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ABSTRACT

Objective The purpose of the systematic review was to
assess the effectiveness of remote patient monitoring
(RPM) follow-up compared with standard care, for patients
with chronic kidney disease (CKD) who perform dialysis at
home.

Methods We conducted a systematic review in
accordance with international guidelines. We performed
systematic searches for publications from 2015 to 2021

in five databases (eg, Medline, Cinahl, Embase) and a
search for grey literature in reference lists. Included

effect measures were quality of life, hospitalisation,
technical failure as the cause for transfer to a different
dialysis modality, infections and time patients use for
travel. Screening of literature, data extraction, risk-of-
bias assessment and certainty of evidence assessment
(using the Grading of Recommendations Assessment,
Development and Evaluation approach) were done by two
researchers. We conducted meta-analyses when possible.
Results Seven studies met the inclusion criteria, of
which two were randomised controlled trials and five
were retrospective cohort studies with control groups.
The studies included 9975 participants from 5 countries,
who were a good representation of dialysis patients in
high-income and upper-middle-income countries. The
patients were on peritoneal dialysis (six studies) or home
haemodialysis (one study). There was very low certainty
of evidence for the outcomes, except for hospitalisations:
there was low certainty evidence from three cohort studies
for fewer hospitalisation days in the RPM group. No studies
included data for time patients used for travel.
Conclusion We found low to very low certainty evidence
that indicate there may be positive effects of RPM follow-
up, in comparison to standard care only, for adult patients
with CKD who perform dialysis at home. Offering RPM
follow-up for home dialysis patients as an alternative

or supplement to standard care appears to be safe and
provide health benefits such as fewer hospitalisation days.
Future implementation should be coupled with robust,
high-quality evaluations.

PROSPERO registration number CRD42021281779.

INTRODUCTION

Chronic kidney disease (CKD) is a signifi-
cant public health concern, with 8%-16%
of the world’s population affected.' Tt is

,"%® Lien Nguyen,? Rigmor C Berg'*?

STRENGTH AND LIMITATIONS OF THIS STUDY

= To our knowledge, this is the first systematic review
to assess the effectiveness and safety of remote
patient monitoring follow-up for adult patients with
dialysis-dependent chronic kidney disease on home
dialysis (haemodialysis and peritoneal dialysis).

= Our systematic review was conducted in line with
guidelines from the Cochrane and Grading of
Recommendations Assessment, Development and
Evaluation working group. The researchers special-
ise in systematic review research, one researcher is
a registered nurse with long and diverse nephology
experience, and the searches were conducted by a
search specialist.

= Due to study heterogeneity, inconsistent measure-
ment and reporting, our ability to conduct meta-
analyses was limited.

characterised by a need for close monitoring,
poor health outcomes and a high economic
burden for society as well as for the indi-
vidual.?> The world’s population is growing
older, and with CKD prevalence rising
parallel with age,” an increasing number of
people will continue to need monitoring and
treatment with dialysis. There are two main
types of dialysis: peritoneal dialysis (PD) and
haemodialysis (HD). Both are suitable treat-
ment options when the kidneys are unable to
filter the blood sufficiently.”

With the use of technology, there are
encouraging possibilities for thorough
patient follow-up, and at the same time,
human resource savings."® Both PD and
HD can be performed at home. With home
dialysis, the patients receive comprehensive
training arranged by staff at a dialysis centre
to ensure that they have the skills and knowl-
edge required to perform the treatment at
home.> ” While dialysis is time-consuming
regardless of location, patients on home dial-
ysis are not dependent on hospital service
hours and may experience more freedom
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than patients receiving in-centre dialysis.”? Additionally,
for patients on in-centre dialysis, the burden of time
spent commuting between home and hospital can be
extensive. They often also spend a substantial amount
of time waiting for transport and waiting to be assisted
by hospital staff for connection and disconnection from
HD. Research shows that travel time to dialysis exceeding
60min is associated with significantly decreased health-
related quality of life (QoL) and significantly increased
mortality risk compared with patients who travel 15min
or less.'"” With dialysis at home, it is reasonable to expect
considerable time-savings for the patients as well as
improved health-related QoL.

