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Abstract
Objective  The purpose of this study was to perform a 
systematic review and meta-analysis to evaluate the 
effect of high-dose versus low-dose haemofiltration on 
the survival of critically ill patients with acute kidney injury 
(AKI). We hypothesised that high-dose treatments are not 
associated with a higher risk of mortality.
Design  Meta-analysis.
Setting  Randomised controlled trials and two-arm 
prospective and retrospective studies were included.
Participants  Critically ill patients with AKI.
Interventions  Continuous renal replacement therapy.
Primary and secondary outcome measures  Primary 
outcomes: 90-day mortality, intensive care unit (ICU) 
mortality, hospital mortality; secondary outcomes: length of 
ICU and hospital stay.
Result  Eight studies including 2970 patients were 
included in the analysis. Pooled results showed 
no significant difference in the 90-mortality rate 
between patients treated with high-dose or low-dose 
haemofiltration (pooled OR=0.90, 95% CI 0.73 to 1.11, 
p=0.32). Findings were similar for ICU (pooled OR=1.12, 
95% CI 0.94 to 1.34, p=0.21) and hospital mortality 
(pooled OR=1.03, 95% CI 0.81 to 1.30, p=0.84). Length of 
ICU and hospital stay were similar between high-dose and 
low-dose groups. Pooled results are not overly influenced 
by any one study, different cut-off points of prescribed 
dose or different cut-off points of delivered dose. Meta-
regression analysis indicated that the results were not 
affected by the percentage of patients with sepsis or 
septic shock.
Conclusion  High-dose and low-dose haemofiltration 
produce similar outcomes with respect to mortality and 
length of ICU and hospital stay in critically ill patients with 
AKI.  This study was not registered at the time the data 
were collected and analysed. It has since been registered 
on 17 February 2017 at http://www.​researchregistry.​com/, 
registration number: reviewregistry211.

Introduction
Acute kidney injury (AKI) occurs in at least 
5% of patients with who are admitted to the 

intensive care unit (ICU) and is an indepen-
dent predictor of mortality.1–3 In addition, 
about 50% of patients with septic shock will 
experience AKI.4 The prognosis of patients 
with AKI is low, with a mortality rate of up to 
70% despite improvements in haemodialysis 
and availability.5–7

Two methods for obtaining clearance in 
patients with AKI who require renal support 
are haemofiltration and haemodialysis. 
Haemofiltration uses convection to aid in the 
removal of middle molecular weight solutes, 
which is determined by the pore size of the 
membrane.8 Haemofiltration is believed to 
be superior to haemodialysis in patients with 
AKI as it is thought it can remove the toxic 
mediators of sepsis and inflammation.8

For patients who require renal replace-
ment therapy  (RRT), the treatment dose or 
intensity may influence outcomes. Contin-
uous renal replacement therapy (CRRT) in 
the form of haemofiltration is an option for 
treating patients with AKI and may provide 
better clearance of toxic molecules, acid–base 
homeostasis and removal of inflammatory 
mediators that can contribute to organ injury 
and dysfunction than other methods.9–13 
However, the optimum dosage of haemofil-
tration, including the ideal timing and dose is 
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Strengths and limitations of this study

►► The strengths of this study are the inclusion of the 
most current literature and the meta-regression 
analysis that evaluated the impact of patients with 
sepsis or septic shock on the overall pooled analysis.

►► The limitation of this analysis is the considerable 
variation across the studies with regard to the 
prescribed doses for the high-dose and low-dose 
haemofiltration.
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not clear. Some studies have reported benefits with inten-
sive doses of CRRT with respect to mortality,14 15 while 
others have not.16–19

Several prior systematic reviews and meta-analyses have 
assessed the use of CRRT for treating AKI. These studies 
found that high-dose CRRT was not associated with a 
decrease in mortality in patients with AKI.20–22 Since the 
publication of these reviews, additional clinical studies 
have been published that addressed the use of CRRT in 
AKI.23 24 Prior reviews have addressed both haemofiltra-
tion and haemodialysis, which may not provide sufficient 
data with respect to either method.

Thus, the purpose of this study was to perform a system-
atic review and meta-analysis to evaluate the effect of 
high-dose versus low-dose haemofiltration on the survival 
of critically ill patients with AKI. We hypothesised that 
high-dose treatments are not associated with a higher risk 
of mortality.

