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Abstract

Background Incremental peritoneal dialysis (IPD) refers to the use of less than standard full-dose peritoneal dialysis
(SPD) in end-stage renal disease patients. While the use of IPD is being reported in the literature, its safety and efficacy
vs. SPD is unclear. We hereby performed a systematic review of studies comparing mortality, peritonitis, technique
survival, anuria-free survival and residual renal function (RRF) between IPD and SPD.

Methods All comparative studies published on PubMed, Embase, CENTRAL, Scopus, and Web of Science databases
from inception to 5th September 2023 and reporting on given outcomes were eligible.

Results Ten studies were included. Definitions of IPD were heterogenous and hence mostly a qualitative synthesis
was undertaken. Majority of studies found no difference in patient survival between IPD and SPD. Meta-analysis

of crude mortality data also presented no significant difference. Peritonitis and technique survival were also not
significantly different between IPD and SPD in the majority of studies. Data on RRF was conflicting. Some studies
showed that IPD was associated with the preservation of RRF while others found no such difference.

Conclusion IPD may be a safe alternative to SPD in incident dialysis patients. There seems to be no difference in
patient survival, peritonitis, and technique survival between the two modalities. However, the impact of IPD on RRF is
still questionable. Evidence is heterogeneous and conflicting to derive firm conclusions.
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Introduction

End-stage kidney disease (ESKD) is a major public health
problem affecting around 4—7 million individuals around
the world [1]. The need for renal replacement therapy for
survival imposes enormous socioeconomic pressure on
both the patients as well as health care setups globally. In
about 80% of patients, the initial choice is hemodialysis
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[HD] [7, 8]. Nevertheless, while the number of patients
requiring renal replacement therapy has grown expo-
nentially, those enrolled in PD have not correspondingly
increased. Lack of patient education, risk of catheter-
related complications, shortage of trained manpower,
and lack of support for assisted PD are important factors
limiting the uptake of PD [9].

The concept of incremental PD (IPD) was first reported
in the year 1997 and consisted of starting maintenance
dialysis with PD but with lower-dose prescription rather
than the full dose i.e. standard PD (SPD) while main-
taining individualized clearance goals [10]. The dosage
is gradually increased as the RRF declines by changing
the dwell time, volume and number of exchanges [11,
12]. IPD can be implemented in both continuous ambu-
latory PD (CAPD) and ambulatory PD (APD) achiev-
ing the therapeutic goals of renal replacement therapy
at a reduced cost [12]. Recommendations by the Inter-
national Society for Peritoneal Dialysis (ISPD) in 2020
recommended the usage of IPD for improving patient
experience and providing high-quality, goal-directed PD
[13]. The presumed advantages of IPD like longer pres-
ervation of RRF, reduced costs, and reduced time on PD
have prompted its utilization in several countries world-
wide. However, these advantages are still debatable and
it is unclear if PD should be started at a reduced dosage
or full-dose. Several comparative studies on IPD vs. SPD
have been published in the past decade [14—16], how-
ever, there has not been an attempt to pool published evi-
dence. We hereby attempted to perform a comprehensive
systematic review and meta-analysis to analyze the effi-
cacy and safety of IPD vs. SPD.

Materials and methods

Search protocol

The present study was reported by the guidelines
of PRISMA [17] and registered on PROSPERO
(CRD42023458440). All studies published on PubMed,
Embase, CENTRAL, Scopus, and Web of Science data-
bases were searched from inception to 5th September
2023. Only English-language studies were eligible. It was
conducted by an experienced medical librarian along
with one study reviewer. The search strategy included
MeSH/Emtree terms and free keywords namely: “low
dose’, “incremental’; “peritoneal dialysis’, “incremental
dialysis’, “survival” “ and “mortality”. Details can be found
in Supplementary Table 1. All search results were down-
loaded into EndNote X8 (Thompson ISI Research soft,
Philadelphia, Pennsylvania), a reference manager soft-
ware. Duplicate articles were identified and excluded. All
remaining unique citations underwent screening by two
reviewers. Full texts of articles found important were
downloaded and further screened based on inclusion
criteria.
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Inclusion criteria
Both reviewers independently checked the eligibility of
studies based on the following criteria:

1. Any study design conducted on patients undergoing
PD without any age restriction.

2. Comparing outcomes of IPD with SPD. We did not
predefine IPD and accepted the criteria mentioned in
the included studies.

