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Abstract

The use of Automated Peritoneal Dialysis (APD) in its various forms has increased over the past few years mainly in devel-
oped countries. This could be attributed to improved cycler design, apparent lifestyle benefits and the ability to achieve
adequacy and ultrafiltration targets. However, the dilemma of choosing the superior modality between APD and Continu-
ous Ambulatory Peritoneal Dialysis (CAPD) has not yet been resolved. When it comes to fast transporters and assisted PD,
APD is certainly considered the most suitable Peritoneal Dialysis (PD) modality. Improved patients’ compliance, lower
intraperitoneal pressure and possibly lower incidence of peritonitis have been also associated with APD. However, concerns
regarding increased cost, a more rapid decline in residual renal function, inadequate sodium removal and disturbed sleep are
APD’s setbacks. Besides APD superiority over CAPD in fast transporters, the other medical advantages of APD still remain
controversial. In any case, APD should be readily available for all patients starting PD and the most important indication for
its implementation remains patient’s choice.
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Patient selection

Introduction

The implementation of various forms of Automated Peri-
toneal Dialysis (APD) has considerably increased over the
past few years. This increase can be attributed to improved
cycler design, apparent lifestyle advantages and the ability
to achieve adequacy and ultrafiltration targets. According
to the European Renal Association/European Dialysis and
Transplant Association (ERA/EDTA) database, the use of
APD in Europe showed a remarkable increase in 2016. In
Greece, 65% of Peritoneal Dialysis (PD) patients were on
APD. This percentage varied between 40 and 60% in most
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European countries [1]. In the United States (US), APD is
the first choice for patients initiating PD since the late 90s.
Considering the relatively steady overall implementation
of PD, the proportion of APD has risen at the expense of
Continuous Ambulatory PD (CAPD). According to the US
Renal Data System (USRDS), the percentage of patients on
APD has increased from 47% in 2000 to 80% in 2015, while
over the same period the total PD proportion of all dialy-
sis patients has merely increased from 8.9 to 10% [2]. In
Canada, APD accounted for 64% and 71% of patients on PD
in 2009 and 2018 respectively [3]. In 2013, 64% and 47%
of PD patients were on APD in Australia and New Zealand
respectively, while in 2017 these rates had risen to 67% and
52%, respectively [4]. An epidemiologic study demonstrated
lower APD utilization in developing countries compared to
the developed ones (15.8% vs 42.4% of PD patients, respec-
tively) [5]. The increased APD proportion in the developed
world could be at least partially explained by the fact that
patients choose APD over CAPD [6, 7], mainly because of
lifestyle related issues rather than solid clinical evidence [8].

@ Springer


http://orcid.org/0000-0002-7564-2724
http://crossmark.crossref.org/dialog/?doi=10.1007/s11255-020-02678-6&domain=pdf

1150

International Urology and Nephrology (2021) 53:1149-1160

Technique and patient survival

The superiority of APD over CAPD on technique and/
or patient survival remains controversial. Yet, resolving
this issue is challenging, since the implementation of ran-
domized controlled trials is obviously difficult and ran-
domized blind studies are impossible to carry out. The
existing studies reveal conflicting results.