Materials and methods
Search strategy
This meta-analysis was performed according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses  (PRISMA) guidelines. This study was not 
registered at the time the data were collected and anal-
ysed. It has since been registered on 17 February 2017 at 
http://www.​researchregistry.​com/, registration number: 
reviewregistry211.

PubMed, Medline, Cochrane and Google Scholar data-
bases were searched until 22 June 2016 using the following 
search terms: renal  replacement therapy, renal dialysis, 
acute kidney injury, intensive care unit, intensity  and 
dose. Included studies were randomised controlled trials 
(RCTs), two-arm prospective, retrospective or cohort 
studies that evaluated critically ill patients with AKI who 
received haemofiltration. Included studies had to report 
quantitative outcomes of interest. Letters, comments, 
editorials, case reports, proceeding and personal commu-
nications were excluded. Studies that evaluated patients 
who had received previous RRT during the same hospital 
admission or who were on maintenance dialysis for 
end-stage kidney disease were excluded. The database 
searches were performed by two independent (two of the 
authors) reviewers. The authors independently reviewed 
all potential studies and extracted data of interest. A third 
reviewer was consulted to resolve any questions regarding 
inclusion of studies or data in the analysis, and a decision 
was arrived at by consensus.

Data extraction and quality assessment
The following information/data were extracted from 
studies that met the inclusion criteria: the name of the 
first author, year of publication, study design, number of 
participants in each group, participants’ age and gender 
and the major outcomes of death up to 90 days (90-day 
mortality), ICU mortality, hospital mortality and length 
of hospital or ICU stay.

The quality of the included studies was evaluated using 
the Cochran Risk of Bias tool outlined in the Cochrane 
Collaboration Handbook for Systematic Reviews of Inter-
ventions V.5.1.0.25

Statistical analysis
Primary outcomes were 90-day mortality, ICU mortality 
and hospital mortality. Secondary outcomes were length 
of ICU and hospital stay. Comparisons of the different 
mortality rates between patients receiving high-dose or 
low-dose haemofiltration were presented by OR and 95% 
CI; an OR >1 indicated that patients treated with high-in-
tensity haemofiltration had a higher risk of death. The 
effect size of length of ICU and hospital stay was reported 
as difference in means; a difference in means  >0 indi-
cated longer ICU or hospital stay in patients treated with 
high-dose haemofiltration. Pooled estimates for ORs and 
difference in means were calculated using the DerSimo-
nian and Laird random-effects model. A two-sided p value 
<0.05 was considered statistically significant.

Heterogeneity was assessed using the Cochran Q and 
the I2 statistic. For the Q statistic, p<0.10 was considered 
statistically significant for heterogeneity. The I2 statistic 
indicates the percentage of the observed between-study 
variability due to heterogeneity. The suggested ranges are 
as follows: no heterogeneity (I2=0% to 25%), moderate 
heterogeneity (I2=25% to 50%), large heterogeneity 
(I2=50% to 75%) and extreme heterogeneity (I2=75% to 
100%).

Sensitivity analysis was performed for the primary 
outcomes using the leave-one-out approach. Due to 
various definitions of high-dose and low-dose haemofiltra-
tion between the studies, additional sensitivity analysis was 
performed to examine the stability of pooled estimates 
according to various cut-off points of prescribed dose as 
well as the actual delivered dose. Meta-regression analysis 
was performed to examine whether the percentage of 
patients with sepsis or septic shock influenced the pooled 
estimates of the associations between haemofiltration and 
outcomes of interest. All analyses were performed using 
Comprehensive Meta-Analysis statistical software, V.2.0 
(Biostat, Englewood, New Jersey, USA).

Results
A total of 374 studies were identified in the initial search, 
of which 250 were excluded for being duplicate publica-
tions (figure 1). Of the remaining 124 studies, 106 were 
excluded for not being relevant by review of title and/or 
abstract. The remaining 18 full-text articles were exam-
ined, and 10 were excluded, the reasons for which are 
shown in figure 1. Thus, eight studies were included in 
the meta-analysis.14 16 17 19 23 24 26 27

Of the eight studies, seven were RCTs14 16 17 23 24 26 and 
one was a prospective study27 (table 1). A total of 2970 
patients were included, and the number of patients per 
study ranged from 19 to 1465. The mean patient age 
ranged from 59 to 73 years, over half of the patients 

http://www.researchregistry.com/
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Figure 1  PRISMA flow diagram of study selection.

were male (54% to 80%%), and the causes for of AKI 
requiring RRT were sepsis, surgery (including cardiovas-
cular surgery) and septic shock. Six of the eight studies 
reported mean Acute Physiology and Chronic Health 
Evaluation  (APACHE) II or III scores for the groups 
studied, and the mean scores were similar between the 
groups in the individual studies. The type of treatment 
and the definition of high-dose or more-intensive therapy 
varied across the studies. The doses used also varied, with 
low-dose ranging from 20 to 36 mL/kg/h and high-dose 
ranging from 35 to 85 mL/kg/h.

