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Abstract: A steadily increasing number of end stage kidney disease (ESKD) patients 
are maintained on automated peritoneal dialysis (APD) worldwide, in long-standing as 
well as in more recently established peritoneal dialysis (PD) programs. A better under-
standing of the technique, paralleled by progress in involved technology, sustained this 
growth to the point that APD has become the prevalent mode of PD delivery in most 
high-income countries. While APD is now regarded to be at least as efficient as 
continuous ambulatory peritoneal dialysis (CAPD) with regard to major biomedical 
outcomes, its impact on patient-reported outcomes has been less investigated. This 
paper reviews the main outcomes of APD from a clinical point of view and from the 
person on dialysis perspective. 
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Introduction
Patients requiring kidney replacement therapy (KRT) have a reduced health 
perception since they are chronically dependent from a life-saving procedure. 
Even if most of them strive to maintain well-being, they may suffer physical and 
psychological impairment that negatively affects their quality of life (QoL). 
Moreover, younger dialysis patients need to have free daytime for working 
both because they must do it and because employment is the better way to 
increase their well-being and QoL.1 When receiving understandable, unbiased 
information about (KRT) modality options, nearly half of the incident patients 
choose home PD, and the majority of them prefer APD.2 The main reason for 
this is the possibility to limit the burden of the dialysis procedure to nighttime, 
so minimizing restrictions to previous usual daytime activities of both the 
patient and/or the caregiver. Nevertheless, PD is used less than expected and 
prevalence is low worldwide, around 11%.3 This is because socioeconomic 
consideration, such as reimbursement policy, and staff confidence with PD 
influence the selection of dialysis modality and, in most of the cases, the 
patient’s preference is not fully investigated.4 When PD is chosen and timely 
started, many clinicians opt for incremental manual peritoneal dialysis with one 
or two exchanges a day, switching to APD when an increase in PD dose 
becomes necessary, in order to preserve dialysis-free daytime, while others 
start directly with nightly APD (NIPD).5 Lifestyle reasons make APD the 
preferred modality in many developed countries. Its success, however, has 
been possible only thanks to the technological improvement of the cyclers.
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Historical Background
The first apparatus conceived for PD delivery was first 
used in human by Boen et al in Seattle6 and subsequently 
by Lasker et al7 to treat patients with acute kidney injury 
(AKI). Further refinement of those devices subsequently 
allowed treatment of ESKD patients, and promoted 
a relative diffusion of intermittent APD. The use of APD 
was limited at that time to in-hospital treatment of ESKD 
patients 2–3 times a week for 8–10 hours per session, or to 
longer home treatments once a week. Uremic syndrome 
was only partially mitigated with those schedules and 
clinical results were quite poor, so that, with the advent 
of CAPD, APD was largely abandoned. In the late 1980s, 
renewed interest for APD was promoted by the commer-
cialization of new machines, capable to pre-warm and 
quantitate peritoneal dialysis fluid (PDF) from apposite 
large volume bags. A milestone occurred in 1994 when, 
thanks to the improvement of hardware components, 
a compact and portable cycler, 12 kg in weight was devel-
oped. In the following version, a 2 Mb data card was also 
provided, whose function was to transfer patient’s pre-
scription and to collect treatments reports (up to 60 
days). The memory card allowed, for the first time, to 
monitor home therapy, including problems that 
patients may have during treatment, and compliance.

Subsequent diffusion of cycler-assisted PD provided 
evidence of potential advantages over CAPD in terms of 
prescription flexibility and rehabilitation issues, making 
APD the KRT of choice for children, actively working 
adults and older, frail patients dependent on a caregiver. 
Since then, APD has gained growing popularity, until 
becoming the prevalent mode of home PD delivery in 
most high-income countries.8 Rapid progress in technol-
ogy has allowed great improvement in devices for APD in 
terms of safety issues, programming potential and port-
ability. Last generation cyclers incorporate intra-peritoneal 
pressure (IPP) control, (pump-driven) inflow/outflow rate 
sensor, possibility to vary PDF composition, volume and 
dwell duration on a cycle by cycle basis during a session, 
giving room to better comfort for patients and caregivers 
while enhancing dialytic efficiency.9 Technological inno-
vation has also made remote monitoring possible, with the 
advantage of closer, real time follow up. It has been found 
to improve patient’s adherence to prescribed therapy, to 
enhance timely recognition of complications and proactive 
intervention, to reduce patient’s unscheduled access to the 
hospital and to promote dialysis adequacy.10,11 These 

instruments have been well accepted by patients and 
their family.12 APD effectiveness has been recently 
reported also in particular clinical settings such as urgent 
PD start13 and treatment of acute kidney injury (AKI).14