In healthcare, there is increasing interest in using
technology-based interventions. Telemedicine and
e-health are broad terms used when medical treat
ment, examination or patient follow-up is done from a
distance.!' Homecare telehealth is another related term,
and remote patient monitoring (RPM) is a subcategory
thereof. RPM uses computer systems or software appli-
cation technology that transfers patient-generated data
to healthcare professionals.'” Given the intervention
considered in this systematic review is internet depen-
dent, we will use the term RPM. RPM can give the patient
quick access to medical expertise, independent of the
distance to a treatment centre and provides healthcare
teams with valuable information about the patient’s
condition. Thus, RPM can be a tool to empower patients
in self-care and for healthcare providers to offer support
from a distance.'' Qualitative studies from the UK and
Norway suggest that patients on home dialysis have a
positive attitude towards the use of RPM and believe that
this could decrease anxiety and make it easier for more
patients to choose home dialysis.'” '* In a recent pilot
study from Italy, patients overcame physical, cognitive
and psychological barriers to PD by RPM follow-up.'”
Strategies to switch more patients to home dialysis may
have positive impacts on the patients’ daily life,'* '°
decrease mortality'” and offer economic savings for the
patients as well as for society.'® '* RPM holds much
promise for enhancing follow-up of patients with CKD
on dialysis and it is critical to determine whether and
which strategies are effective at improving outcomes.
RPM patient follow-up is seemingly already expanding
its reach. Our Google Scholar search in December 2021
showed that there has been a 200% increase in records
aboute-health home dialysis from 2018 to 2021. Although
interest in nephrology and e-health, including RPM, is
increasing, to date, there are no systematic reviews about
the effectiveness and safety of RPM follow-up including
adult patients with dialysis-dependent CKD on home
dialysis (HD and PD). We aimed to conduct a systematic
review on the effectiveness of RPM follow-up compared
with standard care, for adult patients with CKD who
perform dialysis at home.

METHODS

We conducted this systematic review in accordance
with guidelines set forth in the Cochrane Handbook
for Systematic Reviews of Interventions V.6.2."" The
prespecified protocol was registered in PROSPERO
(CRD42021281779) and we report in line with the
Preferred Reporting for Systematic Reviews and Meta-
analyses statement.”’

Search strategy and selection

The reviewers (HTN and RCB) prepared the search
strategy in collaboration with a research librarian (LN),
and a second research librarian peer-reviewed the search
strategy. The librarian (LN) conducted searches in August
2021 in CINAHL (EBSCO), EMBASE (OVID), Medline
(OVID), Cochrane Database of Systematic Reviews and
CENTRAL. The search included both subject headings
(eg, MeSH in Medline) and text words (available in
online supplemental appendix 1). In addition, the two
reviewers conducted hand searches in the reference lists
of the included studies.

The basis for the search was the inclusion criteria. We
applied the (S)PICO model, which directs attention to
the study design, population, intervention, comparison
and outcomes.”' Eligible study designs were primary inter-
vention studies with a control group. That is, randomised
controlled trials (RCTs), non-randomised controlled
studies, controlled before-after studies and cohort
studies with a control group. Study participants needed
to be 18 years or older, with dialysis-dependent CKD who
performed dialysis at home (HD or PD). The patients
could perform dialysis independently or with assistance
of family or other carers. CKD did not have to be the only
disease of the study participant. This is because patients
with CKD are known to have a higher burden of comor-
bidities than the average population.” The eligible inter-
vention was RPM, understood as internet-dependent
technology used to transfer treatment data from the
patient’s home to a healthcare institution."* This included
video consultations, applications installed on the patient’s
phone, computer or a tablet as well as technology that
transferred treatment data directly from the dialysis
machine to healthcare providers.'”” RPM that was not
directly treatment related was excluded. This included,
but was not limited to, apps for lifestyle changes, inter-
ventions for blood pressure control and interventions
for diabetes management. The comparator was standard
care, understood as patients performing dialysis in-centre
or at home and having regular in-person consultations at
a HD or PD centre. Included effect measures were QoL
(measured with any type of QoL assessment tool), hospi-
talisation (all-cause, disease-specific and number of hospi-
talisation days), technical failure as the cause for transfer
to a different dialysis modality, hospital registered infec-
tions not requiring hospitalisation and time patients use
for travel. Lastly, studies had to be published in a Scan-
dinavian or English language, in 2015-2021 because we
wanted to identify all studies relevant to the question and
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today’s clinical situation, being cognisant that technology
is rapidly improving.