3. Outcomes included all-cause mortality, peritonitis,
technique survival, anuria-free survival, and RRF.

Studies comparing IPD with HD, not reporting any out-
comes, on urgent-start PD, and single-arm studies were
excluded.

All studies underwent final screening based on these
criteria. The reviewers resolved any disagreements (if
any) involving the study selection by discussion. In the
end, one reviewer undertook a hand search of the refer-
ence list of included studies for any possible inclusions. In
two studies were found to use the same database and had
same or overlapping study duration, the study reporting
the maximum outcomes was to be included.

Data extraction

A pre-defined data collection form was used by the
reviewers to collect data. It included the author and
publication information, location, IPD and SPD defini-
tion, duration of IPD, follow-up, sample size, age, gen-
der details, diabetics, creatinine, baseline renal function,
haemoglobin, albumin, baseline 24-hour urine output,
and drug use. The second reviewer then cross-checked
the data for correctness. All endpoint data based on the
inclusion criteria was extracted. We did not predefine any
endpoints and all definitions reported by the included
studies were acceptable.

Study quality

The Newcastle-Ottawa Quality Assessment Scale
(NOS) was selected for assessing individual study bias
of observational studies [18]. The scale intends to rate
selection bias, comparability of the exposed and unex-
posed groups, outcome assessment, and completeness
of follow-up. Points are awarded based on pre-deter-
mined questions and the final score of each study can be
0 meaning the highest risk of bias up to 9 meaning the
lowest risk of bias. The Cochrane risk of bias-2 tool was
used to examine risk of bias in randomized controlled
trials (RCT) [19]. Two reviewers were involved in the
risk of bias analysis and disagreements were resolved by
discussion.
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Statistical analysis

Quantitative synthesis was planned if a minimum of
three studies were available for each outcome. If out-
comes were reported on different scales or without 95%
confidence intervals (CI), meta-analysis was not con-
ducted. Outcome data was extracted as a crude ratio or
adjusted ratio. Both data were to be pooled separately.
Crude dichotomous data was pooled to obtain.

RR and 95% CI. Subgroup analysis was conduct based
on study design. A random-effects model was chosen
because of anticipated heterogeneity. The chi-square test
judged the heterogeneity between studies; the I? statistic
was also calculated. The I” statistic gives the percentage of
the variability in effect size based on heterogeneity rather
than sampling error. Any value>50% was considered
substantial heterogeneity. “Review Manager” (RevMan,
version 5.3; Nordic Cochrane Centre (Cochrane Collabo-
ration), Copenhagen, Denmark; 2014) was the software
used. Values of p<0.05 were considered to be statistically
significant. Owing to a low number of studies funnel plot
was not generated for publication bias. GRADE approach
(Grading of Recommendations Assessment, Develop-
ment and Evaluation) was used to assess certainty of
evidence.

Results

Search results

The final number of articles obtained from all databases
was 2016. Unique articles amongst these were 992. The
reviewers eliminated 973 studies based on initial screen-
ing. Nineteen underwent full-text analysis and ten were
selected for the meta-analysis [14—16, 20-26] (Fig. 1).