APD Prescription
APD prescription entails basic orders such as duration of 
the session, total PDF volume used, number of cycles 
(inflow, dwell and outflow), dwell duration, intraperitoneal 
fill volume (IPV), total or fractional (tidal) exchange 
volume at each cycle, PDF composition with regard to 
glucose and calcium concentration and type of buffer 
(lactate or bicarbonate). Duration of nightly APD is 
usually tailored to patient’s usual sleep time. The total 
PDF volume prescribed, as its composition, is dictated 
by target solute clearance and ultrafiltration (UF) volume. 
Increasing the PDF flow rate (ie, the “dose” of APD) 
enhances both solute clearance and UF, until an individual 
plateau is reached, beyond which no further increase is 
observed. This is because increase of total PDF volume 
per night means higher number of cycles, which translates 
in more treatment time spent on lower efficacy inflow/ 
outflow phases at the expenses of reduced dwell time. 
The PDF flow at plateau is higher for patients with med-
ium to high peritoneal transport characteristics, and with 
the use of a tidal modality, while is reached earlier with 
a medium-low transport status and a nontidal modality. 
Measurement of the individual IPV/IPP curve allows to 
identify the highest tolerated IPV, which promotes effi-
ciency while preventing overfill complaints and associated 
complications. Some of the last generation APD cyclers 
allow to vary IPV, PDF composition and dwell time on 
a cycle to cycle basis, offering the opportunity for an 
individualized optimization of the treatment. 
Furthermore, they incorporate flow sensors able to per-
ceive the abrupt, persistent reduction in outflow rate (so 
called “breakpoint” or transition point) so that, instead of 
spending more time draining a small PDF volume, the 
cycler moves to the inflow phase of the next cycle (flex-
point), thus saving time for full volume dwell and theore-
tically improving dialytic efficiency. While promising, 
however, the efficacy of these features in real world clin-
ical practice has not yet been clearly demonstrated in good 
quality trials to date.

Clinical Outcomes
In the last three decades APD has been regularly compared 
with CAPD in terms of incidence of infectious 
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complications, residual kidney function (RKF) mainte-
nance, small solute clearances and fluid balance target 
attainment, cost, quality of sleep, rehabilitation and quality 
of life (QoL), technique success and patient’s survival.15

Infectious Complications
In the late 1990s, a lower incidence of peritonitis was 
consistently reported in patients on APD in comparison 
to those on CAPD, and possibly attributed to the minor 
number of connections/disconnections (ie, less opportunity 
for touch contamination) needed in APD.16 Later on, the 
overall incidence of PD-related peritonitis substantially 
declined thanks to the improvement of connection devices 
and the subsequent advent of no-disconnect systems, and 
no difference has been noted anymore between CAPD and 
APD in recent cohorts.17

Residual Kidney Function Maintenance
With APD diffusion, a number of papers reported a faster 
decline of RKF in patients on APD, and suggested inter-
mittency of treatment could be a factor. Further large 
studies were less consistent, and even when a difference 
was found, it appeared to be small.18 According to pub-
lished evidence, at present a possibly longer preservation 
of RKF is not regarded as decisive for the PD modality 
choice. Whenever an elective planned PD initiation is 
feasible and RKF (averaged urea and creatinine urinary 
clearances) is >8 mL/min, PD may well be started with 
a single overnight, manually performed, exchange.19 This 
strategy associates low cost and the least intrusive transi-
tion to KRT, with the additional benefit the patient and/or 
the caregiver learn how to perform manual PD exchanges, 
an ability useful to increase flexibility of their life on PD 
and to cope with possible complications and clinical 
needs. In the author’s experience, patients may continue 
with this low dose PD schedule for a minimum of 4–6 
months to even several years, depending on the RKF 
course. When a single daily manual exchange is felt to 
be not enough, the option to switch to nightly APD should 
be offered, and about 2 patients out of 3 will choose it.