We imported all records from the searches into an
EndNote library and removed all duplicate entries. Two
researchers (HTN and RCB) independently screened all
titles and abstracts from the literature searches in accor-
dance with the predetermined inclusion and exclusion
criteria. All abstracts that appeared to fit the inclusion
criteria or did not provide enough information were
promoted to full-text screening. At each level, we evalu-
ated the identified records independently of one another
using a predeveloped inclusion form. The final deter-
mination to include or exclude was made together and
any disagreements were solved by discussion. Excluded
studies with justifications are available in online supple-
mental appendix 2.

Risk-of-bias (RoB) assessment and data extraction
To assess the included studies for RoB, we used two
different instruments: The Newcastle-Ottawa Scale for
cohort studies® and Cochrane Risk of Bias Tool for
RCTs." Two researchers (HTN and RCB) conducted
independent RoB assessments and then agreed on a final
RoB evaluation, with disagreements solved by discussion.
One researcher (HTN) created a standard extraction
form and extracted data from all included studies. The
information extracted from the studies was: title, authors,
publication details, study design, aim of the study, study
setting (location and time the study was conducted),
characteristics of included participants (age, gender etc),
characteristics of the intervention, study setting, outcomes
and results. Whenever information was available, dichot-
omous and continuous data for all eligible outcomes
were extracted. HTN contacted several authors for addi-
tional data, but did not receive a reply. RCB assessed the
extracted data for completeness and accuracy and any
disagreements were solved by further inspection of the
publication and discussion.

Analysis and assessment of the certainty of the evidence
(GRADE)

We extracted crude outcome data for all eligible
outcomes when postscores for both intervention and
control groups were available and, when such data were
available, adjusted outcome data (adjusted comparison
(effect) estimates and their standard errors or 95% CI).
We provide dichotomous outcomes as the number of
events and number of people in groups as proportions,
RR, incident RR (IRR) or OR as appropriate. Continuous
outcomes are shown as mean difference and SD or the
most appropriate presentation based on the available
data in the included studies.

We evaluated the characteristics of the studies’ (S)
PICO and when they were considered sufficiently similar,
and data were available, we conducted meta-analyses.
The judgments about whether meta-analyses were appro-
priate were based on recommendations in the Cochrane
Handbook."” We used Mantel-Haenszel random effects

meta-analysis for dichotomous outcomes and we presented
the relative risks and their corresponding 95% CI (it was
not possible to meta-analyse any continuous outcomes).
We also examined between-study heterogeneity using
visual inspection of CIs, the y* test and I? statistic, quan-
tifying the degree of heterogeneity as described in the
Cochrane Handbook.!? We used RevMan V.5.4, the latest
version of the Cochrane meta-analysis software.”* When
the studies’ (S)PICOs or results were too heterogeneous
to pool statistically, or data were unavailable, we reported
the results narratively, in text and tables. We planned to
perform a subgroup analysis for the outcome technical
failure, but this was not possible due to lack of data.

We assessed the certainty of the evidence using the
Grading of Recommendations Assessment, Development
and Evaluation (GRADE) framework.” With regard to
results that could not be meta-analysed, we followed the
Synthesis Without Meta-analysis guideline.*®

Patient and public involvement
Due to the nature of the study (systematic review), no
patients were involved.

RESULTS

The searches returned 451 references after removal of
duplicates (figure 1). We read 24 reports in full text,
including 1 study identified from the hand search in refer-
ence lists. The most common primary reasons for exclu-
sion were that there was no control group or it was the
wrong participants or outcomes. Seven studies published
between 2018 and 2021 were eligible for inclusion.?’

Description of the studies

The seven included studies consisted of two RCTs and
five retrospective cohort studies (table 1). They were
conducted in five different countries. There were two
studies each from Columbia and USA, and one study
each from China, Italy and South Korea. Overall, 3 were
set in a single PD centre, 4 took place in 2 or more renal
care centres and the 2 largest studies took place in the
USA with 1 including 55 home HD centres and another
931 Fresenius PD clinics.

