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Incremental peritoneal dialysis (PD), defined as less than “standard dose” PD prescription, has a number

of possible benefits, including better preservation of residual kidney function (RKF), reduced risk of peri-

tonitis, lower peritoneal glucose exposure, lesser environmental impact, and reduced costs. Patients

commencing PD are often new to kidney replacement therapy and possess substantial RKF, which may

allow safe delivery of an incremental prescription, often in the form of lower frequency or duration of PD.

This has the potential to help improve quality of life (QOL) and life participation through reducing time

requirements and burden of treatment. Alternatively, incremental PD could potentially contribute to

reduced small solute clearance, fluid overload, or patient reluctance to increase dialysis prescription when

later needed. This review discusses the definition, rationale, uptake, potential advantages and disadvan-

tages, and clinical trial evidence pertaining to the use of incremental PD.
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PD
is chosen as the first modality of dialysis by
many patients newly diagnosed with having
kidney failure and is currently used to treat approxi-
mately 11% of patients on dialysis worldwide.1

Frequently, PD is the first form of kidney replace-
ment therapy for patients with kidney failure in whom
substantial RKF supports fluid and solute removal. In
these circumstances, it is reasonable to contend that
these patients may not require “standard dose” PD to
maintain health.
There are many purported advantages of incremen-
tal PD, including reduced peritonitis risk, glucose
exposure, environmental waste and cost, preservation
of RKF, and improved QOL. However, there are also
possible disadvantages, including reduced small solute
clearance, increased risk of fluid overload, increased
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mortality risk, and reluctance to increase PD pre-
scription over time.

The practice of incremental PD aligns closely to the
latest guideline from the International Society for
Peritoneal Dialysis on prescribing high-quality, goal-
directed PD, which emphasizes that dialysis should be
prescribed using shared decision-making, with the aim
of minimizing symptoms and treatment burden and
maintaining QOL, in light of the lack of evidence that
small solute clearance affects patient outcomes.2 Thus,
the aim of this review is to provide a comprehensive
update on incremental PD, including its definition,
uptake, potential advantages and disadvantages, and
outcomes.
Definition

Although the concept of incremental PD has been
recognized by national bodies since the 1990s3 and has
been used by health practitioners ad hoc before this,
the definition of incremental PD is not clearly estab-
lished. In general terms, incremental PD may be
considered as any PD prescription that is less than the
“standard dose,” achieves a combined peritoneal and
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Table 1. Characteristics of previous studies comparing IncrPD and stPD
Publication details N Study design Study population details Incremental PD intervention Standard PD intervention Duration on incremental PD

Ankawi et al.10 N ¼ 106
� 54 incrPD
� 52 stPD

� Canadian single-center,
cross-sectional study

Prevalent patients on PD achieving
target total weekly Kt/V of $1.7

� CAPD with <8 l/d or <7 d/wk
� APD with no day dwell or <7 d/wk and

weekly peritoneal Kt/V <1.7 and total
Kt/V $1.7

� CAPD with $8 l/d
� APD with night cycler and $1

day dwell

NR (cross-sectional study)

Jeloka et al.14 N ¼ 41
� 13 incrPD
� 28 stPD

� Indian single-center,
retrospective cohort study

Adult patients with urinary Kt/V of
approximately 1 were offered
incremental PD based on local
practice. Excluded patients with
HIV, hepatitis B, and hepatitis C.
IncrPD patients changed to stPD if
Kt/V <1.7 or on clinician judgment

� 1 icodextrin exchange/d � 3 � 2-l exchanges of
glucose-based dialysate

9.6 mo (IQR NR)
18.8 � 14.7 mo

Lee et al.12 N ¼ 347
� 176 incrPD
� 171 stPD

� Korean single-center,
retrospective cohort study

� Intention-to-treat analysis
based on initial dialysis
regimen

� Censored at time of death or
loss to follow-up

Incident patients on PD, $16 yr
old, follow-up $ 6 mo, urine
volume $ 200 ml. Excluded
patients with previous HD

� CAPD 1–2 exchanges/d, 7 d/wk, with
weekly peritoneal Kt/V <1.7 and total
Kt/V $1.7

� CAPD $3 exchanges/d, 7 d/
wk, irrespective of RKF

2.6 yr (IQR 1.6–4.5)

Sandrini et al.13 N ¼ 105
� 29 incrPD
� 76 stPD

� Italian single-center,
retrospective cohort study

� Intention-to-treat analysis
based on initial dialysis
regimen

� Censored at death, transfer to
HD, kidney transplantation, or
recovery of renal function

Incident patients on PD, follow-
up $6 mo, RKF 3–10 ml/min per

1.73 m2

� CAPD 1–2 exchanges/d � CAPD 3–5 exchanges/d, 7 d/
wk

� APD 7 nights/wk

17 mo (IQR 10–30)

