools. In addition,
prior to engaging in outcome studies, it is important to
investigate and to overcome possible barriers to the use
of and access to telehealth, such as socio-economic or
language barriers, as well as health illiteracy [37]. This
would not only aid to define the best telehealth intervention to study but would also reduce risk of bias in the
outcome studied. Finally, it is important to timely address
possible health-service barriers, such as integration of the
applications into electronic patient charts and the concomitant cybersecurity risks and privacy legislation [37].

Conclusions
Altogether, there is a need for high-quality, adequately
powered prospective trials to assess the clinical and economic benefit of telehealth interventions in PD. Prior
to designing those studies, we emphasize consensus
on the type of telehealth-interventions, based on user
acceptance and feasibility data in the specific PD population, including patients treated with CAPD. This might
reduce variability in the interventions and this in turn
can increase generalizability. Furthermore, future studies should investigate whether telehealth interventions
can be valuable as a surrogate for, rather than an addition to, standard PD-care, especially considering the risk
of future pandemics.
Finally, we advocate the use of SONG-PD outcomes
[23] in further studies, including life participation and
cardiovascular disease, since those outcomes have not
yet been studied in this respect. An interesting initiative in this respect is the currently ongoing prospective
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PDTAP study [45]. Yet, additional randomized studies
are warranted.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12882-022-02869-6.
Additional file 1.
Acknowledgements
None.
Authors’ contributions
GB and LJ conceived and conducted the study. AN was consulted for review
of articles for eligibility and assessment of risk of bias in case of doubt. All
authors reviewed and edited the manuscript and approved the final version of
the manuscript.
Funding
No internal or external funding to declare for this systematic review.
Availability of data and materials
All data generated or analysed during this study are included in this published
article and its Supplementary file. This review has not been registered.

Declarations
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.
Competing interests
None of the authors has any relevant disclosures or potential conflicts of
interest to declare. AN has received speaker fees from Baxter and Alfasigma.
LJ received a speaker fee from Alfasigma. CWHF received a speaker fee from
Baxter.
Author details
1
Dianet Dialysis Center/Division of Nephrology, Department of Medicine,
Amsterdam UMC location University of Amsterdam, Meibergdreef 9, AZ
1105 Amsterdam, the Netherlands. 2 Department of Medicine, Division
of Nephrology, Amsterdam UMC location University of Amsterdam, Internal
Medicine and Nephrology, Meibergdreef 9, AZ 1105 Amsterdam, the Netherlands. 3 Department of Internal Medicine and Nephrology OLVG, Amsterdam,
the Netherlands.
Received: 22 March 2022 Accepted: 27 June 2022

References
1. Brück K, Stel VS, Gambaro G, Hallan S, Völzke H, Ärnlöv J, et al. CKD prevalence varies across the European general population. J Am Soc Nephrol.
2016;27(7):2135–47.
2. Tong A, Lesmana B, Johnson DW, Wong G, Campbell D, Craig JC. The
perspectives of adults living with peritoneal dialysis: thematic synthesis
of qualitative studies. Am J Kidney Dis. 2013;61(6):873–88.
3. Mehrotra R, Chiu Y-W, Kalantar-Zadeh K, Bargman J, Vonesh E. Similar
outcomes with hemodialysis and peritoneal dialysis in patients with endstage renal disease. Arch Intern Med. 2011;171(2) Available from:. https://
doi.org/10.1001/archinternmed.2010.352.
4. van de Luijtgaarden MWM, Jager KJ, Segelmark M, Pascual J, Collart F,
Hemke AC, et al. Trends in dialysis modality choice and related patient

Biebuyck et al. BMC Nephrology

5.

6.
7.

8.
9.

10.
11.

12.
13.

14.
15.
16.