The majority of publications study both technique and
patient survival rates when comparing APD to CAPD
and the findings remain controversial. The US study of
Guo and Mujais based on the Baxter Healthcare Corpo-
ration On-Call™ system, included approximately 30,000
patients and showed better technique survival rates for
APD patients during the first 12 months [9]. In a later
study that included over 40,000 patients, Mujais and Story
reported that APD is a key factor in technique success with
a relative risk of 0.845 compared to CAPD [10]. Sun et al.
specifically studied patients younger than 65 years of age
and suggested that APD probably offers increased tech-
nique survival [11]. A study from Thailand with a 10-year
follow-up of 121 patients, a number rarely seen in rand-
omized controlled studies showed an improved technique
survival for those on APD [12]. Yet, a meta-analysis of
just three randomized controlled trials comparing CAPD
to APD included 139 patients and did not show any benefit
in favor of any of the two modalities in terms of tech-
nique survival [13]. A Brazilian study included 2890 inci-
dent patients using propensity-score matching and after a
5-year follow-up showed no advantage for APD patients
regarding technique failure [14]. On the other hand, some
studies showed a reduced technique survival for APD
patients. A 10-year propensity-score matched cohort study
from Taiwan enrolling more than 4500 patients from 2001
to 2010 revealed a significantly lower technique survival
for APD. The disadvantage was evident only for the sub-
period between 2005 and 2007 during which patients were
massively enrolled in APD, mainly due to changes in the
security payment system and potential physician bias [15].
Although a previous study from the ANZDATA (Aus-
tralia and New Zealand Dialysis and Transplant Registry)
including 4128 patients showed similar results regarding
technique failure between the two modalities, a recent sim-
ilar publication revealed a disadvantage for APD regarding
technique survival at 1 year. Interestingly, the size of the
PD center was also a determinant for technique failure,
with smaller and mainly medium-sized centers (following
between 5 and 20 incident PD patients per year) having the
worst results [16]. We have recently stated that small PD
centers with limited experience reserve icodextrin dialysis
solution in APD patients as a salvage option only for those
with established ultrafiltration failure. In our opinion, the
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limited or delayed use of icodextrin may compromise APD
efficiency and technique survival [17]. Indeed, the use of
icodextrin for the long day dwell in APD patients has been
proven advantageous mainly in fast transporters. In a study
performed in China with 6904 incident patients divided
into three 4-year intervals, both APD and icodextrin have
been associated with increased technique survival [18].

In terms of survival rates, the US study of Guo and
Mujais, with approximately 30,000 patients showed better
patient survival rates for APD compared to CAPD patients
during the first 12 months [9]. The study of the younger
patients (age off less than 65) also revealed that APD prob-
ably offers increased patient survival [11]. In addition, the
Brazilian study showed a 40% increased survival probabil-
ity for APD patients, in terms of cardiovascular and overall
mortality [14]. Similarly, the study by Wang et al. found
a beneficial effect of both APD and use of icodextrin on
survival rates [18]. A study with a 10-year follow-up from
Kuwait failed to show any mortality difference between the
two modalities. However, when patients who were free of
peritonitis were separately analyzed, these on APD had a
clearly better survival [19]. A recent large Chinese observa-
tional study from the Baxter Healthcare (China) Investment
Co. Ltd Patient Support Program Database followed 100,351
patients from 1178 centers between 2005 and 2015 [20].
Out of these patients, only 368 received APD at some time.
APD was associated with an overall lower adjusted mor-
tality risk compared to CAPD, but the study suffered from
two important limitations: selection bias and residual con-
founding. Despite the positive influence of APD on survival
rates, the aforementioned meta-analysis of three randomized
controlled trials did not show any benefit in favor of any of
the two modalities in terms of mortality [12]. Even more,
some studies showed a reduced patient survival for APD.
The previously mentioned study from Taiwan revealed a sig-
nificantly lower patient survival rate for APD. Of note, the
disadvantage was evident only in the second sub-period, dur-
ing which patients were massively enrolled in APD, mainly
due to changes in the security payment system and potential
physician bias [15].

APD and fast transporters

According to the European Best Practice Guidelines (EBPG)
there are three major indications for APD implementa-
tion: patient choice, avoidance of increased intraperitoneal
pressure and failure to achieve ultrafiltration targets and
clearance adequacy, particularly in fast transporters [21].
Towards the same direction International Society of Perito-
neal Dialysis, ad hoc Committee on Ultrafiltration Manage-
ment in Peritoneal Dialysis, suggests APD use in the occur-
rence of ultrafiltration failure in fast transporters [22]. High
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peritoneal membrane permeability has been associated with
poor technique and patient survival in PD [23-25]. Never-
theless, several studies have shown that APD could be of
benefit in fast transporters. European APD Outcome Study
(EAPOS) has shown that baseline membrane transport status
is not associated with ultrafiltration achieved within the first
year of PD and does not affect technique survival [26]. In a
publication from the ANZDATA Registry, poor prognosis
has been associated with fast transporters only on CAPD
and not on APD [25]. In another study from Toronto, fast
peritoneal membrane transport status was not a prognos-
tic factor for poor patient and technique survival for APD
patients irrespective of the use of icodextrin [27]. Another
study of 4128 patients moved one step further and showed
that APD leads to better survival of fast transporters, while
low transporters on APD suffer from higher mortality. In the
same study, there was no significant difference in technique
survival between APD and CAPD [28]. Thus, it is since
some years recognized that the initial concern regarding the
clinical outcome of APD implementation in fast transport-
ers with or without the use of icodextrin seems to belong to
the past [29].

