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Abstract
Purpose Remote patient monitoring (RPM) has contributed to improved patient-centered outcomes and prognosis in patients 
with end-stage renal disease on automated peritoneal dialysis (APD). However, evidence from prospective trials is lacking.
Methods The participants (n = 15; median age: 65 years; males: 10; peritoneal dialysis vintage: 6.4 ± 3.5 years) randomly 
received APD therapy using the Kaguya® APD system either with or without the connective use of the cloud-based RPM 
software Sharesource® for 12 weeks. The primary outcome was patient satisfaction assessed using a modified nine-item 
Treatment Satisfaction Questionnaire for Medication (TSQM-9) questionnaire. The secondary outcomes were healthcare 
resource consumption, the health-related quality of life (HRQOL) subscales assessed with the Kidney Disease Quality of 
Life-Short Form questionnaire, and clinical laboratory parameters.
Results Significant improvements were observed in the TSQM-9 subscales of Effectiveness (64.4 ± 18.8 vs. 57.8 ± 18.8; 
P = 0.006) and Convenience (76.3 ± 15.4 vs. 63.3 ± 17.3; P < 0.001) in patients on Sharesource®. Moreover, Sharesource® 
reduced the total amount of healthcare resource consumption (0.80 ± 1.32 vs. 1.87 ± 2.39 times/12 weeks; P = 0.02) and 
consultation time during regular monthly visits (813 ± 269 vs. 1024 ± 292 s; P < 0.001). A significant increase in ultrafil-
tration volume was found associated with more frequent modification of APD prescription in patients with Sharesource®. 
Sharesource® also improved the HRQOL subscale of General Health and Vitality.
Conclusion Sharesource® can improve patient-centered outcomes in patients on APD while reducing the treatment burden 
for both patients and medical staff.
Trial registration: The study was registered in the Japan Registry of Clinical Trials (jRCT Number: jRCTs032190005).
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Introduction

To date, the number of dialysis patients in Japan has 
exceeded 340,000, and soaring medical costs and the burden 
of nursing care associated with hospital visits have become 
social problems [1]. In this context, peritoneal dialysis (PD) 
is performed as a home-based treatment, which requires 
only one or two visits to the hospital per month and allows 
the treatment to be tailored to the patient's lifestyle pattern, 
although it currently accounts for less than 3% of dialysis 
patients in Japan [2]. In particular, automated PD (APD) can 
be automatically performed using a cycler machine, while 
the patient is sleeping, leading to more time for work and 
family and social activities, which greatly contributes to 
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improved health-related quality of life (HRQOL) in patients 
on PD [3, 4].

Remote patient monitoring (RPM) in patients undergo-
ing APD, specifically the new cloud-based software Share-
source® (Baxter Healthcare Corporation, Deerfield, IL, 
USA), has proven to be beneficial in terms of reducing medi-
cal care costs [5], disease burden, and time associated with 
patients, physicians, and nurses [6], hospitalization rates and 
days [7], technique failure rate [8] and the improvement of 
treatment adherence with blood pressure (BP) control [9].

The Kaguya® (Baxter Healthcare Corporation) APD 
device and Sharesource® connectivity platform have been 
simultaneously available in Japan since 2018. The connec-
tive use of Sharesource® with Kaguya® is also expected 
to be highly useful in multiple ways to Japanese patients 
undergoing APD; however, the extent of its usefulness 
has not been established. Moreover, studies suggesting the 
usefulness of RPM in patients with APD were performed 
retrospectively or with a simulation model in which a lot 
of biases are unavoidable [5, 7, 8, 10, 11]. If not, previ-
ous studies used a historical control group for comparison, 
which was likely to overestimate the usefulness of RPM [6, 
12]. Therefore, we designed an open-label, pilot, randomized 
controlled crossover trial involving patient-initiated APD 
using Kaguya® to clarify the impact of the additional use of 
Sharesource® on patient satisfaction, the use of healthcare 
resources, PD-related parameters, and HRQOL.