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

(2022) 23:292

survival in the ERA-EDTA registry over a 20-year period. Nephrol Dial
Transplant. 2016;31(1):120–8.
Mohnen SM, van Oosten MJM, Los J, Leegte MJH, Jager KJ, Hemmelder
MH, et al. Healthcare costs of patients on different renal replacement
modalities - analysis of Dutch health insurance claims data. PLoS One.
2019;14(8):e0220800.
Klarenbach SW, Tonelli M, Chui B, Manns BJ. Economic evaluation of
dialysis therapies. Nat Rev Nephrol. 2014;10(11):644–52.
van Eck van der Sluijs A, Bonenkamp AA, Dekker FW, Abrahams AC, van
Jaarsveld BC. DOMESTICO study group. Dutch nOcturnal and hoME
dialysis study to improve clinical outcomes (DOMESTICO): rationale and
design. BMC Nephrol. 2019;20(1):361.
Usrds.org. [cited 2021 Sep 21]. Available from: https://www.usrds.org/adr.
aspx.
Saran R, Robinson B, Abbott KC, Agodoa LYC, Bragg-Gresham J,
Balkrishnan R, et al. US renal data system 2018 annual data report:
epidemiology of kidney disease in the United States. Am J Kidney Dis.
2019;73(3 Suppl 1):A7–8.
Li PK-T, Chow KM, Van de Luijtgaarden MWM, Johnson DW, Jager KJ,
Mehrotra R, et al. Changes in the worldwide epidemiology of peritoneal
dialysis. Nat Rev Nephrol. 2017;13(2):90–103.
Walker RC, Howard K, Morton RL, Palmer SC, Marshall MR, Tong A. Patient
and caregiver values, beliefs and experiences when considering home
dialysis as a treatment option: a semi-structured interview study. Nephrol
Dial Transplant. 2016;31(1):133–41.
Chan CT, Collins K, Ditschman EP, Koester-Wiedemann L, Saffer TL, Wallace
E, et al. Overcoming barriers for uptake and continued use of home dialysis: an NKF-KDOQI conference report. Am J Kidney Dis. 2020;75(6):926–34.
Wuerth DB, Finkelstein SH, Schwetz O, Carey H, Kliger AS, Finkelstein
FO. Patients’ descriptions of specific factors leading to modality
selection of chronic peritoneal dialysis or hemodialysis. Perit Dial Int.
2002;22(2):184–90.
Cartwright EJ, Z ZSG, Foo M, Chan CM, Htay H, Griva K. eHealth interventions to support patients in delivering and managing peritoneal dialysis
at home: a systematic review. Perit Dial Int. 2021;41(1):32-41.
Lew SQ, Sikka N, Thompson C, Magnus M. Impact of remote biometric
monitoring on cost and hospitalization outcomes in peritoneal dialysis. J
Telemed Telecare. 2019;25(10):581–6.
Polanco E, Aquey M, Collado J, Campos E, Guzman J, Cuevas-Budhart
MA, et al. A COVID-19 pandemic-specific, structured care process for Peritoneal Dialysis patients facilitated by Telemedicine: therapy continuity,
prevention and complications management. Ther Apher Dial. 2021:1744–
9987.13635). Available from: https://doi.org/10.1111/1744-9987.13635.
Nayak A, Karopadi A, Antony S, Sreepada S, Nayak KS. Use of a
peritoneal dialysis remote monitoring system in India. Perit Dial Int.
2012;32(2):200–4.
Viglino G, Neri L, Barbieri S, Tortone C. Videodialysis: a pilot experience of
telecare for assisted peritoneal dialysis. J Nephrol. 2020;33(1):177–82.
Bunch A, Ardila F, Castaño R, Quiñonez S, Corzo L. Through the storm:
automated peritoneal dialysis with remote patient monitoring during
COVID-19 pandemic. Blood Purif. 2021;50(3):279–82.
Milan Manani S, Rosner MH, Virzì GM, Giuliani A, Berti S, Crepaldi C, et al.
Longitudinal experience with remote monitoring for automated peritoneal dialysis patients. Nephron. 2019;142(1):1–9.
Milan Manani S, Baretta M, Giuliani A, Virzì GM, Martino F, Crepaldi C, et al.
Remote monitoring in peritoneal dialysis: benefits on clinical outcomes
and on quality of life. J Nephrol. 2020;33(6):1301–8.
Strategies regarding COVID-19 in PD patients - international society for
peritoneal dialysis [internet]. Ispd.org. 2020 [cited 2021 Sep 21]. Available
from: https://ispd.org/strategies-covid19/.
SONG-PD – SONG [Internet]. Songinitiative.org. [cited 2021 Sep 29]. Available from: https://songinitiative.org/projects/song-pd/
World Health Organization. 2020. Telehealth.: available at <https://www.
who.int/gho/goe/telehealth/en/> [Accessed 21 May 2020].
Higgins JPT, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, et al.
The Cochrane Collaboration’s tool for assessing risk of bias in randomised
trials. BMJ. 2011;343(oct18 2):d5928.
Sterne JA, Hernán MA, Reeves BC, Savović J, Berkman ND, Viswanathan M,
et al. ROBINS-I: a tool for assessing risk of bias in non-randomised studies
of interventions. BMJ. 2016;355:i4919.

