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ABSTRACT

Introduction. Incremental peritoneal dialysis (Incr-PD) is a strategy to start PD when residual renal function is
preserved.

Methods. We describe the Incr-PD practice across the last 20 years based on the 9th Italian PD Census utilizing a
standardized definition of Incr-PD for both CAPD and APD (<2 exchanges/day, <4 sessions/week).

Results. In 2024, 1398 patients started PD, 40.2% on Incr-PD. 73.8% of the dialysis centers used Incr-PD. Incr-PD
increased from 11.9% in 2010 to 40.2% in 2024. This is due to both the increase in the number of centers which
started to use it (29.2% in 2005 to 73.8% in 2024) and in the number of patients treated with this modality in
centers already confident with this modality (33.4% in 2005 vs 50.9% in 2024). Most of Incr-PD patients started
with CAPD (84.5%) while APD was the preferred modality when full-PD is prescribed as first PD modality (64.7%).
Regarding incremental CAPD, 62.5% of physicians start with one exchange, while 37.4% use two. In the latter
case, only 26.2% prescribe two continuous exchanges with "the abdomen always full". Incr-PD centers have
higher incidence (21.7% vs 15.1%, p < 0.01) and prevalence (16.9% vs 12%, p < 0.01) of PD patients compared
with those not using it.

Conclusions. The trend confirms the success of Incr-PD, mostly in the form of CAPD. The increased
Nephrologist's confidence with Incr-PD allowed the expansion of this PD modality which is the mainstay of
dialysis personalization.
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The concept of incremental peritoneal dialysis (Incr-PD) was introduced in the late 1990s within the National Kidney
Foundation Guidelines for PD adequacy [1]. Those guidelines suggested to start an incremental approach if the
combined, renal plus peritoneal, weekly Kt/V exceeds the target of 2, with the aim to progressively increase the
dialysis dose when the residual renal function (RRF) deteriorates. This old definition is endorsed by the last proposed
and recently published ISPD guidelines [2]. However, in the latter definition, authors referred mostly to the new
concept of adequacy focused on individualized clearance, that is the one required to keep patient "concern well", in a
more holistic interpretation. In this view, Incr-PD must be intended as a strategy, more than a standard prescription, in
which: 1) the initial PD prescription is less than full dose, 2) the initial peritoneal clearance alone is not able to reach
the individual clearance target, but the combined peritoneal and renal clearance is enough to achieve it, 3) there is an
intention to increase peritoneal dose as RRF declines.

This wide definition allows to include into the term "Incr-PD" a lot of PD schemes, which are variably prescribed
around the world. In the last 30 years several observational studies [3-8], a single randomized controlled trial (RCT)
[10], a secondary analysis of a RCT [11], and one systematic review [12], have been published on outcomes of Incr-PD.
Overall, the evidence favoring Incr-PD compared to full-PD is weak, because studies are small and mostly
retrospective. Moreover, studies are heterogenous in terms of definitions of Incr-PD, dialysis solutions used, RRF at
dialysis start and duration of follow up, which makes it difficult to pool them together into metanalysis. Some studies
seem to suggest that Incr-PD may have a positive effect on slowing the decline of RRF [6,7], others showed a reduction
in peritonitis risk [4], an improvement in quality of life [5], and a better post transplantation outcome [9]. However,
there is no evidence on strong outcomes such as mortality or technique survival. Generally, studies confirmed that an
incremental approach is safe as no adverse event has been documented. Besides study results, Incr-PD has a favorable
impact of patient's acceptance of dialysis, it is less invasive into lifestyle and can reduce the disease burden at dialysis
start. It is a glucose sparing strategy, less costly, and results in a reduced waste generation [13,14]. Taking together all
these considerations, until more robust evidence will be published, PD scientific community believe to be rational to

start with Incr-PD as first dialysis modality.

In Italy Incr-PD has been used since its first introduction. In fact, many of the observational studies contributing to the
actual evidence about Incr-PD have been conducted by Italian groups [15-18].
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In this study we report Italian experience on Incr-PD across the last 20 years, as a result of the analysis of the Italian
PD Census.