Yan et al.11 N ¼ 139
� 70 incrPD
� 69 stPD

� Prospective, Chinese single-
center, randomized,
controlled, open-label trial

� 24-mo follow-up
� Censored at death, transfer to

HD, kidney transplantation or
after 2 yr on PD

Incident patients on PD on CAPD,
18–80 yr old, GFR $ 2 ml/min,

urine volume $ 500 ml/d.
Excluded patients with previous HD

or kidney transplantation, life
expectancy <6 mo, active
malignancy, acute infection,

significant heart failure, or other
severe diseases at enrollment

� CAPD 3 exchanges/d � CAPD 4 exchanges/d NR (12/70 patients allocated to incrPD
changed to stPD during the study)

Yu et al.6 N ¼ 87,183
� 37,874 incrPD
� 49,309 stPD

� Retrospective analysis of Chi-
nese patient database
(2005–2015)

� As-treated analysis

Patients commenced on PD
between 2005 and 2015, enrolled
in Baxter Patient Support Program,
established on PD at least 90

d and not received APD previously

� CAPD <4 exchanges/d � CAPD $4 exchanges/d NR

APD, automated peritoneal dialysis; CAPD, continuous ambulatory peritoneal dialysis; HD, hemodialysis; incrPD, incremental PD; IQR, interquartile range; NR, not reported; PD, peritoneal dialysis; RKF, residual kidney function; stPD, standard PD.
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MS Cheetham et al.: Incremental Versus Standard Peritoneal Dialysis REVIEW
kidney clearance target, and is intended to increase as
needed if and when RKF declines.4

However, what is considered a standard PD pre-
scription is subject to regional variation, often in the
context of differences in the population, particularly
body habitus. In China and Hong Kong, a standard
prescription may be considered to be 3 exchanges of 2
l/d.5,6 However, in many western countries, a standard
PD prescription is typically 4 exchanges of 2 l/d on
continuous ambulatory PD (CAPD)7,8 or equivalent on
automated PD, incorporating a long dwell.9 As such,
incremental PD has been defined using both of these
values as a threshold across various studies10–14

(Tables 1 and 2). Incremental PD can be delivered in
numerous ways, including varying fill volume, number
of exchanges, or incorporating dry periods or days off
PD,10,13 often with a goal to meet patients’ lifestyle and
clinical needs (Table 3).

Uptake of Incremental PD

Incremental PD is currently being used in some centers
as routine practice10,13,15; however, its use is not
standardized and is largely determined by physician
practice patterns and patient choice. Incremental PD
uptake seems to be increasing over time, with a study
of Italian centers finding that the proportion of patients
using incremental PD, defined as CAPD 1 to 2 ex-
changes per day or automated PD 3 to 4 sessions per
week, increased from 11.9% of incident patients in
2005 to 27.5% in 2012.16

The current rates of incremental PD use worldwide
are not well-known; however, its uptake may be
driven by necessity in some countries. The Global
Kidney Health Atlas surveyed 313 participants from
121 countries and found that 24% of respondent
countries were not able to reliably provide adequate
PD, defined as 3 to 4 exchanges per day or equivalent
on automated PD.17

Potential Advantages of Incremental PD

(Figure 1)
Peritonitis

Owing to the reduced dose of dialysis which may
include fewer connections, it is biologically plausible
that incremental PD may decrease the risk of peritonitis
in patients performing CAPD. The only prospective
randomized controlled trial (RCT) of incremental versus
standard PD to date compared 3 versus 4 CAPD ex-
changes per day in 139 adult incident patients on PD
from a single Chinese center.11 In the 24-month study
period, 9 patients in the incremental group experienced
15 episodes of peritonitis (0.13 episodes/patient-year)
compared with 18 patients in the standard group
who experienced 23 episodes of peritonitis (0.20
Kidney International Reports (2022) 7, 165–176
episodes/patient-year). Although peritonitis-free sur-
vival was nominally longer in the incremental group
(duration not reported, log-rank 3.81, P ¼ 0.05), the
difference was not statistically significant, and the
study was underpowered to evaluate peritonitis.

Observational studies have also provided very low
certainty evidence pertaining to the effect of incre-
mental PD on peritonitis risk. An Italian single-center,
retrospective cohort study compared CAPD 1 to 2 ex-
changes per day with CAPD 3 to 5 exchanges per day,
or daily automated PD, in 105 incident patients on
PD.13 On the basis of the initial treatment regimen, the
peritonitis incidence was 0.09 episodes/patient-year in
those patients treated with incremental PD and 0.23
episodes/patient-year in those with standard PD.
Despite the difference in peritonitis rate, peritonitis-
free survival was comparable (P value not reported).
A retrospective, single-center Korean study of 347
incident patients on PD in an 8-year period also found
no significant difference in incidence of first peritonitis
or peritonitis-free survival (P ¼ 0.86) in patients who
were initiated on 1 to 2 CAPD exchanges daily versus 3
or more CAPD exchanges daily.12 Finally, Jeloka et al.14

compared a once-daily icodextrin exchange with 3
exchanges per day of standard glucose-based solution
in 46 adult incident patients on PD. The peritonitis rate
in those receiving once-daily icodextrin was 0.21
episodes/patient-year compared with 0.47 episodes/
patient-year in those who were initiated on standard
PD. Unfortunately, the study did not analyze whether
the difference in peritonitis rate between the incre-
mental and standard PD groups was statistically sig-
nificant, nor report the number of episodes of
peritonitis or the total time at risk per group.