Page 18 of 18

27. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. Syst Rev. 2021;10(1):89. https://doi.org/10.1186/s13643-021-01626-4.
28. Cao F, Li L, Lin M, Lin Q, Ruan Y, Hong F. Application of instant messaging software in the follow-up of patients using peritoneal dialysis, a
randomised controlled trial. J Clin Nurs. 2018;27(15–16):3001–7.
29. Harrington DM, Myers L, Karen E, Bhise V, Nayak KS, Rosner MH. The use
of a tablet computer platform to optimize the care of patients receiving
peritoneal dialysis: a pilot study. Blood Purif. 2014;37(4):311–5.
30. Li J, Wang H, Xie H, Mei G, Cai W, Ye J, et al. Effects of post-discharge
nurse-led telephone supportive care for patients with chronic kidney
disease undergoing peritoneal dialysis in China: a randomized controlled
trial. Perit Dial Int. 2014;34(3):278–88.
31. Chaudhuri S, Han H, Muchiutti C, Ryter J, Reviriego-Mendoza M, Maddux
D, et al. Remote treatment monitoring on hospitalization and technique
failure rates in peritoneal dialysis patients. Kidney360. 2020;1(3):191–202.
32. Kiberd J, Khan U, Stockman C, Radhakrishnan A, Phillips M, Kiberd BA,
et al. Effectiveness of a web-based eHealth portal for delivery of care to
home Dialysis patients: a single-arm pilot study. Can J Kidney Health Dis.
2018;5:2054358118794415.
33. Magnus M, Sikka N, Cherian T, Lew SQ. Satisfaction and improvements in
peritoneal Dialysis outcomes associated with telehealth. Appl Clin Inform.
2017;8(1):214–25.
34. Corzo L, Wilkie M, Vesga JI, Lindholm B, Buitrago G, Rivera AS, et al. Technique failure in remote patient monitoring program in patients undergoing automated peritoneal dialysis: a retrospective cohort study. Perit Dial
Int. 2022;42(3):288–96.
35. Dey V, Jones A, Spalding EM. Telehealth: acceptability, clinical
interventions and quality of life in peritoneal dialysis. SAGE Open
Med. 2016;4:2050312116670188.
36. Sanabria M, Buitrago G, Lindholm B, Vesga J, Nilsson LG, Yang D, et al.
Remote patient monitoring program in automated peritoneal dialysis:
impact on hospitalizations. Perit Dial Int. 2019;39(5):472–8.
37. Lew SQ, Wallace EL, Srivatana V, Warady BA, Watnick S, Hood J, et al.
Telehealth for home dialysis in COVID-19 and beyond: a perspective from
the American society of nephrology COVID-19 home dialysis subcommittee. Am J Kidney Dis. 2021;77(1):142–8.
38. Schachter ME, Bargman JM, Copland M, Hladunewich M, Tennankore
KK, Levin A, et al. Rationale for a home dialysis virtual ward: design and
implementation. BMC Nephrol. 2014;15(1):33.
39. Bakken S, Grullon-Figueroa L, Izquierdo R, Lee N-J, Morin P, Palmas W, et al.
Development, validation, and use of English and Spanish versions of the
telemedicine satisfaction and usefulness questionnaire. J Am Med Inform
Assoc. 2006;13(6):660–7.
40. Uchiyama K, Washida N, Yube N, Kasai T, Shinozuka K, Morimoto K, et al.
The impact of a remote monitoring system of healthcare resource
consumption in patients on automated peritoneal dialysis (APD): a simulation study. Clin Nephrol. 2018;90(5):334–40.
41. Ariza JG, Walton SM, Sanabria M, Bunch A, Vesga J, Rivera A. Evaluating a
remote patient monitoring program for automated peritoneal dialysis.
Perit Dial Int. 2020;40(4):377–83.
42. Makhija D, Alscher MD, Becker S, D’Alonzo S, Mehrotra R, Wong L, et al.
Remote monitoring of automated peritoneal dialysis patients: assessing
clinical and economic value. Telemed J E Health. 2018;24(4):315–23.
43. Zimmerman AM. Peritoneal dialysis: increasing global utilization as an
option for renal replacement therapy. J Glob Health. 2019;9(2):020316.
Available from: https://doi.org/10.7189/jogh.09.020316.
44. Kruse CS, Krowski N, Rodriguez B, Tran L, Vela J, Brooks M. Telehealth and
patient satisfaction: a systematic review and narrative analysis. BMJ Open.
2017;7(8):e016242.
45. Ma T, Yang Z, Li S, Pei H, Zhao J, Li Y, et al. The peritoneal Dialysis telemedicine-assisted platform cohort (PDTAP) study: design and methods. Perit
Dial Int. 2022;42(1):75-82.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

