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Abstract
Purpose  Follow-up of automated peritoneal dialysis (APD) has been improved by data transmission by cellular modem and 
internet cloud. With the new remote patient monitoring (RPM) technology, clinical control and prescription of dialysis are 
performed by software (Baxter Claria-Sharesource), which allows the center to access home operational data. The objective 
of this pilot study was to determine the impact of RPM compared to traditional technology, in clinical, organizational, social, 
and economic terms in a single center.
Methods  We studied 21 prevalent APD patients aged 69 ± 13 years, on dialysis for a median of 9 months, for a period of 
6 months with the traditional technology and 6 months with the new technology. A relevant portion of patients lived in 
mountainous or hilly areas.
Results  Our study shows more proactive calls from the center to patients after the consultation of RPM software, reduction 
of calls from patients and caregivers, early detection of clinical problems, a significant reduction of unscheduled visits, and 
a not significant reduction of hospitalizations. The analysis also highlighted how the RPM system lead to relevant economic 
savings, which for the health system have been calculated € 335 (mean per patient-month). With the social costs represented 
by the waste of time of the patient and the caregiver, we calculated € 685 (mean per patient-month).
Conclusion  In our pilot report, the RPM system allowed the accurate assessment of daily APD sessions to suggest significa-
tive organizational and economic advantages, and both patients and healthcare providers reported good subjective experiences 
in terms of safety and quality of follow-up.

Keywords  Automated peritoneal dialysis · Remote patient monitoring · Cloud database · Telemedicine · Health technology 
assessment

Introduction

Automated peritoneal dialysis (APD) is a dialysis modality 
that uses cyclers for home dialysis. The optimal follow-up of 
these treatments can be done using information systems that 
make it possible for healthcare providers to check the correct 
administration of dialysis. APD performed with the tradi-
tional method memorizes treatment information on remov-
able and portable memory storage that the patient brings to 
the nephrology center for control and prescription modifica-
tions (Fig. 1). The limitations of this system include having 
to install and read a memory card and possible malfunctions 
with a loss of data.

In the last years, peritoneal dialysis data transmission 
by cellular modem and internet cloud was introduced. This 
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system by the bidirectional transmission of data offers the 
possibility of immediate consultation and remote treatment 
prescription modification [1, 2].

With the remote patient monitoring (RPM) technology 
(Baxter Homechoice-Claria), the prescription of dialysis 
is performed by entering the prescription parameters in a 
specific software (Baxter Sharesource), installed on the hos-
pital intranet, which allows the nephrology center to access 
all home operational data (Fig. 2). This solution allows for 

daily monitoring of the progress of dialysis treatments in all 
managed patients, enabling healthcare providers to identify 
any non-optimal clinical parameters and, where necessary, 
make changes to the dialysis prescription, without having to 
ask the patient to come to the hospital [1, 2].

The use of RPM in chronic home-care patients has 
been the subject of numerous published studies, which 
have reported significant clinical, economic, and social 
benefits [3–6], including a reduction in emergency room 

Fig. 1   Workflow of patient and operator activities with traditional APD technology Homechoice Pro and memory card
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admissions, hospitalizations associated with treatment, 
and transfers from home to hospital with an improvement 
in the quality of care and the satisfaction of patients and 
their care helpers or caregivers.

The new system can improve the access to peritoneal 
dialysis treatments, as well as the quality of life of patients, 
also in large, hilly, or mountainous areas. Furthermore, 
the benefits in terms of safety, improvement in care, and 
sustainability using new remote monitoring tools may be 
extended even to other chronic conditions.

The objective of this pilot study was to determine the 
impact of the RPM telemedicine technology compared to 
traditional technology, in both organizational, social, and 
economic terms in a single center.