With respect to the population, all in all, there were
9975 patients with dialysis-dependent CKD in the studies.
The range was 57-6343 patients, thus there was imbalance
in sample sizes across the studies. The two largest studies,
cohorts from the USA, made up 88% of the total number
of study participants. In all the studies, most patients were
men (range 53%-75%) and the mean age of the study
participants was about 55. In all studies except one, the
patients were on PD, they lived at home, and performed
dialysis independently or with the assistance of a carer.

As per our inclusion criteria, the intervention was RPM
with different types of software that collected treatment
data and transferred it to a treatment centre (added by
the patients or automatically collected). The specific type
of RPM varied across the studies. Four studies, Corzo et
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= -MEDLINE n=231 ——» Duplicate records removed
g -COCHRANE SR n=0 (n=123)
K=} -CENTRAL n=34

Other source n=1
Records screened > Records excluded
(n=451) (n=427)
A4
‘E” Reports sought for retrieval Reports not retrieved
g (n=24) (n=0)
Q2
%)
(7]
A4
- Reports excluded: n=17
Re_ports assessed for eligibility No control group (n=10)
(n=24) Wrong participants or
outcome (n=2)
Other reasons (n=5)

2
S Studies included in review
S (n=7)

Figure 1

al,29]ung et al®® Milan Manani et al’! and Sanabria et al,?’2
used the automated PD system from Baxter: Homechoice
Claria, connected to the Sharesource platform. Milan
Manani et al’' additionally used the sleep-safe harmony
home bridge system from Fresenius for half of the patients.
Weinhandl & Collins® used the Nx2me telehealth plat-
form for home HD patients. The software collects treat-
ment data and transmits it to the healthcare providers,
and the prescription can be changed ‘from afar’. Chaud-
huri et af® used the ‘Patient hub’ application. The PD
patients can see their prescription, laboratory results and
enter treatment data, and the app transmits the patient-
entered data to the healthcare providers. Cao et al’’ used
the ‘kidney cleaning group’ instant messaging software.
Technical support, nurse support, physician support and
support from fellow patients were available through chat
and video. The patients were divided into smaller groups
and one experienced PD patient with few complications
was the group leader. Educational resources were also
available in the platform. In addition, in all studies, all
patients had or were likely to receive some level of stan-
dard care. This was generally described as in-person
follow-up at the hospital. However, the frequency of stan-
dard care ranged from weekly (n=1) to every 3months

Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram for selection of studies.

(n=1). Most studies had or were likely to have an in-person
review monthly (n=5). The follow-up time ranged from 6
to 12 months.

RoB of included studies

The RCTs had moderate RoB, while the retrospective
cohort studies were rated fair-to-good methodological
quality, that is, having low-to-moderate RoB (table 1 and
online supplemental appendix 3). With respect to the
studies’ sources of funding, three of the observational
studies received financial support from the provider of
the intervention (online supplemental appendix 3).

Effect of RPM versus standard care

Across the studies, there were data on four of our five
predetermined outcomes: Hospitalisation,”” ***' ** infec-
tions,27 technical failure as the cause for transfer to a
different dialysis modality,27_29 173 and QoL.**! Due to
the inconsistent measurement of outcomes, and incon-
sistent and incomplete reporting of outcome results in
the studies, our ability to synthesise data was limited.
The results are described in the text below, table 2 and
figure 2. The GRADE assessments in table 3 show that
there was low to very low certainty of evidence for all of the
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Table 1 Description of the included studies (n=7)
Author, (country, setting) Intervention and comparator (follow-up
Study design Population time) Outcomes Risk of bias
Cao N=160, on CAPD RPM versus SC Hospitalisations Moderate
(China: 1 PD centre) RCT?' Men 58% Instant messaging application for support  Infections
Mean age 52 and education Technical failure

(Mean 11.4 mo FU)
Chaudhuri N=6343, on PD RPM versus SC Hospitalisations Low
(USA: 931 renal centres) Men 73% ‘Patient hub’ application—patients add and Technical failure
Cohort® Mean age 57 access treatment data

(12 mo FU)
Corzo N=558, on APD RPM versus SC Technical failure Low
(Columbia: 5 renal centres) Men 60% Cloud-based software —prescriptions can
Cohort®® Mean age 54 be changed remotely

(Mean 8.3 mo FU)
Jung N=57, on APD RPM versus SC QoL Moderate
(South Korea: 6 renal centres)  Men 60% Cloud-based software —prescriptions can
RCT® Mean age 47 be changed remotely

