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ABSTRACT

Background

Peritoneal dialysis (PD) has been suggested as an effective and safe dialysis modality in patients with acute kidney injury (AKI). However,
whether PD is superior to extracorporeal therapy (e.g. haemodialysis) in terms of improving survival, recovery of kidney function, metabolic
and clinical outcomes is still inconclusive.

Objectives

The aim of this review was to evaluate the benefits and harms of PD for patients with AKI compared with extracorporeal therapy or different
PD modalities.

Search methods

We searched the Cochrane Kidney and Transplant Register of Studies to 29 May 2017 through contact with the Information Specialist using
search terms relevant to this review. Studies in the Register are identified through searches of CENTRAL, MEDLINE, and EMBASE, conference
proceedings, the International Clinical Trials Register (ICTRP) Search Portal, and ClinicalTrials.gov. We also searched the China Biological
Medicine Database.

Selection criteria

We included patients with AKI who were randomised to receive PD, extracorporeal therapy, or different PD modalities regardless of their
age, sex, primary disease and clinical course.

Data collection and analysis

Screening, selection, data extraction and quality assessments for each retrieved article were carried out by two authors using standardised
forms. Authors contacted when published data were incomplete. Statistical analyses were performed using the random effects model and
results expressed as risk ratio (RR) with 95% confidence intervals (Cl). Heterogeneity among studies was explored using the Cochran Q
statistic and the I test. Outcomes of interest included all-cause mortality, recovery of kidney function, weekly delivered Kt/V, correction of
acidosis, fluid removal, duration of dialysis, and infectious complications. Confidence in the evidence was assessing using GRADE.

Main results

Six studies (484 participants) met our inclusion criteria. Five studies compared high volume PD with daily haemodialysis, extended daily
haemodialysis, or continuous renal replacement therapy. One study focused on the intensity of PD. The overall risk of bias was low to
unclear. Compared to extracorporeal therapy, PD probably made little or no difference to all-cause mortality (4 studies, 383 participants:
RR 1.12,95% Cl 0.81 to 1.55; 12 = 69%; moderate certainty evidence), or kidney function recovery (3 studies, 333 participants: RR 0.95, 95%
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C10.68 to 1.35; 12=0%; moderate certainty evidence). PD probably slightly reduces the amount of fluid removal compared to extracorporeal
therapy (3 studies, 313 participants: MD -0.59 L/d, 95% CI -1.19 to 0.01; 12 = 89%; low certainty evidence), and probably made little or
no difference to infectious complications (2 studies, 263 participants: RR 1.03, 95% Cl 0.60 to 1.78; I2 = 0%; low certainty evidence). It is
uncertain whether PD compared to extracorporeal therapy has any effects on weekly delivered Kt/V (2 studies, 263 participants: MD -2.47,
95% Cl -5.17 to 0.22; 12 = 99%; very low certainty evidence), correction of acidosis (2 studies, 89 participants: RR 1.32, 95% CI 0.13 to 13.60;
12 = 96%; very low certainty evidence), or duration of dialysis (2 studies, 170 participants: MD -1.01 hours, 95% CI -91.49 to 89.47; 12 = 98%;
very low certainty evidence). Heterogeneity was high and this may be due to the different extracorporeal therapies used.

One study (61 participants) reported little or no difference to all-cause mortality, kidney function recovery, or infection between low and
high and intensity PD. Weekly delivered Kt/V and fluid removal was lower with low compared to high intensity PD.

Authors' conclusions

Based on moderate (mortality, recovery of kidney function), low (infectious complications), or very low certainty evidence (correction of
acidosis) there is probably little or no difference between PD and extracorporeal therapy for treating AKI. Fluid removal (low certainty) and
weekly delivered Kt/V (very low certainty) may be higher with extracorporeal therapy.

PLAIN LANGUAGE SUMMARY

Peritoneal dialysis for acute kidney injury
What is the issue?

Acute kidney injury (AKI) is an abrupt and usually reversible decline in the glomerular filtration rate. No particular form of renal replacement
therapy (treatment that replaces the normal blood-filtering function of the kidneys) for patients with AKI has been clearly shown to have a
benefit. The choice of renal replacement therapy is dependent upon a variety of factors including availability, the expertise of the clinician,
haemodynamic stability and so on.

What did we do?

This review aimed to evaluate the benefits and harms of peritoneal dialysis (PD) for patients with AKI compared with extracorporeal therapy
(e.g. haemodialysis) or other types of PD. We searched the Cochrane Kidney and Transplant Register of Studies.

What did we find?

Six randomised controlled trials (484 patients) met our inclusion criteria. Five studies compared high volume PD with daily haemodialysis,
extended daily haemodialysis, or continuous renal replacement therapy, and one study compared different intensities of PD on AKI
patients. Compared to extracorporeal therapy, PD probably made little or no difference to death due to any cause or recovery of kidney
function. PD probably slightly reduces the amount of fluid removal compared to extracorporeal therapy, and probably made little or no
difference to infectious complications. It is uncertain whether PD compared to extracorporeal therapy has any effects on weekly delivered
Kt/V, correction of acidosis, or duration of dialysis.

One study (61 participants) reported little or no difference to death due to any cause, kidney function recovery, or infection between low
and high and intensity PD. Weekly delivered Kt/V and fluid removal was lower with low compared to high intensity PD.

Conclusions

There is currently not enough evidence to determine whether there are significant differences in death due to any cause or recovery of
kidney function between patients treated with PD, extracorporeal therapies, or intensity of PD.

Peritoneal dialysis for acute kidney injury (Review) 2
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Peritoneal dialysis compared with haemodialysis for acute kidney injury

Peritoneal dialysis versus extracorporeal therapy for acute kidney injury

Patient or population: patients with acute kidney injury

Settings: inpatient

Intervention: peritoneal dialysis

Comparison: extracorporeal therapy

Outcomes Illustrative comparative risks* (95% Cl) Relative effect  No. of partici- Quality of the Comments
(95% ClI) pants evidence
Assumed risk Corresponding risk (studies) (GRADE)
Extracorporeal therapy Peritoneal dialysis
All-cause mor- 542 per 1000 607 per 1000 RR1.12(0.81to  4(383) DODO Downgraded for study limita-
tality 1.55) Moderatel tions
(439 to 841)
Recovery of 284 per 1000 270 per 1000 RR1.42(0.74to  3(333) SPPO Downgraded for study limita-
kidney func- 2.75) Moderatel tions
tion (193 to 384)

Weekly deliv- The mean delivered Kt/V was 2.47 lower (5.17 lower to 0.22 2 (263) elele) Downgraded for study limita-
ered Kt/V higher) in the peritoneal dialysis group compared to the ex- Very lowl2,3 tions, imprecision and insuffi-
tracorporeal therapy group cient data
Correction of 577 per 1000 762 per 1000 RR1.32(0.1to 2 (120) BEOO Downgraded for study limita-
acidosis 13.60) Very low12,3 tions, imprecision and insuffi-

(70 to 1,000) cient data
Fluid removal The mean fluid removal was 0.59 L/d lower (1.19 lower to 3(313) SDOO Downgraded for study limita-
(L/d) 0.01 higher) in the peritoneal dialysis group compared to the Lowl,2 tions and imprecision
extracorporeal therapy group
Duration The mean duration of dialysis was 1.01 hours less (91.49 low- 2(170) @000 Downgraded for study limita-
of dialysis er to 92.54 higher) in the peritoneal dialysis group compared Very low1,2,3 tions, imprecision and insuffi-
(hours) to the extracorporeal therapy group cient data

0

q!
(o]

Kiea
aueayd

‘yyeay 19199
*SUOISII3P pawioju]
2JUapING pajshay

SM3IADY J13BWSISAS JO seqeleq auelyd0)



“P17 ‘suos 73 A3)IM uyor Aq paysiignd ‘uoiieloqe)jod auelyd0) ay L L10Z ® y3uAdod

(ma1nay) Aanful A3upiy 9Inde 1o} sisjelp jeauoiriad

Infectious 169 per 1000 174 per 1000 RR1.03(0.60to  2(263) 300 Downgraded for study limita-

complications 1.78) Lowl3 tions and insufficient data
(101 to 301)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% Cl) is based on the as-
sumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).
Cl: confidence interval; RR: risk ratio

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1Three studies did not report details about random sequence generation or allocation concealment or both
2Small numbers with wide Cl
3Few studies (no more than 2) reported the relevant data
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BACKGROUND

Description of the condition

Acute kidney injury (AKI) is generally characterised by an abrupt
deterioration in kidney function, with accumulation of creatinine,
urea, metabolic acids, electrolytes, and decreased urine output. AKI
is increasingly prevalent globally and associated with significant
morbidity and mortality (Hoste 2006; Hsu 2013; Piccinni 2011).
A systematic review, which included 49 million patients and 312
cohort studies, found that AKI occurred in 20% adults and 33%
of children who are hospitalised with acute illness. Mortality
remains unacceptably high, unadjusted mortality associated with
an episode of AKI has been estimated at 23.9% in adults and 13.8%
in children (Susantitaphong 2013).

