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Abstract

Remote patient management (RPM) for patients receiving peritoneal dialysis (PD) is an
emerging technology whereby a patients’ biometric information (including weight, blood
pressure, and other parameters) can be remotely monitored by providers along with impor-
tant PD treatment information. As part of an evolving field of telemedicine, RPM has the
potential toimprove clinical outcomes for patients receiving PD, reduce resource utilization,
and improve PD uptake, and positively impact a patients’ experience with PD. Preliminary
reports of RPM are encouraging, however, research in the field is limited to small, single cen-
ter studies, and remains largely observational; interventions have been heterogenous in
terms of what clinical and treatment parameters are being remotely monitored and what
outcomes are under evaluation. In the present review, we will describe the evolving field of
RPM in PD, discuss potential benefits of the technology while highlighting existing and im-

portant future areas for research. ©2019S. Karger AG, Basel

Introduction

Remote patient management (RPM) uses digital technologies to collect health
data from individuals in 1 location, such as a patient’s home, and electronically
transmit the information to healthcare providers in a different location for as-



sessment and recommendation [1, 2]. Telehealth remains a broader definition,
and the definition according to the World Health Organization involves the use
of telecommunications and virtual technology to deliver healthcare outside of
traditional healthcare facilities [3]. The overarching goal of RPM and telemedi-
cine is to improve patients’ health status, which may be by expediting diagnosis,
and/or facilitating prompt treatment, disease prevention [4]. The ultimate goal
would be to reduce adverse events (i.e., hospitalization), improve survival, and
patient reported outcomes such as treatment satisfaction and quality of life while
reducing healthcare resources and costs.

The use of RPM has been successfully applied across the management of
other chronic diseases including congestive heart failure, diabetes mellitus, hy-
pertension, and chronic obstructive pulmonary disease [5]. In chronic kidney
disease patients particularly, the use of wireless home blood pressure monitor-
ing and smart phone applications have been useful in allowing patients with
uncontrolled hypertension to gain better control of blood pressure [6]. RPM is
especially germane to home dialysis patients, who may live far from the dialysis
facility, and who perform their treatments autonomously independent of the
clinic and often using complex medical devices. RPM may then extend the clin-
ical encounter outside of the facility to the patient’s home by employing the use
of wireless technology to monitor clinical and dialysis treatment parameters
and potentially facilitate more prompt changes in the dialysis prescription [7].
In the United States, RPM in home dialysis is likely to expand and complement
recent legislation that states that individuals receiving home dialysis therapy
may choose to receive monthly end-stage kidney disease (ESKD)-related clini-
cal assessments furnished on or after January 1, 2019 via telehealth [8]. There-
fore, in the present chapter, we will highlight key considerations in evaluating
the potential benefits of RPM for the care of patients receiving peritoneal dialy-
sis (PD). We will describe evolving research regarding the use of RPM among
home dialysis patients. Lastly, we will identify important areas for future re-
search.

Can RPM Improve PD Utilization?

Among high income countries in the last several years, there has been significant
decline in PD utilization [9]. In an era of improving outcomes for patients treat-
ed with home-based PD, policy-makers and healthcare providers continue to
focus on increasing incident PD utilization as an attractive cost-containment
strategy [10]. Given that, the fear of autonomously performing home dialysis
remains one of the barriers which may limit wider uptake of home dialysis [11,
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Fig. 1. The “loop” of RPM. Health data that are transmitted to the clinic should be timely,
actionable, interpretable and non-intrusive, and should be addressed by the clinic with a
change in the treatment plan (i.e., dialysis prescription, medication change, counselling)
that yields a positive health outcome.
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12]. RPM may help overcome this barrier by giving patients more confidence to
perform dialysis treatments at home. Furthermore, limiting clinic visits by the
use of RPM as an adjunct strategy to a telemedicine platform may further in-
crease the utilization of PD as an attractive option for many patients. Lastly,
among long-term care facilities who may have been previously concerned about
the responsibility of performing PD treatments, RPM may provide these clinics
more support to be able to consider providing PD for their residents.