Currently, the evidence for incremental PD to reduce
risk of peritonitis remains uncertain. The studies to
date have been underpowered to detect differences in
peritonitis occurrence and largely limited to observa-
tional designs. In addition, each of the studies evalu-
ating peritonitis risk defined incremental and standard
PD differently, thereby preventing comparison.

Glucose Exposure

Conventional PD solutions contain between 5.5 and
42.5 g of glucose per liter.18 Glucose absorption from
PD solutions may be in excess of 60%19,20 and consti-
tute 12% to 34% of daily caloric intake.21 This can lead
to adverse systemic effects, including weight and fat
gain,22,23 hyperglycemia,24–26 dyslipidemia,25,27–30 and
metabolic syndrome.27 Moreover, glucose and glucose
degradation products can exert harmful effects on the
peritoneum through cytotoxicity and formation of
advanced glycosylation end products, leading to
inflammation, vasculopathy, membrane thickening,31–
167



Table 2. Outcomes reported in previous studies comparing IncrPD and stPD
Publication details Peritonitis Glucose exposure RKF Cost QOL Solute clearance Technique survival Mortality

Ankawi et al.10 IncrPD peritonitis rate for the 3 yr before the
study was 0.34, 0.48, and 0.30 episodes
per patient-year. Rate for year of the study

was 0.27 episodes per patient-year.
Peritonitis for stPD NR.

NR Among those achieving Kt/V >1.7,
residual renal creatinine clearance
was significantly greater in incrPD
(6.2 � 3.4 vs. 2.7 � 2.4 ml/min,

P < 0.0001).

NR NR Among those achieving Kt/V
> 1.7, no significant difference in
peritoneal Kt/V (incrPD 1.15 � 0.3

vs. stPD 1.62 � 0.4,
P < 0.0001).

Duration on PD was
significantly less in
incremental group

(15 � 14 vs. 27 � 26 mo,
P < 0.001).

NR

Jeloka et al.14 Peritonitis rate incrPD 0.21 vs. stPD 0.47
episodes per patient-year (P value NR)

NR NR NR NR NR NR Patient survival significantly
longer in the incrPD group
(incrPD 42.84 � 7 vs. stPD
25.29 � 9.2 mo, P ¼ 0.01)

Lee et al.12 No difference in incidence rate of first
peritonitis (incrPD 0.10 episodes per

patient-year, 95% CI 0.08–0.13 vs. stPD
0.10, 95% CI 0.08–0.12). Recurrent

events of peritonitis NR.
Median time to first episode of peritonitis
overall 2.3 yr (NR for incrPD vs. stPD).
No difference in probability of remaining

peritonitis-free (P ¼ 0.860).

NR Reduced risk of anuria in
incremental group (HR 0.61, 95%

CI 0.43–0.88, P ¼ 0.007)

NR NR NR No difference in time to
technique failure (incrPD
2.7 vs. stPD 2.9 yr,

P ¼ 0.332)

No difference in death from any
cause (10.9 vs. 7.6 events per
1000 person-years, P ¼ 0.449)

Sandrini et al.13 Incidence of peritonitis was 0.09 episodes
per patient-year in incrPD vs. 0.23 episodes
per patient-year in stPD. No difference in
probability of remaining peritonitis-free

(P value NR).

NR Residual renal function was lower
in the stPD at 6 mo (incrPD 6.20
� 2.02 vs. stPD 4.48 � 2.96 ml/
min per 1.73 m2, P < 0.001) and
at the end of treatment (incrPD
4.36 � 2.96 vs. stPD 2.03 �
2.55 ml/min per 1.73 m2,

P < 0.001)

NR NR No difference in twKt/V at 6 mo
(incrPD 2.13 � 0.45 vs. stPD

2.20 � 0.43 ml/min per 1.73 m2,
P ¼ 0.527) but stPD significantly
greater at end of treatment (incrPD
1.77 � 0.50 vs. stPD 2.01 �
0.35 ml/min per 1.73 m2,

P ¼ 0.007).