Description of the intervention

Extracorporeal therapy, including continuous renal replacement
therapy (CRRT) and intermittent HD (IHD), is the most common
therapies for the treatment of people with AKI. However, the effect
of peritoneal dialysis (PD) for AKI remains unclear despite the use
of PD preceding extracorporeal therapy for the treatment of AKI
(Gabriel 2006). PD is a preferred dialysis option for most children
with AKI, patients with vascular access failure, and those with
unstable haemodynamics or who are at risk of bleeding (Ponce
2012). PD use has progressively declined in favour of extracorporeal
therapy in many settings, particularly pump-assisted modes of
dialysis (Bunchman 1994; Ellis 1997).

Although extracorporeal therapy is now the treatment of choice
for most people with AKI, PD is still widely used in some settings
(Gabriel 2007a; Ponce 2011). There is no randomised controlled trial
(RCT) evidence to indicate superiority in terms of improved survival,
recovery of kidney function, metabolic and clinical outcomes
among modes of dialysis for people with AKI (Gabriel 2007b; Gabriel
2008; George 2011; Ponce 2011).

Dialysis types vary significantly and their use may be influenced
by the treatment setting. Although both extracorporeal therapy
and PD are provided for people with AKI, PD is seldom used in
developed countries because of efficacy concerns (Hyman 2002).
However, in resource-limited settings PD is favoured as a low
cost and widely available dialysis option (Mohandas 2004; Sharma
2003). Moreover, PD has been shown to be effective in patients
in hypercatabolic state (Gabriel 2008) and those with acidosis
(Dell'Aquila 2006).

How the intervention might work

PD, which uses the peritoneum as a dialysis membrane by means
of dispersion and ultrafiltration, is aimed to remove urinary
toxins, excess fluid and correct electrolyte and acid-base balance
disorders. Improvements in PD have increased fluid removal
efficacy and metabolic control in people with AKI (Chitalia 2002;
Gabriel 2006; Gabriel 2007b).

Why it is important to do this review

Recent studies have shown that PD may be a cost-
effective alternative to extracorporeal therapy in resource-limited
healthcare settings. Furthermore, similar rates of mortality
and recovery of kidney function in AKI patients have been
reported between PD and extracorporeal therapy (Gabriel 2008;

George 2011). Thus, we will seek to systematically review the
current literature and to analyse all studies comparing PD with
extracorporeal therapy or different PD modalities for the treatment
of AKI.

OBJECTIVES

The aim of this review was to evaluate the benefits and harms of
PD for patients with AKI compared with extracorporeal therapy or
different PD modalities.

METHODS

Criteria for considering studies for this review
Types of studies

All RCTs and quasi-RCTs (RCTs in which allocation to treatment will
be obtained by alternation, use of alternate medical records, date
of birth or other predictable methods) looking at the benefits and
harms of PD comparing with extracorporeal therapy or different PD
modalities for AKI were considered eligible for inclusion, whether
or not mortality rate and kidney function recovery were set as the
primary outcome. Cross-over studies were excluded.

Types of participants
Inclusion criteria

We included patients with AKI who were randomised to receive
PD or extracorporeal therapy, regardless of their age, sex, primary
disease and clinical course.

Exclusion criteria

1. Patients who had previously received any mode of dialysis
during the current illness, and who had pre-renal AKI, urinary
tract obstruction, rapidly progressive glomerulonephritis, a
history of chronic kidney insufficiency, kidney transplant.

2. Patients receiving both PD and extracorporeal therapy.

Types of interventions

1. PD(including all different modalities) plus supportive treatment
versus extracorporeal therapy (including all different modalities
of IHD or CRRT) plus supportive treatment.

2. PD (including all different modalities) versus extracorporeal
therapy (including all different modalities of IHD or CRRT)

3. Comparison of different modalities of PD.

Supportive treatment might include approaches to treat
underlying kidney or other diseases and to improve disorders that
were linked to AKI, such as sepsis, malaria, and acute tubular
necrosis. Supportive treatment should be comparable between PD
and extracorporeal therapy.

Types of outcome measures

All the outcomes were assessed at fixed time points (e.g. 30 days, 90
days, the end of follow-up, at ICU discharge or hospital discharge).

Primary outcomes

All-cause mortality (death from any cause at the end of follow-up).

Peritoneal dialysis for acute kidney injury (Review)
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Secondary outcomes

1. Recovery of kidney function (kidney function recovery is defined
as no need of dialysis with improvement of urine output and a
progressive fall in serum creatinine (SCr))

2. Laboratory index (e.g. SCr, Kt/V, weekly endogenous creatinine
clearance (CrCl), serum potassium, serum phosphorus)

Economic cost (total cost of dialysis and hospitalisation)
Metabolic and acid-base control (pH and bicarbonate)
Fluid removal

Length of in-hospital and ICU stays

Duration of dialysis (days)

Adverse events (including bleeding, peritonitis, respiratory
Insufficiency, hypoalbuminaemia, infection)

9. Blood pressure during dialysis (mm Hg)
10.Vasopressor support

© N kW

Search methods for identification of studies
Electronic searches

We searched the Cochrane Kidney and Transplant Register of
Studies up to 29 May 2017 through contact with the Information
Specialist using search terms relevant to this review. The Register
contains studies identified from the following sources.

1. Monthly searches of the Cochrane Central Register of Controlled
Trials (CENTRAL).

2. Weekly searches of MEDLINE OVID SP.

3. Handsearching of kidney and transplant-related journals and
the proceedings of major kidney and transplant conferences.

4. Searching of the current year of EMBASE OVID SP.

5. Weekly current awareness alerts for selected kidney and
transplant journals.

6. Searches of the International Clinical Trials Register (ICTRP)
Search Portal and ClinicalTrials.gov.

Studies contained in the Register are identified through search
strategies for CENTRAL, MEDLINE, and EMBASE based on the scope
of Cochrane Kidney and Transplant. Details of these strategies, as
well as a list of handsearched journals, conference proceedings and
current awareness alerts, are available in the "Specialised Register"
section of information about Cochrane Kidney and Transplant.

See Appendix 1 for search terms used in strategies for this review.

Searching other resources

1. Reference lists of review articles, relevant studies and clinical
practice guidelines.

2. Letters seeking information about unpublished or incomplete
studies to investigators known to be involved in previous
studies.

3. The China Biological Medicine Database (CBM-disc from 1979), a
database of Chinese biomedical research literature.

Data collection and analysis
Selection of studies

The search strategy described was used to obtain titles and
abstracts of studies that might be relevant to the review. The titles
and abstracts were screened independently by two authors, who

discarded studies that were not applicable; however studies and
reviews that might include relevant data or information on studies
will be retained initially. Two authors will independently assess
retrieved abstracts, and if necessary the full text of these studies, to
determine which studies satisfy the inclusion criteria.

Data extraction and management

Data extraction will be carried out independently by two authors
using standard data extraction forms. Studies reported in non-
English and non-Chinese language journals were translated before
assessment. Where more than one publication of one study exists,
reports were grouped together and the report with the most
complete data was used in the analyses. Where relevant outcomes
were only published in earlier versions, these data were used. Any
discrepancy between published versions was to be highlighted.
Disagreements were resolved in consultation among all authors.

Assessment of risk of bias in included studies

The following items were independently assessed by two authors
using the risk of bias assessment tool (Higgins 2011) (see Appendix
2).

« Was there adequate sequence generation (selection bias)?
+ Was allocation adequately concealed (selection bias)?

« Was knowledge of the allocated interventions adequately
prevented during the study?
* Participants and personnel (performance bias)

* Qutcome assessors (detection bias)

« Were incomplete outcome data adequately addressed (attrition
bias)?

 Are reports of the study free of suggestion of selective outcome
reporting (reporting bias)?

« Was the study apparently free of other problems that could put
it at a risk of bias?

Measures of treatment effect

For dichotomous outcomes (e.g. all-cause mortality, patient
survival, recovery of kidney function) results were expressed as risk
ratio (RR) with 95% confidence intervals (Cl). Where continuous
scales of measurement were used to assess the effects of treatment
(e.g. laboratory index, cost, RRT time, vascular booster dose,
quality of life), the mean difference (MD) was used, or the
standardised mean difference (SMD) if different scales have been
used.

Unit of analysis issues

Special issues in the analysis of studies with non-standard designs,
such as cluster-RCTs, were to be described.