Methods

A comparative monocentric pilot study was designed in 
which all unselected prevalent patients on APD for at least 
6 months were evaluated for a period of 6 months with the 
traditional technology and 6 months with the new tech-
nology (Fig. 3). The project and data collection did not 
modify in any way the patients’ dialysis therapy or their 
scheduled clinical follow-up. The study was limited to the 
recording of events and an assessment of impact and the 
patients gave their written informed consent. The study has 
been designed in accordance with the Helsinki Accords 
and approved by the local ethical committee.

Fig. 2   Workflow of patient and operator activities with APD RPM Claria-Sharesource telemedicine technology
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The Nephrology and Dialysis Unit of the Hospital Center 
of San Daniele-Tolmezzo in the Friuli Venezia Giulia Region 
performed the clinical part of the assessment project on the 
impact of the new RPM used for all patients already on APD 
and compared with the antecedent period with traditional 
cycler (HomeChoice Pro with ProCard and RenalSoft). No 
previous studies reported about the topic of the paper, and 
according to the Hertzog report [7], we considered unreal-
istic in term of time and cost a pilot study of more than 40 
per group, so we planned a sample size between 20 and 40.

The study included 21 patients with a mean age of 
69 ± 13 years, sex 11 F and 10 M, and median time on dialy-
sis at the start of the study was 9 months (full-range 3–67). 
Thirty-nine percent of patients lived in a mountainous or 
hilly area. The mean distance from the dialysis center was 
20 ± 17 km.

Patients were followed over time with the following 
parameters: telephone calls from the dialysis center to the 
patient (number, duration, and reason); telephone calls from 
the patient to the dialysis center (number, duration, and rea-
son); scheduled hospital visits (number, duration, reason and 

professional figures involved); unscheduled hospital visits 
both at the dialysis center and the emergency room (number, 
duration, reason and professional figures involved); hospi-
talizations (intensity of care, DRG valorization, days).

The costs of the single events were then assessed both 
from the perspective of the Healthcare System (HS) and 
from a social perspective (patient or caregiver). In particu-
lar, from the perspective of the HS, the cost of managing 
telephone calls was quantified with an assessment of the 
hourly commitment of the nurse; a similar approach was 
used for the cost of scheduled visits; for unscheduled hospi-
tal admissions, the time taken by the involved professionals 
(physicians, nurses) in providing services was calculated for 
every single reason for admission. Finally, as concerns hos-
pitalizations, three different cost scenarios were proposed 
for assessment: (a) based on the DRG including the cost of 
the days beyond the cutoff; (b) based on the DRG not includ-
ing the cost of the days beyond the cutoff; (c) based on the 
cost of days of hospitalization, categorized by medical and 
surgical hospitalization, including days beyond the cutoff in 
the calculation.

From the social perspective or that of the patient and his/
her caregiver, the cost of the telephone calls was quantified 
by assessing the loss of productivity of patients and care-
givers. Similarly, concerning the cost of hospital admissions 
(hospital visits and unscheduled admissions), the direct non-
medical cost of transportation was considered, quantified 
based on the distance in kilometers between the patient’s 
home and the Dialysis Center, as well as the indirect cost 
due to the loss of the productivity of the patient and his/her 
caregiver: the latter was conventionally estimated in half 
workdays for both, independent of the reason and duration 
of the visit.

Statistical analysis was performed on clinical data with 
non-parametric Fisher Exact test and Wilcoxon Signed-Rank 
test where appropriate, with JMP SAS software and the null 
hypothesis was rejected for alpha < 0.05.

Furthermore, we did an estimation of the sample size of 
future study using the OpenEpi calculator (https​://www.
opene​pi.com/Sampl​eSize​) for comparing two means. Spe-
cifically, we compared the mean number of unplanned visits 
with alpha 5%, power 80% and ratio sample size equal to 1.

