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Abstract
Background Automated peritoneal dialysis (APD) has been proved benefit from remote monitoring (RM), but evidences are 
limited. In this study, we compared clinical outcomes and quality of life (QoL) in two group of patients undergoing APD, 
with and without exposure of RM.
Methods This is a retrospective cohort study, comparing outcomes in two groups of APD patients monitored during 6 months 
with RM (group A: n = 35) or standard care (group B: n = 38 patients). In our clinical practice, we assign the RM system to 
patients who live more distant from the PD center or difficulty in moving. We evaluated emergency visits, hospitalizations, 
peritonitis, overhydration, and dropout. QoL was assessed with the Kidney Disease Quality of life-Short Form (KDQOL-SF). 
We included four additional questions focused on patient’s perception of monitoring, safety and timely problems solution 
(Do you think that home-therapy monitoring could interfere with your privacy? Do you think that your dialysis sessions are 
monitored frequently enough? Do you think that dialysis-related issues are solved timely? Do you feel comfortable carrying 
out your home-based therapy?).
Results The case group presented a higher comorbidity score, according to Charlson Comorbidity Index (group A: 5.0; IQR 
4.0–8.0 versus group B: 4.0; IQR 3.0–6.0) (p = 0.042). The results in group A showed a reduction in the urgent visits due 
to acute overhydration (group A: 0.17 ± 0.45 versus group B: 0.66 ± 1.36) (p: 0.042) and in the number of disease-specific 
hospitalization (group A n = 2.0; 18.2% versus group B n = 7.0; 77.8%) (p = 0.022). We did not find any difference between the 
two groups in terms of hospitalization because of all-cause, peritonitis, overhydration, and dropout. The analysis of KDQOL-
SF subscales was similar in the two groups; on the contrary, the answers of our pointed questions have showed a significant 
difference between the two groups (group A: 100 IQR 87.5–100.0 versus group B 87.5; IQR 75.0–100.0) (p: 0.018).
Conclusion RM improved clinical outcomes in PD patients, reducing the emergency visits and the hospitalizations, related 
to nephrological problems, especially in patients with higher comorbidity score. The acceptance and satisfaction of care 
were better in patients monitored with RM than with standard APD.
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Introduction

The world population is getting older and is increasingly 
living with chronic diseases. Heart failure (HF), chronic 
pulmonary obstructive disease (COPD), hypertension, dia-
betes, and end stage renal disease (ESRD) are life-threaten-
ing chronic diseases and they are a global pandemic: over 
26 million people are affected by HF and 2 million people 
by chronic kidney disease (CKD) worldwide [1].

These are long-term conditions, associated with 
high prevalence and high health costs. In fact, they are 
characterized by periodic exacerbations and recurrent 
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hospitalizations. Despite advances of medicine, patients con-
tinue to experience poor survival and health-related quality 
of life (QoL) [2]. Moreover, most of these patients live in 
remote and rural areas, where medical support may not be 
available [3].

Novel healthcare strategies, such as multidisciplinary care 
and telemedicine, are required to support these conditions. 
In fact, care coordination is becoming an important issue 
in a population suffering from multiple pathologies [4–6].

Telemedicine, providing services at a distance, can tackle 
the challenges to healthcare systems, by shortening waiting 
lists, optimizing the use of resources, reducing hospital stays 
and improving the QoL of chronically ill patients [7, 8].

Telemedicine can be particularly helpful in patients 
affected by ESRD who are undergoing peritoneal dialysis 
(PD). This is a home-based therapy that allows for a greater 
independence from the hospital compared to the in-center 
hemodialysis (HD), as well as an improved QoL.

Telemonitoring or remote monitoring (RM), an applica-
tion of telemedicine, can provide a closer follow-up of out-
patients compared to usual care, with a daily monitoring of 
PD treatments and tailoring of PD prescriptions [9].

In particular, it has been proven that Automated Perito-
neal Dialysis (APD) can benefit from RM, through earlier 
recognition and correction of problems, thereby reducing the 
frequency of in-person visits [10].

In a recent study, Viglino et al. describe their experience 
with Videodialysis, a new telemedicine system that allows 
to overcome physical, cognitive and psychological barriers 
to PD [7].