Small Solute Clearance and Ultrafiltration 
(UF) Adequacy
Prescription power of CAPD has long been established, 
and clinically confirmed, by satisfactory results achievable 
in most patients even when RKF is lost. Due to the short 
dwell time typical of nightly APD (NIPD), solute 

clearance and fluid removal are quite different and more 
heavily influenced by the patient’s peritoneal transport 
status than in CAPD. While transperitoneal diffusion of 
small molecules such as urea is relatively fast, that of 
larger molecules such as creatinine, phosphorus, urate 
and sodium is much slower. As a consequence, NIPD 
(APD without day dwell) may achieve urea KTp/V higher 
than CAPD, but creatinine and phosphate clearance and 
sodium (Na+) removal are usually substantially lower than 
those of CAPD, especially in patients with slow transport 
status. When RKF declines, NIPD alone may be not suffi-
cient to reach presently recommended minimum adequacy 
targets, and one or more day dwells become necessary. On 
the other side, adequate UF volume is usually attained 
with NIPD, even in fast transporters experiencing difficult 
fluid balance with CAPD. On a clinical ground, there is 
general consensus on a preferential indication for APD in 
fast transporters.20,21 Moreover, UF efficiency, ie UF 
volume for grams of glucose absorbed, is nearly double 
that of CAPD, depending on peritoneal membrane trans-
port status. Phosphate clearance is about 30% lower com-
pared to full-dose CAPD,22 but dietary counseling, 
maintenance of RKF and chelating agents play a much 
more important role in counteracting hyperphosphatemia 
in PD patients. Sodium removal is usually lower with 
NIPD than with CAPD, but it approaches 70–100 mmol 
per treatment in patients with no RKF,23 making 
a sustainable dietary restriction usually enough to maintain 
balance. When large UF volume is needed, however, 
sodium sieving may cause hypernatremia, thirst and diffi-
cult fluid balance. The availability of lower Na+ concen-
tration PDF for APD would probably help here.24 Clinical 
advantages and drawbacks of APD when compared to 
CAPD are summarized in Table 1.

Cost
Direct cost of APD is about 30% higher than that of a 4 
daily exchange CAPD schedule, with wide discrepancies 
between different countries and geographic areas.25 In 
western Europe, one 5-liter neutral pH, low glucose degra-
dation product (GDP) bag for APD costs about 20% more 
than one similar 2-liter CAPD bag and about 20% less 
than a 2-liter polyglucose bag. Despite this, the majority of 
APD patients are prescribed a day-long polyglucose dwell, 
while NIPD dose (PDF volume per night) increasing is 
rarely pursued. Economic pressure did not promote 
research for the online production of PDF at the point of 
care, a potentially cost-saving development able to 
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substantially enhance APD efficiency, while dramatically 
reducing home space occupied by storage of PD supplies. 
A more meaningful analysis of APD cost would require 
inclusion of indirect costs and productivity rehabilitation 
issues, which probably largely compensate the direct cost 
gap with CAPD.26 As such, this evaluation is largely 
subject to regional health economy differences worldwide. 
In most low and low-middle gross domestic product 
(GDP) countries the offer of APD is still cost-restricted.

Quality of Sleep, Rehabilitation and 
Quality of Life
While early studies reported, as expected, worse sleep 
quality in patients on nightly APD, more recent ones 
found no difference or even reported a lower incidence 
of sleep apnea.27 Although modern cyclers are quite silent, 
quality of sleep of patients in APD may be negatively 
affected by the alarms raised during treatment. 
Sometimes patients report they stay awake because of 
the fear of alarms. Moving to a tidal prescription or 

preferring flexpoint may be helpful in reducing alarms 
when due to slow flow during the last part of drainage.

Interestingly, a recent small study found sleep quality 
to be associated with RKF rather than modality in PD 
patients.28 By no doubt, sleep quality is often heavily 
affected in ESKD patients, whatever the KRT modality, 
and is highly prioritized by patients, their family and 
caregivers.29 More extensive investigation is needed in 
this area.