Results

The introduction of the new RPM technology has shown 
many advantages both in patients’ management and cost 
savings. The main number of telephone calls with tradi-
tional technology was from patients to the center for vari-
ous problems. While with the new technology the telephone 
calls were mainly proactive from the center to the patients 
with a significant change (Table 1). In detail, the calls from 

Fig. 3   Flowchart of the structure of the study
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the patient and caregiver for anxiety were absent with the 
new RPM system, whereas the calls from the center to the 
patients for dialysis and catheter malfunction and dialy-
sis compliance are significantly increased (Table 1). The 
scheduled visits with the two systems remained practically 
unchanged because of the study protocol. Unscheduled visits 
for various causes and hospitalization days with the applica-
tion of the RPM system showed a decrease, significant only 
for unscheduled visits (Table 2). In detail with the traditional 
technology, four hospital visits were due to therapy modifi-
cation or card malfunction, these problems were eliminated 
with the new system. There is also a reduction of nursing 
visits as evidence that RPM can be effective to solve minor 
dialysis problems (Table 2).

The associated monthly cost per capita shows a relevant 
reduction of costs associated with telemedicine for unsched-
uled visits and hospitalization (Table 3). From a social per-
spective, the loss of productivity time for the patients and 
their caregivers connected to telephone calls, transportation, 
visits, and hospitalizations all decreased from the traditional 
to telemedicine systems (Table 3).

Overall, as concerns the total cost, the RPM technology, 
from the perspective of the HS, can offer a monthly saving 
per patient that ranges, depending on the used method of 
assessing hospitalizations (scenarios a, b, and c). From a 
maximum of € 557 in the case of an assessment with DRG 
value plus the valorization of hospital days beyond the cut-
off (scenario a) to a minimum value of € 9 for an assess-
ment of DRG value without the valorization of hospital days 
beyond the cut-off (scenario b). Finally, with the assessment 

simply based on days of hospitalization, a monthly saving 
of € 440 was calculated (Table 4). The overall savings from 
a social perspective (direct medical and non-medical costs 
and indirect costs) with telemedicine thus ranged from a 
maximum of € 906 to a minimum value of € 358 monthly 
per patient (Table 4).

On the base of this pilot study, we esteemed the sample 
size of the future project for the number of unplanned visits 
in 116 patients.

Discussion

The switch from APD cyclers with systems based on physi-
cal media for memorizing data to RPM systems improves 
the availability and quality of information and allow health-
care providers to better control home dialysis. The expected 
improvement with the use of RPM systems concerns the 
daily monitoring of the progress of dialysis, with early 
identification of problems and consequential decrease of 
unplanned hospital visits and hospitalizations, supporting 
home care, and the safety of patients and providers. The 
lack of physical media, the direct transmission of dialysis 
data by cellular modem, the immediate consultation, and the 
possibility of modifying prescriptions remotely are the key 
features of the system in this study and offer clear potentials 
for optimizing healthcare, preventing complications, and 
saving resources [8–11]. This method of monitoring also 
makes it possible to record any interruptions in treatment 

Table 1   Overall number and 
reasons of telephone calls 
before and after the use of the 
new technology

Total calls typology inversion showed a significant difference with RPM; cycler malfunction calls include 
problem alarms attributable to the cycler and its possible replacement, the difference with RPM was signif-
icant; memory card malfunction calls include replacements, formatting and reading problems; disposable 
material malfunction calls include defects in bags and sets; dialysis and catheter malfunction calls include 
problems with UF and slow and incomplete drainage, the difference with RPM was significant; treatment 
compliance calls include intentionally interrupting and skipping treatments, the difference with RPM is 
significant, clinical data transmission calls include the communication of tests or appointments; patient and 
caregiver anxiety have been subjectively referred or evaluated by the nurses and include psychological tel-
ephone support.
**Fisher Exact test p < 0.001

Type of events Period of the study with HC Pro Period of the study with HC 
Claria

From patient to 
center

From center to 
patient

From patient to 
center

From center 
to patient

Cycler malfunction** 15 0 4 0
Memory card malfunction 2 1 0 0
Disposable material malfunction 3 0 1 0
Dialysis and catheter malfunction** 8 1 4 16
Treatment compliance** 0 0 0 10
Clinical data transmission 0 0 0 5
Patient and caregiver anxiety** 10 5 0 0
Total calls** 38 7 9 31
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by the patient or any time the prescribed treatment is not 
completed as an indication of unsatisfactory compliance [2].