Baseline details of studies

Study details and baseline data of participants at the start
of PD are presented in Tables 1 and 2. All were retrospec-
tive studies and only one was an RCT. One study was a
secondary analysis of an RCT. The studies published
between 2013 and 2023 included patients from India,
Italy, China, Korea, Australia, the USA and Portugal.
The RCT of Yan et al [24] compared 3 vs. 4 exchanges/
day of CAPD with a follow-up of two years. Hayat et al
[20] compared<56 L/week vs.>56 L/week of PD fluid
exchange with a follow-up of about two years. In the ret-
rospective studies, there was a wide variation in what
was defined as IPD. Most studies however, considered<3
dwells of CAPD per day as IPD. Jeloka et al [22] reported
IPD as one icodextrin exchange/day. Huang et al [14]
defined IPD as CAPD <8 L/day with no patient receiving
it for <7 days a week. SPD was defined as =4 exchanges
on CAPD per day in four studies. In three studies, >3
exchanges/day was considered as SPD. Four studies did
not report the duration of IPD. In the remaining stud-
ies, it ranged from one year to 2.5 years. A total of 1540
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patients were on IPD while 1837 were on SPD. The mean
age was above 40 years in both IPD and SPD groups
across studies. Majority of studies had a male predomi-
nance in the sample. The percentage of diabetics was
<50% across studies. However, in the study of Jeloka et al
[22] and Naljayan et al [21]>50% of patients in both the
IPD and SPD groups were diabetics. GFR was <10 ml/
min/1.73m? in most studies, both in IPD and SPD. GFR
was significantly better in the IPD group vs. the SPD
group in the study of Lee et al [15]. No such difference
was noted in the remaining studies. The follow-up dura-
tion varied from 17 months to a maximum of 12 years.
On examination of study quality of observational stud-
ies, the reviewers gave one study 5 points, three studies
scored 6 points, while the remaining got 8 points. The
study of Yan et al [24], being an RCT, was assessed by the
Cochrane risk of bias tool. There were “some concerns”
regarding the randomization process and missing out-
come data, high risk of bias for outcome assessment, but
low risk of bias for deviations from intended interven-
tions, and selection of reported result. Overall the RCT
was classified as having high risk of bias.

Mortality

Outcome data reported by studies is presented in Table 3.
Much of the data was not amenable to a meta-analysis.
Since crude mortality rates were reported by five studies,
we decided to pool them together. No statistically sig-
nificant difference was noted in mortality rates between
IPD and SPD (RR: 0.84 95% CI: 0.46, 1.55 1*=28%). The
results were non-significant for both the single RCT
and non-RCTs (Fig. 2). GRADE assessment of evidence
showed certainty of evidence was “very low” for both the
RCT and non-RCTs (Supplementary Table 2). All-cause
mortality adjusted for confounders was reported by Lui
et al [16] (HR: 0.79 95% CI:0.58-1.09) and Lee et al [15]
(HR: 0.504 95% CI: 0.230-1.104) but without any sta-
tistically significant difference between the two groups.
Naljayan et al [21] also reported the incidence rate ratios
(IRR) of mortality rates in both CAPD and APD groups.
No statistically significant difference in mortality was
noted between IPD and SPD for CAPD (IRR: 0.68; 95%
CIL: 0.43-1.06) and APD (IRR: 0.62; 95% CI: 0.34—1.14)
groups. As noted in Table 3, except for the study of
Jeloka et al [22] which noted better survival with IPD, the
remaining studies also noted no statistically significant
difference in patient survival between IPD and SPD.

Peritonitis

Peritonitis was reported as an outcome of eight studies.
Lee et al [15] found a statistically significant lower risk
of peritonitis in patients undergoing IPD as compared to
SPD. The incidence of peritonitis was 1/18 patient-year
in IPD patients and 1/7 patient-year in the SPD group
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Fig. 1 Study flowchart

(p=0.002). However, all remaining studies noted no sta-
tistically significant difference in the risk of peritonitis
with either modality.