The Peritoneal Dialysis Census is regularly conducted by the Italian Peritoneal Dialysis Project Group (GDP-DP) of the
Italian Society of Nephrology (SIN) since 2005. It is updated every 2 years thanks to the contribution of the Italian
peritoneal dialysis centres which regularly enter data in a dedicated software or fill out an online questionnaire in the
case that the dedicated software is unavailable. Data of the most recent 9th census, referred to 2024, has been
published few months ago. Methods of data collection are extensively described there [19]. Briefly, aggregate data
regarding dialysis modality (peritoneal or hemo dialysis) incidence, initial PD dose prescription (incremental or full
dose), PD modality (CAPD or APD), assisted PD, PD modality switch, PD drop out, peritonitis, non-renal indication for
PD (chronic heart failure or liver cirrhosis), peritoneal equilibration test (PET) type, home visits, encapsulating
peritoneal sclerosis and peritoneal catheter type, are collected. In all editions, incidence was referred to the calendar
year, that includes all patients starting dialysis between 1 January and 31 December of the analysed year. Prevalence
is referred to patients treated at the end of year analysed (31 December). All dialysis facilities with at least one PD
patient contribute to data collection, with a complete nationwide adhesion of the centers in which PD is available, in
all editions, except for the year 2021 (referred to 2019) due to the Covid pandemic. Definition of Incr-PD remained
unchanged through all editions for both CAPD (1-2 exchanges daily) and APD (<4 sessions/week). Centers were
divided, according to their attitude to Incr-PD prescription, into those who prescribe Incr-PD (Incr-Centers) and those
who do not (Full-Centers). In the last edition a separated session, called national Audit, has been added, addressing
topics of PD for which there is a known wide variability in the way clinicians' approach them, including some elements
of Incr-PD prescription [20]. It was asked if clinicians usually start incremental CAPD with one or two exchanges daily,
and in case of two exchanges, if they are prescribed in a continuous way, with the "abdomen always full" or with "dry
hours" including one additional manoeuvre to disconnect. Moreover, it was also asked which blood sample is
commonly considered to calculate clearance in APD, the one in the morning, the one at midday or the mean value in

between.

Due to the descriptive nature of the census, statistical analysis has been restricted only to group comparison applying

Chi square Test when appropriate.

In the last 9th Italian PD Census, 228 dialysis centres have been involved in data collection, for a total of 1398 incident
PD patients. An Incr-PD prescription was used in 562 patients (40.2%), while 836 (59.8%) patients started with full
dose peritoneal dialysis (Full-PD). The percentage of Incr-PD constantly increased over the years, from 11.9% in 2010,
to the actual 40.2% (Figure 1).
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Furthermore, we observed an increase in both the number of centers which started to use it (from 29.2% in 2005 to
73.8% in 2024, Figure 2) and in the number of patients treated with this modality in centers already confident with
Incr-PD (from 33.4% in 2005 to 50.9% in 2024, Figure 3).
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Figure 2. Variation across time (from 2005 to 2024) of percentage of Centers which start to use Incr-PD (Incr-Centres).
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Figure 3. Variation across time (from 2005 to 2024) of percentage of patients starting with Incr-PD in Incr-Centers.

Continuous ambulatory peritoneal dialysis (CAPD) was the preferred modality for incremental start (Incr-CAPD) which
has been used in 475 patients (84.5%) while only 87 patients (15.5%) started with incremental APD (Incr-APD)
(p<0.01). On the contrary, APD was mainly used when Full-PD is prescribed as first PD modality (APD: 541 patients,
64.7% vs CAPD 295 patients, 35.3%, p<0.01). This practice gradually changed over time, as in 2005 CAPD was the
preferred modality even for Full-PD (CAPD 686 patients 53% vs APD 585 patients, 47%), whereas only from 2012
onward the ratio between the two PD modalities inverted, starting to favour APD (Figure 4).
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Figure 4. Trend of modality prescription of full dose PD from 2005 to 2024.

A total of 168 dialysis centres additionally provided data about hemodialysis (HD): this data was used to elaborate the
prevalence of PD patients, which resulted in 4322 patients. 127 of 168 (75.5%) centers prescribe Incr-PD as first PD
modality (Incr-Center), while 41 (24.5%) do not use it at all (Full-Center). Centers using Incr-PD have higher patient
numbers compared with centers which do not use it, regarding incidence (21.7% vs 15.1%, p<0.01) and prevalence
(16.9% vs 12.0%, p<0.01). The use of CAPD is not significantly different in centers using Incr-PD compared to those not
prescribing it (32.4% vs 36.6% respectively).