These advantages can be demonstrated not only in the 
clinical area in terms of better dialysis compliance, meta-
bolic stability, reduction of complications but are also poten-
tial advantages in the management area with reduction of 
unplanned activities and hospitalizations with economic 
advantages as studied in an ongoing trial and simulation 
studies [12–14]. Indeed, the use of remote monitoring in 
different types of chronic home-care patients has demon-
strated, in published studies, significant clinical, economic, 
and social benefits including a reduction in emergency room 
admissions, hospitalizations associated with treatment, and 
transfers from home to the hospital with an improvement in 
the quality of care and the satisfaction of the patient and his/
her care-helper or caregiver [3, 4, 15, 16].

The application of RPM has really shown its benefits in 
terms of easy personalization of APD therapy and also in 
improved technique survival, and improved quality of life 
in two recent interesting single-center reports in a relevant 
number of patients [17, 18].

The reported advantages of RPM in our pilot study are 
more proactive calls from the center to patients after the 
consultation of monitoring software and consequent reduc-
tion of patient and caregiver calls, early detection of prob-
lems, reduction of unscheduled visits, and tendency in the 
reduction of hospitalizations (Tables 1, 2). The analysis also 
highlighted how the RPM system can lead to relevant eco-
nomic savings, which for the HS have been calculated 335 
euro (mean per patient-month). Considering also the social 
costs represented by the waste of time of the patient and the 
care-giver we calculated 685 euro (mean per patient-month). 
These savings are directly related to the unplanned events 
that could be avoided with the new RPM system (Tables 3, 
4).

In our first experience, the RPM system demonstrated 
good functioning and a simple interface. It allowed the pre-
cise assessment of daily APD sessions and both patients and 
healthcare providers reported favorable subjective experiences 
in terms of safety and the quality of follow-up. We observed a 
reduction of unscheduled visits and hospitalizations and a con-
sequent reduction of health care and social costs. Particular 

Table 2   Scheduled and unscheduled hospital visits (number of events) and hospitalization days

The number of total scheduled visits is not different; the total number of unscheduled (urgent) visits on the HC Pro period is significantly supe-
rior; visits for modification of therapy and memory card malfunction are zeroed with RPM; the number of hospitalization days on the HC Pro 
period is superior but not significant.
* Wilcoxon Signed-Rank test p < 0.05

Hospital visits

Reasons for admissions Period of the study with HC Pro Period of the 
study with HC 
Claria

Scheduled
 Material delivered (monthly) 0 3
 Routine visit (monthly) 107 103
 Blood tests and exams for transplant list 21 35
 Exit site dressings 12 9
 Total visits 140 150

Unscheduled
 Modification of dialysis therapy 2 0
 Memory card check and replacement 2 0
 Exit site infection and dressing 22 11
 Peritonitis infection and treatment 11 7
 Cycler replacement 4 0
 Materials replacement 2 7
 PD related clinical problems with nursing assessment 16 10
 Non-PD related clinical problems with nursing assessment 15 8
 PD related clinical problems with medical and nursing assessment 10 12
 Non-PD related clinical problems with medical and nursing assessment 8 7
 Total visits* 92 62

Patients hospitalized 2 2
Total hospitalization days 95 28
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satisfaction and advantages have been reported in patients liv-
ing in mountainous or hilly areas. Clearly the results obtained 
are drawn from an analysis performed on a small number of 
patients and for a short time, and thus this pilot study should 
be considered as the first assessment for larger studies with an 
increase of the sample size and observation time that would 
be needed to support the reproducibility of the findings and 
the natural variability of unplanned events.
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