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ABSTRACT

Home hemodialysis (HD) and automated peritoneal dialysis (APD) have advantages over HD in hospitals or HD centers. Home
therapies are generally less expensive and give patients greater mobility and freedom for work, school, family, and recreational
activities. Technological advances have made it possible to complement APD with devices for remote monitoring (RM) of the
patient. With them, objective information generated in the APD device is collected and sent to repositories “in the cloud” for
analysis or at the time decided by the health team. With APD+RM, it is possible to monitor therapeutic compliance, effective
dialysis time, ultrafiltration volumes, inflow and outflow patterns of dialysis fluid, and patient actions to respond to alarms that
indicate deviations from the parameters set by the nephrologist. The results of APD+RM show good acceptance by the patient,
nephrologists, and nurses, treatment adherence has improved, hospitalizations and technique failure have decreased, and some
aspects of quality of life have improved. However, there is a lack of controlled clinical trials that reliably demonstrate lower
mortality and comorbidity due to specific causes. (REV INVEST CLIN. 2023;75(6):318-26)
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INTRODUCTION survival, better quality of life, lower transportation
costs, greater patient autonomy, and clinical bene-
fits, including better control of blood pressure and

phosphorus?-.

HOME TREATMENTS

Peritoneal dialysis (PD) and hemodialysis (HD) pro-

grams performed at the patient’s home have sig-
nificant advantages compared to HD in the hospital
or at an HD center. Various studies have provided
evidence of the benefits of the two home modalities
in important outcomes such as more prolonged
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Other significant advantages of home dialysis are the
greater availability of time for school activities for chil-
dren or young patients and more time for recreation-
al activities and family and social life. It also avoids the
inconvenience of traveling long distances and long
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times to attend HD centers. More importantly, home
treatment costs are lower in-home therapies than in
hospitals or HD centers’-°.

Despite these valuable advantages, home PD and HD
have minimal use in developed countries®0. The
causes of underutilization vary; the reimbursement
system is one of them since payment is generally
higher for in-center HD'%-13, Other frequent limita-
tions include patients’ or caregivers’ fear regarding
their ability or that of their caregivers to learn the
use of dialysis devices because they require some
computer skills and periodic retraining. The patient’s
perception of medical monitoring is less frequent and
it could impact clinical outcomes and the belief that
the therapy itself demand more self-care activities
without immediate specialized supervision. The pa-
tient often perceives home care as a burden for the
family because it is their responsibility to identify
problems that require the intervention of the doctor,
nurse, or service providers, which can reduce the time
to carry out their work activities and decrease the
economic income of the members who support the
family economy4.15,

Physicians may underutilize home dialysis because of
perceived technical complexity, concerns about com-
plications, limited resources and infrastructure, lack
of awareness, bias and tradition, and the concept of
a lack of control of the patient’s treatment. In addi-
tion, physicians may fear their inability to determine
the patient's adherence to dialysis treatment.

THE HELP OF REMOTE MONITORING

With the advances in digital information technolo-
gies, wireless devices have been developed that allow
automated PD (APD) devices to be connected with
web based platforms and allowing a bi-directional
connection with doctors' or nurses' computers or
other devices to a clinical portal with a user-friendly
interface. Here, they can review a treatment sum-
mary and quickly identify treatment deviations and,
when needed, remotely adjust the prescription thor-
ough device setting adjustments. APD-assisted re-
mote monitoring (RM) (APD+RM) devices offer a
new and compelling opportunity to recognize and
solve clinical problems without moving the patient
from home to the hospitalt>-1°. Although there are
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few studies on telemedicine in the PD population, suc-
cesses in other areas support its technical feasibility.
The acceptance of the technology by the patient is
very high and has also made it possible to improve
clinical outcomes in the population with end-stage
renal disease?%2!. As examples in non-renal patients,
several meta-analyses have shown the benefits of
structured telephone support and the use of implant-
able electronic devices in the caring for patients with
cardiac disease?223, In addition, diabetes-related tele-
medicine programs allow timely changes in drug man-
agement and lower hemoglobin Alc percentage more
effectively than standard-of-care monitoring?4. How-
ever, there is still resistance and little confidence in
using RM in home dialysis. Nephrology must be fast-
er to accept telehealth technology in its daily practice,
partly due to information security regulations. The
need to guarantee the security of patient data is a
relevant concern.