Methods

Study population

Outpatients undergoing PD at Keio University Hospital in 
Tokyo, Japan, were included in this randomized controlled 
trial (RCT), which was started in April 2019 and completed 
in March 2021. The criteria for trial participation included 

stable patients aged > 20 years who had undergone con-
tinuous ambulatory PD (CAPD) or APD using Yume®, 
an older APD model, and newly started APD with the use 
of Kaguya®. The patient exclusion criteria consisted of 
advanced malignancies, a life expectancy of less than 1 year, 
uncontrolled uremia (serum urea nitrogen > 100 mg/dL and/
or potassium > 6 mEq/L and/or bicarbonate < 18 mmol/L), 
and severe cognitive impairment that made operating the 
APD device, understanding the study protocol, or answering 
the questionnaire consistently difficult.

Study design and randomization

The study protocol was reviewed and approved by the Certi-
fication of Clinical Trials Review Board of Keio University 
Hospital (Approval Number: N20180007). The study was 
conducted in adherence to the principles of the Declaration 
of Helsinki, the Consolidated Standards of Reporting Trials 
(CONSORT), and the Clinical Trials Act. Written informed 
consent was obtained from all participants. The study was 
registered in the Japan Registry of Clinical Trials (jRCT 
Number: jRCTs032190005). After the baseline assessment, 
an investigator not associated with this study performed 
simple randomization using computer-generated random 
numbers.

The participants received APD therapy using Kaguya® 
either with or without the connective use of Sharesource® 
for 12 weeks each in a counterbalanced fashion (i.e., par-
ticipants received both therapies in random order) as per an 
open-label, crossover design (Fig. 1). The concept of medi-
cation half-life does not apply to treatment with Kaguya® 
and/or Sharesource®; therefore, only minimal evidence was 
available to determine the length of the washout period and 
we did not set a washout period between the trials. Anthro-
pometric and blood test data were obtained from all patients 
at the first and last visits (at 0 and 12 weeks, respectively) of 
each 12-week trial. Additionally, patients were instructed to 

Fig. 1  Crossover flowchart of the trial process. Consultation time was measured in regular visits of 4, 8, 12 weeks of each trial and averaged, and 
all other variables were obtained within 12 weeks of each trial
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collect urine and PD fluid samples over a full 24-h period 
and were trained to complete the questionnaires on patient 
satisfaction and HRQOL at the last visit of each 12-week 
trial. Considering the innate character of RPM, blinding of 
the participants and the PD doctors was impossible.

Intervention

Available only in Japan, Kaguya® is an innovative APD 
system that automatically identifies the type of dialysate and 
connects it to Kaguya® through the PD fluid exchange set. 
The Sharesource® RPM system can perform two-way com-
munication with Kaguya® (https:// renal care. baxter. com/ 
produ cts/ kaguya). With Sharesource®, all home opera-
tion data of patients on APD, including performing status 
of APD session, details on the PD fluid (amount and time 
of the infusing, dwelling, and drainage), alarms detected, 
and entering information such as daily body weight (BW) 
and BP were accessible anytime from the nephrology clinic 
through the software. Moreover, the APD prescription could 
be performed and changed remotely. All these operations 
were performed by PD doctors, and the information obtained 
was shared with PD nurses. In this trial, PD doctors were 
required to check the information on Sharesource® at least 
once a week, including just before the patients’ visits to the 
clinic and on-demand (e.g., when the patients call doctors 
regarding their troubles with the APD treatment).

Outcome measures

The primary study outcome was patient satisfaction with the 
treatment (APD therapies using Kaguya® with and without 
Sharesource®). The secondary outcomes included HRQOL, 
the total cost of healthcare resources used during each trial, 
and PD-related anthropometric and biochemical parameters.

Patient satisfaction

Patient satisfaction with the treatment was assessed using 
the Japanese version of the nine-item Treatment Satisfac-
tion Questionnaire for Medication (TSQM-9) questionnaire 
[13, 14] after requesting a TSQM license for this trial from 
IQVIA, Inc. (Danbury, CT, USA). The questionnaire was 
modified to measure the satisfaction of medical equipment. 
TSQM-9 assessed three key dimensions of treatment sat-
isfaction, namely, Effectiveness, Convenience, and Overall 
satisfaction, which were calculated according to the user 
manual.