Peritonitis

One of the main issues in interpreting studies on the inci-
dence of peritonitis is the different ways they report perito-
nitis episodes. Among others, authors report peritonitis rates
as episodes per year, number of patient-months per episode,
percentage of peritonitis free patients and time to first peri-
tonitis episode. This renders the evaluation and comparison
of the studies a difficult task, leads to a certain degree of
confusion [30] and has forced the International Society of
PD in the 2016 peritonitis guidelines to recommend that
peritonitis rates to be stated as episodes per year [31]. APD
implementation requires one connection and one discon-
nection on a daily basis. Correspondingly, an average of 4
connections and 4 disconnections are required for CAPD. It
is obvious that the smaller number of maneuvers required
for APD could lead to a significant reduction of peritonitis
incidence. Additionally, leukocyte function improves during
a long dwell of PD dialysate [32], which is the case in PD
dialysate daily retention in continuous cyclic PD (CCPD).
Moreover, the peritoneal mesothelial cells exhibit improved
function after several hours of peritoneal membrane rest
[33], which resembles “dry” daytime in nocturnal intermit-
tent PD (NIPD). Nevertheless, the delay in peritonitis diag-
nosis in APD raises several concerns, while the results of
relevant studies remain contradictory. Older retrospective
studies have shown favorable results for APD [34, 35], other
studies for CAPD [36, 37], while similar results have been
also reported in studies comparing the two modalities [38].

A large prospective non-randomized study of 328 patients
showed similar rates of peritonitis and exit site infection
between the two modalities [39]. However, a smaller study
of 20 patients showed lower peritonitis rates for APD [40].
A publication from Mexico including 237 patients reported
significantly lower peritonitis rates for APD [41]. In this
study, the relative risk for the first peritonitis episode was
0.68 in APD compared to CAPD. The 2007 meta-analysis
indicated a similar relative risk for peritonitis between the
two modalities, but a significantly lower peritonitis rate for
APD [13]. As noted before, this meta-analysis was based on
just three randomized controlled trials, only two of which
analyzed peritonitis rates while one of them reported only
three peritonitis episodes. Therefore, its results were essen-
tially based on one study which included patients using an
APD cycler machine no longer in use [42] and thus should
be carefully interpreted [43]. Another US prospective study
of 82 new patients in the late 80s reported APD superiority
with approximately double risk of peritonitis for CAPD vs.
APD, but a similar incidence of exit site infections [44]. In a
study involving 132 pediatric patients from Turkey the inci-
dence of peritonitis episodes was similar between the two
modalities, with an increased incidence of Gram-negative
peritonitis in children on APD [45]. In another publication
from Canada which included 4247 PD patients between
1996 and 2005, the same risk was reported for peritonitis
incidence in both modalities [46]. A study worth mention-
ing involved 508 peritonitis episodes in 205 patients and
showed that APD was associated with a prolonged duration
of elevated leukocyte count in the PD dialysate and thus
an increased need for long-term antibiotic administration
[47]. A prospective study involving ten Nephrology Centers
in Scotland with an 8-year follow-up showed lower perito-
nitis rates for APD compared to CAPD [48]. The results
were interpreted with caution, taking into consideration
that CAPD patients were older and that the study centers
exhibited significant differences. The conflicting results
are explained by the different frequency of peritonitis rates
among different centers, the small sample often recruited
and the short follow-up period after a peritonitis episode.
The study by Beduschi et al. that revealed a survival advan-
tage for APD did not show any difference in duration to first
peritonitis episode [14]. A longitudinal study from Kuwait
showed a lower peritonitis incidence rate for APD compared
to CAPD, a higher peritonitis free percentage of patients
and a delayed duration to the first peritonitis episode both
in favor of APD [19]. In a publication from the ANZDATA
registry, no difference in peritonitis rates between the two
modalities was shown during a 2-year follow-up of almost
7000 patients in Australia. A longer duration to the first
infection episode with Gram-positive microorganisms was
noted, a finding more or less expected. On the other hand,
the overall infection rate for CAPD was lower in regard to
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Gram-negative microorganisms and higher in regard to cul-
ture-negative episodes, findings not fully explained in the
study [49].