Dealing with missing data

Any further information required from the original author
was requested by written correspondence (e.g. emailing to
corresponding author) and any relevant information obtained in
this manner was included in the review. Evaluation of important
numerical data such as screened, randomised patients as well
as intention-to-treat, as-treated and per-protocol population
were carefully performed. Attrition rates, for example drop-outs,
losses to follow-up and withdrawals were investigated. Issues

Peritoneal dialysis for acute kidney injury (Review)
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of missing data and imputation methods (e.g. last-observation-
carried-forward) were critically appraised (Higgins 2011).

Assessment of heterogeneity

We first assessed the heterogeneity by visual inspection of the
forest plot. Heterogeneity was then analysed using a Chi2 test on
N-1 degrees of freedom, with an alpha of 0.05 used for statistical
significance and with the 12 test (Higgins 2003). A guide to the
interpretation of 12 values is as follows.

« 0% to 40%: might not be important

« 30% to 60%: may represent moderate heterogeneity
« 50% to 90%: may represent substantial heterogeneity
« 75% to 100%: considerable heterogeneity.

Assessment of reporting biases

Funnel plots were to be used to assess for the potential existence
of small study bias (Higgins 2011). There were insufficient studies
to do this.

Data synthesis

Data were pooled using the random-effects model but the fixed-
effect model was be used to ensure robustness of the model chosen
and susceptibility to outliers.

Subgroup analysis and investigation of heterogeneity

We performed subgroup analysis to identify possible sources of
heterogeneity. Differences in participant sources (ethnicity, age and
underlying kidney diseases) and disparities related to intervention
(different dialytic modalities, PD and HD dose and mode) might be
attributed to heterogeneity. The following subgroup analyses were
planned to investigate any observed heterogeneity.

1. Primary diseases

2. Disease severity

3. Extracorporeal therapy modes

4. Timing of treatment commencement.

Adverse effects were tabulated and assessed with descriptive
techniques because they were likely to be different for the various
agents used. Where possible, the risk difference (RD) with 95%
Cl was calculated for each adverse effect, either compared to no
treatment or to another agent.

Sensitivity analysis

Where possible, we performed sensitivity analyses to evaluate
the effect on the overall result of removing studies with
low methodological quality. Studies with inadequate allocation
concealment; achieving inadequate follow-up and unblinded

outcome assessment, or blinding of outcome assessment
uncertain, were considered as being of low methodological quality.
We performed sensitivity analyses to explore the influence of the
following factors on effect size.

« Repeating the analysis excluding unpublished studies.
« Repeating the analysis taking account of risk of bias.

» Repeating the analysis excluding any very long or large studies
to establish how much they dominate the results.

« Repeating the analysis excluding studies using the following
filters: diagnostic criteria, language of publication, source of
funding (industry versus other), and country.

'Summary of findings' tables

We presented the main results of the review in 'Summary of
findings' tables. These tables present key information concerning
the quality of the evidence, the magnitude of the effects of
the interventions examined, and the sum of the available data
for the main outcomes (Schiinemann 2011a). The 'Summary of
findings' tables also include an overall grading of the evidence
related to each of the main outcomes using the GRADE (Grades
of Recommendation, Assessment, Development and Evaluation)
approach (GRADE 2008). The GRADE approach defines the quality
of a body of evidence as the extent to which one can be confident
that an estimate of effect or association is close to the true quantity
of specific interest. The quality of a body of evidence involves
consideration of within-trial risk of bias (methodological quality),
directness of evidence, heterogeneity, precision of effect estimates
and risk of publication bias (Schiinemann 2011b). We presented the
following outcomes in the 'Summary of findings' tables.

All-cause mortality
Recovery of kidney function
Duration of dialysis (hours)
Delivered Kt/V

Correction of acidosis

Fluid removal (L/d)
Infectious complications

No ok wbdeE

RESULTS

Description of studies
Results of the search

After searching the Register of Studies and the China Biological
Medicine Database we identified 968 records. After duplicates were
removed and titles and abstracts screened we retrieved 21 full-text
articles for further assessment. Of these, six studies (15 records)
were included and five studies (six records) were excluded (Figure
1).
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Figure 1. Flow chart of the article selection process

Electranic databases: 968

(Cochrane Kidney and Transplant Specialised Register,;
MEDLINE; EMBASE; CENTRAL; China Biological Medicine
Database)
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Records excluded: 930
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(Cross-over study (1); wrang
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dies) ()

Included studies: 6 (15 records, 484 participants)

Comparisons

& PD versus extracorporeal therapy (5 studies, 423 participants)

= High versus low intensity PD (1

study, 61 participants)

Included studies

Six studies (Alhwiesh 2014; Gabriel 2008; George 2011; Phu 2002;
Ponce 2011; Ponce 2013) enrolling 484 participants were included.
Three studies focused on AKI patients with critical illness (Alhwiesh
2014; Phu 2002; George 2011), two studies on general AKI patients
(Gabriel 2008; Ponce 2011), and one study enrolled any patient
with AKI (Ponce 2013). Three studies were from Brazil (Gabriel 2008;
Ponce 2011; Ponce 2013), one from India (George 2011), one from
Saudi Arabia (Alhwiesh 2014), and one from Vietnam (Phu 2002).
The characteristics of studies fulfilling the inclusion criteria are
listed in Characteristics of included studies. In total, 233 patients
underwent PD and 251 patients underwent extracorporeal therapy.

High volume PD (HVPD) was performed in all included studies as
the modality of PD. One study (Ponce 2011) focused on high versus
low intensity of PD, and the other studies compared PD with daily
haemodialysis (DHD) (Gabriel 2008); extended daily haemodialysis
(EDD) (Ponce 2013), or CRRT (Alhwiesh 2014; George 2011; Phu
2002).

Five studies reported all-cause mortality (Gabriel 2008; George
2011; Phu 2002; Ponce 2011; Ponce 2013), four reported recovery of

kidney function (Gabriel 2008; Phu 2002; Ponce 2011; Ponce 2013),
two reported duration of dialysis (hours) (Gabriel 2008; George
2011), three reported delivered weekly Kt/V (Gabriel 2008; Ponce
2011; Ponce 2013), two reported the correction of acidosis (George
2011; Phu 2002), four reported fluid removal (L/d) (Gabriel 2008;
George 2011; Ponce 2011; Ponce 2013); and three reported infection
(Gabriel 2008; Ponce 2011; Ponce 2013).

Excluded studies

We excluded five studies. Three studies enrolled both AKI and CKD
patients and data could not be separated (Arogundade 2005; Kalra
1989; Nand 1996), one study compared PD + verapamil to HD,
however verapamil was not used in the HD group (Nand 1997a), and
one study was a cross-over study (Chitalia 2002).

Risk of bias in included studies

Details of the assessment of risk of bias of included studies are
presented in Figure 2 and Figure 3. One study, available only as
an abstract, reported limited information and we were unable to
complete a risk of bias assessment (Alhwiesh 2014).

Peritoneal dialysis for acute kidney injury (Review)
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Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Random sequence generation was judged to be at low risk of bias studies (Alhwiesh 2014; George 2011; Ponce 2013).

in three studies (Gabriel 2008; Phu 2002; Ponce 2013) and unclear

in three studies (Alhwiesh 2014; George 2011; Ponce 2011). Blinding
Performance bias was high in all studies and detection bias was
unclear.
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Incomplete outcome data

Attrition bias was judged to be low in four studies (Gabriel 2008;
George 2011; Phu 2002; Ponce 2013) and unclear in two studies
(Alhwiesh 2014; Ponce 2011).

Selective reporting

Reporting bias was judged to be high in one study (Alhwiesh 2014),
low in three studies (Gabriel 2008; George 2011; Ponce 2013), and
unclear in two studies (Phu 2002; Ponce 2011).

Other potential sources of bias

One study was stopped in advance, as only 50 patients were
recruited over 3 years (George 2011). One study was stopped
because of obvious differences in mortality (Phu 2002). In Ponce
2013, despite randomisation, there were significant differences
between PD and extracorporeal therapy in some baseline
characteristics, including pre-dialysis BUN, and creatinine levels.

Effects of interventions

See: Summary of findings for the main comparison Peritoneal
dialysis compared with haemodialysis for acute kidney injury

All-cause mortality

PD compared to extracorporeal therapy probably makes little or
no difference to all-cause mortality (Analysis 1.1 (4 studies, 383
participants): RR 1.12, 95% CI 0.81 to 1.55; I2 = 69%; moderate
certainty evidence). In Phu 2002, a total of 108 patients with AKI
requiring dialysis were planned to be recruited. When 70 patients
were enrolled, it showed an unexpected higher mortality rate in
the PD group, so the study was stopped. AKI was mainly caused by
falciparum malaria in this study, while in the other three studies AKI
was mainly caused by sepsis or haemodynamic disturbances. When
this study was removed from the analysis 12 was 0% with no change
to the significance of the result (RR 1.00, 95% Cl 0.85 to 1.17).