Technique survival

Six of the ten studies reported on technique survival.
In the study of Fernandez et al [26], 5/57 IPD patients
and 8/30 patients SPD patients had technique failure.
Mechanical complications with SPD (2/30) were also

)

Records identified from:

§ Eumbbl\ggg 8112573:132)) Records removed before

g Scopus (n=223);, —> screglr: "?i%:ate records removed

= Web of Science (n=157); ( n=ﬁ 024)

o CENTRAL (n=94)

= (Total=2016)
Records screened rRe(Ie:\(/);(rjli eexcluded due to non-
(n=992) (n=973)
Reports sought for retrieval Reports not retrieved

> (n=19) (n=0)

'c

o

: '

7]

»n
Reports assessed for eligibility Reports excluded:
(n=19) ’ Single-arm studies (n=3)

No comparing with SPD (n=2)
Not on IPD (n=4)
—/

= Reports identified from Citation

9 Studies included in review search (n=0)

3| | (n=10) D

)
(=

Page 4 of 12

significantly higher as compared to IPD (0/57) in their
study. Overall, the authors noted superior technique
survival with IPD (p=0.026). None of the remaining five
studies noted a statistically significant difference in tech-
nique survival between the two modalities.

Anuria-free survival
Three studies reported on anuria-free survival. Yan et
al [24] in their RCT noted no statistically significant
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IPD SPD Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.1.1 RCT
Yan 2016 6 70 3 69 16.0% 1.97[0.51, 7.57] 2016 T
Subtotal (95% CI) 70 69 16.0%  1.97[0.51,7.57] i
Total events 6 3
Heterogeneity: Not applicable
Test for overall effect: Z = 0.99 (P = 0.32)
1.1.2 Non-RCTs
Sandrini 2016 9 29 32 76 42.1% 0.74 [0.40, 1.35] 2016 ——
Lee 2019 10 176 8 171 27.8% 1.21[0.49, 3.00] 2019 —
Huang 2021 1 42 3 54 6.8% 0.43 [0.05, 3.97] 2021
Fernandes 2023 1 57 4 30 7.3% 0.13[0.02, 1.13] 2023
Subtotal (95% CI) 304 331 84.0% 0.73 [0.39, 1.36] S .o
Total events 21 47
Heterogeneity: Tau? = 0.10; Chi%? = 3.86, df = 3 (P = 0.28); I> = 22%
Test for overall effect: Z = 1.00 (P = 0.32)
Total (95% CI) 374 400 100.0% 0.84 [0.46, 1.55] <@
Total events 27 50

PP 2 . 2 L2 0, I I f |
Heterogeneity: Tau® = 0.14; Chi* = 5.58, df = 4 (P = 0.23); I° = 28% o1 o' 0 100

Test for overall effect: Z = 0.55 (P = 0.58)

Test for subgroup differences: Chi? = 1.73, df = 1 (P = 0.19), I> = 42.2%

Fig. 2 Meta-analysis of crude mortality rates between IPD and SPD

difference between IPD and SPD for anuria-free survival.
However, the two retrospective studies of Lui et al [16]
and Lee et al [25] found statistically significant better
anuria-free survival with IPD. Huang et al [14] also noted
no statistically significant difference in residual urea and
creatinine clearance at the end of follow-up between
the two groups. On the other hand, Fernandez et al [26]
found that renal urea and creatinine clearance were sta-
tistically significant higher with IPD in the first two years
of follow-up. GFR was also found to be superior to IPD
in the first two years. Sandrini et al [23] reported lon-
ger preservation of RRF with IPD as compared to SPD.
Naljayan et al [21] found no difference in GER values in
the one-year follow-up between IPD and SPD with both
CAPD and APD. Hayat et al [20] also noted no statisti-
cally significant difference in RRF and urine volumes
between IPD and SPD.