(6 mo FU)
Milan Manani N=73, on APD RPM versus SC Hospitalisations Low/moderate
(Italy: 1 PD centre) Cohort™' Men 75% Cloud-based software —prescriptions can  Technical failure QoL

Median age 60 be changed remotely

(6 mo FU)
Sanabria N=360, on APD RPM versus SC Hospitalisations Low
(Columbia: 28 Baxter renal care Men 66% Cloud-based software—prescriptions can  Technical failure
centres) Cohort®? Mean age 57 be changed remotely

(Mean 9 mo FU)
Weinhandl N=2424, on HHD RPM versus SC Technical failure Low
(USA: 55 HHD centres) Cohort*® Men 63% Nx2me telehealth platform—staff can do

Mean age 53

remote ‘troubleshooting’ during HHD
(Mean 11 mo FU)

APD, automated peritoneal dialysis; CAPD, continuous peritoneal dialysis; FU, follow-up; HHD, home haemodialysis; mo, months; PD, peritoneal
dialysis; QoL, quality of life; RCT, randomised controlled trial; RPM, remote patient monitoring; SC, standard care.

outcomes. This means that the effects are largely uncer-
tain. No publications included data for the outcome ‘time
patients used for travel’.

Hospitalisations

One RCTs and three observational studies from Italy,
Colombia, China and the USA examined the effect of
RPM on hospitalisations.”” ** *' ** However, the outcome
was reported differently across the studies, as hospitalisa-
tion days/days admitted, all-cause hospitalisations and
disease-specific hospitalisations (caused by overhydra-
tion, access dysfunction and infections).

Hospitalisation days

The three observational studies, Chaudhuri et al,28 Milan
Manani et al’' and Sanabria et al,”* all found fewer hospi-
talisation days in the RPM group than the control group
(table 2). The results in Sanabria et af* were from a
matched sample, as data for the whole sample was not
available. This study showed the largest effect with a differ-
ence of six hospitalisation days (IRR 0.46, 0.23-0.92).

All-cause hospitalisations

One RCT? and three observational studies® *' * had
data on general, all-cause hospitalisations. While three
of the four studies showed that RPM users had less

all-cause hospitalisations than patients with standard
care only, the fourth study favoured standard care
(table 2).

Disease-specific hospitalisations

The results on disease-specific hospitalisations from two
observational studies, Milan Manani ef al' and Sanabria
et al,’”® could be pooled in a meta-analysis (figure 2).
The non-significant result suggested there were fewer
disease-specific hospitalisations in the RPM group than
in the control group (RR 0.62, 95%CI 0.31 to 1.24).
Milan Manani et a' defined disease-specific hospital-
isations as infections (peritonitis and exit site), overhy-
dration and access dysfunction. Sanabria et al’* provided
numbers for hospitalisations due to peritonitis and
overhydration.

Infections

Only one RCT, from China, examined the effectiveness of
RPM follow-up for PD patients on infections.”” The result
for this outcome was inconclusive, as Cao e alfound more
peritonitis but fewer exit site infections with RPM. It was
not specified whether the infections were treated at home
or in the hospital.
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Table 2 Study outcomes and effect estimates

Study Outcome

Result/effect estimate (95% CI)

Hospitalisations

Chaudhuri et al*® 2020
Milan Manani et al®' 2020
Sanabria et al*?> 2019
Cao et al’” 2018
Chaudhuri et al*® 2020
Milan Manani et al*' 2020
Sanabria et al*> 2019
Infections

Cao et al*” 2018 Infections (11 mo)

Hospitalisation days (12 mo)
Hospitalisation days (6 mo)
Hospitalisation days (9 mo)

Hospitalisation all-cause (11 mo)
Hospitalisation all-cause (12 mo)
Hospitalisation all-cause
Hospitalisation all-cause (9 mo)

11 mo)

Adj. IRR 0.68 (0.55 to 0.83)
Median 5 days difference p 0.55
Adj. IRR 0.46 (0.23 to 0.92)

RR 0.57 (0.17 to 1.88)
Adj. IRR 0.74 (0.66 to 0.83)
RR 1.33 (0.63 to 2.81)
Adj. IRR 0.61 (0.39 to 0.95)

More peritonitis (60 in RPM group vs 40 in
control group per patient month) but less exit
site infections with RPM (RR=0.45, 0.12 to
1.68)