Current RM devices allow the recovery of information
generated from APD devices; the patient does not
need to collect data in a log as with conventional
management. The RM device comprises a series of
sensors, counters, and microprocessors that collect,
analyze, and integrate information and present it as
numerical indicators. The clinical administrator de-
fines the configuration flags (red or yellow) according
to the limits previously selected, at what moment the
warning or danger signals or flags will light up and
obtain a patient snapshot with information in graphs,
prescribed device program, solutions used, UF and
therapy details, in a daily basis or in periods of 7 or 30
days. The information stored is of significant volume,
so it must be transmitted to a repository in the “cloud.”
From there, it can be consulted by the health team?>.

This new technology requires the establishment of
new clinical surveillance routines and levels of respon-
sibility. In real life, the daily use of the APD+RM partly
resembles “the clinical round” in a nephrology depart-
ment following algorithms to review and manage de-
tected deviations. It is possible to quickly consult the
single image treatment dashboard the number of
flags: preventive (yellow) or risk (red); the clinical
administrator creates user accounts for the clinical
staff assigning specific roles and levels of information
visibility. If a patient with a recurrent deviation in the
therapy is identified during daily dashboard assess-
ment, the review of the treatment summary is
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Table 1. Set-up limits for flag alerts

Yellow flag Red flag
Treatment duration Lost treatment time 15 min 30 min
Treatment variations Lost dwell time 15 min 30 min
Lost therapy volume 5% 10%
Drain finished early 2
Initial drain variation 50% 100%
High drain volume X
Patient intervention Bypass count in infusion or dwell 2
System alerts Events during treatment 5 10

recommended. With time, the clinical staff develop
experience and its able to identify the patient’s be-
havior patterns, and design effective and developing
proactive intervention protocols to solve them or de-
tect the need for call the patient to preemptively
adopt solution strategies, which can be simple or re-
quire the intervention of the nephrologist, the nurse
or the technician responsible for the equipment's op-
eration. The patient can also be called for a clinic
visit to solve more complex problems?>. Table 1 shows
some variables necessary for managing APD patients
and the yellow and red flags limits the clinical health
team set up, and Fig. 1 contains a suggested algo-
rithm for routine review.

The use of APD+RM has the potential to closely mon-
itor patients and obtain essential data without adding
workload to the patient, such as the volumes infused,
the total and effective duration of dialysis, the ultra-
filtration obtained, and the presence of interruptions
or changes in flow infusion and drain pattern of the
solutions. The patient’s information is valuable but
frequently needs to be more detailed; it may contain
involuntary forgetfulness, may be influenced by sub-
jective aspects, or be frankly modified.

Treatment adherence

The APD+RM allows us to know the patient's treat-
ment adherence, including daily connection and treat-
ment time. With this information, it is possible to
objectively analyze the patient’s adherence to the
indications, the omissions, the reduction of the vol-
umes infused, or the reduction of the dwell time of
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the liquid in the cavity. Several studies have shown
that surveillance with APD+RM makes it possible to
detect connection omissions and take action to im-
prove treatment compliance?¢-28. Non-adherence is a
frequent problem. It has been reported in ranges of
2.6—53% for PD in general and 5%—20% for APD in
particular?8-30_ Still, it is recognized to be most likely
underestimated since these are self-reported data.
Non-adherence to dialysis is a significant risk factor
for mortality and hospitalizations?°-31,

In a recent study, in which one of the monitoring sys-
tems available in our country (HomeChoice Claria® +
Sharesource platform® Baxter) was used, APD+RM
reduced non-adherence from 10.5% to 4.9%. When a
subgroup of known non-adherent patients was ana-
lyzed, the change was from 48.4% to 12.4%. Simul-
taneously, the serum Potassium and C-reactive pro-
tein serum concentrations were reduced32.