Discussion

The use of IPD has been suggested as an alternative treat-
ment strategy such that the combination of reduced dose
and RRF leads to sufficient small solute clearance reduc-
ing the burden of uremic symptoms [12]. As the RRF
declines with time, the dose of PD is also correspondingly
increased to SPD. IPD offers an advantage of gentle pre-
scription at PD initiation leading to an easier transition
to full-dose by offering a more personalized and flexible
treatment regimen. It also reduces the disruption faced
by incident dialysis patients with a better quality of life
[27]. However, whether is it as efficacious and safe as SPD
is still unclear. Our systematic review and meta-analysis
hereby present the first formal, updated, and comprehen-
sive comparative evidence on the outcomes of IPD and

Favours [IPD] Favours [SPD]

SPD. A total of ten recent studies including both RCTs
and non-RCTs were analyzed to generate exhaustive evi-
dence on patient survival, technique survival, peritonitis,
and preservation of RRF between the two groups. We
did not limit ourselves to RCTs as first, there were just
two in literature (of which one is a secondary analysis of
an RCT); and second, it would not have generated all-
encompassing evidence on the differences between IPD
and SPD. Nevertheless, due to methodological variations,
differences in IPD definitions, and varied presentation
of data, much of the review involved a qualitative rather
than a quantitative analysis. A pooled analysis was con-
ducted only for mortality rates which showed no statis-
tically significant difference between the two modalities.
Our results concur with the prior systematic review of
Garofalo et al [28] who pooled together one study on IPD
and ten studies on incremental HD and compared it with
standard dialysis in a single meta-analysis only to note no
statistically significant difference in mortality. Their study
also showed lower mean loss of RRF with incremental PD
and HD when compared with standard dialysis but with
only one study on PD. Similar results have been noted in
a narrative review as well [29].

Despite IPD being an old concept from the 1990s, its
definition is still unclear [10]. The same was noted in the
included studies where none of the studies were homog-
enous in defining IPD. As per the recent ISPD guide-
lines®, IPD can be any dose of PD which is less than the
full-dose while achieving the kidney clearance target
and prescribed to increase the dose as and when RRF
declines. However, what constitutes SPD is subject to
regional variations and body habitus. In Asian popula-
tions, SPD may be considered as 3 exchanges of 2 L/day
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while in Western countries SPD consists of 4 exchanges
of 2 L/day on CAPD or equivalent on APD with a long
dwell [29-31]. Such variation was noted in the studies in
our review with Yan et al [24] from China comparing 3
vs. 4 exchanges/day while Hayat et al [20] from Australia
comparing based on total volume exchange/week. Thus,
it is clear from the current literature that IPD cannot be
based on a singular cut-off and is based on patient popu-
lation, individual lifestyle and clearance requirements.
Furthermore, even in a single region, IPD can be deliv-
ered in several ways depending on fill volume, number of
exchanges, and dry periods for PD [27].

Patient survival assumes precedence in cases of ESKD.
Initiating IPD can entail the hazard of under-dialysis and
reduced small solute clearance. Also, IPD has a small
margin of safety in terms of peritoneal clearance if RRF
declines. Failure to increase the dose promptly based on
RRF can increase the risk of complications, fluid over-
load and mortality. There can be “therapeutic inertia” on
the part of the physician due to inadequate monitoring
or due to the patient’s reluctance to get the PD prescrip-
tion changed or increased from what they are used to [29,
32]. Nevertheless, this systematic review did not note
any statistically significant difference in survival between
IPD and SPD groups. Meta-analysis of crude mortality
rates failed to show any statistically significant difference
between the two groups. Also, qualitative synthesis of
studies reporting adjusted data failed to show any statis-
tically significant difference in patient survival. The only
study of Jeloka et al [22] which noted better survival with
IPD has important bias due to the small sample size and
selection of participants.

The number of exchanges during PD is an impor-
tant risk factor for peritonitis [33]. In CAPD, reduced
exchanges and fewer connections can decrease the risk
of contamination. Also, prolonged dwell time for a single
bag of dialysate positively affects the peritoneal defence
status [34]. Therefore, theoretically, IPD may reduce the
risk of peritonitis. Indirectly, it may also prolong the uti-
lization of PD as peritonitis is a major reason cited by
PD drop outs [35]. Nevertheless, a quantitative analysis
to assess peritonitis risk between the two modalities was
not possible in this review as the risk is directly propor-
tional to the number of exchanges and dwell times. The
variations in the IPD definitions amongst the included
studies were too critical for a meta-analysis. During qual-
itative synthesis, we noted that except for one study [15],
no study reported a statistically significant difference in
the risk of peritonitis between IPD and SPD. Likewise,
technique failure did not show any statistically significant
difference between IPD and SPD across most studies.
The study of Lee et al [15] found a statistically signifi-
cant lower risk of peritonitis in the IPD group. Despite
being a propensity score matched analysis, their study
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could include only 39 patients in the IPD group, which
is a major limitation in the interpretation of results. Also,
technique survival and peritonitis can be influenced by
catheter insertion techniques, patient education, and
rigorous follow-up and care. These practices may not be
similar across studies, especially in the case of retrospec-
tive studies.