Intraperitoneal pressure—patient
compliance

The instillation of PD fluid into the peritoneal cavity leads to
increased intraperitoneal pressure and may result to hernia
formation and PD dialysate leak, causing discomfort in some
patients. While APD dialysate instillation is performed in a
supine position, in CAPD the dialysate dwell is performed in
the upright position and thus intraperitoneal pressure in APD
is reduced by more than 50% compared to CAPD. Hernia
incidence has been reported to be lower in APD patients
[21], but this has not been confirmed by all studies [13]. In
any case, increased PD dialysate volume during the night
dwell and lower or even no dialysate volume during daytime
(dry day) could be proven beneficial for patients who can-
not tolerate high intraperitoneal pressure [50]. In this sense,
APD could be a satisfactory alternative to surgical repair of
such hernias [6].

Patient compliance to PD prescription is an important
issue since a significant proportion of PD patients does not
comply with it, leading to devastating consequences for
both technique and patient survival [51]. The risk of non-
compliance appears to be greater in CAPD rather than APD
patients, possibly due to the higher number of connections
and disconnections required in CAPD [52], and also due
to the discomfort associated with increased intraperitoneal
pressure in this modality [53]. One study reported a statisti-
cally significant advantage for APD compared to CAPD in
regard to patient non-compliance [52].

Residual renal function-blood pressure-
ultrafiltration-sodium removal-left
ventricular hypertrophy

Achieving ultrafiltration targets becomes challenging as
residual renal function (RRF) declines. It remains contro-
versial if APD really helps in achieving this goal. In a pro-
spective 10-month study of 53 patients on CAPD and 51
on APD, ultrafiltration and sodium removal were lower in
patients on APD. Additionally, CAPD patients showed better
blood pressure control [54]. However, in the EAPOS over
75% of 177 anuric APD patients achieved a daily ultrafiltra-
tion volume of above 750 mL [55]. In a Canadian study,
56 APD patients with liberal icodextrin use for the daily
dwell were enrolled. Blood pressure control was achieved
by 93% of the patients and volume balance was independ-
ent of sodium removal [56]. More recent data showed that
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blood pressure and volume control were similar between
the two modalities, despite the greater sodium removal in
CAPD [57]. Similarly, a recent meta-analysis of nine stud-
ies comparing dialytic sodium removal between APD and
CAPD revealed that CAPD enables higher sodium removal
than APD, even though ultrafiltration did not differ. The dif-
ference found in sodium removal between the two modali-
ties decreased in high transporters [58]. In a Korean study,
where ambulatory blood pressure was monitored for 24 h
in a population of 26 CAPD and 18 APD patients, no sig-
nificant difference was noted in blood pressure control and
in left ventricular hypertrophy (LVH) incidence [59]. On
the contrary, in a recent study of 47 CAPD patients short
term (3-5 days) application of in-hospital APD was able
to increase ultrafiltration, decrease body weight and edema
and improve Left Heart Failure (LHF) class [60].The pivotal
role of icodextrin in sodium removal has been supported by
a number of studies. One study from a Greek Nephrology
Center including 46 patients did not show any difference in
sodium removal between APD and CAPD patients, and pro-
vided proper icodextrin use in both modality groups [61]. A
real patient data-based simulation model comparing icodex-
trin with 2.27% glucose solutions clearly showed that the use
of icodextrin for the long well (day dwell in APD and night
dwell in CAPD) resulted in both increased ultrafiltration
efficiency and sodium removal across the whole spectrum
of peritoneal membrane transport types. The authors also
showed equal sodium removal in both modalities [62]. Simi-
larly, a more recent publication reported that sodium removal
was not associated with PD modality but increased with the
use of icodextrin and with solutions of higher glucose con-
centration [63]. Based on the above, it seems that given the
appropriate adjustment of the prescribed dialysis dose in
the case of RRF reduction and the liberal use of icodextrin,
APD can be successfully implemented in achieving ultra-
filtration goals and euvolemia [64, 65]. Special attention,
however, should be given to a randomized cross-over study
by Eloot et al., where the increased ultrafiltration achieved
with APD was accompanied by a faster decline of RRF but
not by an increased solute removal [66]. The possibility of
a faster RRF decline in APD patients is a matter of concern
especially for patients on NIPD, a by definition intermit-
tent dialytic modality. The findings of these studies may be
conflicting, but according to an earlier systematic review,
there was no statistically significant reduction in RRF in
APD patients [67]. More recent data from the NECOSAD
study (Netherlands Cooperative Study on the Adequacy of
Dialysis), however, showed that in patients starting on APD,
the risk of RRF decline is greater, especially during the first
year on APD [68]. This risk was not confirmed in other pub-
lications [69, 70] and the two modalities seem equivalent.
One more recent study reported that APD patients had a
three times higher probability of anuria compared to CAPD.
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Interestingly, this study also showed that major determinants
of a faster decline of RRF were the number of exchanges
per day and the peritoneal glucose load. This suggested that
patients who need an intensive PD regimen are the most
prone to a faster deterioration of their renal function inde-
pendently from the PD modality they use [71].