Ponce 2011 reported high versus low intensity PD probably makes
little or no difference to all-cause mortality (Analysis 2.1 (1 study, 61
participants): RR 1.03, 95% CI 0.65 to 1.63).

Recovery of kidney function

PD compared to extracorporeal therapy probably makes little or
no difference to kidney function recovery (Analysis 1.2 (3 studies,
333 participants): RR 0.95, 95% Cl 0.68 to 1.35; |12 = 0%; moderate
certainty evidence).

Ponce 2011 reported high versus low intensity PD probably makes
little or no difference to kidney function recovery (Analysis 2.2 (1
study, 61 participants): RR 1.00, 95% Cl 0.74 to 1.35).

Weekly delivered Kt/V

It is uncertain whether the weekly delivered Kt/V is lower with PD
compared to extracorporeal therapy (Analysis 1.3 (2 studies, 263
participants): MD -2.47, 95% Cl -5.17 to 0.22; 12 = 99%; very low
certainty evidence). Heterogeneity was high and this may be due
to the different extracorporeal therapies used in the two studies
(Gabriel 2008; Ponce 2013).

Ponce 2011 reported lower weekly delivered Kt/V with low intensity
PD compared to high intensity PD (Analysis 2.3 (1 study, 61
participants): MD 1.13,95% CI 0.91 to 1.35).

Correction of acidosis

It is uncertain whether PD compared to extracorporeal therapy
corrected acidosis (Analysis 1.4 (2 studies, 89 participants): RR
1.32, 95% Cl 0.13 to 13.60; 12 = 96%; very low certainty evidence).
Heterogeneity was high and this may be due to the different
extracorporeal therapies used in the two studies (George 2011; Phu
2002).

Correction of acidosis was not reported for high versus low intensity
PD.

Fluid removal

PD probably slightly reduces the amount of fluid removal compared
to extracorporeal therapy (Analysis 1.5 (3 studies, 313 participants):
MD -0.59 L/d, 95% CI -1.19 to 0.01; 12 = 89%; low certainty evidence).
Heterogeneity was high and this may be due to the different
extracorporeal therapies used in the three studies (Gabriel 2008;
George 2011; Ponce 2013).

Ponce 2011 reported less fluid removal with low intensity PD
(Analysis 2.4 (1 study, 61 participants): MD 0.30 L/d, 95% CI -0.03 to
0.63).

Duration of dialysis

It is uncertain whether the duration of dialysis is reduced with PD
compared to extracorporeal therapy (Analysis 1.6 (2 studies, 170
participants): MD -1.01 hours, 95% CI -91.49 to 89.47; 12 = 98%; very
low certainty evidence). Heterogeneity was high and this may be
dueto the different extracorporeal therapies used in the two studies
(Gabriel 2008; George 2011).

Duration of dialysis was not reported for high versus low intensity
PD.

Adverse effects - infection

PD probably made little or no difference to infectious complications
compared to extracorporeal therapy (Analysis 1.7 (2 studies, 263
participants): RR 1.03, 95% Cl 0.60 to 1.78; 12 = 0%; low certainty
evidence).

Ponce 2011 reported little or no difference to the risk of infection
between high and low intensity PD (Analysis 2.5 (1 study, 61
participants): RR 0.97,95% Cl 0.27 to 3.52).

Other outcomes

Gabriel 2008 reported that the HVPD and DHD were similar in
metabolic control. SCr was stabilized after the same number of
dialysis sessions. Mean SCr levels after four sessions of HVPD and
DHD were 4.6 + 1.0 and 5.5 + 1.3 mg/100 mL respectively.

Phu 2002 and George 2011 compared the economic cost of dialysis.
Phu 2002 observed the mean cost of the hospital stay (from the
diagnosis of AKI to discharge) for patients assigned to PD was
$1,580 (95% CI $1,170 to $2,000), as compared with $1,150 (95% ClI
$960 to $1,330) for patients assigned to CRRT. The mean costs per
survivor were $3,000 (95% Cl $2,210 to $3,790) for PD and $1,340
(95% CI $1,130 to $1,560) for haemofiltration. However, George
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2011 observed that cost of disposables was higher in continuous
venovenous haemodiafiltration (CVVHDF,) than in HVPD (INR 7184
+ 1436 versus INR 3009 + 1643, P <0.001).

Length of in-hospital and ICU stays, blood pressure during dialysis
(mm Hg), and vasopressor support were not reported in any of the
included studies.

DISCUSSION

Summary of main results

Atotal of six studies (484 participants) where included in our review.
Five studies compared HVPD with DHD (Gabriel 2008), extended
DHD (Ponce 2013), or CRRT (Alhwiesh 2014; George 2011; Phu 2002).
One study focused on the intensity of PD (Ponce 2011). Overall,
this systematic review represents a total of 484 patients. All of the
studies came from low to middle income countries; there were no
data available from high income countries. Overall there was little
or no difference between PD and extracorporeal therapy on all-
cause mortality, recovery of kidney function recovery, duration of
dialysis, correction of acidosis, and infectious complications. Fluid
removal (L/d) was probably lower with PD and weekly delivered Kt/
V might be higher with extracorporeal therapy. There was little or
no difference between high and low intensity of PD for mortality or
kidney function recovery.

Overall completeness and applicability of evidence

Although the effect of PD on AKI in high income countries may be
unclear (Hyman 2002), PD is often used in low-resource countries
because of low cost, availability, and ease of administration
(Phu 2002; Mohandas 2004; Sharma 2003). This finding may be
considered surprising, because PD has been considered as a
better dialysis modality that preserving renal haemodynamics
and residual kidney function, as no extracorporeal circulation is
required, which could theoretically result in better outcomes. The
finding is in agreement with our included studies which all come
from low-resource countries, such as Brazil, Vietham, and India.
The reason for choice of PD is likely multifactorial; one reason is
personal tendency of nephrologist, another important reason is
different aetiology (Cerda 2008). In high income countries, patients
with AKI often accompany with multiorgan failure and multiple
comorbidities in elderly patients particular particularly in ICU.
However, in low-resource countries, AKI happens more often in
young and previously healthy individuals, most of the patients have
a single disease or condition, such as infection or toxins. These
factors may affect the choice of dialysis modality.

Quality of the evidence

Only five studies provided data that could be potentially meta-
analysed, and there were several limitations of the quantity of
evidence. First, it must be noted that half studies were small (fewer
than 100 patients). Second, not all included studies reported all
primary outcomes. For instance, 75% reported recovery of kidney
function and fluid removal, 50% reported duration of dialysis,
delivered weekly Kt/V, correction of acidosis and infection rate.
Thus, there might be outcome reporting bias.

The high mortality rate among patients with AKI especially in
intensive care units remains an unsolved problem in spite of
the technological advances in RRT (Himmelfarb 2007; Ricci 2006;
Uchino 2005). It has been reported that the mortality of patients

with AKI has been estimated at 23.9% in adults and 13.8% in
children (Susantitaphong 2013). There is no consensus in the
literature on the best dialysis modality in patients with AKI; both
PD and extracorporeal therapy are the possible options for the
treatment of AKI. Phu 2002 reported that mortality with PD was
threefold higher than mortality with HF; however, most of other
studies didn't see a similar effect. The authors used intermittent
PD with rigid catheters, an open system, manual exchanges, and a
too-short dwell time, which may contribute to the poor outcome.
In addition, severe acidosis secondary to the combination of severe
sepsis or malaria was a major contributor to the high mortality.
Our review demonstrated that pooled mortality of dialysis patients
was 58.2% for PD and 56.2% for extracorporeal therapy. Meta-
analysis suggested that all-cause mortality was similar in both
groups. This finding is consistent with the review of Chionh 2013,
which suggested that no significant differences was observe in
mortality between PD and extracorporeal therapy in patients with
AKI, however most data was from the cohort studies. Our mortality
data appeared equivalent with other centres in India, with a
mortality of 60% observed in septic patients (Chatterjee 2009). It
is speculated that the main reason influencing mortality was the
severity of disease and the need for ventilator support, but not
the modality of dialysis (George 2011). However, because of limited
number of patients and RCTs, this finding should be interpreted
with caution until more studies are available.

Three studies assessed the difference in recovery of kidney function
between PD and extracorporeal therapy. Only one study identified
that the recovery of kidney function of haemofiltration was
superior to PD. Technical problems, severe primary infections
and acidosis caused by infection may contribute to the poor
outcome (Phu 2002). Meta-analysis suggested that recovery of
kidney function was similar in both groups. However, there were
differences in the speed of kidney function recovery. One study
suggested that the recovery of kidney function in patients treated
with HF required for a significantly shorter period compared
with PD (Phu 2002). However, Gabriel 2008 and Mehta 2007 both
reported that PD was associated with a significantly faster recovery
of kidney function.