NR No difference in patient survival by
intention-to-treat (P ¼ 0.057) or

as-treated (P value NR)

Yan et al.11 Nominally lower proportion of incrPD
patients who experienced peritonitis (incrPD

13% vs. stPD 26%, P ¼ 0.06).
Nominally longer peritonitis-free survival in
incrPD (log-rank ¼ 3.811, P ¼ 0.05).

Glucose exposure
significantly lower

in the incrPD (incrPD 100 vs. stPD
127 g/d, P < 0.001)

No difference in GFR at follow-up
(incrPD 1.6 � 2.0 vs. stPD 1.7 �

1.9 ml/min, P ¼ 0.8)
No difference in GFR decline rates
(incrPD 0.17 � 0.13 vs. stPD
0.20 � 0.11 ml/min per mo,

P ¼ 0.2).
No difference in urine volume at
follow-up (incrPD 505 � 522 vs.
stPD 474 � 442 ml/d, P ¼ 0.8).
No difference in anuria-free survival

between groups
(log-rank ¼ 0.055, P ¼ 0.8).

NR NR Total Kt/V significantly less in
incrPD (incrPD 1.95 � 0.39 vs.

stPD 2.19 � 0.48 ml/min,
P ¼ 0.03).

No difference in technique
survival (log-rank ¼ 0.347,

P ¼ 0.6)

No difference in patient survival
(log-rank ¼ 0.978, P ¼ 0.3)

Yu et al.6 NR NR NR NR NR NR NR Significantly lower mortality risk in
standard group (HR 0.64, 95%

CI 0.62–0.66)

HR, hazard ratio; incrPD, incremental PD; NR, not reported; PD, peritoneal dialysis; QOL, quality of life; RKF, residual kidney function; stPD, standard PD; twKt/V, total weekly Kt/V.
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34 and accelerated decline in RKF.35,36 Through reduced
number or volume of PD exchanges, or use of
icodextrin-only regimens, incremental PD can reduce
peritoneal glucose exposure, which may be beneficial
for membrane preservation37,38 and mitigating the
systemic effects of high glucose exposure.

Only one study has evaluated the effects of incre-
mental PD on glucose exposure, a RCT which
compared 3 (n ¼ 70) versus 4 CAPD exchanges per
day (n ¼ 69) and evaluated glucose exposure as a
secondary outcome.11 Baseline glomerular filtration
rate (GFR) (5.7 � 2.9 vs. 6.4 � 2.8 ml/min, P ¼ 0.1)
and urine volume (1465 � 525 vs. 1602 � 570 ml/d,
P ¼ 0.2) were similar between incremental and stan-
dard groups. At 24 months, glucose exposure was
significantly lower in the incremental group compared
with the standard group (100 [range 82–118] vs. 127
g/d [range 109–145], P < 0.001). However, the study
did not find any significant difference between groups
in dialysate-to-plasma creatinine ratio (0.57 � 0.13 vs.
0.55 � 0.10, P ¼ 0.6), decline in GFR (0.17 � 0.13 vs.
0.20 � 0.11 ml/min per month, P ¼ 0.2), or urine
volume (40 � 28 vs. 49 � 22 ml/mo, P ¼ 0.1) at
follow-up. This is in contrast to the findings from the
balANZ study which, although not specifically
designed to evaluate the effects of incremental PD,
found lower glucose exposure to be an independent
predictor for higher RKF.35 Multivariable modeling
revealed that each 10 g/d increase in dialysate glucose
exposure was independently associated with a 4%
lower RKF at any study time point. Differing perito-
neal glucose exposures may have contributed to these
differences in observed outcomes, as daily glucose
exposure was much lower in the study by Yan et al.11 (at
24 months, median 100 g/d in incremental, 127 g/d in
standard) compared with the balANZ study (at 24
months, mean 160.7 g/d).

To date, no studies have compared the rates of
glucose exposure-related effects, such as weight gain,
hyperglycemia, or dyslipidemia, between incremental
and standard PD regimens. More evidence is required
to understand how reduced glucose exposure through
use of incremental PD regimens may affect patient-level
outcomes.

Residual Kidney Function

Previous studies have revealed the importance of
clearance contributed by RKF compared with perito-
neal clearance. In the Canada–United States of America
study, each 5 l/wk per 1.73 m2 increase in GFR was
associated with a 12% decrease in the relative risk of
death (relative risk 0.88, 95% CI 0.83–0.94), and each
250 ml increase in urine volume was associated with a
36% decrease in the risk of death (relative risk 0.64,
Kidney International Reports (2022) 7, 165–176
95% CI 0.51–0.80).39 Preservation of RKF has in turn
been associated with improved fluid status, improved
blood pressure control,40 reduced left ventricular hy-
pertrophy,41,42 improved biochemical parameters,43–45

and reduced risk of peritonitis.46,47 Frequency and
duration of dialysis and intradialytic hypotension have
been associated with loss of RKF in patients on hemo-
dialysis (HD),48 with observational study outcomes
revealing better RKF preservation through incremental
HD.49–53 Consequently, it has been hypothesized that
incremental PD might be beneficial for the purposes of
preserving RKF compared with standard PD.