Technical failure as cause for transfer to a different dialysis modality

Cao et al*’ 2018
Chaudhuri et al*® 2020
Corzo et al*® 2020

Sanabria et al*> 2019
Weinhandl et al %3 2018

Quality of life

Jung et al*® 2021
Milan Manani et al*' 2020

Technical failure (8 mo)

(6 mo)

KDQOL—Patient satisfaction questions

(6 mo)
Jung et al*® 2021

Milan Manani et al®' 2020 mo)

Technical failure (11 mo)
Technical failure (12 mo)

Technical failure (subgroup) (9 mo)
Technical failure (subgroup) (11 mo)

KDQOL—Patient satisfaction questions

KDQOL—Dialysis staff encouragement (6

RR 1.00 (0.26 to 3.86)
Adj. HR 0.79 (0.63 to 1.00)
IRR 0.88 (0.41 to 1.74)

RR 0.97 (0.42 to 2.25)
Adj. HR 0.66 (0.50 to 0.86)

Mean 75.5 in RPM group versus 73.7 in SC
group, p 0.64
Median 83.3 in both groups, p 0.99

Mean 98.1 in RPM group versus 97.1 in SC
group, p 0.05

KDQOL—Dialysis staff encouragement (6 Median 100 in both groups, p 0.16

mo)

Adj, adjusted (listed in online supplemental appendix 3); IRR, incident rate ratio (compares the incidence rates between two different groups
and shows if exposure to something increases or decreases the rate of some incidence—if IRR is 1 then there is no difference); KDQOL,
kidney disease quality of life; mo, months; RPM, remote patient monitoring; RR, relativerisk; SC, standard care.

Technical failure as the cause for transfer to a different
dialysis modality

One RCT from China®’ found no difference between the
groups while five observational studies from the USA,28 33
Colombia?? * and Italy31 consistently reported less tech-
nical failure as cause for transfer to a different dialysis
modality in the RPM group compared with the control
group (table 2). Three of the cohort studies could be
pooled in a meta-analysis; the result implies benefit of
RPM (0.78, 95% CI 0.66 to 0.92) (figure 2). Two of the
studies®® ¥ gave data on novice patients with less than
3-month treatment duration at baseline, indicating a
positive, but non-significant effect of RPM in new patients

(table 2).

Self-reported QoL

Both studies, one RCT* and one observational study,31
reporting on QoL used the tool ‘The short form of kidney
disease QolL’, which is an adaptation of the 36-Item Short
Form Survey Instrument (SF-36) 3 All answers were trans-
formed into precoded numeric values with a range from
0 to 100, where 100 was the highest QoL.” Neither of the

studies offered an overall total score across the questions/
areas, and we selected the two questions/areas that we
considered most relevant (patient satisfaction and dialysis
staff encouragement). For both patient satisfaction and
dialysis staff encouragement, Milan Manani et af’' found
the same score in both groups, while Jung et a’ found a
higher score in the RPM group than the control group
concerning patient satisfaction, but opposite for dialysis
staff encouragement (table 2).

DISCUSSION
Principal findings
This systematic review advances the evidence on the
effects of RPM for patients with dialysis-dependent CKD
on home dialysis, including home HD and PD. Our find-
ings are in line with previous research™ %7 and document
that there is no conclusive evidence, but that positive
effects of RPM are suggested for clinical outcomes, tech-
nical failure and QoL.

The results consistently suggest that RPM reduces
hospitalisations and the number of days the patient is
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A Disease specific hospitalisations
RPM Standard Care Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Milan 2020 2 35 7 38 21.3% 0.31[0.07,1.39] —

Sanabria 2019 g 75 23 160 78.7% 0.74[0.35,1.58] _.'_

Total (95% CI) 110 198 100.0% 0.62[0.31, 1.24] B

Total events 10 30

Heterogeneity: Tau®= 0.01; Chi*=1.04, di=1 (P=0.31); F= 4% ) t t {

Test fu?uvergll effect Z=1.35{(F=018) ( ) 0.01 ?:'1 10 100

avours RPM Favours Standard Care

B Technical failure
RPM Standard Care Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Milan 2020 0 35 1 3/ 03% 0.36[0.02, 8.58] '