Because of a less time demanding workload, APD may 
offer potential lifestyle benefits to the patient and his/her 
caregiver. Education attendance, job maintenance, active 
social life and leisure time are easier than with CAPD. 
Several studies show superior employment 
frequency among patients on APD, but this is largely 
because younger persons who have a job prefer APD over 
CAPD.30 Using validated measures of health-related quality 
of life (HRQoL), some studies reported a better QoL in 
patients on APD compared to those on CAPD, while others 
show comparable scores, with gradual improvement over 
time, more evident in patients on CAPD.31,32

Table 1 Clinical and Biomedical Advantages and Drawbacks of APD Compared to CAPD

Advantages

Larger prescription flexibility APD allows tailored personalization of fill volume, dwell time and glucose concentration each 
cycle. Tidal and flex point allow to reduce time spent for low volume drainage

Higher UF efficiency Shorter dwell time compared to CAPD enhance UF, especially in fast transporters

Less frequent intraperitoneal pressure-related 

complications

Fine personalization of fill volume and UF every cycle may reduce abdomen overfilling 

Lower IPP for any given IPV in supine position

Lower incidence of PD-related peritonitis Less maneuvers may reduce the risk of touch contamination. However, with the introduction of 
modern connection systems there seem to be no more differences between CAPD and APD

Better preserved peritoneal membrane 
(“dry day”, “peritoneal rest”)

Peritoneal rest may longer preserve the function of human peritoneal mesothelial cells. 
Restoration of ultrafiltration has been described after peritoneal rest of a few months

Easier dialytic dose increasing Increased volume per night or adding a daily exchange infused and drained by the cycler 
(maneuver-free day dwell) may have low impact on patient’s lifestyle

Longer permanence on home PD CCPD maximizes PD efficiency, assisted APD requires less daily visits

Remote monitoring Real time bidirectional communication permits verify compliance, monitor treatment results and 

timely change prescription according to clinical needs, reducing in-person visits

Drawbacks

Lower phosphate and sodium removal Clearance of medium size molecules is lower in APD compared to CAPD because of short dwell 

time. This effect may be mitigated by CCPD modality, possibly with icodextrin in the long dwell

Faster decline of residual kidney function It may be related to the intermittency of NIPD

Abbreviations: APD, automated peritoneal dialysis; CAPD, continuous ambulatory peritoneal dialysis; PD, peritoneal dialysis; UF, ultrafiltration; IPP, intraperitoneal 
pressure; IPV, intraperitoneal volume; CCPD, continuous cycling peritoneal dialysis; NIPD, nightly intermittent peritoneal dialysis.
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A rapidly increasing percentage of patients who start 
KRT is old, frail, comorbid and dependent. In this sce-
nario, the uptake of home PD is limited by the frequent 
unavailability of a family caregiver.2 To overcome this 
barrier, some countries have adopted and funded assisted- 
PD (aPD) programs, which involve a trained nurse visiting 
patients at home to assist them for the dialytic procedure.33 

PD utilization increased to some extent where aPD has 
been offered, and clinical outcomes and QoL appears to be 
at least as good as those of matched patients on in-center 
hemodialysis (iHD).34–36

Technique Success and Patient Survival
APD has the potential to serve patients at least as long as 
CAPD, and even longer in patients with no RKF and fast 
transport status, as well as those being (or near to become) 
dependent on a caregiver. Published studies on technique 
and patient survival with APD in comparison with CAPD 
produced conflicting results. Several papers found longer 
PD success with APD,37 others did not,38 and due to the 
retrospective observational nature of these studies, the 
odds for potential confounding is high. The same holds 
true for patient survival, which has been reported as pos-
sibly longer with APD than with CAPD in some observa-
tional cohort studies, similar to that of CAPD patients in 
others.39 At present, PD modality choice in the individual 
patient should not rely upon the expectations of a longer 
PD success and/or patient survival.

Patient’s Values and Perceived 
Outcomes
In recent years major attention has increasingly been paid to the 
patient’s perspective of the goal of therapy, health-related 
quality of life (HRQoL) and patient reported outcomes 
(PROs). Research and guideline focus is moving away from 
classic biomedical adequacy targets toward a person-centered 
definition of treatment goals, tailored to the overall individual 
capability, beliefs, spiritual values, expectations and needs, of 
either the patient and his/her family and caregiver. Shared 
decision-making is now regarded as an extension of informed 
consent, potentially capable of promoting at the same time 
satisfactory clinical outcome and better quality of life and 
rehabilitation. Intuitively, this process holds particularly rele-
vant to the care pathway of chronic debilitating diseases such 
as dialysis-requiring ESKD.40,41

The reason why a person in need of dialysis chooses 
home PD as the modality is usually its less intrusive 
impact on lifestyle and the possibility to self-manage ther-
apy. Individuals choosing PD show high desire for control 
and are confident in taking responsibility for their 
therapy.42 Patient/caregiver perceived advantages and 
drawbacks of APD are summarized in Table 2.