Much of the information on critical clinical outcomes
using APD+RM such as mortality, hospitalizations,
and technique failure comes from small studies in-
volving few patients, and the conclusions may be un-
derpowered. However, encouraging results were
found in a recent systematic review with a moderate
risk of deviations between the original studies33,
which included seven clinical trials with patients re-
ceiving RM treatment. Five studies were cohorts and
two were controlled clinical trials; six were in APD and
one in HD. The cohorts included 9758 patients and
in the RCTs, 217. Mortality was not reported in any
study, and there was no uniformity in the monitoring
time.
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Figure 1. This graph is a suggested algorithm for daily routine evaluation of automated peritoneal dialysis+remote monitoring
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Despite the limitations, it was possible to establish
that the number of days of hospitalization was lower
in three of the studies in patients with APD+RM33-35,
The number of hospitalizations for any cause was
lower in the same group. Still, in one study, the results
were the opposite3°. When the specific causes of hos-
pitalizations were considered, defined as the sum of
PD-related infections + overhydration + access dys-
function3> or infections + fluid overload3$, the differ-
ence tended to be less in RM. However, it did not
reach statistical significance.

Technique failure

In five studies analyzed, technique failure as a cause
of transfer to another dialysis modality was lower
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with RM34-38 ' When three studies containing adequate
information were pooled, the reduction was signifi-
cant in favor of RM in prevalent patients.

Quality of life

Quality of life was measured in two studies37-3°. In one
of them, the rating was equal in-patient satisfaction
and commitment of the dialysis team3’. Conversely,
patient satisfaction was better in RM but the opposite
in staff mood?°.

Mortality

Mortality is an issue that needs to be adequately ad-
dressed. There are no studies, or they need to have
the appropriate design. In a study carried out in Colom-
bia, with a design to compare APD+RM versus APD
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patients matched with propensity score, it was found
that the stay was 3.2 months longer in the APD+RM
group compared with APD. However, the difference
was dominated by less technique failure, as the differ-
ence in mortality did not reach statistical significance*°.

APD+RM from the perspective
of the clinical team

RM is generally well accepted, but it undoubtedly re-
quires training from the nurse and the nephrologist.
In a survey conducted among experienced and up-to-
date nurses and physicians in the management of PD,
both expressed the opinion (87% and 100%, respec-
tively) that, in children, RM is a valuable tool to detect
clinical problems with objective and reliable data. In
addition, 80% considered that it is possible to act
preemptively. Both nurses and physicians (67% and
59%) considered that nurses can address problems
before physicians, and more than 75% believe that
monitoring of patients is improved and time is saved.
The nurses (73%) rated the RM as a proper nursing
tool, but the physicians (41%) did not*!.

The nurses thought that they knew more about RM
than the doctors (73%), that treatment adherence is
improved, and that it allows the participation of the
patient with the PD team. Non-adherence can be
more adequately documented in the daily connection
and the early termination of the session, the shorten-
ing of the drainage time, or avoiding the alarms. The
result is a more successful prescription??.

Regarding the disadvantages, half of the patients or
their caregivers feared they could not handle APD+RM
when starting the therapy, and 80% indicated that
they could only talk to the nurse about the system.
Among the most relevant advantages, patients or their
caregivers considered that they had more satisfactory
monitoring, giving them more security. Avoiding en-
tries in a log was gratifying and improved the quality
of sleep in patients and caregivers*:.

In another study with patients, doctors, and nurses, it
was found that APD+RM is perceived as a convenient
and efficient option, which gives the patient security
and, because they feel better monitored, they have
greater adherence to treatment and more autonomy.
The system needs to be more accurate regarding
protecting their data and the reliability of the information
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collected by the device. With RM, the characteristics
of the doctor-patient relationship change; the patient-
initiated communication decreases, and the doctor
has a more significant workload and responsibility.
The doctor requires more training in technology and
management and often makes more changes to the
treatment prescription“2.