However, evidence is limited, and Wallace et al. [11] sug-
gest that further studies should focus on direct comparison 
between telehealth and standard care regarding clinical out-
comes and patients’ QoL.

The present study was conducted in 73 stable PD patients 
treated with APD, with a without RM, regularly followed in 
our department during 6 months period, between March and 
August 2019. The aim of the study was to evaluate clinical 
outcomes, such as number of visits, hospitalizations, peri-
tonitis, overhydration, dropout, and QoL between the two 
groups.

Methods

APD program in Vicenza, Italy PD center

In Vicenza PD center, APD is performed using two different 
software systems, equally allocated between all the patients. 
Recently, both the APD systems have been integrated with 
an internet connection (RM system) that enables you to 
remotely monitor the dialysis treatments and to modify the 
APD prescription with no need for bringing the card to the 

PD center (Claria™, connected to Sharesource platform, 
Baxter Healthcare, Deerfield, Illinois and Sleep-safe Har-
mony connected to home bridge Connectivity PD, Frese-
nius Medical Care, Bad Homburg, Germany). The Share-
source platform reports also some clinical data registered 
by patients, such as blood pressure and weight.

At the beginning of the study, in our PD center some 
patients were treated with the traditional card-system and 
some patients with the new RM system.

Regarding the RM system, in our PD center the nurses 
check the platform every day. According to their observa-
tion, the physicians perform a daily check of treatments with 
significant issues and a weekly check of treatments without 
serious problems.

Regarding the traditional card system, dialysis sections 
were reviewed during the routinely planned hospital visits 
every 3 months, and in case of unplanned visits due to com-
plications experienced by the patients, or identified by the 
care team in a phone conversation.

In our clinical practice, we assign the RM system to 
patients who live more distant from the PD center or dif-
ficulty in moving.

In both APD systems the dialysis prescription followed 
the international guidelines for maximizing PD clearances 
[12–15].

Study design

This is a retrospective case–control, single-center study, 
comparing clinical outcomes and QoL in two current groups 
of patients undergoing APD from 01.03.2019 to 30.08.2019 
in the PD center at San Bortolo Hospital, in Vicenza, Italy.

We enrolled all the patients—over 18  years old and 
treated with APD for more than 3  months (prevalent 
patients)—in our PD center in the same 6-month period. 
All procedures were in accordance with the Helsinki Decla-
ration. The protocol and consent form were approved by the 
Ethics Committee of San Bortolo Hospital. All patients were 
informed about the experimental protocol and the objec-
tives of the study and they all gave written informed consent. 
None of the patients denied the written consent; no enrolled 
patient was excluded from the study.

We divided the patients in two groups: the case group 
(group A) included 35 patients monitored with RM 
(RM-APD) and the control group (group B) consisted 
of 38 patients treated with traditional APD without RM 
(traditional-APD).

Laboratory data and dialysis-related parameters were 
recorded at the end of the observation period. Total renal 
plus peritoneal clearance was utilized to calculate weekly 
Kt/Vurea and weekly creatinine clearance as PD adequacy 
parameters [13].
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Comorbidity was assessed using the Charlson Comorbid-
ity Index, “age-adjusted” [16].

Outcomes

As outcomes, we evaluated in both groups the number of 
urgent visits, the number of all-cause and disease-specific 
hospitalizations, the number of all-cause and disease-spe-
cific hospital days, the cases of peritonitis, the level of ove-
rhydration, the number of dropouts. Furthermore, we con-
sidered the QoL for all the patients.

We considered urgent visits due to acute over hydration 
with edemas or dyspnea, exit site infections, peritonitis or 
other issues such as hypertension or catheter dysfunction.

Disease-specific hospitalizations were caused by fluid 
overload, peritonitis or exit-site infections, dialysis access 
dysfunction.

Peritonitis was defined according to the criteria of Inter-
national Peritoneal Dialysis Society (ISPD), as a cloudy 
effluent with at least 100 leukocytes/µL, of which more than 
50% were polymorph nuclear cells, generally with abdomi-
nal pain and/or a positive effluent culture [17].

Hydration was assessed by a bio-impedance spectroscopy 
device, the Body Composition Monitor (BCM) (Fresenius 
Medical Care).