Healthcare resources

The consumption of healthcare resource for each 12-week 
trial period was quantified in five different categories as per 

previous simulation studies [10, 11]: unplanned hospital vis-
its (including PD clinic and emergency department), calls 
from the clinic to patients, and from patients to the clinic, 
unplanned hemodialysis, and hospitalizations. Only the 
total amount of healthcare resources used was statistically 
compared between the trials. Additionally, the number and 
rate of patients who underwent modification of their APD 
prescriptions were recorded separately as a positive aspect. 
Moreover, consultation time during regular monthly visits to 
the PD clinic was recorded and averaged in each trial period.

HRQOL

HRQOL was assessed using the Kidney Disease Quality of 
Life-Short Form (KDQOL-SF) Japanese version 1.3, with 
the QOL subscales specific to kidney disease and dialysis 
(KDQOL) and the general HRQOL (SF-36) for 12 weeks of 
each trial [15]. The kidney disease component summary was 
calculated from the KDQOL scores. The physical, mental, 
and role/social component summaries were calculated from 
the SF-36 scores, as described previously [16, 17].

Anthropometric and biochemical data analyses

During regular visits to the PD clinic every 4 weeks, BP in 
the seated position and BW were measured using automated 
measuring devices, and blood samples were collected for 
routine clinical PD practice. Only data obtained at the 0 and 
12th weeks of each 12-week trial were used for statistical 
comparison. Specifically, levels of urea nitrogen (mg/dL), 
creatinine (mg/dL), sodium (mEq/L), potassium (mEq/L), 
albumin (mg/dL), corrected calcium (mg/dL), phosphorus 
(mg/L), parathyroid hormone (PTH) (pg/mL), C-reactive 
protein (mg/dL), brain natriuretic peptide (BNP) (pg/mL), 
and hemoglobin (g/dL) were obtained as PD-related serum 
parameters. Body mass index (BMI, kg/m2) was calculated 
using height (cm) and BW (kg), and the geriatric nutritional 
risk index (GNRI) was calculated from the BMI and serum 
albumin level. Additionally, at the 12th week of each trial, 
patients collected their urine (if any) and PD fluid samples 
over a full 24-h period. From those samples, renal Kt/V, 
renal creatinine clearance (CCr, L/week/1.73  m2), ultrafiltra-
tion volume (mL/day), PD Kt/V, and PD CCr (l/week/1.73 
 m2) were calculated.

Statistical analysis

Continuous data were tested for normal distribution using 
the Shapiro–Wilk test. Normally distributed and skewed var-
iables were expressed as mean ± standard deviation (SD) and 
median (interquartile range), respectively. The categorical 
data were presented as n (%). The paired Student’s t test or 
Wilcoxon signed-rank test was employed for comparisons 

https://renalcare.baxter.com/products/kaguya
https://renalcare.baxter.com/products/kaguya
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of continuous parameters between the trials for both APD 
settings. The unpaired t test or Mann–Whitney U test was 
used for comparisons between both groups divided by the 
sequence of APD therapy. The percentage was compared 
between the trials using McNemar’s test. Linear mixed mod-
els were fit for analyzing carry-over and order effects in the 
primary outcome (patient satisfaction). The adjustment was 
performed for group, trial (first or second), and treatment 
as fixed effects, and for patient number as a random effect 
[18, 19]. The effects of group, trial, and treatment were 
regarded as carry-over effect, order effect, and treatment 
effect, respectively.

Although few studies have evaluated patient satisfac-
tion with TSQM-9 in patients with chronic kidney disease, 
including dialysis patients, based on studies on other dis-
eases that employed TSQM-9, we found that a total of 13–26 
patients were required to detect an 11–13 increase in each 
subscale of TSQM-9 with SD = 16–18, β = 0.1–0.2 and 
α = 0.05 (two-tailed) with the paired Student’s t test [14, 20]. 
Furthermore, inflating this for an estimated attrition rate of 
approximately 20%, we calculated a maximum target sample 
size of 30. Nevertheless, a sample size of 15 was allowed, 
considering this was a pilot study that primarily examined 
patient-reported outcome measures. SPSS software for Mac 
(ver. 26; IBM Corp., Armonk, NY, USA) was used to per-
form all statistical analyses. P < 0.05 indicated statistical 
significance.