Clearance obtained by RRF as compared to PD can
have important clinical implications. A study by Barg-
man et al. evaluating the relative contribution of RRF on
patient outcomes has shown that per 5 L/week per 1.73
m? increment of GFR improves patient survival by 12%
[36]. Maintaining RRF also has cardiovascular implica-
tions by improving fluid status, blood pressure control,
and reducing left ventricular hypertrophy [29]. Han et al
[37] have shown that preservation of RRF also reduces
the risk of peritonitis. Liao et al [38] have found that the
rate of decline of RRF is a strong marker for all-cause
mortality and technique failure in PD. The length and
number of dialysis sessions and intradialytic hypotension
have been identified as markers of RRF in hemodialy-
sis patients [39]. Observational studies have shown that
twice-weekly or incremental HD leads to the preserva-
tion of RRF as compared to thrice-weekly or standard
hemodialysis [40, 41]. Similarly, a major advantage pos-
tulated for IPD vs. SPD is the preservation of RRF. How-
ever, analysis of studies comparing IPD vs. SPD for RRF
demonstrated mixed outcomes. The RCTs of Yan et al
[24] and Hayat et al [20] noted no statistically significant
difference in anuria-free survival and RRF respectively
between IPD and SPD. However, several observational
studies did note better RRF with IPD. Importantly, evi-
dence from observational studies cannot be relied upon
due to selection bias. Most of the studies did not use pro-
pensity score matching for adjusting baseline variables. It
is plausible that physicians may have prescribed IPD to
healthier patients leading to bias in the outcomes. Based
on current data, this review cannot determine if IPD
leads to the preservation of RRF and there is a need for
further RCTs on this subject.

There are other limitations to the review as well. The
overall number of studies was not very high. Too many
methodological differences, especially regarding IPD def-
inition, study type, study population, exclusion criteria,
follow-up period, etc., prevented a comprehensive quan-
titative analysis. The endpoints reported by the studies
were also not numerically amenable to quantitative syn-
thesis due to variability in reporting. Most of the data was
observational and from medical records, therefore prone
to bias. The method of selection of IPD patients was also
not mentioned in studies. We were unable to differenti-
ate the outcomes of CAPD and APD due to a lack of suf-
ficient data from the studies. Also, it was unclear what
were the outcomes in PD patients who subsequently
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underwent hemodialysis or kidney transplantation, as
separate data for such patients was not reported. Lastly,
important outcomes like cardiovascular diseases and pul-
monary infections could not be assessed due to lack of
data from the included studies.

Nevertheless, this systematic review presents a com-
prehensive qualitative analysis of outcomes with IPD and
SPD. It sheds light on the limitations of current literature
while also presenting important evidence for physicians
who can make informed decisions. We believe the cur-
rent review will encourage further research on the effi-
cacy and safety of IPD vs. SPD in a more rigorous study
design. Future studies should include comparable equiva-
lent groups of patients for whom the observations should
start at the beginning of PD. Such studies should report
all the outcomes included in this review after sufficiently
long follow-up to provide robust evidence.

Conclusions

IPD may demonstrate comparable outcomes as SPD in
incident dialysis patients. There seems to be no difference
in patient survival, peritonitis, and technique survival
between the two modalities. However, the impact of IPD
on RRF is still questionable. Evidence is heterogeneous
and conflicting to derive firm conclusions.
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