Economic analysis

Despite the advantages described, the economic aspects
of APD+RM still need to be explored. In a study with a
crossover design, with 15 patients in consecutive
randomized periods with and without RM, the primary
outcome was patient satisfaction, and APD+RM had
better scores in the perception of effectiveness and
convenience. On the other hand, the secondary outcome,
which was the consumption of resources, measured as
consultations in the 12 weeks of observation, were
significantly reduced as was the time of scheduled visits*3.

In a simulation study, potential resource use scenarios
of APD therapy in patients with and without RM in
three European countries were developed with the
help of 11 teams of nephrologists and nurses. Hospi-
talizations were reduced between one and two, visits
to the Emergency Department between two and five,
and visits between four and eight. The savings in all
scenarios were USD 23,364 in the United States, USD
11,477 in Germany, and USD 7088 in Italy44.

In a pilot study with 21 patients monitored for 6
months in conventional APD and another period of
6 months with APD+MR, the savings for the health
system were calculated at €335 (average per pa-
tient-month). The costs, represented by the loss of
time of the patient and the caregiver, were calcu-
lated at €685 (average per patient-month)4°.

Although the two studies mentioned are with a small
number of patients and monitored in a short time,
they are consistent with the results of the clinical
outcomes described.

Why does RM have advantages
in patient care?

RM has no direct effect on APD itself. It does not in-
fluence the composition of dialysis solutions, nor does
it affect peritoneal permeability or modify the dialysis
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Figure 2. Schematic view of relevant medical variables in managing patients in automated peritoneal dialysis and the advan-
tages of automated peritoneal dialysis+remote monitoring with potential impact on those variables.
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* Probable removal of middle size and
large molecules
* The patient should provide detailed and
accurate information about therapeutic

compliance, the Ultrafiltration volume,
and the effective hours of PD.

prescription. The advantage lies in the fast, reliable,
and timely information it collects. The daily monitoring
of the treatment provides information about how the
patient is managing their therapy at home and
adherence to the prescription. It allows to identify the
number and types of alarm complications, such as
catheter malfunction; with this, the clinical team can
establish preemptive attention protocols addressing
the potential complications.

When evaluating new technologies, it is essential to
mention how they influence relevant variables of
patient care from a biological point of view. Some of
these variables are schematized on the left side of Fig.
2, and on the right side of Fig. 1, the specific RM
applications that are related to them are indicated.

The first lines on the left emphasize that peritoneal
Kt/V and creatinine clearance do not have the same
biological value as renal Kt/V and creatinine clearance.
Other measurable variables in APD that have been
considered or are candidates to be considered as
indicators of adequacy of APD are also mentioned.
One of them is the control of extracellular volume.
Fluid overload is a frequent complication in PD patients
and is a risk factor for all-cause mortality and all-
cause and cardiovascular morbidity#647.

-
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Technology-Informatics

* Telemedicine

* Any procedure performed without face-
to-face doctor-patient interaction

* APD + Remote Monitoring

* Electronic data collection

* Datanot dependent on the patient,
systematized and analyzed by bag
exchange, PD session, defined periods,
each patient, center, or communities

* Data of therapeutic compliance,
Ultrafiltration volume, Effective time on
DP (Days/Hours).

RM is a valuable aid in the managing of fluid overload.
The ultrafiltration volume is data that can be ob-
tained for each replacement per day, total treatment,
or in 7/30-day periods. With this information, timely
adjustments can be made to the prescription to
achieve UF needs. It can be used long-term to monitor
loss of ultrafiltration capacity, a possible complication
after years of PD treatment. Although the daily UF
has wide variations of up to 20%, careful observation
of alarm signs when values below the recommended
values are obtained, can lead to an early suspicion of
evolving peritonitis#®. These advantages are noted on
the right side of Fig. 2.