The 10th and 90th percentile of Absolute ∆ Tissue Hydra-
tion (A∆TH) in the healthy population (− 1.1 and + 1.1 L 
respectively) representing thus limits of “normohydration”. 
The patients with A∆TH higher than + 1.1 L were consid-
ered over hydrated [18].

As dropout, we recorded the number of shifts from PD to 
hemodialysis (HD), deaths and transplantations.

We also evaluated the treatment compliance in the two 
groups in the 3 months of dialysis preceding the start of 
observation period and during the six-month period of the 
study. In particular, we registered the number of treatments 
not performed in every group.

QoL was assessed at baseline with the Kidney Disease 
Quality of life-Short Form (KDQOL-SF). This is a self-
report measure developed for patients with kidney disease 
and on dialysis. The instrument includes multi-item scales 
with precoded numeric values for responses. The scoring 
procedure transforms the numeric values of items to a 0–100 
range, with higher transformed scores always reflecting 

better QoL. The Italian version was validated in an Italian 
population [19–21].

We also added to KDQOL-SF four questions that we have 
realized to focus on PD patients QoL, in particular to ana-
lyze perception of monitoring, safety and timely problem 
solution. A similar scoring algorithm was used to calcu-
late scores ranging from 0 to 100, with 100 representing 
the highest QOL. This internal questionnaire is reported in 
Table 1.

Statistical analysis

Statistical analysis was performed using the SPSS Soft-
ware package. Categorical variables were expressed as 
percentages; continuous variables were expressed as 
mean ± standard deviation (parametric variables) or median 
and interquartile range (IQR) (nonparametric variables). The 
Mann–Whitney U test o T test were used for comparison of 
two groups, as appropriate. Categorical variables were com-
pared using χ2 test. Correlation coefficients were calculated 
with the Spearman’s rank or Pearson’s test, as appropriate. 
A p value of < 0.05 was considered statistically significant.

Results

The case group included 35 patients, treated by RM-APD 
and the control group included 38 patients that performed 
traditional APD.

Both groups were current cohorts and they were followed 
for 6 months from 01.03.2019 to 30.08.2019.

The Table 2 summarizes the baseline characteristics of 
the two groups. In particular the clinical data were similar in 
the two groups, but group A presented a higher co-morbidity 
score compared to group B, according to the Charlson Co-
morbidity Index (5.0; IQR 4.0–8.0 versus 4.0; IQR 3.0–6.0) 
(p = 0.042).

The results showed a lower number of urgent visits in 
group A compared to group B, although not statistically sig-
nificant difference was found (mean 1.14 ± 1.33 versus mean 
1.78 ± 2.05) (p = 0.095).

Furthermore, in the case group there was a reduction in 
the number of disease-specific hospitalizations (group A 
n = 2.0; 18.2% versus group B n = 7.0; 77.8%) (p = 0.022). 
However, we did not find any differences between the two 

Table 1  Internal questionnaire 
to investigate patient’s 
perception of monitoring, safety 
and timely problem solution

Very Quite Not at all

Do you think that home-therapy monitoring could interfere with your privacy?
Do you think that your dialysis sessions are monitored frequently enough?
Do you think that dialysis-related issues are solved timely?
Do you feel comfortable carrying out your home-based therapy?
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groups regarding the number of all-cause hospitalizations 
(group A n = 11.0; 31.4% versus group B n = 9.0; 23.7%) 
(p = 0.632), days of all-cause hospitalization (group A 
5.0; IQR 4.0–11.5 versus group B 10.0; IQR 7.0–20.0) 
(p = 0.552), and days of disease-specific hospitaliza-
tion (group A 7.0; IQR 5.5–8.5 versus group B 9.5; IQR 
7.5–11.5) (p = 0.093).

Similarly, there was no significant difference in terms of 
the level of overhydration expressed by BCM (group A 2.2; 
IQR 1.0–3.5 versus group B 2.1; IQR 0.8–3.3) (p = 0.720), 
the number of peritonitis (group A n = 3.0; 8.5% versus 
group B n = 2.0; 5.3%) (p = 0.579), and the number of 
dropouts (group A n = 4.0; 11.4% versus n = 4.0; 10.5%) 
(p = 0.904).