In 2024 more patients in Incr-Centers switched PD modality, compared to Full-Centres (4.3 vs 2.2%, p<0.01), mostly
from CAPD to APD (91.2%). In fact, APD is the preferred modality in prevalent PD patients, and it is significantly more
used in centers not prescribing Incr-PD than in those using it (64.2% vs 54.1%, p<0.01). Centers prescribing Incr-PD
utilize significantly more often assisted PD than those without incremental strategy (22.7% vs 15.6%, p<0.01), while no
difference has been found regarding training modality and home visits (Table 1).

Incremental CAPD prescription has been investigated also through a national Audit to which 185 of 228 centers
responded: 155 of 185 centres (83.8%) commonly use it, while 23 of 185 (12.4%) do not use it and 7 of 185 (3.8%)
apply it only for refractory heart failure. In detail: 97 of 155 centers (62.5%) started with a single exchange, while 58 of
155 (37.4%) use two exchanges since the beginning. In the case of a 2-exchange prescription most of the physicians
applied "dry hours", while only 26.5% used continuous exchanges with the abdomen "always full".

In the national Audit we also asked which timing of blood sampling is commonly used to calculate clearance in APD.
Most of the centers (85.4%) responded the one in the morning, 8.6% the one at midday and only 5.9% the mean value
in between.

Table 1. Results (referred to the Italian PD Census 2024).

Incidence (data taken from 228 centres)

Total incident PD patients (n) | 1398

Incr-PD [n (%)] 562 (40.2%)

Full-PD [n (%)] 836 (59.8%)

Incremental PD

Modality Incr-CAPD [n (%)] Incr-APD [n (%)] P

n (%) 475 (84.5%) 87 (15.5%) <0.01
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Modality CAPD APD P
n (%) 295 (35.3%) 541 (64.7%) <0.01
n (%) Incr-Centers: 127 (75.5%) Full-Centers: 41 (24.5%) P
PD Incidence (%) 21.7 15.1 <0.01
PD prevalence (%) 16.9 12 <0.01

Prevalence

Total prevalent PD patients | 4322
(n)

Incr-Centers Full-Centers
Modality switch (%) 4.34 2.16 <0.01
APD (%) 54.1 64.2 <0.01
Assisted PD (%) 22.7 15.6 <0.01

* 168 centres insert both data regarding peritoneal and hemodialysis.

Discussion

In this paper we describe the Italian experience on Incr-PD during the last twenty years, obtained from the periodic
Italian PD Census reports. Incr-PD prescription increased over time, from 11.9% in 2010 to 40.2% in 2024. This
parallels on one side with an increase in number of patients starting Incr-PD in those centers already confident with
this strategy and, on the other side, with an increase in the number of centers which start to use it de novo. This
growing confidence towards Incr-PD may be due to the expanding evidence of its safety together with its hypothetical
advantages such as better preservation of residual renal function [6,7], better post transplantation outcomes [9],
reduced peritonitis risk, and better quality of life [5]. Undoubtedly Incr-PD is a glucose sparing strategy, less expensive
and "more green" than full dose PD [13,14]. Above all, as underlined by the most recent guidelines on adequacy in PD
[21], we are moving towards a more "person-centred", "goal-directed" concept of dialysis adequacy, and Incr-PD may
be considered as the mainstay of dialysis personalization.

In addition, the Italian PD censuses showed a progressive decrease in late referral PD patients which in 2024 was only
6.4% of incident PD patients [19]. This reflects the general extension of pre-dialysis care and a timely dialysis start with
preserved RRF, which allows an incremental prescription.

The growing awareness of a more holistic view of adequacy, together with the aforementioned advantages of Incr-PD
and the reduction of late referral patients, may have had a role in the success of Incr-PD observed over the years.

Nowadays, the use of CAPD is mostly linked to incremental prescription, while APD is largely used when full dose is
necessary. This is not surprising since CAPD is simpler than a cycler and less intrusive if only 1 or 2 exchanges are
prescribed, allowing patients to become gradually comfortable with dialysis. Moreover, icodextrin alone or as a part of
an Incr-CAPD regimen, can be used as a glucose-sparing strategy [22,23]. On the contrary, APD requires a minimum of
technical skills that are not always present in elderly patients, it is usually performed every other night, and the
presence of a machine all night long, close to the bed might be perceived more intrusive [24]. In addition, the use of
glucose-based solutions is obligated.