An objective feature of the APD+RM is the unbiased
report of treatment adherence. The RM counts the
number of days the patient connects and the effec-
tive time each session lasts. With this information,
the dialysis team can encourage the patient to achieve
greater therapeutic compliance and optimize the use
of resources.

The most used parameter for the prescription or ad-
equacy of the PD has been the Kt/V of urea; however,
obtaining values of this indicator > 1.7 does not impact
patient survival®. However, it should be emphasized
that Kt/V only represents small, water-soluble, and
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Figure 3. The graph shows the behavior of the dialysis solution flows. The dots indicate the occurrence of problems and alarms
in the drains. Besides, the shortening of the effective dwell time is appreciated.
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Figure 4. The graph shows the behavior of the dialysis solution flows. The dots indicate the occurrence of problems and alarms
in the drains. The diamonds indicate the interventions of the patient to turn off alarms, reduce the dwell time of the solutions

in the peritoneal cavity, and terminate the therapy early.
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non-protein-bound. The importance of obtaining an ad-
equate clearance of solutes of molecular weight mol-
ecules between 12 and 50 kD in survival has not been
analyzed in PD. In HD, the clearance of B2m improves
the control of anemia and nutrition*°. However, in HD,
there is not enough information about the effect of the
clearance of medium-sized molecules on survival®°.

The clearance of medium- or large-sized molecules
with PD depends on the hours of dialysis. It has been
shown that long long dialysis effective time increase
the clearance per hour of medium- and large-size mo-
lecular weight molecules®!. Recording the effective
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hours of dialysis can provide indirect information
about the clearance of medium-sized molecules, al-
though this is only a guess.

APD+RM allows detailed recording of the flow of di-
alysis solutions’ continuity and inflow and outflow
rates. Graphic flow analysis provides valuable infor-
mation to identify catheter obstruction, even partial
or intermittent. The time of occurrence and the flow
pattern allow us to suspect specific causes, such as
migration>2, kinking or compression during sleep. Two
examples are shown in Figs. 3 and 4. The graphic in-
formation indicates the time of the event, if alarms
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were issued, what the patient’s behavior was, and if
they turned off the alarm or ended the session early
due to the impossibility of resolving the problem.

THE FUTURE OF APD+RM

The application of home dialysis therapies, particu-
larly APD+RM, depends on several factors. One of the
most important is the nephrologist’s conviction of this
modality’s advantages in the management and well-
being of the patient. The confidence of the nephrolo-
gist depends, in turn, on their experience and the
access to the network, and the access of the patient
to a phone line. Another determining factor is the
lifestyle of the patient, their skill and safety in han-
dling the devices, and the support they receive from
the health team, as well as their confidence in pro-
tecting their data.

CONCLUSIONS

It must be highlighted the need for controlled clinical
trials that demonstrate on time the benefits of
APD+RM in the most important outcomes, such as
patient and technique survival, morbidity, quality of
life, and cost-benefit analyses. The latter is essential
for decision-makers to ponder adopting new technol-
ogy based on optimizing available human and finan-
cial resources. The available data are promising; they
will indeed be confirmed.

REFERENCES

1. Weinhandl ED, Foley RN, Gilbertson DT, Arneson TJ, Snyder 1J,
Collins AJ. Propensity-matched mortality comparison of incident
hemodialysis and peritoneal dialysis patients. J Am Soc Nephrol.
2010;21:499-506.

2. Kumar VA, Sidell MA, Jones JP, Vonesh EF. Survival of propen-
sity matched incident peritoneal and hemodialysis patients
in a United States health care system. Kidney Int. 2014;86:
1016-22.

3. Yeates K, Zhu N, Vonesh E, Trpeski L, Blake P, Fenton S. Hemo-
dialysis and peritoneal dialysis are associated with similar out-
comes for end-stage renal disease treatment in Canada. Nephrol
Dial Transplant. 2012;27:3568-75.