LVH is a strong predictor of cardiovascular events in a
population free of clinically apparent cardiovascular dis-
ease [72]. High LVH incidence has been observed in CAPD
patients and it has been associated with significantly high
morbidity and mortality in these patients [73]. Two studies
by Wang et al. and Bavbek et al. examined the incidence
of left ventricular mass index (LVMI) in APD and CAPD
patients [74, 75]. Wang et al. compared LVMI in 22 CAPD
and 10 CCPD patients. They found higher LVMI in CCPD
patients which was attributed to potential diurnal fluid over-
load in APD patients [74]. Bavbek et al. included 32 CAPD
and 30 APD patients without clinically evident cardiovas-
cular or valvular heart disease. They also revealed a higher
LVMI in APD compared to CAPD patients [75]. Yet, Jang
et al. found no difference in LVH between 18 APD compared
to 26 CAPD patients [59]. Further evaluation is warranted to
address the influence of the different PD regimens in LVH.

A modified APD model, named adapted APD (APD-
A), has been proposed for PD delivery by Fischbach et al.
APD-A prescription starts with a short dwell time and a
small fill volume for the first two cycles to promote ultra-
filtration. For the rest of the exchanges, the fill volume and
the dwell time are both increased in an effort to promote
uremic toxin removal. In contrast, conventional APD uses
same dwell time and fill volume exchanges. In a prospec-
tive randomized crossover trial 22 patients were randomized
in either conventional or APD-A for a 45-day period and
then crossed over to the other APD schedule for another
45 days. APD-A was significantly associated with improved
ultrafiltration volumes, sodium and phosphate removal, as
well as with a decreased metabolic cost measured by glucose
absorption [76].

Phosphate removal

Removal of excess phosphate is of crucial importance for
the health of all end-stage renal disease (ESRD) patients.
In the aforementioned study by Moor and coworkers, a
higher phosphate removal was dependent only on increased
dialysate volume [63]. In a retrospective study of 380
patients, higher phosphate peritoneal removal was associated
with the use of CAPD and fast transport status. The authors
suggested that low transporters should be advised to use
CAPD [77]. The advantageous effect of both fast transport
status and CAPD on phosphate removal was confirmed in a
recent retrospective study by Davenport on 451 PD patients.

The advantage of CAPD disappeared however, when a day
exchange was added to the APD regimen [78]. Summariz-
ing, increased phosphate removal supports CAPD as a more
suitable modality for low transporters. For the rest of PD
patients CCPD would be recommended when increased
phosphate removal is needed.