Results

Baseline characteristics

Among the 18 patients receiving therapies with CAPD or 
APD using Yume® who fulfilled the inclusion criteria, 16 
gave consent to participate in the study. We randomized the 
16 participants in a crossover design to first prescribe APD 
therapy using Kaguya® either with Sharesource® (group 
1, n = 8) or without Sharesource® (group 2, n = 8), how-
ever, one patient assigned to group 2 developed cerebral 
infarction accompanied with long-term hospitalization and 
physical disabilities as a sequela in the first trial without 
Sharesource® and was thus excluded from the analysis. The 
overall cohort of 15 participants who completed the study 
consisted of 10 male and 5 female patients with a median 
age of 65 years (range 62–67 years) and PD vintage of 
6.4 ± 3.5 years. The baseline characteristics did not differ 
significantly between the two groups. Furthermore, a paired 
t test or Wilcoxon signed-rank test for values from the first 
visit of each trial demonstrated that baseline anthropometric 
and biochemical data were nearly comparable between the 
trials (Table S1) [21].

Effect of Sharesource® on patient satisfaction

Among the subscales of TSQM-9, effectiveness and con-
venience were significantly higher during the APD trial 
with Sharesource® (64.4 ± 18.8 vs. 57.8 ± 18.8; P = 0.006; 
and 76.3 ± 15.4 vs. 63.3 ± 17.3; P < 0.001, respectively) 
(Table 1). However, the subscale of Overall satisfaction 
was not significantly different between the trials (66.7 ± 16.6 
vs. 59.4 ± 24.0; P = 0.21). During the trial whether using 

Table 1  Effects of Sharesource® on treatment satisfaction and use of healthcare resource

TSQM Treatment Satisfaction Questionnaire for Medication, APD automated peritoneal dialysis
a For this variable, the mean values at 4, 8, and 12 weeks of each trial were calculated

Variables With sharesource® Without sharesource® P value

TSQM-9
 Effectiveness 64.4 ± 18.8 57.8 ± 18.8 0.006
 Convenience 76.3 ± 15.4 63.3 ± 17.3  <0.001
 Overall satisfaction 66.7 ± 16.6 59.4 ± 24.0 0.21

Healthcare resource consumption (times/12 weeks) 0.80 ± 1.32 1.87 ± 2.39 0.02
 Unplanned hospital visits 0.27 ± 0.59 0.40 ± 1.12
 Calls from the clinic to patients 0.33 ± 0.72 0.60 ± 0.91
 Calls from patients to the clinic 0.20 ± 0.41 0.60 ± 0.74
 Unplanned hemodialysis 0 ± 0 0.13 ± 0.35
 Hospitalizations 0 ± 0 0.13 ± 0.35

Consultation time in regular visits (s)a 813 ± 269 1024 ± 292  <0.001
Patients with modification of APD prescription (%) 9 (60%) 1 (7%) 0.01
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Kaguya with or without Sharesource®, there were no sta-
tistically significant differences between the groups on most 
subscales of TSQM-9 (Tables S2 and S3). The carry-over 
effect was negligible in Effectiveness, Convenience, and 
Overall satisfaction (P = 0.33, 0.24, and 0.52, respectively). 
In addition, the order effect was absent in Effectiveness 
and Overall satisfaction (P = 0.84 and 0.55, respectively). 
Although the presence of order effect could not be statisti-
cally avoided in Convenience (P = 0.03), the treatment effect 
was independent and statistically significant (P < 0.001).

Effect of Sharesource® on healthcare resource 
consumption

The total number of pre-specified healthcare resource 
consumption was significantly lower during the trial 
with Sharesource® compared with without Share-
source® (0.80 ± 1.32 times/12  weeks vs. 1.87 ± 2.39 
times/12 weeks; P = 0.02) (Table 1). Two patients under-
went hospitalization accompanied by unplanned hemo-
dialysis during the trial without Sharesource® due to 
fluid retention and uremia, respectively. The percentage 

of patients who had modified APD prescriptions was sig-
nificantly higher during the trial with Sharesource®, sug-
gesting increased personalization of the APD treatment 
(60% vs. 7%; P = 0.01). The prescription modification 
included shortening or extending dwelling and drainage 
time, increasing estimated ultrafiltration volume, adjusting 
tidal volume, and increasing the total amount of dialysate 
used. Moreover, the mean consultation time of regular PD 
clinic visits was significantly shorter during the trial with 
Sharesource® (813 ± 269 s vs. 1024 ± 292 s; P = 0.01).