Meta-analysis
Results of meta-analysis of the primary outcomes of 
within 90-day morality,14 17 23 24 ICU mortality16 17 19 27 and 
hospital mortality16 17 19 24 are presented in figure 2. The 
pooled results showed no significant difference in the 
90-mortality rate between patients treated with high-dose 
or low-dose haemofiltration (pooled OR=0.90, 95% CI 
0.73 to 1.11, p=0.32) (figure  2A). The findings were 
similar for ICU mortality (pooled OR=1.12, 95% CI 0.94 
to 1.34, p=0.21) and hospital mortality (pooled OR=1.02, 
95% CI 0.81 to 1.30, p=0.84) (figure  2B, C). There was 
low to moderate heterogeneity across the studies for each 
outcome (Q=4.10, p=0.25, I2=26.7%; Q=2.24, p=0.52, 
I2=0%; and Q=1.49, p=0.69, I2=0%, respectively).

No significant difference was found in the length of 
ICU stay between patients who received high- versus 
low-dose treatment (pooled difference in means=−2.09, 
95% CI −5.64 to 1.45, p=0.25) (figure 2D). However, large 
heterogeneity was observed across the seven studies that 
reported data for length of ICU stay (Q=25.10, p<0.001, 
I2=76.1%). The results were similar for length of hospital 
stay (pooled difference in means=−0.03, 95% CI −2.38 to 
2.31, p=0.98); however, no heterogeneity was observed for 
data regarding length of hospital stay (Q=1.74, p=0.78, 
I2=0%) (figure 2E).

Sensitivity analysis, meta-regression analysis and quality 
assessment
Sensitivity analysis was performed in several ways. First, 
we used the leave-one-out approach to examine whether 
any single study influenced the pooled results of primary 
outcomes. The pooled results for the three primary 
outcomes did not significantly change when each study 
was removed in turn (figure 3). Second, the use of various 
cut-off points of prescribed dose might minimise the influ-
ence of the various definitions of high-dose and low-dose 
in the included studies. Analysis indicated that the results 
were stable regardless of cut-off points of prescribed dose. 
Furthermore, we also performed analyses for the actual 
delivered dose with the same cut-off points, and the 
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Figure 2  Meta-analysis for treatment effect of haemofiltration on (A) mortality within 90 days, (B) ICU mortality, (C) in hospital 
mortality, (D) length of ICU stay and (E) length of hospital stay. ICU, intensive care unit.

Figure 3  Sensitivity analysis using leave-one-out approach 
for the treatment effect of haemofiltration (A) mortality within 
90 days, (B) ICU mortality and (C) in hospital mortality.

statistical significance was consistent when delivered dose 
was used in the analysis (table 2). Taken together, these 
findings indicate that the pooled results are not overly 
influenced by any one study, different cut-off points of 
prescribed dose or different cut-off points of delivered 
dose.

Meta-regression analysis was performed to examine 
whether patients with sepsis or septic shock affected the 
overall pooled analysis. The reason for the analysis was 
based on the fact that sepsis and septic shock differ in 

terms of blood pressure instability and possible emergent 
death. The results showed that the regression coefficients 
had a slope close to 0, indicating that the associations 
between RRT and selected outcomes were not influenced 
by the percentage of patients with sepsis or septic shock 
(p values for all slope coefficients >0.05) (table 3).

Assessment of the quality of the included studies using 
the Cochran Risk of Bias tool indicated that there was low 
risk of bias for most of the studies (Figure S1A and S1B). 
One exception was the study of Vesconi et al,27 which 
showed a high risk of selection, performance and detec-
tion bias (Figure S1B). Overall, the included studies were 
of adequate quality.