YWeinhandl 2018 126 G606 488 1817 957% 0.77 [0.65,0.82] -

Sanabria 2019 B G5 28 285 41% 0.87[0.42, 2.25] I —

Total (95% CI) 706 2150 100.0% 0.78 [0.66, 0.92] ¢

Total events 132 817

Heterogeneity: Tau®= 0.00; Chi*= 0.50, df= 2 (P=0.78); F= 0% :0.01 0?1 150 100:

Testfor overall effect Z= 2.88 (P = 0.004) Favours RPM Favours Standard Care

Figure 2 Meta-analyses of outcomes disease-specific hospitalisations and technical failure. RPM, remote patient monitoring.

admitted. It was especially convincing that Milan Manani
et al’’ observed a median difference of five fewer hospital-
isation days in the RPM group over 6 months, because the
patients on RPM had a worse comorbidity score. Further-
more, except for one study that found the same number
of technical failures in both groups, the other five studies
found less technical failure in the RPM group. In four of
the studies measuring this outcome, prescriptions could
be changed from the hospital without in-person consul-
tations. In effect, RPM allows resolving technical issues
early, thus preventing progression of technical failure
to the stage where the patient would need to transfer to
a different dialysis modality. Research has found great
advantages with the technology displaying possible causes
and solutions to problems, alarm indicators showing
who to contact for guidance (nurse or technician) and
reminders of activities that need to be performed.'*'
Concerning QoL, only two studies assessed this and
the results showed the scores were comparable for the
patients on RPM and usual care. Encouragingly, scores for
QoL improved slightly and patient satisfaction was higher
than neutral. This is in line with a study from the USA
that found that RPM increased patients’ confidence and
satisfaction with treatment because they felt more closely
supported.™ Lastly, no studies assessed time patients use
for travel. However, research suggests that health-related
QoL and time patients use for travel are intertwined'’ and
that dialysis free time and reduction of fatigue are highly
valued outcomes by patients.” *** This could reflect posi-
tively on QoL.

Our results mirror two earlier systematic reviews on
e-health interventions in PD patients®® and in people with
CKD.* Both reviews, with literature searches in 2018
2019, included a wide range of patients and e-health
modalities, including mobile or tablet application, text or
email messages, electronic monitors, internet/websites

and video or DVD. Consequently, there was minimal
overlap in included studies: only one review”® included
two of our included studies. Both reviews concluded that
the quality of evidence for the effectiveness of e-health was
low with uncertain effects, but that no adverse effects were
indicated. Of note, a recent modelling analysis projected
that in a cohort of 100 patients on automated PD over
1 year, RPM would lead to 27 fewer hospitalisations, 518
fewer hospitalisation days, 31 additional months free of
complications and 6 fewer peritonitis episodes."!

Implications

Overall, the low to very low certainty of evidence on the
effects of RPM for patients with dialysis-dependent CKD
on home dialysis prevents strong recommendations.
Given RPM seems comparable to usual care, the absence
of adverse effects and promising clinical effects, it seems
advisable cautiously to implement RPM while concom-
itantly evaluating outcomes important for patients.
Prior to recommending RPM for patients with CKD on
home dialysis, more trials are needed to be certain of its
benefits over standard care, and to establish equity and
cost-effectiveness. A modelling analysis from the payer
perspective has found that RPM is cost-effective,*’ but
economic evaluations of e-health interventions are scarce
and highlights an important area for further research.” **
Additionally, patient groups should be involved in RPM
implementation and evaluation to maximise the potential
for modification and ultimately effect.

Our review highlights the need for robust, high-quality
research on both PD and home HD, but especially for
patients on home HD and patients whose home is in a
nursing home. To our knowledge, home HD in nursing
homes is rare, while PD is common. Itis likely that nursing
home staff aided by RPM support from specialist nurses
at dialysis centres could provide invaluable assistance to
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Table 3 Summary of findings (GRADE)

Population: patients with CKD

Countries: China, Columbia, Italy, South Korea, USA
Intervention: RPM

Comparison: Standard care

Anticipated absolute effects (95% CI)

Outcome, follow-up

Assumed risk with Relative effect

Participants, n Quality of evidence

time Assumed risk with control RPM (95% Cl) (Studies) (GRADE)
Hospitalisations (6—-12 months)
Days All 3 cohort studies showed that there were fewer hospitalisation days 6736 (3) SPHO0 low
in the RPM group (table 2)
All-cause 3 of 4 studies (1 RCT, 3 cohort) showed that there were fewer 6936 (4) @000 very lowt

hospitalisations in the RPM group (table 2)