4. Nesrallah GE, Lindsay RM, Cuerden MS, Garg AX, Port F, Austin
PC, et al. Intensive hemodialysis associates with improved sur-
vival compared with conventional hemodialysis. J Am Soc
Nephrol. 2012;23:696-705.

5. Johansen KL, Zhang R, Huang Y, Chen SC, Blagg CR, Goldfarb-
Rumyantzev AS, et al. Survival and hospitalization among pa-
tients using nocturnal and short daily compared to conven-
tional hemodialysis: a USRDS study. Kidney Int. 2009;76:
984-90.

325

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

. Stack AG, Martin DR. Association of patient autonomy with

increased transplantation and survival among new dialysis pa-
tients in the United States. Am J Kidney Dis. 2005;45:730-42.

. United States Renal Data System. National Institutes of Health,

National Institute of Diabetes and Digestive and Kidney Dis-
eases; Bethesda, MD. 2016 USRDS Annual Data Report: Epide-
miology of Kidney Disease in the United States; 2016.

. Robinson BM, Akizawa T, Jager KJ, Kerr PG, Saran R, Pisoni RL.

Factors affecting outcomes in patients reaching end-stage kid-
ney disease worldwide: differences in access to renal replace-
ment therapy, modality use, and haemodialysis practices. Lan-
cet. 2016;388:294-306.

. Karopadi AN, Mason G, Rettore E, Ronco C. Cost of peritoneal

dialysis and hemodialysis across the world. Nephrol Dial Trans-
plant. 2013;28:2553-69.

Jain AK, Blake P, Cordy P, Garg AX. Global trends in rates of
peritoneal dialysis. J Am Soc Nephrol. 2012;23:533-44.
Lameire N, Van Biesen W. Epidemiology of peritoneal dialysis:
a story of believers and nonbelievers. Nat Rev Nephrol.
2010;6:75-82.

Hingwala J, Diamond J, Tangri N, Bueti J. Underutilization of
peritoneal dialysis: the role of the nephrologist’s referral pat-
tern. Nephrol Dial Transplant. 2013;28:732-40.

Li PK, Chow KM. Peritoneal dialysis-first policy made successful:
perspectives and actions. Am J Kidney Dis. 2013;62:993-1005.
McLaughlin K, Manns B, Mortis G, Hons R. Why patients with
ESRD do not select self-care dialysis as a treatment option. Am
J Kidney Dis. 2003;41:380-5.

Cafazzo JA, Leonard K, Easty AC, Rossos PG, Chan CT. Patient-
perceived barriers to the adoption of nocturnal home hemodi-
alysis. Clin J Am Soc Nephrol. 2009;4:784-9.

Wong J, Eakin J, Migram P. Patients’ experiences with learning
a complex medical device for the self-administration of noctur-
nal home hemodialysis. Nephrol Nurse J. 2009;36:27-32.
Cafazzo JA, Leonard K, Easty AC. Patient perceptions of remote
monitoring for nocturnal home hemodialysis. Hemodial Int.
2010;14:471-7.

Gallar P, Vigil A, Rodriguez I, Ortega O, Gutierrez M, Hurtado J,
et al. Two-year experience with telemedicine in the follow-up of
patients in home peritoneal dialysis. ] Telemed Telecare. 2007;
13:288-92.

Nayak A, Karopadi A, Antony S. Use of a peritoneal dialysis re-
mote monitoring system in India. Perit Dial Int. 2012;32:200-4.
Ong SW, Jassal SV, Miller JA, Porter EC, Cafazzo JA, Seto E, et
al. Integrating a smartphone-based self-management system
into usual care of advanced CKD. Clin J Am Soc Nephrol.
2016;11:1054-62.

Lew SQ, Sikka N. Are patients prepared to use telemedicine
in home peritoneal dialysis programs? Perit Dial Int. 2013;33:
714-5.