In terms of other secondary outcomes, no differences were
identified in duration of dialysis (hours), correction of acidosis,
and fluid removal (L/d) between PD and extracorporeal therapy.
Whereas, delivered Kt/V was higher in HD group. Most of the
published studies had conflicting results. There are several factors
thatimpact the outcome of PD, such as dialysate dose, dwell times,
membrane permeability and area (Ronco 2006). Longer dwell times
which may be conducive to fluid removal may reduce the urea and
creatinine clearance (Jeloka 2006). A recent study had suggested
that dialysis dose may be a major factor influencing the outcome
of AKI treatment (Schiffl 2002). The reporting of these factors was
either absent or different among the four included studies, making
it difficult to draw a specific relationship between these factors
and clinical outcomes. Further clinical subgroup analyses were not
performed.

The most common complications related to PD and extracorporeal
therapy are peritonitis, catheter infection, catheter leakage,
catheter obstruction and migration. Two studies reported
peritonitis related to PD and catheter infection related to
extracorporeal therapy; infectious complications related to dialysis
method were similar in both studies (Gabriel 2008; Ponce 2013).
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Peritonitisincidence was similar to previous studies in the literature
(Gabriel 2006). The included studies didn't report length of in-
hospital or ICU stays, blood pressure during dialysis (mm Hg),
or vasopressor support which might influence outcomes in AKI,
leading to the lack of further analysis according to design in
advance.

Potential biases in the review process

Both low quantity and quality of available evidence has meant
that any differences between the two groups remain extremely
uncertain. Some limitations of our study should be pointed
out. First, only four studies were included in our meta-analysis,
eligible studies comparing specific outcomes were extremely
limited. The limited sample size made it difficult to observe a
clinically significant difference in outcomes. We therefore did not
perform further subgroup analyses based on indicators such as
modality of PD and extracorporeal therapy, differences of dialysis
dose, primary diseases, disease severity, and timing of treatment
commencement, which may have added to heterogeneity. Second,
although we extracted data at the end of studies, the duration
of each study varied. Some studies were terminated in advance,
which possibly have added to generation of bias. Third, all studies
in our review were performed in low to middle income countries.
Four, unreported outcomes of interest in some studies possibly
lead to reporting bias. Last, there was no enough data to evaluate
the length of stays in the ICU, intradialytic BP and vasopressor
requirements in our review, which might have significant impact in
AKI outcomes. Regardless of these limitations, we have decreased
bias throughout the methods of research identification, data
selection, and statistical analysis. These steps should enhance
accuracy of our review.

Agreements and disagreements with other studies or
reviews

Chionh 2013 included 11 studies to evaluate the effect of PD on AKI
patients in comparison with extracorporeal therapy, and reported
no difference in mortality. In subgroup analyses, mortality was
similar in observational studies (OR 0.96, 95% Cl, 0.53 to 1.71)
and RCTs (OR 1.50, 95% Cl, 0.46 to 4.86). However, only three
of our included studies (Gabriel 2008; George 2011; Phu 2002)

were pooled in the meta-analysis of mortality. We included four
RCTs (Gabriel 2008; George 2011; Phu 2002; Ponce 2013), and
also found no difference in mortality. There was no RCT focusing
on PD for paediatric AKI patients, but a recent observational
study (Basu 2016) showed that continuous PD was associated
with lower mortality compared with daily HD in paediatric AKI
patients. The recent International Society for Peritoneal Dialysis
guidelines (Cullis 2014) on PD for AKl also suggested that PD should
be considered as a suitable method of CRRT in patients with AKI
both in high and low resource countries, and PD was also a safe
and effective method of blood purification and fluid removal for
paediatric AKI patients.

AUTHORS' CONCLUSIONS

Implications for practice

Based on moderate (mortality, recovery of kidney function),
low (infectious complications), or very low certainty evidence
(correction of acidosis) there is probably little or no difference
between PD and extracorporeal therapy for treating AKI. Fluid
removal (low certainty) and weekly delivered Kt/V (very low
certainty) may be higher with extracorporeal therapy. Due to the
lack of sufficient good-quality clinical data, choice of dialysis
modality should be made according to the patient's clinical
symptoms, laboratory examination indexes and local resources.

Implications for research

There is currently insufficient evidence to indicate any difference
in all-cause mortality or kidney function recovery between PD and
extracorporeal therapy for treating AKI. HYPD may be an effective
modality for the treatment of patients with AKI however more large-
sample, high-quality RCTs are required to give a solid conclusion in
this area. In addition, more RCTs related to dialysis modality, dose,
flow, and dwell time of PD compared with different modalities of
extracorporeal therapy should be performed.
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* Indicates the major publication for the study

Methods « Study design: parallel RCT
« Study duration: not reported

« Duration of follow-up: not reported

Participants « Country: Saudi Arabia
« Setting: single centre

« Patients with AKI and multi-organ involvement
« Number: treatment group (20); control group (20)

« Mean age + SD (years): not reported

» Sex (M/F): not reported

« Mechanical ventilation: not reported

« ICU: not reported
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Alhwiesh 2014 (continued)

o APACHE Il score: not reported
o Pre SCr (mg/dL): not reported
« Pre BUN (mg/dL): not reported
« Exclusion criteria: not reported

Interventions

Treatment group
« TPD: no further information provided
Control group

« CVVHDF: no further information provided

Outcomes + Death
» Recovery of kidney function
« Fluid control
Notes + Abstract-only publication
« Funding source: not reported
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Study was described as randomised, method of randomisation was not report-
tion (selection bias) ed
Allocation concealment Unclear risk Insufficient information to permit judgement
(selection bias)
Blinding of participants High risk Open-label study
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Insufficient information to permit judgement
sessment (detection bias)
All outcomes
Incomplete outcome data  Unclear risk Insufficient information to permit judgement
(attrition bias)
All outcomes
Selective reporting (re- High risk Abstract-only publication; data presented cannot be meta-analysed
porting bias)
Other bias Unclear risk Insufficient information to permit judgement
Gabriel 2008
Methods « Study design: parallel RCT

« Study duration: January 2004 to December 2008
« Duration of follow-up: 30 days

Participants

« Country: Brazil
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Gabriel 2008 (continued)

Setting: single centre

Patients = 18 years with severe ATN (rapid rise in SCr of at least 30%) caused by a recent ischaemic
or nephrotoxic injury

Number: treatment group (60); control group (60)

Mean age + SD (years): treatment group (64.2 + 19.8); control group (62.5 + 21.2)
Sex (M/F): treatment group (43/17); control group (40/20)

Mechanical ventilation: treatment group (68%); control group (75%)

ICU: treatment group (73.3%); control group (81.7%)

APACHE Il score: treatment group (26.9 + 8.9); control group (24.1 + 8.2)

Pre SCr (mg/dL): treatment group (5.8 + 1.9); control group (5.9 + 1.4)

Pre BUN (mg/dL): treatment group (116.4 + 33.6); control group (112.6 + 36.8)

Exclusion criteria: functional azotaemia; urinary tract obstruction; acute interstitial nephritis; rapidly
progressive glomerulonephritis; history of chronic renal insufficiency; kidney transplantation; preg-
nancy; severe hyper-catabolism

Interventions

Treatment group

HVPD: 24 h dialysis with sessions performed 7 days/wk; 2 L exchanges with 35 to 50 min fluid dwell
times (total of 36 to 44 L/d and 18 to 22 exchanges/d); flexible catheter

Control group

DHD: 3 h sessions 6 times/wk; polysulfone haemofilter; double lumen catheter

Outcomes + Death
« Recovery of kidney function
« Duration of dialysis
 Fluid removal
. KtV
« Infection
Notes « Funding source: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Randomisation was performed using random-number tables
tion (selection bias)
Allocation concealment Low risk Consecutively numbered sealed envelopes
(selection bias)
Blinding of participants High risk Open-label study
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Insufficient information to permit judgement
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk No missing outcome data
(attrition bias)
All outcomes
Peritoneal dialysis for acute kidney injury (Review) 18

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Gabriel 2008 (continued)

Selective reporting (re- Low risk All expected outcomes were reported
porting bias)

Other bias Low risk The study appears to be free of other sources of bias
George 2011
Methods « Study design: parallel RCT

 Study duration: commenced in June 2005 for a 3-year period
« Duration of follow-up: not reported

Participants « Country: India
« Setting: single centre
« Patients with AKI (rise in SCr of 0.3 mg/dL or hourly urine output < 0.5 mL/kg) and multiorgan involve-
ment requiring RRT (BUN = 150 mg/dL; SCr = 3 mg/dL; serum K* =6 mEq/L; metabolic acidosis)
« Number: treatment group (25); control group (25)
« Mean age + SD (years): treatment group (48.44 + 17.64); control group (45.32 + 17.53)
« Sex (M/F): treatment group (16/9); control group (15/10)
« Mechanical ventilation: treatment group (15/25); control group (22/25)
« ICU: treatment group (25); control group (25)
« APACHE Il score: treatment group (17.76 + 6.79); control group (18.44 + 5.96)
o Pre SCr (mg/dL): treatment group (4.69 + 1.7); control group (4.96 + 1.49)
« Pre BUN (mg/dL): not reported