RPM in PD: How Are We Monitoring? What Are We Monitoring?

For RPM to be successful in improving outcomes for patients and care partners,
relevant health data must be transmitted to the clinic efficiently, interpreted cor-
rectly, and a treatment change initiated that leads to a positive health outcome
(Fig. 1). Any breakdown in this process in the “loop of RPM care” may attenuate
the potential benefits of RPM.
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Fig. 2. Possible health data amenable to remote monitoring.

In addition to monitoring of biometric information including weight, pulse,
blood pressure, blood sugar levels, RPM in PD also offers the opportunity to
monitor many aspects of the PD prescription. To date, most RPM has focused
on aspects of automated PD (APD) treatments as opposed to continuous ambu-
latory PD (CAPD) treatments. During overnight treatment, the clinic has the
opportunity to monitor treatment adherence, in some cases the selection of PD
fluids and monitor the speed and fluidity of overnight APD exchanges and final
total overnight peritoneal ultrafiltration (UF). Figure 2 shows a list of potential
aspects of RPM that could be theoretically monitored. If too much information
is presented to the clinician and treatment team, then the concern is that impor-
tant treatment information may be diluted and obscured, and there is a possibil-
ity of receiving more information than can be reasonably processed. Taken to-
gether, it is important to have an evidence-based and rationale approach to what
information is monitored and with what frequency. It is also possible that cer-
tain aspects of PD therapy may be more germane at different timepoints during
a patient’s therapy and the spectrum of what is monitored, and the level of detail
may need to change over time. For example, monitoring of peritoneal UF may
be particularly important among anuric patients where among this group a min-
imum daily peritoneal UF volume is an important predictor of survival [13, 14].
In the following sections, we will discuss what aspects of RPM have been exam-
ined and how they relate to patient outcomes on PD.
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PD Access Dysfunction

PD catheter malfunction is a common cause of early PD attrition [15]. It may
be more important to be attentive to RPM parameters which may relate to PD
catheter function, particularly early in the course of PD therapy. For example,
prolonged drain times as identified via RPM may identify problems with PD
catheter outflow obstruction, which may lead to treatment alarms and/or
drain pain which may cause patient discomfort and/or frustration early on in
the therapy. Early identification of these problems may allow for a change in
PD prescription to remediate these issues (i.e., fewer APD cycles, use of tidal
therapy) and/or instructions for more vigorous use of laxatives and in some
cases prompter PD catheter revision. Dreppe et al. [16] reported one APD pa-
tient to have prolonged drain times via alerts received via RPM. The patient
was called for urgent clinical evaluation and radiological investigations with a
diagnosis of catheter displacement. After surgical repositioning of the cathe-
ter, drain volumes and drain times were again normal [16]. The availability
and application of the RPM platform to monitor and modify APD treatment
parameters may offer clinicians the potential for earlier identification of PD
catheter dysfunction. Whether or not more prompt identification and inter-
vention translates into improved patient retention on PD remains to be evalu-
ated in future research.

Treatment Adherence

Non-adherence to PD treatments, defined as performing less than 90% of pre-
scribed PD exchanges, was found to be as high as 30% of patients in the first 6
months of PD therapy in a single center study [17] and prevalent in over one
third of patients in another multicenter cohort study [18]. In a recent meta-
analysis, non-adherence varied across studies: 2.6-53% for dialysis exchanges,
3.9-85% for medication, and 14.4-67% for diet/fluid restrictions [19]. In the
single center study, non-adherent patients had higher rates of death, transfer to
hemodialysis (HD) due to uremia, and hospitalization episodes compared to
those performing their PD therapy [17]. The use of RPM can rapidly identify
consistent non-adherence to PD therapy and is a first step in informing inter-
ventions to promote treatment adherence among these patients which may
translate into improved patient outcomes.
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Hospitalization and Emergency Department Visit Reduction