The ratio between CAPD and APD is reversed if we look at patients requiring full dose (FD), since most of them utilize
APD. However, it has not always been this way, up to the early 2000's CAPD was the preferred modality also for Full-
PD. Since 2005 the ratio started to reverse and now APD is clearly more utilized than CAPD when Full-PD is prescribed.
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This is undoubtedly due to the technical evolution of cyclers which became progressively easier to use with simpler
interface and less acoustic disturbance [25]. In addition, the recent advent of APD remote monitoring with the
possibility to control and to modify the PD prescription remotely, favoured the further expansion of APD [26]. Given
that, it is not surprising that Incr-PD patients changed PD modality more frequently than Full-PD, mostly from CAPD to

APD, likely because of RRF decline and necessity to increase PD dose.

The distinct analysis of the "national Audit" showed that most of the Incr-Centers start with single exchanges,
however when two exchanges are necessary, "dry hours" schemes are preferred to the "always full abdomen"
regimen. Even if it is widely known that middle molecules clearance depends on the time of contact between dialysate
and blood, and not on the number of exchanges [27], two continuous manual exchanges are not commonly used. This
may be due to reduced tolerance to abdomen fullness during the day, when most of activities take place, determining
an increase in intraperitoneal pressure and therefore of patient discomfort. Moreover, glucose absorption and
negative ultrafiltration may be an issue, especially in patients with fast transport transfer rate. Even if there is
increasing number of reports regarding the use of more than one icodextrin exchanges per day [28], its use is still

approved for only once a day.

The "national Audit" also showed that most of the centers used the morning blood sample, that is the one soon after
the end of dialysis, to calculate clearance in APD. However, since APD is an intermittent treatment, steady state

cannot be assumed, thus using the morning sample to calculate dialysis clearances leads to an overestimation [29].

Even if in the most recent guidelines the concept of numerical clearance values has been downgraded in attempt to
emphasize patient well-being more than numbers, adequacy indexes remain essential elements to understand how

dialysis is going on, thus a correct calculation is fundamental.

Centres with attitude toward Incr-PD have both more incident and prevalent PD patients than those which do not use
it. This may be related to the fact that Incr-PD may be more attractive for patients, who can choose a more flexible
treatment, so that if Incr-PD is available, more patients choose it. However, it may also mean that centers with larger
PD programs, apply Incr-PD because they are more experienced and are able to manage it. This is in line with the fact

that Incr-Centers use also more assisted PD.

The study has an important limitation that is related to the nature of data collection which does not permit the
analysis of outcomes and the duration of Incr-PD. This is a pure descriptive analysis that allow to focus on our practice

but does not allow us to draw definitive conclusions.

Given that, there are some further results of the Italian PD Census that might be in some way related with the
expansion of Incr-PD. For example, the reduction of the peritonitis rate (from 0.32 in 2005 to 0.16 episode / patient /
year in 2024) and the drop-out rate, due to peritonitis (from 37.9% in 2005 to 21.8% in 2024).

Despite the results shown, the Italian PD Census confirms that generally the use of PD is quite static in term of
prevalence (4234 vs 4322 patients, corresponding to 16.8% vs 15.9% patient per centre in 2005 and 2024 respectively)
and that the mean duration of PD did not change during the observation time (from 32.8 to 31.3 months in 2005 and
in 2024 respectively).

In this study we report the national data regarding Incr-PD updated to 2024. The trend over years confirms the
success of incremental start, mostly in the form of CAPD, while APD is mostly used in prevalent PD patients. Centers
who get used to prescribe Incr-PD are usually bigger with more incident and prevalent PD patients than those who do

not, likely as they are more expert in the field and able to manage Incr-PD safely.

Data from national Audit confirm the uncertainty of nephrologists regarding some elements of Incr-PD prescription,

highlighting the need for best practices for prescription.

The Italian PD Census is a great instrument which allows to understand the way Italian nephrologists practice PD and
to observe its variation across time.
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PD: peritoneal dialysis; Incr-PD: incremental peritoneal dialysis; Full-PD: full dose peritoneal dialysis; CAPD: continuous

ambulatory peritoneal dialysis; APD: automated peritoneal dialysis; Incr-Centers: incremental Centers; Full-Centers: full

dose Centers; RRF: residual renal function.
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