Sandrini et al.13 compared 1 to 2 exchanges per day
with 3 or more exchanges per day in 105 patients with
comparable RKF at baseline (6.08 � 1.74 vs. 5.61 � 1.49
ml/min per 1.73 m2, P ¼ 0.16). At the end of the
treatment (median 17 months), RKF was significantly
greater in the incremental group compared with the
standard group (4.36 � 2.96 vs. 2.03 � 2.55 ml/min per
1.73 m2, P < 0.001). Similarly, in a cohort study of 347
patients in South Korea comparing a CAPD regimen of 1
to 2 versus $3 exchanges per day, there was a reduced
risk of anuria in the incremental group (hazard ratio
0.61, 95% CI 0.43–0.88, P ¼ 0.007).12 These studies
were both limited by being single-center, retrospec-
tive, observational studies and were therefore at risk of
selection bias and confounding.

A systematic review and meta-analysis of incre-
mental PD and HD by Garofalo et al.54 found a lower
mean loss of RKF with incremental PD and HD (�0.13
ml/min per month, 95% CI �0.18 to �0.08) compared
with standard dialysis (�0.74 ml/min per month, 95%
CI �1.15 to �0.33; mean difference 0.58 ml/min per
month, 95% CI 0.16–1.01, P ¼ 0.007). Although the
systematic review identified 75,292 participants in 22
nonrandomized studies, only 1573 patients in 5 studies
were included in the analysis evaluating RKF. More-
over, 3 of these included studies were in incremental
HD, 1 compared incremental PD with HD, and only 1
nonrandomized study of 105 patients compared incre-
mental PD with standard PD. The limitations of this
meta-analysis included high heterogeneity (I2 ¼
97.45%, P < 0.001), pooled analysis of patients on PD
and HD, and inclusion of only cohort studies with
small sample sizes, short follow-up durations, and high
risks of bias.

The only RCT of incremental versus standard PD
found that, in a 24-month follow-up period, the pri-
mary outcomes of GFR (1.6 � 2.0 vs. 1.7 � 1.9 ml/min,
P ¼ 0.8), GFR decline rate (0.17 � 0.13 vs. 0.20 � 0.11
ml/min per mo, P ¼ 0.2), urine volume (505 � 522 vs.
474 � 442 ml/d, P ¼ 0.8), and anuria-free survival (log-
rank test statistic 0.055, P ¼ 0.8) were not significantly
different between the incremental and standard PD
169



Table 3. Examples of using incremental PD prescriptions4

CAPD APD

- Smaller fill volumes
- Fewer number of exchanges per day
- Incorporate day(s) off
- No long dwell
- Icodextrin exchange only (once or twice
a day)

- Smaller fill volumes
- Fewer number of exchanges on cycler
- Incorporate day(s) off, including use of
IPD

- Nocturnal intermittent peritoneal dialysis
(no day fill)

APD, automated peritoneal dialysis; CAPD, continuous ambulatory peritoneal dialysis;
IPD, intermittent peritoneal dialysis; PD, peritoneal dialysis.

REVIEW MS Cheetham et al.: Incremental Versus Standard Peritoneal Dialysis
groups.11 Demographic characteristics, including age,
sex, body mass index, cause of kidney failure, and
comorbidities, were comparable between the incre-
mental and standard PD groups, and there were no
significant differences in baseline GFR (5.7 � 2.9 vs. 6.4
� 2.8 ml/min, P ¼ 0.1) or urine volume (1465 � 525 vs.
1602 � 570 ml/min, P ¼ 0.2). This study was limited in
that no formal sample size calculation was performed,
and thus, the study may have been underpowered to
detect differences in RKF. In addition, this study was
performed in a single Chinese centre, with the study
population having relatively low body mass index
(mean 21.4 � 3.0 in incremental vs. 21.9 � 3.2 kg/m2 in
standard) and a young age (mean 53.2 years in the in-
cremental group and 53.0 in the standard group), so
results may not be generalizable to other populations.