Patients with ESKD experience high rates of hospitalization and emergency de-
partment (ED) visits and disproportionate readmission rates compared to the
general population [20-22]. Readmission rates may be higher among PD pa-
tients compared to those receiving in-center HD in part which may relate to dif-
ferences in the frequency of contact with the dialysis care team between patients
receiving facility-based HD vs. PD [23]. It is tempting to speculate that RPM
may be one tool to mitigate hospitalization and readmission risks. Among high-
risk facility-based HD patients a 3-year study of 99 patients, submission of bio-
metric information (weight, blood pressure, oxygen saturation, blood pressure)
led to lower hospitalization, hospitalization days, and hospital and ED costs
among 43 patients compared to 56 patients receiving usual care [24]. In a simu-
lation study in Japan reported by Uchiyama et al. [25], the use of RPM among
12 patient scenarios was shown to reduce total healthcare consumption, par-
ticularly in domains unplanned hospital visits and emergency room visits.
Moreover, Lew et al. [26] demonstrated that daily remote biometric monitoring
of blood pressure and weight among 269 patients receiving PD was associated
with lower outpatient visit claims for those aged 18-54 years (not in the overall
cohort) and that overall costs were lower if remote monitoring included blood
pressure and weight. Use of remote monitored collected blood pressure was as-
sociated with increased days of hospitalization and higher odds of hospitaliza-
tion. These conflicting results may relate to the notion that in certain instances,
RPM may identify problems at an earlier stage thereby minimizing the need for
hospital admission by addressing these at an earlier stage. On the contrary, hav-
ing more biometric information at hand may also lead to more interventions
and potentiate additional inpatient visits. Further multi-center research is need-
ed to better assess the impact of RPM on rates of hospitalization and ED visits.

PD-Related Infections

Through both remote monitoring and 2-way video-teleconferencing capability,
the care team can reach a clear diagnosis whether there might be signs of infec-
tion when patients send high-resolution pictures or video of their PD catheter
exit site or drain bags for evaluation [5]. In a study by Nayak et al. [27], a retro-
spective analysis of 246 patients in India demonstrated results using an internet-
based RPM system that allowed both exit site and peritoneal effluent images to
be uploaded by patients and transmitted to the clinic. While these technologies
likely aid in the prompt treatment of PD-related infections including exit site
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infections and peritonitis which may improve outcomes after infection, to date
peritonitis and exit site prevention strategies directly targeted via RPM are lack-
ing and future innovation is needed in this regard.

Patient-Reported Outcomes

Patients receiving PD, in general, rate their care higher than those receiving HD
which likely reflects the empowerment and support provided by the treatment
team to facilitate patients as active participants in their own care [28]. In gen-
eral, the study by Lew et al. [29] demonstrated that in a high-income country
such as the United States most of their patients had the technology (owning a
computer and cell phone, and knowing how to use them) and the interest for
participating in RM. It is conceivable that the use of RPM by patients may im-
prove particular domains of patient reported outcomes including therapy con-
fidence, treatment satisfaction, and improved self-efficacy, and may also have
the potential to negatively impact domains of illness intrusiveness and disease
burden. Initial reports suggest that patients using RPM are better able to iden-
tify changes about their health status, and experienced enhanced accountability,
self-efficacy, and motivation to make health behavior changes [30]. A study by
Cao et al., employing instant messaging software among 160 PD patients in
China, showed that among the 80 patients in the intervention group a signifi-
cantly higher reported degree of satisfaction compared to those in the non-in-
tervention group [31]. In a project evaluating the impact of biometric monitor-
ing of PD patient physiologic parameters (i.e., weight, blood pressure) by Mag-
nus et al. [32], survey results among the 300 participants revealed that over 80
percent indicated that they were satisfied or completely satisfied with the system.
Taken together, preliminary reports suggest that RPM may have the capability
to increase patient satisfaction, however, it is likely that these results may vary
by the type and invasiveness of the remote monitoring technology employed. As
aresult, all future studies of RPM technology among PD patients should include
both qualitative and quantitative evaluation of patient reported outcomes and
patient-perceived benefits. Such studies are currently underway [33, 34].