« Exclusion criteria: life-threatening acute pulmonary oedema; recent abdominal surgery; patients who
died within 6 hours of dialysis initiation were excluded from the final analysis

Interventions Treatment group

« CPD:2Lof locally available PD fluid manually instilled using a flush-before-fill technique, with closed
drainage with dwell time of 30 minutes. Exchanges of 1 L were used for those with hypoxia and respi-
ratory distress. When fluid removal was inadequate, 100 mL sterile 25% dextrose was added to each
cycle; rigid catheter

Control group

« CVVHDF: blood pump speed was adjusted between 100 mL and 150 mL/min; sterile PD fluid was run
in at a rate of 1 L/h. Heparin was given pre-pump, and the dose was adjusted to keep clotting time at
2.5 times normal; polysulfone haemofilter; double-lumen catheter

Outcomes « Death
« Fluid removal
« Duration of dialysis
« Correction of acidosis

Notes « Fundingsource: This study was supported in part by a research grant from Baxter Asia PD College 2005
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Study was described as randomised, method of randomisation was not report-
tion (selection bias) ed
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George 2011 (Continued)

Allocation concealment Unclear risk Insufficient information to permit judgement

(selection bias)

Blinding of participants High risk Open-label study

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Insufficient information to permit judgement

sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk No missing outcome data
(attrition bias)
All outcomes
Selective reporting (re- Low risk All expected outcomes were reported
porting bias)
Other bias Unclear risk Part funded by Baxter Asia
Phu 2002
Methods « Study design: parallel RCT

Study duration: 1993 to 1998
Duration of follow-up: 350 hours

Participants

Country: Vietnam
Setting: single centre

patients with infection-associated AKl in an infectious-disease referral hospital in Vietnam; severe fal-
ciparum malaria (48 patients) or sepsis (22 patients) were enrolled

Number: treatment group (36); control group (34)

Median age, range (years): treatment group (36, 29.6 to 38.4); control group (35, 29.5 to 38.2)
Sex (M/F): treatment group (27/9); control group (30/4)

Mechanical ventilation: not reported

ICU: treatment group (36); control group (34)

APACHE Il score: not reported

Mean pre SCr (mg/dL): treatment group (6.3); control group (6.3)

Pre BUN (mg/dL):not reported

Exclusion criteria: pregnant; < 15 years of age; previously received RRT of any type during the current
illness

Interventions

Treatment group

PD: 2 L exchanges with a 30-minute dwell time (a total of approximately 70 L/d). In patients with fluid
overload, hypertonic fluid was used, with an exchange consisting of 1 L of a solution of 15 g of dex-
trose/L and 1 L solution of 70 g of dextrose/L; rigid catheter

Control group

HF: blood pump speed was 150 mL/min; acetate-based HF fluid was infused into the extracorporeal
circuit before the haemofilter; the amount of haemofiltrate was set at approximately 25 L/d; FH-66
haemofilter; double-lumen catheter

Outcomes

Death
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Phu 2002 (continued)

Recovery of kidney function
Correction of acidosis

Notes » Funding source: Supported by the Wellcome Trust of Great Britain

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Random-number tables

tion (selection bias)

Allocation concealment Low risk Consecutively numbered, sealed, opaque, double-wrapped envelopes

(selection bias)

Blinding of participants High risk Open-label study

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Insufficient information to permit judgement

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk No missing outcome data

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Insufficient information to permit judgement as study was stopped early

porting bias)

Other bias High risk The study was stopped due to the difference in mortality rates
Ponce 2011

Methods « Study design: parallel RCT

Study duration: January 2005 to January 2007
Duration of follow-up: 30 days

Participants

Country: Brazil

Setting: single centre

Septic AKl and severe acute tubular necrosis (ATN) caused by a recent ischaemic or nephrotoxic injury
Number: treatment group (31); control group (30)

Mean age + SD (years): treatment group (64.2 + 18.8); control group (62.8 + 16.2)
Sex (M/F): treatment group (22/9); control group (20/10)

Mechanical ventilation: treatment group (68%); control group (72%)

ICU: treatment group (31); control group (30)

APACHE Il score: treatment group (26.4 + 6.9); control group (24.8 £ 8.6)

Pre SCr (mg/dL): treatment group (5.6 + 1.9); control group (5.8 + 1.4)

Pre BUN (mg/dL): treatment group (118.8 + 32.6); control group (114.2 + 34.8)

Exclusion criteria: <18 years; functional azotaemia; urinary tract obstruction, acute interstitial nephri-
tis, rapidly progressive glomerulonephritis, history of chronic renal insufficiency; kidney transplanta-
tion; pregnancy; severe hypercatabolism; an absolute contraindication for PD; had undergone less
than 1 session HVPD
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Ponce 2011 (Continued)

Interventions

Treatment group

HVPD: Kt/V value 0.8/session; 1 session was 1 day (24 hours), and sessions were performed 7 days/wk;
2 L with dwell time of 30 to 45 min; flexible catheter

Control group

HVPD: Kt/V value 0.5/session; 1 session was 1 day (24 hours), and sessions were performed 7 days/wk;
2 L with dwell time of 45 to 60 min; flexible catheter

Outcomes o Death
+ Recovery of kidney function
o KtV
o Ultrafiltration
« Infection
Notes « The study was prematurely closed because the group assigned to higher-intensity dialysis received a
dialysis dose lower than that prescribed
« Funding source: not reported
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Study was described as randomised, method of randomisation was not report-
tion (selection bias) ed
Allocation concealment Low risk Sealed envelopes
(selection bias)
Blinding of participants High risk Open-label study
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Insufficient information to permit judgement
sessment (detection bias)
All outcomes
Incomplete outcome data  Unclear risk 4 patients lost to follow-up; all analyses were performed according to the in-
(attrition bias) tention-to-treat principle, with no imputation for missing values. Data from
All outcomes patients lost to follow-up were not analysed
Selective reporting (re- Unclear risk All expected outcomes reported
porting bias)
Other bias Unclear risk Study appears to be free of other biases
Ponce 2013
Methods « Study design: parallel RCT

Study duration: January 2008 to January 2011
Duration of follow-up: 50 days

Participants

Country: Brazil
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Ponce 2013 (Continued)

Setting: 2 centres

Patients = 18 years with ATN (prolonged and profound hypotension, severe nephrotoxic drugs over-
dose, or excess endogenous nephrotoxic pigments) as aetiology AKI (AKNC criteria) in the ICU

Number: treatment group (61); control group (82)

Mean age + SD (years): treatment group (68 + 24); control group (57.2 + 21)
Sex (M/F): treatment group (45/16); control group (57/25)

Mechanical ventilation: treatment group (83.6%); control group (86.6%)
ICU: treatment group (61); control group (82)

APACHE Il score: treatment group (27.5); control group (26.7)

Pre SCr (mg/dL): treatment group (5.1 + 1.9); control group (4.1 + 1.2)

Pre BUN (mg/dL): treatment group (101.5 + 28.9); control group (88 + 8.6)

Exclusion criteria: severe CKD (SCr >4 mg/dL), previous chronic dialysis and kidney transplantation;
very high probability of death (ATN-ISS < 0.3 or>0.7)

Interventions

Treatment group

HVPD: 24 h dialysis with sessions performed 7 days/wk; 2 L exchanges were performed with 30 to 60
min of dwell time (total of 36 to 44 L/d and 18 to 22 exchanges/d); flexible catheter

Control group

EHD: session lasted 6 to 8 h and sessions performed 6 times/wk; blood flux ranged from 150 to 200
mL/min and dialysate flux was 300 mL/min; cellulose acetate dialysers; double-lumen catheter

Outcomes + Death
« Recovery of kidney function
 Fluid removal
o Weekly Kt/V
« Infection
Notes « Funding source: Fundacao de Amparo a” Pesquisa do Estado de Sao Paulo (FAPESP)
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Intervention assignment was generated by a computerised random number
tion (selection bias) generated with separate lists at each centre
Allocation concealment Unclear risk Insufficient information to permit judgement
(selection bias)
Blinding of participants High risk Open-label study
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Insufficient information to permit judgement
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk No missing outcome data
(attrition bias)
All outcomes
Selective reporting (re- Low risk All expected outcomes were reported
porting bias)
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Ponce 2013 (Continued)

Other bias High risk There were significant differences between PD and extracorporeal therapy in
some baseline characteristics, including pre-dialysis BUN, and creatinine lev-
els