Publication bias assessment was not performed due to 
limited number of included studies; 10 or more studies 
are necessary to assess publication bias.28

Discussion
The purpose of this study was to conduct a systematic 
review and meta-analysis to examine the effect of haemo-
filtration dosage on mortality, length of hospital stay, and 
length of ICU stay in patients with AKI. For all outcomes 
examined, there was no difference between patients 
who received high- versus low-dose haemofiltration. The 
results were consistent when the analyses used prescribed 
or delivered dose, and not influenced by the percentage 
of patients with sepsis or septic shock. Sensitivity analysis 
and quality assessment indicated no one study dominated 
the results, and that the included data were of adequate 
quality.

The results of this study are consistent with three prior 
meta-analyses, all of which found no survival benefit, or 
increased mortality, of high-dose CRRT in patients with 

https://dx.doi.org/10.1136/bmjopen-2016-014171
https://dx.doi.org/10.1136/bmjopen-2016-014171
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Table 2  Sensitivity analysis for treatment effect on mortality according to different cut-off points of prescribed dose and 
delivered dose

Number of 
studies included Pooled OR Lower limit Upper limit Z value p Value

Prescribed dose

 � (A) 90-day mortality

 � �  50 mL/kg/h 2 0.97 0.66 1.43 −0.16 0.88

 � �  40 mL/kg/h 3 0.83 0.50 1.38 −0.71 0.48

 � �  30 mL/kg/h 2 0.73 0.39 1.38 −0.97 0.33

 � (B) ICU mortality

 � �  50 mL/kg/h 1 1.20 0.58 2.47 0.50 0.62

 � �  40 mL/kg/h 2 1.04 0.85 1.28 0.37 0.72

 � �  30 mL/kg/h 3 1.13 0.92 1.38 1.18 0.24

 � (C) Hospital mortality

 � �  50 mL/kg/h 2 1.11 0.75 1.65 0.53 0.60

 � �  40 mL/kg/h 2 1.02 0.71 1.45 0.08 0.94

 � �  30 mL/kg/h 2 0.98 0.73 1.31 −0.15 0.88

Delivered dose

 � (A) 90-day mortality

 � �  50 mL/kg/h 2 0.97 0.66 1.43 −0.16 0.88

 � �  40 mL/kg/h 1 1.24 0.63 2.43 0.63 0.53

 � �  30 mL/kg/h* 1 1.00 0.81 1.23 −0.03 0.97

 � (B) ICU mortality

 � �  50 mL/kg/h 1 1.20 0.58 2.47 0.50 0.62

 � �  40 mL/kg/h 2 1.39 0.96 2.00 1.75 0.08

 � �  30 mL/kg/h 2 1.16 0.84 1.62 0.90 0.37

 � (C) Hospital mortality

 � �  50 mL/kg/h 1 0.99 0.61 1.61 −0.03 0.98

 � �  40 mL/kg/h 1 1.39 0.71 2.74 0.96 0.34

 � �  30 mL/kg/h 1 0.91 0.65 1.29 −0.52 0.60

*Ronco et al14 did not provide information on delivered dose of continuous renal replacement therapy and therefore was excluded.
ICU, intensive care unit.

Table 3  Meta-regression analysis for each outcome

Outcome Intercept* Slope*

Mortality within 90 days −0.42 (0.19) 0.01 (0.004)

ICU mortality 0.31 (0.35) −0.004 (0.01)

Hospital mortality 0.31 (0.34) −0.01 (0.01)

Length of ICU stay −2.89 (1.90) 0.03 (0.04)

Length of hospital stay −1.74 (4.13) 0.034 (0.08)

*Presented as point estimate of coefficient and SE.
ICU, intensive care unit.

acute renal failure.20–22 Although, our findings are similar 
to prior studies, a strength of our analysis is the meta-re-
gression analysis with evaluated the impact of patients 
with sepsis or septic shock on the overall pooled anal-
ysis. The meta-regression analysis indicated that hetero-
geneity due to a mixed population of sepsis and septic 

shock patients did not influence the pooled results. In 
addition, we included two additional studies that were not 
included in the prior meta-analyses. The consistency of 
finding across the different meta-analyses, and findings 
of our meta-regression analysis, suggest that the delivered 
dose is not affected by the presence of systemic infection, 
and any variance seen when treating patients may reflect 
the severity of the acute kidney disease and/or an indi-
vidual patient’s condition.