RPM: Lessons Learnt from Home Hemodialysis

Compared to PD, home hemodialysis (HHD) patients face increased technical
aspects of performing home dialysis treatments and a potentially greater risk of
significant intradialytic hemodynamic changes and access-related serious ad-
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verse events. As a result, it is possible that the utility of RPM may be that much
greater among HHD patients compared to those receiving PD. Among patients
receiving conventional HD contemplating conversion to HHD in one study,
RPM was seen as an expectation particularly in the transition phase but is un-
likely to be the sole factor impacting a patient’s attitude to consider HHD [35].
In a recent evaluation of a remote monitoring platform for HHD patients in
Australia, qualitative data showed that the HHD system was able to improve
patients’ feelings of being connected with their healthcare professionals and thus
enhance their self-care on HHD [36].

RPM parameters in HHD would include not only the monitoring of biomet-
ric parameters, but also HD machine parameters, alarms and the responsiveness
of the patients and/or care partner to them. Initial experience in the nocturnal
HHD program in Toronto mandated RPM among all patients. The system em-
ployed software that allowed for live remote monitoring of all functions of the
HD machine with an observer trained by the group observing patients remotely.
During the time of its widespread operation, the number of alarms decreased by
1.7 per night to 0.1 per night [37]. Furthermore, serious adverse events were un-
likely to be prevented by the use of RPM and were likely exceedingly rare among
HHD patients. These events largely relate to air emboli and vascular access dis-
lodgement events [37, 38]. As a result, RPM has been increasingly abandoned
across HHD programs in Canada and remains optional across many programs.
Further study is needed to better understand the role of RPM in the care of HHD
patients.

Future Evaluation of RPM

The use of RPM in the care of PD patients represents a promising and powerful
resource. It is likely that this technology will be an important adjunct in shaping
the expansion of telemedicine and “telenephrology” to an already increasingly
frail and elderly ESKD patient population where travel to and from the dialysis
clinic is already challenging.

Research on which aspects of RPM should be monitored, in what patient
population and over what time course of PD therapy is desperately needed. Fur-
thermore, there is a need for the evaluation of well-defined algorithms that clini-
cians and providers can easily apply to address common troubleshooting sce-
narios identified by RPM. Moreover, important outcomes need to be addressed
via randomized controlled trials and by leveraging the infrastructure of multi-
center observational studies [39]. The recently published Standardized Out-
comes in Nephrology-PD study which aimed to establish a core outcome set for
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trials in patients receiving PD, identified PD technique survival, PD-related in-
fection, and life participation activities as the top priorities for PD research out-
comes among a stakeholder group comprised of patients, providers, and health-
care professionals [40]. To date, evidence generation in RPM has been limited
in these areas. In Canada, the CONNECT trial led by Jeffs et al. [41] seeks to
randomize 500 patients to an eQ Connect™ platform telehome monitoring de-
vice (a mobile tablet) to support them with their PD (communication, treatment
tracking, supply tracking, appointment reminders, educational content) (trial
registration: NCT02670512) [30]. The primary outcome is a composite of tech-
nique failure (switching to HD for >12 weeks), infections (peritonitis, exit-site,
tunnel), and hospital encounters (ER visits, hospitalizations). To date, 340 pa-
tients have been enrolled (personal communication, A Jain) and the PD commu-
nity will be anxiously awaiting the important study findings.

Lastly, RPM is somewhat of an unfortunate term because it implies that there
is a unidirectional flow of health information from the patient to the clinic.
However, it is a platform designed to better enhance bidirectional communica-
tion of information between patients and providers. To maximize its effective-
ness, patients should also be encouraged to be custodians over their health in-
formation such that RPM can maximally improve the overall self-efficacy, dis-
ease management, and awareness for patients receiving PD.
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