AKI - acute kidney injury; APACHE - Acute Physiology and Chronic Health Evaluation; AKNC - Acute Kidney Network Criteria; ATN - acute
tubular necrosis; BUN - blood urea nitrogen; CKD - chronic kidney disease; CPD - continuous peritoneal dialysis; CVVHDF - continuous
venovenous haemodiafiltration; EHD - extended daily haemodialysis; HF - haemofiltration; DHD - daily haemodialysis; HVPD - high volume
peritoneal dialysis; ICU - intensive care unit; M/F - male/female; PD - peritoneal dialysis; RCT - randomised controlled trial; RRT - renal
replacement therapy; SCr - serum creatinine; SD - standard deviation; TPD - tidal peritoneal dialysis

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Arogundade 2005 Wrong population: mix of AKI and CKD patients

Chitalia 2002 Cross-over RCT; not appropriate study design for this review

Kalra 1989 Wrong population: mix of AKI and CKD patients

Nand 1996 Wrong population: mix of AKI and CKD patients

Nand 1997a Wrong intervention: PD + verapamil versus HD; verapamil not used in the HD group

AKi - acute kidney injury; CKD - chronic kidney disease; HD - haemodialysis; PD - peritoneal dialysis; RCT - randomised controlled trial

DATA AND ANALYSES

Comparison 1. Peritoneal dialysis versus extracorporeal therapy

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 All-cause mortality 4 383 Risk Ratio (M-H, Random, 95% Cl) 1.12[0.81, 1.55]

2 Recovery of kidney function 3 333 Risk Ratio (M-H, Random, 95% Cl) 0.95 [0.68, 1.35]

3 Weekly delivered Kt/V 2 263 Mean Difference (IV, Random, 95%  -2.47[-5.17,0.22]
Cl)

4 Correction of acidosis 2 89 Risk Ratio (M-H, Random, 95% Cl) 1.32[0.13,13.60]

5 Fluid removal 3 313 Mean Difference (IV, Random, 95%  -0.59 [-1.19, 0.01]
cl)

6 Duration of dialysis 2 170 Mean Difference (IV, Random, 95%  -1.01[-91.49, 89.47]
cl)

7 Infectious complications 2 263 Risk Ratio (M-H, Random, 95% Cl) 1.03[0.60, 1.78]

(catheter infection or peri-

tonitis)
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Analysis 1.1. Comparison 1 Peritoneal dialysis versus extracorporeal therapy, Outcome 1 All-cause mortality.

Study or subgroup PD Extracorporeal Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Phu 2002 17/36 5/34 —_— 9.95% 3.21[1.33,7.74]
Gabriel 2008 36/60 31/60 —TE— 28.46% 1.16[0.84,1.6]
George 2011 18/25 21/25 — 29.57% 0.86[0.64,1.16]
Ponce 2013 39/61 52/82 —— 32.01% 1.01[0.79,1.29]
Total (95% CI) 182 201 - 100% 1.12[0.81,1.55]
Total events: 110 (PD), 109 (Extracorporeal)
Heterogeneity: Tau?=0.07; Chi*=9.65, df=3(P=0.02); 1>=68.93%
Test for overall effect: Z=0.71(P=0.48)

Less with PD 6.1 012 015 1 ‘2 ; 1(;

Less with extracorporeal

Analysis 1.2. Comparison 1 Peritoneal dialysis versus
extracorporeal therapy, Outcome 2 Recovery of kidney function.

Study or subgroup PD Extracorporeal Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Phu 2002 4/36 6/34 e 8.51% 0.63[0.19,2.04]
Ponce 2013 18/61 22/82 + 42.24% 1.1[0.65,1.86]
Gabriel 2008 20/60 22/60 + 49.25% 0.91[0.56,1.48]
Total (95% Cl) 157 176 ¢ 100% 0.95[0.68,1.35]
Total events: 42 (PD), 50 (Extracorporeal) ‘

Heterogeneity: Tau?=0; Chi?=0.8, df=2(P=0.67); 1>=0% ‘

Test for overall effect: Z=0.26(P=0.79) ‘

More with extracorporeal 0.1 0.2 0.5 1 2 5 10 More with PD

Analysis 1.3. Comparison 1 Peritoneal dialysis versus extracorporeal therapy, Outcome 3 Weekly delivered Kt/V.

Study or subgroup PD Extracorporeal Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Ponce 2013 61 3.4(0.8) 82 7.2(1.4) [ | 49.84% -3.85[-4.22,-3.48]
Gabriel 2008 60 3.6(0.6) 60 4.7(0.6) [ | 50.16% -1.1[-1.31,-0.89]
Total *** 121 142 — 100% -2.47[-5.17,0.22]
Heterogeneity: Tau?=3.76; Chi*>=159.31, df=1(P<0.0001); 1*=99.37%
Test for overall effect: Z=1.8(P=0.07)

Lower with PD

-10 10 Lower with extracorporeal
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Analysis 1.4. Comparison 1 Peritoneal dialysis versus extracorporeal therapy, Outcome 4 Correction of acidosis.

Study or subgroup PD Extracorporeal Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
George 2011 14/16 5/25 —— 49.22% 4.38[1.95,9.79]
Phu 2002 8/21 25/27 —— 50.78% 0.41[0.24,0.72]
Total (95% Cl) 37 52 e — 100% 1.32[0.13,13.6]

Total events: 22 (PD), 30 (Extracorporeal)
Heterogeneity: Tau?=2.71; Chi*>=22.77, df=1(P<0.0001); 1>=95.61%
Test for overall effect: Z=0.23(P=0.82)

LesswithPD ~ 0.05 0.2 1 5 20 |ess with extracorporeal

Analysis 1.5. Comparison 1 Peritoneal dialysis versus extracorporeal therapy, Outcome 5 Fluid removal.

Study or subgroup PD Extracorporeal Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
George 2011 25 2.8 (4.1) 25 2.9(2.4) —+— 8.61% -0.1[-1.96,1.76]
Gabriel 2008 60 2.1(0.7) 60 2.4(0.7) # 44.73% -0.3[-0.55,-0.05]
Ponce 2013 61 1.4 (0.6) 82 2.4(0.4) .‘ 46.66% -0.96[-1.14,-0.78]
Total *** 146 167 ﬂ 100% -0.59[-1.19,0.01]
Heterogeneity: Tau?=0.19; Chi?>=17.98, df=2(P=0); 1>=88.88% ‘
Test for overall effect: Z=1.92(P=0.05) ‘
Less with PD -10 -5 0

5 10 Less with extracoporeal

Analysis 1.6. Comparison 1 Peritoneal dialysis versus extracorporeal therapy, Outcome 6 Duration of dialysis.

Study or subgroup PD Extracorporeal Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Gabriel 2008 60 132 (64.8) 60 180 (74.4) —— 49.11% -48[-72.96,-23.04]
George 2011 25 66 (9.8) 25 21.7(13.5) = 50.89% 44.34[37.82,50.86]
Total *** 85 85 e — 100% -1.01[-91.49,89.47]
Heterogeneity: Tau?=4176.69; Chi>=49.2, df=1(P<0.0001); 1>=97.97%
Test for overall effect: Z=0.02(P=0.98)

Shorter with PD  -100 -50 0 50 100 shorter with extracorporeal

Analysis 1.7. Comparison 1 Peritoneal dialysis versus extracorporeal therapy,
Outcome 7 Infectious complications (catheter infection or peritonitis).

Study or subgroup PD Extracorporeal Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Gabriel 2008 11/60 8/60 ——— 42.31% 1.38[0.6,3.18]
Ponce 2013 10/61 16/82 —il— 57.69% 0.84[0.41,1.72]
Total (95% Cl) 121 142 ’ 100% 1.03[0.6,1.78]
LesswithPD 0.1 0.2 0.5 1 2 5 10 [esswith extracorporeal
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Study or subgroup PD Extracorporeal Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Total events: 21 (PD), 24 (Extracorporeal)
Heterogeneity: Tau?=0; Chi*=0.77, df=1(P=0.38); 1>=0%
Test for overall effect: Z=0.12(P=0.9)

LesswithPD 01 0.2 0.5 1 2 5 10 [esswith extracorporeal

Comparison 2. High versus low intensity peritoneal dialysis

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 All-cause mortality 1 Risk Ratio (M-H, Random, 95% CI)  Totals not selected
2 Recovery of kidney function 1 Risk Ratio (M-H, Random, 95% CI)  Totals not selected
3 Weekly delivered Kt/V 1 Mean Difference (IV, Random, Totals not selected
95% Cl)
4 Fluid removal 1 Mean Difference (IV, Random, Totals not selected
95% Cl)
5 Infectious complications 1 Risk Ratio (M-H, Random, 95% CI)  Totals not selected
(catheter infection or peritoni-
tis)

Analysis 2.1. Comparison 2 High versus low intensity peritoneal dialysis, Outcome 1 All-cause mortality.