For most patients nightly APD appears an attractive option 
for lifestyle purposes, being less disruptive of the usual daily 
activities. A few patients present machine phobia, and appear 
reluctant to be linked to the cycler the whole night. While safe 
temporary disconnection from the cycler is possible, 

Table 2 Patient’s Perceived APD Advantages and Drawbacks

Advantages

Dialytic procedure limited to nighttime (NIPD): free daytime activity, ie school attendance, job maintenance, social life, leisure time

Empty abdomen during the day: avoid sense of fullness, no body image distortion, reduced hernias and back pain, less restriction of physical activity

Minimal burden for dialysis dose increase: increase PDF volume per night or maneuver-free day dwell managed by the cycler

Drawbacks Suggestions

To be tied and dependent on a machine Teach safe temporary disconnection from the cycler. Confidence with the procedure may be 

useful to overcome this barrier

Possibly disrupted/disturbed sleep Modify prescription to reduce alarms

Home space taken up for the adequate storage of 
large volume of PD supplies

Provide fractionated more frequent deliveries

Cycler or power failure Battery can last from half to 2 hours. In case of cycler failure, rapid substitution is guaranteed. 
Manual exchanges can be done as an alternative during temporary unavailability of cycler

Strength needed to lift and handle large PDF bags Help by caregiver/assistant

Abbreviations: APD, automated peritoneal dialysis; NIPD, nightly intermittent peritoneal dialysis; PDF, peritoneal dialysis fluid; PD, peritoneal dialysis.
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reassurance and confidence may be useful to overcome this 
barrier. Cycler or power failure are easily managed by ade-
quately trained patients and caregivers with temporary switch 
to manually performed PD exchanges, allowing time for power 
resumption or cycler technical assistance/substitution. After 
having tested cycler use at home, most patients are able to 
well tolerate nightly APD and report satisfactory sleep. 
Individually tailored, IPP-guided, fill volume prescription 
helps in delivering symptom-free treatment while promoting 
dialysis efficiency. Treatment outcome in details is recorded by 
the cycler and can be monitored remotely by the PD health- 
care team. Whenever needed, modifications of the treatment 
schedule may be timely done as well. When an increase of the 
dialysis dose is needed, it is more easily managed with APD 
than with CAPD. While adding an additional daily manual 
exchange is reluctantly accepted by the patient, to connect one 
bag more to the cycler represents a marginal burden to the 
patient and caregiver. When a “dry day” NIPD (ie, no intraper-
itoneal PDF dwell during daytime) is felt not to be enough, day 
dwell may be managed with the help of the cycler, which 
infuses the desired volume of PDF at the end of the nightly 
treatment and drains it upon starting the next one. In this 
setting, the use of icodextrin avoids any additional maneuver 
during daytime, and has thus become popular and widely 
adopted. Some resilient, coping patients are motivated enough 
to incorporate even a midday manual exchange into their 
dialytic schedule (configuring what is called continuous 
cycling peritoneal dialysis, CCPD), in order not to switch to in- 
center HD. PD supplies for APD are bulky, and adequate space 
for storage at home may be problematic for a consistent per-
centage of concerned persons.43 Fractionated, more frequent 
delivery of PD supplies may help, while online production of 
PDF at home would greatly minimize this inconvenience. The 
possibility to have an empty abdomen during the day obviates 
body image issues, avoids sense of fullness and facilitates 
physical activity, while preventing or alleviating back pain 
and abdominal hernia complications.

Recognition of the patient’s expectations, needs and 
values represents the first step for a meaningful education 
and a true shared-decision making process. Person- 
centered care means reasonable, realistic clinical outcome 
targets to be aligned with the individual values of the 
concerned person and his/her family and caregiver. 
Patient-reported outcome measures (PROMs) can provide 
valuable information that can help with the care of patients 
on APD. However, given the large number of measures 
available, it is unclear which PROMs are suitable for use 
in research or clinical practice. A Patient-Reported 

Outcomes Measurement Information System (PROMIS) 
is currently being evaluated in some geographies.44–48

Conclusion
APD is acknowledged to be a valid KRT modality, being 
particularly attractive for younger pediatric patients, work-
ing-age adults and older, frail persons dependent on 
a caregiver. It favorably compares with other KRT mod-
alities by promoting life participation and social function, 
the most prioritized PROs. Further technological improve-
ment, remote monitoring, person/caregiver-centered KRT 
modality choice and cost reduction might promote its use 
further.
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