The data from clinical studies on the benefit of high-
dose haemofiltration in critically ill patients have been 
inconsistent. In 2000, Ronco et al14 reported improved 
survival with higher total effluent volumes (>45 mL/
kg/h) in patients with septic AKI, and in 2008, in a 
small pilot study, Boussekey et al26 found that high-dose 
RRT was associated with an improved haemodynamic 
profile. However, that study did not find any significant 
effect on survival or organ dysfunction. In contrast, two 
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randomised controlled multicentre studies found no 
added survival benefit of high-dose compared with stan-
dard-dose CRRT in critically ill patients with AKI.17 18 A 
more recent study by Joannes-Boyau et al23 also found no 
evidence that high-dose (70 mL/kg/h) compared with 
standard-dose (35 mL/kg/h) RRT resulted in reduction 
in 28-day mortality, or to early improvements in haemo-
dynamic profile or organ dysfunction in septic shock 
patients with AKI.23

A prior meta-analysis compared the efficacy of 
extended daily dialysis (EDD) and CCRT in treating 
patients with AKI. Zhang et al29 included 17 studies from 
2000 to 2014 with a total of 1208 patients. Meta-anal-
ysis of the included RCTs (n=10) found no difference 
in mortality rates between EDD and CRRT (relative 
risk, 0.90; 95% CI 0.74 to 1.11; p=0.3). However, lower 
mortality risk was observed with EDD compared with 
CRRT in observational studies (relative risk, 0.86; 95% CI 
0.74 to 1.00; p=0.05). For both RCTs and observational 
studies, recovery of kidney function, fluid removal and 
days in the ICU were similar between procedures. The 
authors concluded that the findings from RCTs suggest 
that CRRT and EDD have similar efficacy and that the 
difference in mortality observed in the analysis of the 
observational studies may be confounded by selection 
bias. The potential confounding effect of observational 
studies is also indicated by our quality assessment of the 
included studies that indicated that the observational 
study of Vesconi et al27 had a high risk of selection bias, as 
well as performance and detection bias.

The current analysis focused on haemofiltration. 
However, haemodialysis is also used to treat patients 
with AKI. Friedrich et al30 performed a meta-analysis in 
2012 that included 19 RCTs that focused on the differ-
ence between haemofiltration and haemodialysis with 
similar doses. They found weak evidence supporting the 
increased clearance of medium to large molecules by 
haemofiltration compared with haemodialysis, but there 
was no difference in mortality between the two methods. 
No dose comparison was performed in their study.

Our study was limited by the considerable variation 
across the studies with regard to the prescribed doses for 
high-dose and low-dose haemofiltration. It is difficult to 
standardise the prescribed and delivered doses across 
the studies due to differences in equipment used and 
personnel. There was also a wide range of effect size, and 
several of the studies reported opposite findings. In addi-
tion, only four of the included studies reported data for 
the primary endpoint of mortality within 90 days, and not 
all the studies were RCTs. In addition, due to the hetero-
geneity of dosing across studies, the differences in the 
definition of high-dose, and the fact that the raw data for 
each group was not presented, it was difficult to group 
the analysis according to a cut-off value of the standard 
of care dose of 35 mL/kg/h. For example, Vesconi et al27 
defined 35 mL/kg/h as ‘more intensive’ and compared 
the finding of that dosing with ‘less intensive’  <20 to 
34 mL/kg/h. This differed, for example, from the study 

by Zhang et al,29 which compared 85 mL/kg/h with 
50 mL/kg/h. It is highly possible that this variability may 
have confounded our results. However, sensitivity analysis 
found that no one study overly influences the findings; 
thus, suggesting that although heterogeneity in dosing was 
present, the pooled results are robust. In addition, six of 
the eight studies reported mean APACHE II or III scores 
for the groups studied, and the mean scores were similar 
between the groups in the individual studies, indicating 
that the illness severity was similar between the groups in 
each of these six studies. Subgroup analyses of different 
covariates, such as according to renal function, would aid 
in the analysis; however, due to limited availability of raw 
data, few variables can be investigated. Lastly, our orig-
inal intention was to perform a meta-analysis examining 
the outcomes of using different doses of RRT, and during 
our initial literature search, we included all modalities of 
CRRT. However, we found that the majority of studies that 
compared different dosages used haemofiltration rather 
than other modalities. For this reason, we limited the 
analysis to haemofiltration.

The results of this meta-analysis found that mortality 
rates and length of ICU and hospital stay were not 
different between critically ill patients with AKI who 
received high-dose or low-dose haemofiltration.
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