Effect of Sharesource® on HRQOL

No statistically significant differences were observed 
among the KDQOL subscales between the trials of APD 
therapies with or without Sharesource® (Table 2). On the 
other hand, the SF-36 subscales of General Health and 
Vitality were significantly higher in the trial with Share-
source® (49.0 ± 23.2 vs. 39.5 ± 22.5; P < 0.001; and 
51.7 ± 21.3 vs. 45.0 ± 24.6; P < 0.05, respectively).

Table 2  Effect of Sharesource® 
on health-related quality of life

KDQOL Kidney Disease Quality of Life, KDCS kidney disease component summary, SF-36 Medical Out-
comes Study 36-Item-Short Form Health Survey MOS, PCS physical component summary, MCS mental 
component summary, RCS role/social component summary

Variables With sharesource® Without sharesource® P value

KDQOL
 Symptoms/problems 77.5 ± 14.6 75.2 ± 12.9 0.53
 Effects of kidney disease 79.0 ± 17.2 74.6 ± 16.3 0.14
 Burden of kidney disease 42.5 ± 23.0 37.9 ± 21.2 0.09
 Work status 66.7 ± 40.8 66.7 ± 36.2 1
 Cognitive function 92.0 ± 9.2 92.0 ± 8.8 1
 Quality of social interaction 87.8 ± 9.7 89.8 ± 14.7 0.57
 Sleep 55.4 ± 21.9 56.7 ± 16.3 0.74
 Social support 76.1 ± 28.0 77.2 ± 26.4 0.79
 Satisfaction for care 84.4 ± 13.3 84.4 ± 13.3 1
 Encouragement from staff 81.7 ± 21.1 76.7 ± 24.9 0.32
 KDCS 74.3 ± 9.7 73.1 ± 10.8 0.48

SF-36
 Physical functioning 70.3 ± 21.3 64.3 ± 26.2 0.05
 Physical role functioning 69.2 ± 31.3 61.3 ± 28.7 0.25
 Body pain 63.7 ± 26.4 57.1 ± 23.1 0.17
 General health 49.0 ± 23.2 39.5 ± 22.5  <0.001
 Vitality 51.7 ± 21.3 45.0 ± 24.6  <0.05
 Social functioning 65.8 ± 32.9 53.3 ± 37.9 0.13
 Emotional role functioning 76.1 ± 31.2 72.2 ± 33.3 0.59
 Mental health 75.3 ± 18.8 72.7 ± 18.7 0.30
 PCS 37.9 ± 15.2 34.1 ± 14.5 0.09
 MCS 50.9 ± 10.2 48.5 ± 8.5 0.09
 RCS 43.7 ± 15.7 41.3 ± 17.9 0.51
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Effect of Sharesource® on PD‑related parameters

Among PD-related parameters, ultrafiltration volume, 
PD Kt/V, and PD CCr were significantly increased dur-
ing the trial with Sharesource® (1388.2 ± 426.1  mL/
day vs. 1209.5 ± 395.9  mL/day; P = 0.003; 1.79 ± 0.55 
vs. 1.62 ± 0.34; P = 0.04; and 43.2 ± 18.4 l/week/1.73  m2 
vs. 37.4 ± 12.1  l/week/1.73  m2; P = 0.02, respectively) 
(Table 3). In addition, serum PTH was significantly lower 
during the trial with Sharesource® (215 [156–371] vs. 304 
[163–489] pg/mL; P = 0.03). The other parameters were 
not significantly different between the trials with or without 
Sharesource®.