Klersy C, Boriani G, De Silvestri A, Mairesse GH, Braunschweig
F, Scotti V, et al. Effect of telemonitoring of cardiac implantable
electronic devices on healthcare utilization: a meta-analysis of
randomized controlled trials in patients with heart failure. Eur J
Heart Fail. 2016;18:195-204.

Inglis SC, Clark RA, McAlister FA, Stewart S, Cleland JG. Which
components of heart failure programmes are effective? A sys-
tematic review and meta-analysis of the outcomes of struc-
tured telephone support or telemonitoring as the primary com-
ponent of chronic heart failure management in 8323 patients:
abridged Cochrane Review. Eur J Heart Fail. 2011;13:1028-40.
Faruque LI, Wiebe N, Ehteshami-Afshar A, Liu Y, Dianati-Maleki
N, Hemmelgarn BR, et al. Effect of telemedicine on glycated
hemoglobin in diabetes: a systematic review and meta-analysis
of randomized trials. CMAJ. 2017;189:E341-64.

Gebhardt AT, Mishra A. Two-way patient monitoring in PD:
technical description of sharesource. Contrib Nephrol. 2019;
197:17-27.

Milan Manani S, Rosner MH, Virzi GM, Giuliani A, Berti S, Crep-
aldi C, et al. Longitudinal experience with remote monitoring for
automated peritoneal dialysis patients. Nephron. 2019;142:1-9.
Milan Manani S, Crepaldi C, Giuliani A, Virzi GM, Garzotto F,
Riello C, et al. Remote monitoring of automated peritoneal di-
alysis improves personalization of dialytic prescription and pa-
tient’s independence. Blood Purif. 2018;46:111-7.

Yeter HH, Akcay OF, Ronco C, Derici U. Automated remote
monitoring for peritoneal dialysis and its impact on blood pres-
sure. Cardiorenal Med. 2020;10:198-208.

Bernardini J, Piraino B. Compliance in CAPD and CCPD patients
as measured by supply inventories during home visits. Am ]
Kidney Dis. 1998;31:101-7.



REV INVEST CLIN. 2023;75(6):318-26

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Griva K, Lai AY, Lim HA, Yu Z, Foo MW, Newman SP. Nonadher-
ence in patients on peritoneal dialysis: a systematic review. PLoS
One. 2014;9:e89001.

Denhaerynck K, Manhaeve D, Dobbels F, Garzoni D, Nolte C, De
Geest S. Prevalence and consequences of nonadherence to he-
modialysis regimens. Am J Crit Care. 2007;16:222-35.

Chang MY, Chi PJ, Wang HH, Lee YC, Ho LC, Wu CF, et al. Evalu-
ation of the impact of remote monitoring using the sharesource
connectivity platform on adherence to automated peritoneal
dialysis in 51 patients. Med Sci Monit. 2023;29:e939523.
Nygard HT, Nguyen L, Berg RC. Effect of remote patient moni-
toring for patients with chronic kidney disease who perform
dialysis at home: a systematic review. BMJ Open. 2022;12:
e061772.

Chaudhuri S, Han H, Muchiutti C, Ryter J, Reviriego-Mendoza M,
Maddux D, et al. Remote treatment monitoring on hospitaliza-
tion and technique failure rates in peritoneal dialysis patients.
Kidney360. 2020;1:191-202.

Milan Manani S, Baretta M, Giuliani A, Virzi GM, Martino F, Cre-
paldi C, et al. Remote monitoring in peritoneal dialysis: benefits
on clinical outcomes and on quality of life. J Nephrol. 2020;
33:1301-8.

Sanabria M, Buitrago G, Lindholm B, Vesga J, Nilsson LG, Yang
D, et al. Remote patient monitoring program in automated peri-
toneal dialysis: impact on hospitalizations. Perit Dial Int. 2019;
39:472-8.