Disease-specific 30/198 (15.2%) 10/110 (9.1%)

Infections (11 months)

1 RCT reported more peritonitis but fewer exit site infections with RPM 160 (1)

RR 0.62
(0.31 to 1.24)

308 (2 cohort) @000 very lowt

OO0 very low§

(table 2)
Technical failure (6-12 months)
521/2230 (23.4%) 136/786 (17.3%) RR 0.78 2856 (3 cohort) @000 very low|
(0.66 to 0.93)
2 of 3 studies (1 RCT, 2 cohort) reported fewer failures with RPM 7161 (3)
(table 2)
Quality of life (6 months)
Patient satisfaction 1 RCT found higher QoL in the RPM group, 1 cohort found QoL was 130 (2) @000 very low**
similar in the two groups (table 2)
Dialysis staff 1 RCT found higher QoL in the RPM group, 1 cohort found QoL was 130 (2) @000 very low**
encouragement similar in the two groups (table 2)
Travel time 0 studies assess this outcome No evidence

*The risk in the intervention group (and its 95% ClI) is based on the assumed risk in the comparison group and the relative effect of the intervention

(and its 95% ClI).

TDowngraded by 1 level because of moderate risk of bias in 1 study and inconsistency.

FDowngraded by 1 level because of imprecision.

§Downgraded by 3 levels because of moderate risk of bias, inconsistency, imprecision.
fiIDowngraded by 1 level because of moderate risk of bias in 1 study and imprecision.

**Downgraded by 1 level because of inconsistency and imprecision.

CKD, chronic kidney disease; GRADE, Grading of Recommendations Assessment, Development and Evaluation; RCT, randomised controlled trail;

RPM, remote patient monitoring.

frail patients with CKD with great need for follow-up.
For such patients and others with dialysis-dependent
CKD on home dialysis, time used for travel and dialysis
free time is a patientimportant outcome that warrants
further research. It is reasonable to suspect substantial
time-savings when follow-up is performed from afar and
evidence from video consultations in patient follow-up
is positive.15 B We encourage research on the combined
use of video consultations and cloud-based technology
on outcomes such as travel time, technical failure and
hospitalisations. Standardised outcomes in nephrology
(SONG) have identified and prioritised outcomes for
both HD and PD patients and can be a useful tool when
planning outcomes in future research.*

Strengths and limitations

Our systematic review was conducted in line with guide-
lines from the Cochrane and GRADE working group. The
outcome selection was in alignment with core outcomes

recommended by the SONG initiative.” The researchers
specialise in systematic review research, one researcher
is a registered nurse with long and diverse nephrology
experience, and the searches were conducted by a search
specialist. Yet, it is possible that relevant studies have been
missed and relevant studies have been published after
our last search. Due to study heterogeneity, variability in
intervention characteristics, inconsistent measurement
and reporting, our ability to conduct meta-analyses was
limited. Therefore, it was neither possible to improve
precision to any great extent nor statistically assess poten-
tial differences across groups, such as type of platform
or HD and PD. We contacted several authors asking for
more data, but did not receive a reply. The low number of
studies meant that we were unable to statistically check for
publication bias. Given the modestly positive but varied
results, we believe the potential for publication bias is low,
but we recommend future reviews of a higher number of
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included studies to assess this potential bias. The imbal-
ance in sample sizes across the studies, with two studies
having a considerably larger sample size than the other
five, influenced the results related to hospitalisations and
technical failure. Four, including these two studies had
low RoB, one had low-moderate and two had moderate
RoB.

CONCLUSION

This systematic review summarises and presents low to very
low evidence that indicate there may be positive effects of
RPM follow-up, in comparison to standard care only, for
adult patients with CKD who perform dialysis at home.
Offering RPM follow-up for home dialysis patients as an
alternative or supplement to standard care appears to be
safe and provide health benefits, but future implementa-
tion should be coupled with robust, high-quality evalua-
tions. Despite the high interest in RPM and increasing
demands for nephrology services, good quality evidence
is still needed to determine their effectiveness.

Twitter Henriette Tyse Nygard @Globelotte
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