Discussion

Although previous retrospective and simulation studies sug-
gested that RPM or Sharesource® possessed several multi-
faceted positive impacts on patients with APD [5–12, 22], 
the present study is the first pilot RCT to describe the effect 
of using Kaguya® with Sharesource® in patient-initiated 
APD therapy. Specifically, the system improved patient sat-
isfaction for the treatment, reduced healthcare resource con-
sumption, and improved HRQOL subscales and PD-related 
parameters.

The advantage of APD includes the ability to increase 
dialysis dose while patients can continue to engage in the 

daily activities of work, education, or family, leading to 
better HRQOL [23–25]. Moreover, APD was reported to 
improve patient/technique survival and peritonitis rate com-
pared with CAPD [26], although another study reported 
conflicting results [27]. Kaguya®, a Japanese-specific APD 
system enabling automated connection with dialysates, may 
further reduce the incidence of peritonitis especially caused 
by touch contamination. However, no studies investigating 
the benefit of Kaguya® itself or Kaguya® with connective 
use of Sharesource® have been found. Several studies have 
previously reported a high level of satisfaction with RPM 
in both patients and medical staff [6, 28–31]. However, our 
study firmly demonstrated an improvement in patient satis-
faction with the use of an RPM software using the TSQM, a 
well-validated scale widely used in clinical studies [13, 14]. 
The significant scores in the TSQM subscales of Effective-
ness and Convenience could be due to the increased indi-
vidualization of the APD treatment through frequent pre-
scription changes and improved adherence [9, 12, 22, 32], as 
well as the noncompulsory reporting of treatment progress 
and initiation of treatment changes. Without Sharesource®, 
the PD staff could access only some of the patient informa-
tion, such as daily ultrafiltration volume of APD, BW, and 
BP, by checking the APD recording notebook of the patient 
during their visits to the clinic. Additionally, patients must 
request for changes in their APD prescription with the help 
of PD doctors, nurses, or Baxter call centers. Although we 
were concerned about patient privacy with the use of RPM, 

Table 3  Effect of Sharesource® 
on peritoneal dialysis-related 
parameters

BP blood pressure, BMI body mass index, GNRI geriatric nutritional risk index, CRP C-reactive protein, 
BNP brain natriuretic peptide, PD peritoneal dialysis, CCr creatinine clearance
a For these variables, Wilcoxon signed-rank test was performed to test statistical significance

Variables With Sharesource® Without Sharesource® P-value

Systolic BP (mmHg) 148.3 ± 8.8 143.8 ± 18.5 0.33
Diastolic BP (mmHg) 79.5 ± 12.9 80.7 ± 14.3 0.75
BMI (kg/m2) 24.0 ± 4.7 23.7 ± 4.9 0.15
Urea nitrogen (mg/dL) 59.6 (48.7–64.3) 51.5 (44.1–59.7) 0.17a

Creatinine (mg/dL) 12.7 (11.0–13.8) 12.5 (11.3–13.1) 1a

Sodium (mEq/L) 137.4 ± 3.0 137.7 ± 2.7 0.52
Potassium (mEq/L) 4.51 ± 0.69 4.39 ± 0.62 0.48
Albumin (g/L) 3.47 ± 0.34 3.54 ± 0.38 0.29
GNRI 97.2 ± 8.5 97.6 ± 9.1 0.66
Calcium (mg/dL) 9.44 ± 0.49 9.54 ± 0.51 0.36
Phosphorus (mg/dL) 5.70 ± 1.07 5.70 ± 1.05 1
Parathyroid hormone (pg/mL) 215 (156–371) 304 (163–489) 0.03a

CRP (mg/dL) 0.12 (0.06–0.15) 0.14 (0.06–0.22) 0.71a

BNP (pg/mL) 403.9 ± 554.6 238.4 ± 252.0 0.28
Hemoglobin (g/dL) 10.7 ± 0.9 11.4 ± 1.3 0.13
Ultrafiltration (mL) 1388.2 ± 426.1 1209.5 ± 395.9 0.003
PD Kt/V 1.79 ± 0.55 1.62 ± 0.34 0.04
PD CCr 43.2 ± 18.4 37.4 ± 12.1 0.02
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this did not affect patients’ HRQOL. On the contrary, RPM 
improved the SF-36 subscales of General Health and Vital-
ity, and all the patients actually elected to use Sharesource® 
after the clinical trial period. The use of the KDQOL-SF to 
assess HRQOL was also one of the strengths of this trial.