Quality of life and sleep

There is a common belief that APD offers better quality
of life during the day in exchange of a disturbed sleep. As
far as the quality of life of the patients is concerned, rel-
evant bibliographic data do not provide safe conclusions. In
a multicenter study from the Netherlands, patients on APD
showed better mental health with less anxiety and depres-
sion in comparison with patients on CAPD for the same
treatment duration. On the other hand, quality of life physi-
cal parameters was similar in both groups [79]. In another
study from Denmark, APD patients had more time free of
dialysis which could be given to work, family and social
activities. Less physical and emotional discomfort was also
observed in patients on APD, but the difference was not sta-
tistically significant [80]. In an interesting yet small study,
18 patients after 6 months on CAPD were transferred for
another 6-month period to APD. During the APD period,
the patients experienced improvement in parameters such as
social functioning and mental health, but again not reaching
statistical significance [81]. Similarly, a non-statistically sig-
nificant trend was shown in a recent Mexican study compar-
ing 39 CAPD, 42 APD and 40 hemodialysis (HD) patients.
APD compared to CAPD patients scored non-significantly
higher in scales such as Quality of Life, Social Functioning
and Physical Functioning [82]. In the same path, a study
by Diaz-Buxo et al. with a large number of PD patients
(728 on CAPD and 532 on CCPD) failed to show a clear
advantage for any of the two modalities. Specifically, CCPD
patients compared to CAPD patients scored lower on scales
reflecting physical and higher in scales reflecting mental
processes. CAPD patients perceived themselves as less
physically impaired but not as adjusted as CCPD patients
[83]. Subsequent studies also failed to show a difference
in quality of life between the two modalities [64, 65, 84].
A meta-analysis of 190 studies examined the quality of life
of CKD patients according to the treatment they received.
Using a different instrument for quality of life quantification,
the study showed statistically significant superiority of APD
over CAPD, though this finding was interpreted with cau-
tion [85]. In a study of 266 patients in Singapore, published
after this meta-analysis, APD patients experienced better
physical health and were less bothered by dialysis-related
symptoms [86].
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Sleep disturbance of APD patients was studied in a ran-
domized study by Bro et al. who showed that APD patients
experienced more sleeping problems compared to those on
CAPD [80]. Additionally, APD has been associated with
a higher frequency of daytime drowsiness [64]. In another
study, however, sleep quality was similar for both modali-
ties [84], while in a study using polysomnography, APD
was associated with an improvement in sleep quality and a
lower incidence of sleep apnea, probably due to better vol-
ume control during sleep [87] as was later confirmed by
the same authors [88]. It is worth mentioning that in a very
recent study on APD patients the severity of obstructive
sleep apnea was correlated with decreased RRF and not with
dialysis-related indices [89]. In the aforementioned recent
Mexican study, unrefreshing sleep, a symptom of insomnia,
was more common in CAPD, while snoring and witnessed
apneas were more frequent in APD patients [82].

In summary, contrary to what may be a common belief,
APD and CAPD do not substantially differ in terms of either
quality of life or sleep. The only undisputable advantage of
APD is that it offers more free daytime.

APD in children and the elderly-assisted PD

In the United States, 95% of children and adolescents under
the age of 19 suffering from ESRD on PD implement APD
[2]. This is also the case in Europe, for example, in Italy
[90]. APD exhibits a pivotal role in the management of the
pediatric population with ESRD, especially infants. In APD,
the fill volume can be accurately determined, which allows
improved treatment individualization according to age, body
size and metabolic needs of the developing child [91]. APD
also offers more free time during the day for children and
parents with no exchanges required during school hours [92].
Compared to children on CAPD, children on APD had a
lower peritonitis incidence [92]. In a very interesting study,
the transfer of more than 300 pediatric patients from CAPD
to APD resulted in better ultrafiltration, less edema, lower
mean blood pressure, lower peritonitis rates and fewer hospi-
tal admissions [93]. Another study from Hong Kong showed
impressive results regarding the quality of life of both chil-
dren undergoing APD and their parents, who experienced
a similar quality of life to that of transplanted children and
their parents respectively [94].

As far as the elderly are concerned, APD is also the pre-
vailing and preferred dialysis modality for patients on PD.
In the United States, over 60% of patients over the age of 65
on PD undergo APD [2]. Among all patients groups, it is the
elderly that mostly need another person to perform the PD
dialysate bag exchanges and thus APD seems more viable,
as it requires fewer connections [95]. In addition, APD has
been proven a reliable modality of renal replacement therapy
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in patients older than 65 years of age. According to a US
study, APD patients of more than 65 years of age showed
no difference compared to younger patients in terms of tech-
nique failure and peritonitis incidence. Even more impor-
tantly quality of life indicators were similar among all age
groups of the patients enrolled [96].