The different outcomes in the two groups are reported in 
the Fig. 1.

We evaluated the different issues that required urgent vis-
its and we observed a statistically lower number of urgent 
visits due to acute overhydration (p = 0.042) and exit site 
infections (p = 0.045) in group A compared to group B. The 
urgent visits caused by peritonitis or other causes were simi-
lar in the two groups (p = 0.581 and p = 0.823, respectively). 
The Table 3 summarizes the clinical problems that required 
urgent visits.

During the time of observation, we recorded eight drop-
outs, four in group A and four in group B. In particular, in 
the case group, three patients died and one had a kidney 
transplant, whereas in the control group, one patient was 
shifted from PD to HD due to the peritoneal function loss 
and three patients had a kidney transplant.

The treatment compliance was similar in group A and 
group B before and during the observational study (num-
ber of treatments not performed group A = 60 versus group 
B = 92) (p = 0.67).

In addition, we compared the results of the KDQOL-
SF test and the internal QOL PD questionnaire of the two 
groups. All KDQOL-SF subscales had similar scores in 
group A and group B. However, the answers to the inter-
nal QoL PD questionnaire showed a significant difference 
between the two groups (p = 0.018). In particular, group A 
felt that dialysis treatments were monitored more frequently, 
and there was a quicker solution of dialysis problems com-
pared to group B. Moreover, the patients of the case group 
felt safer regarding their home dialysis compared to the 
patients of the control group and the dialysis monitoring 
did not interfere with privacy in group A more than in group 
B (Table 4).

Discussion

The present study investigated the benefits of telemedicine 
on clinical outcomes and on QoL in patients receiving PD. 
This new tool has been recently developed to allow the fol-
low up of an increasing population affected by different 
chronic diseases, such as diabetes, HF, CKD. The most 
important aims of telemedicine are to improve and tailor 
healthcare as well as reduce costs. In fact, there is increas-
ing evidence that supports the use of telemonitoring of 
outpatients.

Table 2  Baseline characteristics 
of patients in group A 
(RM-APD) and group B 
(without RM-APD)

Values represent numbers, percentages (%), mean ± SD (SD, standard deviation) or medians (IQR, inter-
quartile range)
RM remote monitoring, APD automated peritoneal dialysis, BMI body mass index, total wKt/V total (renal 
and peritoneal) weekly Kt/Vurea, total wClCr total (renal and peritoneal) weekly creatinine clearance
1 Mann–Whitney U test
2 Pearson’s χ2 test

Baseline characteristics Group A
Patients with RM-APD

Group B
Patients without RM-APD

p-value

Patients, number 35 38
Age, years, median (IQR) 62.8 (44.7–77.1) 57.9 (50.0–73.1) 0.9301

Dialysis vintage, months, median (IQR) 24.8 (10.0–48.7) 25.1 (15.3–42.6) 0.6191

Gender, men, % 77 71 0.5542

BMI, mean ± SD 27.24 ± 5.00 25.64 ± 4.10 0.1891

Diuresis, mL, median (IQR) 800 (75–1350) 1000 (500–1258) 0.4401

Hemoglobin, g/L, mean ± SD 113.2 ± 16.1 115.5 ± 12.5 0.3981

Albumin, g/dL, median (IQR) 3.8 (3.6–4.0) 3.9 (3.6–4.0) 0.7601

Total wKt/V, mean ± SD 1.76 ± 0.60 1.72 ± 0.42 0.9281

Total wClCr, L/week, median (IQR) 53.2 (29.9–75.1) 53.7 (39.9–74.6) 0.9381

Charlson comorbidity index, median (IQR) 5.0 (4–8) 4.0 (3–6) 0.0421

Caregiver-assisted PD, number (%) 6 (17.1) 4 (10.5) 0.422
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For example, in diabetes care the new tools that allow 
remote and more frequent medication adjustments improve 
glycated hemoglobin [22].

Similarly, a cardio-device has been shown to be effec-
tive in reducing the number of hospitalizations for HF 
[23].

However, Eurlings et al. [24] in their review underline 
that, even though new technology is evolving, the evidence 
is conflicting, mainly due to a lack of uniform methods to 
evaluate telehealth and standard care.