Study or subgroup High intensity PD Low intensity PD Risk Ratio Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Ponce 2011 1731 16/30 g 1.03(0.65,1.63]
Less with high intensity 05 0.7 1 15 2 Less with low intensity

Analysis 2.2. Comparison 2 High versus low intensity peritoneal dialysis, Outcome 2 Recovery of kidney function.

Study or subgroup High intensity PD Low intensity PD Risk Ratio Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Ponce 2011 12/14 12/14 + 1[0.74,1.35]
More with low intensity ~ 0-5 0.7 1 15 2 More with high intensity

Analysis 2.3. Comparison 2 High versus low intensity peritoneal dialysis, Outcome 3 Weekly delivered Kt/V.

Study or subgroup High intensity PD Low intensity PD Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Ponce 2011 31 4.1(0.6) 30 3(0.2) — 1.13[0.91,1.35]
Lower with high intensity -2 -1 0 1 2 Lower with low intensity
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Analysis 2.4. Comparison 2 High versus low intensity peritoneal dialysis, Outcome 4 Fluid removal.

Study or subgroup High intensity PD Low intensity PD Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Ponce 2011 31 2.4(0.7) 30 2.1(0.6) *—o— 0.3[-0.03,0.63]
Less with high intensity 2 -1 0 1 2 Less with low intensity

Analysis 2.5. Comparison 2 High versus low intensity peritoneal dialysis,
Outcome 5 Infectious complications (catheter infection or peritonitis).

Study or subgroup High intensity PD Low intensity PD Risk Ratio Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Ponce 2011 431 430 } 0.97[0.27,3.52]
Less with high intensity 0.1 02 0.5 1 2 5 10 Lesswith low intensity

APPENDICES

Appendix 1. Electronic search strategies

Database Search terms

CENTRAL "peritoneal dialysis":ti,ab,kw

(CAPD or CCPD or APD):ti,ab,kw

PD:ti,ab

{or #1-#3}

("acute kidney" or "acute renal"):ti,ab,kw
"acute tubular necrosis":ti,ab,kw

(AKI or ARI or AKF or ARF):ti,ab,kw

{or #5-#7}

#4 and #8

PN WN

MEDLINE exp Peritoneal Dialysis/
peritoneal dialysis.tw.

(PD or CAPD or CCPD or APD).tw.
or/1-3

exp Acute Kidney Injury/

(acute kidney or acute renal).tw.
acute tubular necrosis.tw.

(AKI or AKF or ARF or ARI).tw.

. or/5-8

10.and/4,9

XN AE WD R

EMBASE 1. Peritoneal Dialysis/
2. Continuous Ambulatory Peritoneal Dialysis/
3. peritoneal dialysis.tw.

4. (PD or CAPD or CCPD or APD).tw.

Peritoneal dialysis for acute kidney injury (Review)
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(Continued)

or/1-4

Acute Kidney Failure/

Acute Kidney Tubule Necrosis/
(acute kidney or acute renal).tw.
acute tubular necrosis.tw.
10.(AKI or ARI or AKF or ARF).tw.
11.or/6-10

12.and/5,11

w X NG

Appendix 2. Risk of bias assessment tool

Potential source of bias Assessment criteria
Random sequence genera- Low risk of bias: Random number table; computer random number generator; coin tossing; shuf-
tion fling cards or envelopes; throwing dice; drawing of lots; minimization (minimization may be imple-

mented without a random element, and this is considered to be equivalent to being random).
Selection bias (biased alloca-

tion to interventions) due to
inadequate generation of a
randomised sequence

High risk of bias: Sequence generated by odd or even date of birth; date (or day) of admission; se-
quence generated by hospital or clinic record number; allocation by judgement of the clinician; by
preference of the participant; based on the results of a laboratory test or a series of tests; by avail-
ability of the intervention.

Unclear: Insufficient information about the sequence generation process to permit judgement.

Allocation concealment Low risk of bias: Randomisation method described that would not allow investigator/participant to
know or influence intervention group before eligible participant entered in the study (e.g. central

Selection bias (biased alloca-  j3|(ocation, including telephone, web-based, and pharmacy-controlled, randomisation; sequential-

tion to interventions) due to ly numbered drug containers of identical appearance; sequentially numbered, opaque, sealed en-

inadequate concealmentofal-  yelopes).
locations prior to assignment

High risk of bias: Using an open random allocation schedule (e.g. a list of random numbers); as-
signment envelopes were used without appropriate safeguards (e.g. if envelopes were unsealed or
non-opaque or not sequentially numbered); alternation or rotation; date of birth; case record num-
ber; any other explicitly unconcealed procedure.

Unclear: Randomisation stated but no information on method used is available.

Blinding of participants and Low risk of bias: No blinding or incomplete blinding, but the review authors judge that the outcome
personnel is not likely to be influenced by lack of blinding; blinding of participants and key study personnel

ensured, and unlikely that the blinding could have been broken.
Performance bias due to

knowledge of the allocated
interventions by participants
and personnel during the

High risk of bias: No blinding or incomplete blinding, and the outcome is likely to be influenced by
lack of blinding; blinding of key study participants and personnel attempted, but likely that the
blinding could have been broken, and the outcome is likely to be influenced by lack of blinding.

study

Unclear: Insufficient information to permit judgement
Blinding of outcome assess- Low risk of bias: No blinding of outcome assessment, but the review authors judge that the out-
ment come measurement is not likely to be influenced by lack of blinding; blinding of outcome assess-

ment ensured, and unlikely that the blinding could have been broken.
Detection bias due to knowl-

edge of the allocated interven-
tions by outcome assessors.

Peritoneal dialysis for acute kidney injury (Review) 29
Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

(Continued)

High risk of bias: No blinding of outcome assessment, and the outcome measurement is likely to be
influenced by lack of blinding; blinding of outcome assessment, but likely that the blinding could
have been broken, and the outcome measurement is likely to be influenced by lack of blinding.

Unclear: Insufficient information to permit judgement

Incomplete outcome data

Attrition bias due to amount,
nature or handling of incom-
plete outcome data.

Low risk of bias: No missing outcome data; reasons for missing outcome data unlikely to be relat-
ed to true outcome (for survival data, censoring unlikely to be introducing bias); missing outcome
data balanced in numbers across intervention groups, with similar reasons for missing data across
groups; for dichotomous outcome data, the proportion of missing outcomes compared with ob-
served event risk not enough to have a clinically relevant impact on the intervention effect esti-
mate; for continuous outcome data, plausible effect size (difference in means or standardized dif-
ference in means) among missing outcomes not enough to have a clinically relevant impact on ob-
served effect size; missing data have been imputed using appropriate methods.

High risk of bias: Reason for missing outcome data likely to be related to true outcome, with either
imbalance in numbers or reasons for missing data across intervention groups; for dichotomous
outcome data, the proportion of missing outcomes compared with observed event risk enough to
induce clinically relevant bias in intervention effect estimate; for continuous outcome data, plausi-
ble effect size (difference in means or standardized difference in means) among missing outcomes
enough to induce clinically relevant bias in observed effect size; ‘as-treated’ analysis done with
substantial departure of the intervention received from that assigned at randomisation; potentially
inappropriate application of simple imputation.

Unclear: Insufficient information to permit judgement

Selective reporting

Reporting bias due to selective
outcome reporting

Low risk of bias: The study protocol is available and all of the study’s pre-specified (primary and
secondary) outcomes that are of interest in the review have been reported in the pre-specified way;
the study protocol is not available but it is clear that the published reports include all expected out-
comes, including those that were pre-specified (convincing text of this nature may be uncommon).

High risk of bias: Not all of the study’s pre-specified primary outcomes have been reported; one or
more primary outcomes is reported using measurements, analysis methods or subsets of the data
(e.g. subscales) that were not pre-specified; one or more reported primary outcomes were not pre-
specified (unless clear justification for their reporting is provided, such as an unexpected adverse
effect); one or more outcomes of interest in the review are reported incompletely so that they can-
not be entered in a meta-analysis; the study report fails to include results for a key outcome that
would be expected to have been reported for such a study.

Unclear: Insufficient information to permit judgement

Other bias

Bias due to problems not cov-
ered elsewhere in the table

Low risk of bias: The study appears to be free of other sources of bias.

High risk of bias: Had a potential source of bias related to the specific study design used; stopped
early due to some data-dependent process (including a formal-stopping rule); had extreme base-
line imbalance; has been claimed to have been fraudulent; had some other problem.

Unclear: Insufficient information to assess whether an important risk of bias exists; insufficient ra-
tionale or evidence that an identified problem will introduce bias.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

The problem of length of in-hospital stays or ICU stays, blood pressure during dialysis, and vasopressor support which might influence
outcomes in AKI were not reported in most of the four included studies, leading to the lack of further analysis according to design in
advance. In addition, the limited studies and patients make it difficult to conduct further subgroup analysis.
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