A significant number of patients on PD present with the
need for a partner, a nurse or another person who could per-
form the PD dialysate bag exchanges instead of themselves.
That is the concept of Assisted PD. In these cases, APD
should probably be the modality of choice. In APD only
one connection and one disconnection are required on a
daily basis. This is an important time-saving advantage that
reduces the daily workload of the caregiver and could be
proven beneficial even for patients residing in nursing homes
[32, 97]. The latter were confirmed by a Danish study, which
enrolled 65 patients undergoing assisted APD and reported
satisfactory results (54% biannual survival and 1 peritonitis
episode per 26 patient-months) [98]. A Brazilian observa-
tional study included elderly patients with motor and cog-
nitive issues and lack of a supportive environment as well
as HD patients with hemodynamic instability or vascular
access loss. The study showed that assisted APD is a reliable
and effective home HD modality for patients without any
other renal replacement therapy alternatives [99].

Effect on peritoneal membrane
characteristics and glucose fluctuation

A study by Michels et al. reported that over a 2-year period,
APD patients showed a faster decline in effective lymphatic
absorption rate and in transcapillary ultrafiltration. No dif-
ferential effect was observed in transport status as assessed
by the dialysate/plasma creatinine ratio [100]. Another study
including 229 patients with a mean follow-up of 5.6 years
concluded that APD and CAPD exhibited similar effects in
transport characteristics and ultrafiltration efficiency of the
peritoneal membrane [101].

In a study of 20 APD and CAPD diabetic patients under
a 72-h continuous blood glucose monitoring, PD modality
did not significantly influence average blood glucose and
glycated hemoglobin levels. However, the fluctuation of
blood glucose assessed by the difference in the minimum
and maximum glucose values during the monitoring was
significantly lower in APD patients [102].

Urgent start of PD

Both APD and CAPD have been used as the initial dialysis
modality in patients requiring urgent dialysis. The associa-
tion of APD with lower intraperitoneal pressures with the
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patient in the supine position probably makes this modality
the best option for urgent PD start. In the case of CAPD for
urgent PD start, the high number of small volume exchanges
necessary for adequate dialysis without increasing the risk
of pericatheter leaking requires a lot of time and effort from
the nursing staff. Thus, APD offers a reliable and viable
alternative. In a retrospective study from Denmark, patients
who started APD in less than 24 h after PD catheter inser-
tion had a similar technique survival to that of patients who
started APD in a planned manner [103]. In two prospective
studies from France and India, urgent initiation of APD was
proven an efficacious dialysis modality [104, 105]. Moreo-
ver, APD has been performed as a frontline urgent dialysis
therapy option with good results [106]. Another study com-
pared urgent-start APD with urgent-start CAPD (1-3 days
after catheter insertion) and concluded that during the initial
9-day break-in period, APD resulted in better solute clear-
ance, had similar complications but also led to a significant
decline in serum albumin. The study suggested that a com-
bination regimen of 6 days on APD followed by 3 days of
CAPD was the most appropriate choice [107].

PD during emergencies, pandemics
and natural disasters

The case is similar in a pandemic, such as the novel coro-
navirus 2019 disease (COVID-19) the world is currently
going through. In general, hospitalized patients with acute
kidney injury rarely initiate PD and are most often started
on HD mainly due to PD catheter-related issues. During
the last pandemic, though, the demand for urgent dialysis
start was unprecedented. Shortage of HD staff, machines
and supplies became apparent and along with dialysis cir-
cuit clotting forced many hospitals to turn to PD. In this
setting, a recent study included 21 patients needing urgent
dialysis initiation and implemented APD with initially low
fill volumes, which were gradually increased. The major-
ity of the patients were in the supine position due to a sig-
nificant compromise of their respiratory system and along
with low APD fill volumes the risk of catheter problems was
reduced [108]. Unlike CAPD, APD requires the immediate
use of cyclers. During health crises, the pressing need of an
increased number of APD machines poses as an issue which
requires attention. However, in times of pandemics, mini-
mum physical contact between health-care providers and the
highly contagious COVID-19 positive patient is warranted.
Thus, APD compared to CAPD is probably preferred; since
it can be implemented only once daily, the patient can be
remotely monitored and the cycler setup can be prepared at
a distance from the patient [109].

Natural disasters such as earthquakes, floods and hur-
ricanes as well as electric power blackouts can disrupt

dialysis treatment, especially electricity-dependent APD.
During the Taiwan Chi—Chi earthquake, 45 APD patients
had to switch to CAPD due to electricity failure [110].
CAPD patients, on the other hand, were not affected by
electrical power shutdown. In addition, at the time of the
Marmara earthquake in Turkey, APD patients connected
to the cycler found themselves in an arduous situation of
not being able to immediately disconnect [111, 112]. Yet,
CAPD patients did not experience similar issues. Moreo-
ver, in the quake aftermath, APD patients described that
they suffered from various psychological issues.