In our PD center we adopted RM from 2016 and we stud-
ied various aspects of this innovative method.

Firstly, we compared APD incident and prevalent 
patients undergoing RM-APD with APD incident and 
prevalent patients treated with traditional APD with the 
same software system. The length of observation for every 
patient was 6 months. We observed that the APD prescrip-
tions were modified more frequently in RM-APD versus 
traditional APD in incident and prevalent patients. Visits 
were significant less in RM-APD than in traditional APD 

Fig. 1  Clinical outcomes in group A (RM-APD) and group B (with-
out RM-APD). RM remote monitoring, APD automated peritoneal 
dialysis, BCM body composition monitor, n number, % percentage, 

SD standard deviation, IQR interquartile range; 1Mann–Whitney U 
test; 2Pearson’s χ2 test; 3T test

Table 3  Issues that required 
urgent visits in group A (with 
RM-APD) and in group B 
(without RM-APD)

RM remote monitoring, APD automated peritoneal dialysis, % percentage
1 T test

Issues Group A
Patients with RM-APD

Group B
Patients without RM-
APD

p-value

Overhydration, mean ± SD 0.17 ± 0.45 0.66 ± 1.36 0.0421

Exit site infections, mean ± SD 0.17 ± 0.56 0.42 ± 0.85 0.0451

Peritonitis, mean ± SD 0.08 ± 0.40 0.05 ± 0.44 0.5811

Other issues, mean ± SD 0.65 ± 0.48 0.63 ± 0.48 0.8231
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for incident patients, while no significant difference was 
observed between prevalent populations [22].

Subsequently, we investigated the benefits of the pro-
longed use of RM-APD in 2-year experience.

We observed 42 RM-APD patients during a median 
length of 13.28 months per patient. The control group 
consisted of 42 patients, previously treated by traditional 
APD with the same software system, for APD with card 
system. Our results showed that changes in APD prescrip-
tion were almost double in the case group (RM) compared 
to the control group. The need for in-person visits and 
nocturnal alarms were significantly less in RM-APD than 
in traditional APD. The distance travelled by patients in 
case of RM-APD was reduced by 1134 km with a time sav-
ing of 1554 min for patients. The overall cost reduction for 
the PD center in terms of time/nurse and time/physician 
was 2647 and 3673 min, respectively. Furthermore, all 
patients found the TM system easy to use and they were 
satisfied with the high level of interaction with the care-
team and with the possibility of timely solving technical 
problems [23].

In the present study, we would like to demonstrate that 
RM of APD allows a knowledge-based management, reduc-
ing the urgent events and improving clinical outcomes.

In two previous studies, we investigated the benefits of 
RM-APD using an historical cohort of patients treated with 
traditional APD system as comparison group. However, 
comparing current versus historical cohort there could be a 
bias of analysis related to different time of observation and 
different clinical practice [25, 26].

In this study, we analyzed data of patients treated with 
traditional APD and RM-APD during the same period of 
observation, avoiding potential differences between groups 

separated in time, in particular because of differences in con-
comitant standards of care [27].

Moreover, we evaluated the improvement of clinical out-
comes obtained by RM, such as the reduction of urgent visits 
in the PD center, hospitalization, overhydration, peritonitis, 
and dropouts in two current groups of patients. Finally, we 
analyzed the patients’ QoL and satisfaction with their own 
modality of treatment and monitoring.

The biochemical and PD adequacy parameters were simi-
lar in the two groups and these data demonstrate the same 
application of international criteria for the dialysis prescrip-
tion. On the contrary, the Charlson Comorbidity Index was 
worse in the case group than in the control group.

In fact, in our clinical practice, we give the RM system 
first to the patients with major comorbidities, to provide a 
closer and prompter care. Previous studies have demon-
strated that sociodemographic and clinical characteristics 
do not negatively influence ability to master the technology 
and that elderly patients adapt quickly to telehealth [28, 29].

In this study, the new tool helped reduce the urgent visits 
in the group with more comorbidities and in particular, there 
was a reduction of acute overhydration episodes and exit 
site infections.