Although observational studies suggest a possible
benefit for RKF preservation with incremental PD, this
has not been demonstrated in an RCT, and currently,
there is very low certainty evidence that incremental
PD may lead to little or no difference in RKF.
INCREMENTAL PERIT
ADVANTAGES

DISADVANTAGES

Fewer connections

Reduced dialysate use

Reduced glucose exposure

Direct outcomes

Reduced small solute clearance

Reduced ultrafiltration

Risk of therapeutic inertia

Figure 1. Potential advantages and disadvantages of incremental PD. PD
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Cost

Kidney replacement therapy results in a significant
direct cost burden to the health system and, despite PD
being significantly cheaper than HD, data from the
United States Renal Data System approximate the cost
of PD to be $76,177 per person, per year.55 Globally,
the annual cost of PD seems to increase with increasing
country income, but it varies greatly from $5520 in
Tunisia to $99,280 in the United Arab Emirates.56

Irrespective of the local costs, reduction in bag use
with no impact on patient outcomes (e.g., technique
survival, transplant, mortality) would translate into a
decrease in economic burden on both health systems
and patients, especially in countries where free public
health care is unavailable and large disparities in access
to health care exist. For example, in Indonesia, the out-
of-pocket cost to a patient is US$4.50 per PD bag,57

adding up to $6570 per year on a standard 4 ex-
changes per day prescription, well in excess of the per-
capita national income of US$4135.58 In other words,
by performing one less exchange per day, a patient
may be able to receive a further 4 months of PD
treatment for the same cost. As such, recent guidelines
of the International Society for Peritoneal Dialysis
recommend that PD prescriptions should take into ac-
count local resource availability2 and advocate for the
increased uptake of incremental PD in low- and middle-
income countries to try to achieve patient well-being at
the lowest cost.57

Incremental PD also has the potential to reduce in-
direct financial costs. Patients who are performing
ONEAL DIALYSIS

Potential Clinical Implications

Reduced peritonitis risk

Peritoneal membrane preservation

Reduced systemic complications of glucose

RKF preservation

Reduced financial cost

Reduced environmental waste

Improved quality of life 

Increased risk of fluid overload

Poorer patient survival

, peritoneal dialysis; RKF, residual kidney function.
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fewer exchanges per day or are incorporating days off
PD may experience less loss of productivity and
employment hours. Waste disposal costs and accom-
modating the physical footprint of PD solutions are also
indirect costs that patients must bear and could be
reduced through use of an incremental prescription.

The cost-effectiveness of incremental PD has not
been formally studied. However, a cross-sectional cost
analysis from a Canadian center where incremental PD
was routinely practiced predicted a 16% increase in
treatment cost per patient if the PD regimen was to be
modified to meet small solute clearance targets.59 In-
cremental PD may therefore deliver acceptable treat-
ment while being cost-effective when compared with
standard PD, especially with recent changes in practice
patterns and decreasing emphasis on small solute
clearance target-driven PD.2,57

Environmental Effects

The use of fewer bags through incremental PD would
be beneficial from the perspective of environmental
cost. Although data on water consumption for PD so-
lution generation are not readily available,60 estimated
water use may exceed 720 l/wk for a prescription of 4
exchanges of 2l/day.61 In addition, plastic waste
comprising the solution bags, tubing, drainage set, and
disinfection cap needed for PD has been estimated to
range from 188 to 301 kg per patient per year.62

Finally, reduction in the frequency or load of sup-
plies being delivered may lead to reduced carbon
emissions. As a result, incremental PD may reduce
carbon footprint and waste generation, although this
has not been formally evaluated in any study to date.

Quality of Life

Incremental PD may have important benefits on QOL.
Standard PD treatment requires a significant time
commitment and care burden. In principle, less time
being spent performing PD exchanges and flexibility of
timing of treatment may help promote life participa-
tion. An incremental approach may also allow patients
and their families to gradually adjust to the changes in
lifestyle and responsibility that result from dialysis
treatment.

Incremental PD, through reduced dwell volumes or
use of dry periods, may also provide symptomatic
benefit to patients who experience discomfort or com-
plications related to the volume, pressure, and weight
of their indwelling PD fluid, such as back pain,
decreased mobility, gastroesophageal reflux, early
satiety, hernia, and abdominal fluid leaks. On
commencement of PD, patients may perceive incre-
mental PD to be less intimidating than standard PD
owing to fewer exchanges and fewer supplies required.
This may provide benefits from a psychological
Kidney International Reports (2022) 7, 165–176
perspective. In addition, this may encourage more pa-
tients to choose PD, such as those with limited living
space (e.g., living in apartments or shared housing). In
the longer term, it is possible that incremental pre-
scriptions may improve tolerability and help reduce
the treatment burden of PD, thereby reducing burnout.
Although these putative benefits seem highly plau-
sible, QOL, burden, and mood have not been evaluated
in any trial comparing incremental and standard PD to
date, nor in any observational studies.