Employment and financial issues

In a study from Finland, similar rates of occupational
activity ranging from 39 to 44% were observed among
APD, home HD patients and transplant recipients [113].
In another Hong Kong study, there was a statistically
significant difference in the employment status between
patients on APD and CAPD [114]. Full-time employment
was more common in APD compared to CAPD patients
(62.2% vs. 15%, respectively). Another study from the
same research team showed that the most active patients
more often choose APD as their initial method of renal
replacement therapy. That is the reason why about 50%
of the patients on APD are working, compared to 20% of
HD patients [115].

Among other parameters, patient employment can indi-
rectly affect PD cost. In a study from Taiwan, APD was
associated with higher annual dialysis-related cost but lower
annual productivity losses compared to CAPD. This resulted
in a similar government funded and out-of-pocket total cost
[116]. On the contrary, a study in two Italian hospitals con-
cluded that APD had a significantly higher total (direct and
indirect) cost when compared to CAPD [117]. In a Greek
study, where APD and CAPD direct cost was assessed, APD
was found significantly more expensive. Unfortunately, this
study did not differentiate the two modalities in terms of
indirect cost [118]. In addition, a Spanish study concluded
that APD and, to a lesser extent, transplantation, are the
modalities associated with the lowest indirect cost due to
morbidity in ESRD, resulting in more frequent employment
and less disability benefits when compared with HD [119].
In a Mexican study, the direct dialysis procedure-related cost
was higher for APD compared to CAPD, but the indirect cost
for medication, hospitalization, laboratory tests and surgical
procedures between the two modalities was similar [120].
When indirect cost is taken into account, APD seems to have
an advantage over CAPD, but when total financial burden
to patients, health providers and social security systems are
taken into account, the modalities account for similar cost.
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When should APD be applied?

For patients who fail to achieve clearance and ultrafiltra-
tion goals with CAPD, APD is a viable alternative. In
these cases, the increased number of changes in CAPD, at
the expense of quality of life, may lead patients to transfer
to hemodialysis. Thus, APD implementation with higher
dialysate volumes, longer nighttime sessions, especially
in combination with icodextrin use for the long day
dwell, or the addition of a daily manual change (enhanced
CCPD-CCPD plus) could prolong technique survival. In
low transporters, a program with less frequent changes
overnight and possible addition of a manual exchange dur-
ing the day could be used instead. Another medical indica-
tion for APD is the absolute need to avoid a high intraperi-
toneal pressure since it is implemented in the supine, while
CAPD is performed in the upright position. Last, but not
least, patient’s preference is of utmost importance. Fam-
ily and social background, working status and patient’s
lifestyle are important aspects when initiating PD. Thus,
APD is more suitable for children, elderly and patients
who need assistance in performing the method. However,
no conclusive data suggest any solid advantage of CAPD
over APD in terms of RRF preservation and APD cannot
be contraindicated on the basis of preserving RRF.

Conclusions

Automated PD is the most promising PD technique with
unquestionable advantages in patient’s lifestyle. Yet, it is
more than true that the potential clinical benefits of APD
implementation are under discussion with only the high
peritoneal membrane permeability being a strong indica-
tion for its use so far. APD offers a variety of options,
facilitates patients who have a job and saves more time
for personal and family activities. APD is suitable for chil-
dren, elderly and patients who need assistance in treat-
ment implementation. It has been previously suggested
that APD should be always used in accordance to patient
preference, an aspect never to be overlooked at PD initia-
tion [121]. However, a real-life assessment in a Brazilian
study revealed a different picture with significant dispari-
ties in the utilization of APD. APD patients were more
likely white, better educated, with a lower BMI and less
comorbidities. The authors of this manuscript totally agree
with the conclusion of the Brazilian study that limiting
APD implementation may be unethical and that demo-
graphic and socioeconomic status should not be a part
of the decision-making process in PD modality choice
[122]. Acceptance and application of patient’s preference

@ Springer

regarding the method of renal replacement therapy has a
positive effect on quality of life [123], which is probably
the most important parameter in the treatment of ESRD.
In our opinion, APD should be made readily available to
all patients starting PD.
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