Corzo L, Wilkie M, Vesga ]I, Lindholm B, Buitrago G, Rivera AS,
et al. Technique failure in remote patient monitoring program in
patients undergoing automated peritoneal dialysis: a retrospec-
tive cohort study. Perit Dial Int. 2022;42:288-96.

Weinhand| ED, Collins AJ. Relative risk of home hemodialysis
attrition in patients using a telehealth platform. Hemodial Int.
2018;22:318-27.

Jung HY, Jeon Y, Kim YS, Kim DK, Lee JP, Yang CW, et al. Outcomes
of remote patient monitoring for automated peritoneal dialysis:
a randomized controlled trial. Nephron. 2021;145:702-10.
Sanabria M, Vesga J, Lindholm B, Rivera A, Rutherford P. Time
on therapy of automated peritoneal dialysis with and without
remote patient monitoring: a cohort study. Int J Nephrol. 2022;
2022:8646775.

Uzun Kenan B, Demircioglu Kilic B, Akbalik Kara M, Taktak A,
Karabay Bayazit A, Yuruk Yildirim ZN, et al. Evaluation of the
Claria sharesource system from the perspectives of patient/

326

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

caregiver, physician, and nurse in children undergoing automat-
ed peritoneal dialysis. Pediatr Nephrol. 2023;38:471-7.

Talbot B, Farnbach S, Tong A, Chadban S, Sen S, Garvey V, et al.
Patient and clinician perspectives on the use of remote patient
monitoring in peritoneal dialysis. Can J Kidney Health Dis 2022;
9:20543581221084499.

Uchiyama K, Morimoto K, Washida N, Kusahana E, Nakayama
T, Itoh T, et al. Effects of a remote patient monitoring system
for patients on automated peritoneal dialysis: a randomized
crossover controlled trial. Int Urol Nephrol. 2022;54:2673-81.
Makhija D, Alscher MD, Becker S, D’Alonzo S, Mehrotra R, Wong
L, et al. Remote monitoring of automated peritoneal dialysis
patients: assessing clinical and economic value. Telemed J E
Health. 2018;24:315-23.

Amici G, D’Angela D, Lo Cicero A, Romanini D, Martino FK, Span-
donaro F. Pilot health technology assessment study: organiza-
tional and economic impact of remote monitoring system for
home automated peritoneal dialysis. Int Urol Nephrol. 2021;
53:1933-40.

Kim YL, Biesen WV. Fluid overload in peritoneal dialysis patients.
Semin Nephrol. 2017;37:43-53.

Paniagua R, Amato D, Vonesh E, Correa-Rotter R, Ramos A, Mo-
ran J, et al. Effects of increased peritoneal clearances on mortal-
ity rates in peritoneal dialysis: ADEMEX, a prospective, random-
ized, controlled trial. J Am Soc Nephrol. 2002;13:1307-20.
Paniagua R, Rojas M, Ramos A. Managing peritoneal dialysis
complications through remote patient management protocols.
Contrib Nephrol. 2019;197:65-72.

Yu S, Yang H, Chen W, Yuan H, Xiong X, Fu P, et al. Middle-size
molecule clearance as measured by B2-microglobulin in high-
flux versus low-flux dialysis and hemodiafiltration: a prospective
randomized controlled trial. Artif Organs. 2023;47:38-46.
Yang J, Ke G, Liao Y, Guo Y, Gao X. Efficacy of medium cut-off
dialyzers and comparison with high-flux dialyzers in patients on
maintenance hemodialysis: a systematic review and meta-anal-
ysis. Ther Apher Dial. 2022;26:756-68.

Kabanda A, Goffin E, Bernard A, Lauwerys R, van Ypersele de
Strihou C. Factors influencing serum levels and peritoneal clear-
ances of low molecular weight proteins in continuous ambula-
tory peritoneal dialysis. Kidney Int. 1995;48:1946-52.
Drepper V], Martin PY, Chopard CS, Sloand JA. Remote patient
management in automated peritoneal dialysis: a promising new
tool. Perit Dial Int. 2018;38:76-8.