Potential Disadvantages of Incremental PD

(Figure 1)
Small Solute Clearance

Incremental PD, by virtue of providing a lesser dose
of dialysis compared with standard PD, is associated
with reduced small solute clearance, and incremental
prescriptions may therefore require increases over
time as RKF declines to maintain small solute clear-
ance. However, observational studies have revealed
substantial small solute clearance attributable to the
presence of RKF at dialysis commencement, contrib-
uting a Kt/V of between 0.71 and 0.85.63,64 A standard
prescription may therefore achieve a Kt/V of >2 or
even >3 in some patients,65 despite 2 RCTs revealing
augmenting small solute clearance is not associated
with improved patient outcomes.66,67 As such,
guidelines have moved away from clearance-based
prescription goals to focus on patient priorities and
management of symptoms.2

Patients may be maintained on an incremental pre-
scription for some time before requiring an increase to
standard PD for clinical or biochemical reasons. Yan
et al.15 reported that in their Canadian center, which
did not routinely monitor Kt/V, only 32.6% of patients
who commenced PD with an incremental prescription
(defined as exchange volume of no >6 l/d or PD per-
formed <7 d/wk) subsequently transitioned to a stan-
dard prescription, and this was at a median time of 10.3
months (interquartile range 6.2–15.7).

Even in centers where small solute targets are being
used, many patients may be able to be maintained on
an incremental regimen for a substantial period of time.
A recent observational study by Navaratnarajah et al.68

revealed that, in their UK center, 51% of their patients
were performing PD <7 days per week at initiation.
This increased to 71% at 12 months, yet 98% achieved
a creatinine clearance of >50 l/wk per 1.73 m2. The
previously described cohort study by Lee et al.12 found
that the 176 incident patients treated with CAPD 1 to 2
daily exchanges, targeting a total Kt/V of $1.7, were
able to be maintained on this incremental prescription
for a median duration of 2.6 years (interquartile range
1.6–4.5 years) and as long as 9.2 years. In the
171
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observational study by Sandrini et al.,13 median
duration on an incremental PD prescription on CAPD 1
to 2 exchanges per day was 17 months (interquartile
range 10–30 months). Moreover, some patients may be
maintained on even a single daily PD exchange for a
considerable period. In the study by Jeloka et al.,14

incident patients were maintained on a once-daily
icodextrin-alone regimen for a median period of 9.6
months. Although these studies indicate that many
patients can be treated with incremental prescriptions
while still attaining small solute clearance targets suc-
cessfully, these studies were observational and prone to
confounding by indication.

In summary, reduced small solute clearance is not an
obstacle to performing incremental PD and inability to
meet historical Kt/V targets does not necessitate a
conversion to standard PD if the patient is otherwise
well. This is due to both the lack of convincing evi-
dence for improved patient outcomes through clear-
ance targets and the ability for most incident patients
on PD to maintain considerable Kt/V on incremental
prescriptions owing to RKF.

Fluid Overload

Compared with standard PD, incremental prescriptions
have a reduced margin of peritoneal clearance to
compensate as RKF falls. Failure to escalate the pre-
scription to maintain combined peritoneal and kidney
ultrafiltration in a timely fashion may therefore result
in patients suffering complications, such as fluid
overload. Monitoring loss of RKF and making pre-
scription adjustments may be challenging when man-
aging patients who live in rural and remote areas, or
who have difficulty attending frequent appointments
owing to issues such as poor mobility or lack of
transport. In these cases, home visits and telehealth
may assist in management, but clinicians may need
extra vigilance in continuously monitoring their pa-
tients’ volume status, RKF, biochemical parameters,
and most importantly, symptoms, so that necessary
adjustments to the prescription can be made.

Patient Survival

Incremental PD may potentially lead to reduced patient
survival from underdialysis through mechanisms such
as electrolyte derangement, fluid overload, and poorer
nutritional state. A large registry analysis of 87,183
Chinese patients found that those treated with $4
CAPD exchanges per day had a lower risk of death
compared with those treated with <4 exchanges per
day (hazard ratio 0.64, 95% CI 0.62–0.66).6 However,
this analysis was unable to adjust for important factors
associated with mortality, which could have influenced
PD prescribing, including comorbidities, peritoneal
small solute clearance, urine output, and RKF. In
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contrast, once-daily icodextrin was found to be asso-
ciated with significantly longer median patient sur-
vival compared with thrice-daily glucose-based
exchanges in 41 patients on PD at a single Indian
center (42.84 vs. 25.29 months, P ¼ 0.01).14 However,
this was a small observational study prone to selection
bias, and the analysis was limited in that it did not
adjust for risk factors, such as RKF or comorbidities,
and did not include competing risks analysis.
Although the icodextrin-alone group had significantly
higher urine output at baseline compared with the
standard PD group (1265 � 316 vs. 551 � 504 ml/d,
P < 0.001), only unadjusted survival analysis was
performed, leading to potential for confounding by
indication.