Ultrafiltration volume, PD Kt/V, PD CCr, and serum PTH 
were also improved with the use of Sharesource®. This 
could be also due to the optimization in PD prescription 
and increased treatment adherence. Nonetheless, caution is 
warranted in interpreting these results, given that only the 
parameters measured at a single point, i.e., week 12 of each 
trial, were used for comparisons, which might have resulted 
in increased variability in parameters that are affected by 
a variety of factors, including medication nonadherence, 
stress, and diet. Nonadherence, defined as the performance 
of less than 90% of prescribed PD therapy, was often 
observed in patients undergoing PD and was associated with 
negative clinical outcomes, including death, technique fail-
ure, and hospitalization [32, 33]. Adherence to APD treat-
ment in the trial with Sharesource® was almost 100%.

In addition to clinical outcomes, the monetary costs of 
healthcare resources are an important aspect in the man-
agement of patients with end-stage renal disease (ESRD). 
Previous retrospective and simulation studies and the present 
trial showed that RPM-APD reduced the disease burden, 
consultation time, healthcare resource consumption, includ-
ing the interaction of patients on APD with doctors or nurses 
and associated net costs, which in one study amounted to 
US $121,233 per year [5, 6, 10, 11]. Although we did not 
calculate the cost savings in this trial, reduced healthcare 
consumption with RPM-APD due to fewer clinic calls, 
unplanned clinic visits or hemodialysis, and hospitalizations, 
as well as reduced regular PD clinic consultation times, 
would have highly probably reduced net costs. Regarding 
the length of consultation, additional time is necessary for 
PD doctors to check the information on Sharesource®. On 
the other hand, PD doctors can check the status of patients 
on Sharesource® (e.g., during downtimes between consul-
tations and laboratory experiments) without the constraints 
of scheduled consultations. Additionally, the use of Share-
source® involves only doctors, while consultation involves 
doctors, as well as patients and other medical staff (e.g., 
nurses and medical clerks). Moreover, an RPM-APD pro-
gram proved beneficial during the COVID-19 pandemic by 
reducing on-site evaluation and more strictly controlling 
hypertension and serum phosphorus and PTH levels [34, 
35]. However, this trial did not take into account the impact 
of the COVID-19 pandemic on the results.

The present trial has several limitations. First and most 
importantly, this study was a pilot study that included a 
small number of patients who were monitored for a short 
follow-up duration. The effects of Sharesource® with 

Kaguya® in improving patient satisfaction, reducing 
healthcare resource consumption, and improving HRQOL 
subscales and PD-related parameters were definitive. 
Future investigations should assess the effect of Share-
source® with Kaguya® on the long-term outcomes of 
patients on PD, including peritonitis, technique failure, 
and death. Second, owing to the nature of Sharesource® 
or RPM that made blinding of the participants and medical 
staff impossible, the effect of several biases, including the 
Hawthorne effect and observational bias, was undeniable, 
although PD-related parameters were relatively objective 
variables. Finally, the crossover design adopted in this 
trial could also potentially add several limitations, includ-
ing the carry-over effect and the order effect, although 
both effects were nearly negligible statistically in the pri-
mary outcome and treatment effects remained after the 
adjustment of both effects. From these limitations, future 
RCTs with larger sample size, longer term follow-up, and 
parallel-group design are necessary for a more definitive 
demonstration of the positive impacts of Sharesource® on 
the outcomes of patients undergoing APD. However, the 
long-term assignment of a control group without the use 
of RPM is unethical, given the potentially high usefulness 
of RPM [33].

In conclusion, this RCT indicates the multidimensional 
beneficial effects of the Kaguya® with Sharesource® 
RPM-APD system in terms of patient-centered and clinical 
outcomes in ESRD patients undergoing APD. However, 
our results should be interpreted cautiously with due con-
sideration of the several limitations of the study. Evidence 
from continuous research, especially RCTs and/or large 
observational studies is necessary to establish the value of 
existing and future RPM models among patients on APD 
and healthcare providers [36, 37].
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