The reduction of exit-site infections could be easier 
related with forms of virtual caregiver-based telemedicine 
such as Videodialysis or with careful PD training, performed 
by specialized nurses [7, 30]. Future larger and prospective 
studies will be useful to explain better the effect of RM-APD 
on exit site infections.

Indeed, the reduction of acute overhydration episodes 
suggests that an early identification and a timely trouble 
shooting of PD-related issues avoid the development of rel-
evant clinical problems [31].

Table 4  Kidney disease quality 
of life-short form (KDQOL-SF) 
and quality of life (QoL) PD 
questions in group A (with 
RM-APD) and in group B 
(without RM-APD)

Values represent medians (IQR, interquartile range)
PD peritoneal dialysis, RM remote monitoring, APD automated peritoneal dialysis
3 T test

Scale (item) Group A
Patients with RM-APD

Group B
Patients without RM-APD

p-value

Burden of kidney disease 43.8 (25.0–68.8) 50.0 (31.3–68.8) 0.3323

Quality of social interaction 73.3 (63.3–85.8) 86.7 (68.3–91.7) 0.2943

Cognitive function 80.0 (66.7–95.0) 83.3 (70.0–98.3) 0.9143

Symptoms 77.1 (60.8–85.4) 83.3 (72.9–91.7) 0.2883

Effects of kidney disease 67.2 (53.9–84.4) 73.4 (55.5–91.4) 0.7073

Sexual function 100.0 (100.0–100.0) 100.0 (96.9–100.0) 0.1973

Sleep 65.0 (50.0–75.5) 75.0 (55.0–85.0) 0.5913

Social support 83.3 (66.7–100.0) 83.3 (66.7–100.0) 0.7153

Work status 50.0 (37.5–100.0) 50.0 (0.0–100.0) 0.6893

Patient satisfaction 83.3 (66.7–100.0) 83.3 (66.7–100.0) 0.9993

Dialysis staff encouragement 100.0 (100.0–100.0) 100.0 (87.5–100.0) 0.1673

QoL peritoneal questions 100 (87.5–100.0) 87.5 (75.0–100.0) 0.0183
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The same conclusion could explain the second important 
result of this study, the reduction of disease-specific hospi-
talizations in patients receiving RM-APD.

Gallar et  al. obtained a similar result following the 
patients with a monthly teleconsultation and recently, Sana-
bria et al. observed a lower hospitalization rate and fewer 
hospital days in a Baxter Renal care Service unit in Colom-
bia [32, 33].

At last, the reduction of urgent events could allow better 
planning of the care activity.

Regarding the similar number of treatments not per-
formed in the two groups, we conjecture that a positive 
relationship between patients and team-care could optimize 
the patient’s compliance. However, in our experience RM 
system makes easier to give a timely and close support to our 
patients as well as to monitor their compliance.

Moreover, we investigated the potential benefits of RM 
on QoL.

According to the KDQL-SF scale, previous studies dem-
onstrated that RM groups believed that they received more 
staff encouragement and that their pain was improved. The 
other aspects of QoL did not change with or without RM 
[34].

Group A and B of our study presented similar scores 
in all KDQOL-SF subscales. Indeed, the KDQL-SF is an 
instrument developed for individuals with kidney disease 
and on dialysis, but there are not specific questions assess-
ing the utility of home dialysis monitoring. For this reason, 
we designed an internal questionnaire, to better evaluate the 
usability of the telemonitoring system, similarly to Martinez 
Garcia et al. [35] in their research article.

Based on these specific questions, the patients treated 
with RM-APD indicated a good acceptance and satisfaction 
when monitored closely and frequently.

In conclusion, our data demonstrated that RM technol-
ogy improved clinical outcomes in PD patients, reducing the 
emergency visits and hospitalizations related to nephrologi-
cal problems, even for patients with a worse comorbidity 
score.

The patient’s acceptance and satisfaction of care were 
better, when monitored with RM than with standard APD.

Nevertheless, we acknowledge the limitations of the small 
sample size of this mono-center and retrospective study. For 
the first time, we describe clinical outcomes of an Italian 
population in APD and introduce some considerations on 
patient’s QoL. In this context, the present study could pro-
vide the basis for larger studies that may clarify the utility 
and the acceptance of RM-APD for PD patients, as well as 
for their caregivers and the care-team.
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