No other study comparing incremental and standard
PD has revealed a difference in mortality. The single-
center Italian cohort study of 105 incident patients on
PD comparing patients performing 1 to 2 exchanges per
day with those performing 3 to 5 exchanges per day13

found no significant difference in patient survival
when analyzed by their regimen at initiation (P ¼ not
significant) or their as-treated PD regimen (P ¼ 0.057).
A Korean cohort study compared 176 patients on PD
performing 1 to 2 CAPD exchanges per day to 171
performing 3 or more exchanges per day and found no
difference in mortality (incremental 10.9, 95% CI 5.2–
20.0 vs. 7.6, 95% CI 3.3–15.0 events per 1000 person-
years; P ¼ 0.449).12 Limitations of this study
included its observational design and the presence of
significant baseline differences between groups, as the
incremental PD group was older with higher urine
output, RKF, and Kt/V, although the authors did adjust
for these differences in their analyses. The systematic
review and meta-analysis by Garofalo et al.54 did not
identify any difference in all-cause mortality between
incremental and standard dialysis (hazard ratio 1.14,
95% CI 0.85–1.52). However, this meta-analysis
included only 1 study that was performed in patients
on PD,13 with the other 10 included studies being of
patients on HD only, and there was significant het-
erogeneity (I2 ¼ 86.4%, P < 0.001). Finally, the RCT
performed by Yan et al.11 comparing 3 versus 4 PD
exchanges per day also failed to demonstrate any dif-
ference in patient survival in the 24-month follow-up
period (log-rank test statistic 0.978, P ¼ 0.3). Data
were censored at death, transfer to HD, and kidney
transplantation. Although the study’s strengths
included being a prospective randomized trial, it was a
single-center study of relatively small sample size with
inadequate statistical power, short follow-up duration,
and high risk of bias owing to its open-label design,
unclear allocation concealment, and dropout rate of
19%.
Kidney International Reports (2022) 7, 165–176
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Currently, there is low certainty evidence that in-
cremental PD may result in no worse patient survival
or technique survival compared with standard PD.

Therapeutic Inertia

Therapeutic inertia may be defined as a failure to
initiate intensifying therapy when therapeutic goals are
not being reached.69 This may be due to clinician fac-
tors, for example a prescriber failing to adequately
monitor and/or escalate dialysis prescription in
response to a patient’s declining RKF. However, this
may also occur due to patient factors, whereby a pa-
tient may be reluctant to have their PD prescription be
increased or changed from that to which they are
accustomed.70 Although there is no research specif-
ically addressing therapeutic inertia in PD, it has been
associated with poorer long-term outcomes in people
with diabetes mellitus, including progression of dia-
betic retinopathy71 and increased risk of cardiovascular
events.72 In fields outside nephrology, failure to follow
medication recommendations has been associated with
patients feeling disempowered in clinical decision-
making73 and feeling that their preferences are not
being taken into account,74 and it is possible that these
may also be factors contributing to resistance from
patients to increase dialysis prescription.

Shared decision-making, with discussion of advan-
tages and disadvantages, may help alleviate patient
resistance to necessary treatment changes. Both clini-
cians and patients must be mindful of the anticipated
trajectory of PD treatment. Thus, education and clear
communication regarding the need for monitoring and
expected changes should be undertaken before, and
continue to be reinforced after, commencement on
dialysis to achieve optimal patient outcomes.

Summary and Future Directions

Incremental PD has been used in clinical practice for
over two decades. However, there is currently no
standardized definition and global prescription prac-
tices vary. Despite the importance of evaluating the
benefits and harms of incremental PD to patients,
caregivers, clinicians, and policymakers, especially in
resource-limited settings, the evidence for incremental
PD remains uncertain because of the limited number,
size, duration, and quality of studies performed to date.
There are many possible benefits of incremental PD,
including preservation of RKF, reduced risk of perito-
nitis, mitigation of glucose-related membrane and
metabolic complications, reduced environmental
impact, decreased health care costs, and improved QOL
and life participation. These benefits need to be
weighed against potential disadvantages, including
suboptimal dialysis small solute clearance and fluid
Kidney International Reports (2022) 7, 165–176
removal, effects on patient survival, and a reluctance of
patients to increase their PD prescription.

It is clear that a large RCT of incremental versus
standard PD is warranted. Although incremental PD
should not currently be prescribed solely for economic
reasons or for a palliative goal, if incremental PD were
found to have comparable safety outcomes to standard
PD, it could be used as routine practice, because it
would provide equivalent treatment for a lower
financial and environmental cost. This would provide
benefits to both high-income countries, owing to
reduced indirect costs and health care utilization, and
low-income countries, by allowing more patients to
access dialysis and reducing the out-of-pocket costs to
the patients. Importantly, understanding the effect of
incremental PD on patient-reported outcomes,
including life participation which was identified as a
priority outcome in the Standardised Outcomes in
Nephrology-PD consensus workshop,75 is essential to
inform shared decision-making globally. Until a time
when such RCT data are available, incremental PD will
still provide high-quality patient care when used in
accordance with individual patients’ preferences and
priorities and should be considered for use in more
patients.
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