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Abstract
Background: Residual renal function (RRF) is an important determinant of mortality and morbidity in patients undergoing
hemodialysis. Different dialysis types may have different effects on RRF. We therefore conducted this meta-analysis to examine the
RRF protective effect of different dialysis types for hemodialysis patients.

Methods: A systematic search was performed on PubMed, EMbase, Web of Science, Chinese Biomedical Literature Database,
Wanfang database, and China National Knowledge Infrastructure for randomized controlled trials and cohort studies. Dialysis types
included low-flux hemodialysis (LFHD), high-flux hemodialysis (HFHD), hemodiafiltration (HDF), and hemodialysis and hemoperfusion
(HD+HP). The mean of endogenous creatinine clearance rate (CCR) and urea clearance rate (Curea), or urine volume was used to
estimate RRF [95% confidence interval (95% CI), 6.05–16.80].

Results: There were 12 articles involving 1224 patients, including 11 random controlled trials and 1 cohort study. Meta-analysis
showed that the RRF protective effect of HFHD [mean difference (MD)=1.48, 95%CI (2.11 to 0.86), P< .01] and HD+HP [MD=0.41,
95% CI (0.69 to 0.12), P= .005] was better than that of LFHD, and the RRF decline rate was the lowest in HFHD group [MD=0.13,
95% CI (0.17 to 0.09), P< .01]. Descriptive analysis showed that HDF could better protect RRF when compared with LFHD.
However, there was no consistency among other interventions when removing LFHD due to limited data.

Conclusion: For patients undergoing maintenance hemodialysis, the HFHD, HD+HP and HDF may better protect RRF, compared
with LFHD.

Abbreviations: Ccr = endogenous creatinine clearance rate, CI = confidence interval, CKD = chronic kidney disease, Curea =
urea clearance rate, ESRD = end-stage renal disease, HD+HP = hemodialysis, hemoperfusion, HDF = hemodiafiltration, HFHD =
high-flux hemodialysis, LFHD = low-flux hemodialysis, MD = mean difference, MHD = maintenance hemodialysis, RCT =
randomized controlled trial, RRF = residual renal function.
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1. Introduction

Kidney function of some patients with chronic kidney disease
(CKD) gradually declines and eventually progresses to end-stage
renal disease (ESRD), which needs hemodialysis or peritoneal
dialysis to remove toxins and excess fluid.[1,2] For patients on
maintenancehemodialysis (MHD), the incidenceof cardiovascular
or noncardiovascular-related death is 30 to 50 folds higher than
that of healthy people.[3] Recently, studies show thatmortality and
hospitalization rate of CKD patients can be reduced by use of
statins and angiotensin II receptor antagonists.[4,5]

Of all indicators, residual renal function (RRF) is of
great importance to the survival and quality of life of CKD
patients.[6–9] With the commencement of hemodialysis, RRF
decreases exponentially due to systemic hemodynamic changes,
vascular calcification, and drug use during the hemodialy-
sis.[10,11] The study by Brener et al[9] showed that the mortality
rate and hospitalization length was significantly lower for
patients with RRF than patients without RRF. The study by
Rhee et al[12] showed that RRF could effectively control serum
phosphate levels. In the meantime, series of studies have been
conducted to explore further RRF protection.[13] For example,
hemodiafiltration (HDF) uses high permeable dialysis membrane
filtration to increase ultrafiltration and convective solute
transport that can better clear toxins than hemodialysis.[12]

mailto:juzi61@126.com
mailto:yanpeicao@fudan.edu.cn
http://creativecommons.org/licenses/by-nc-nd/4.0
http://creativecommons.org/licenses/by-nc-nd/4.0
http://dx.doi.org/10.1097/MD.0000000000012325


Lu et al. Medicine (2018) 97:37 Medicine
Different dialysis types may have different effects on RRF. It
has been shown that high-flux hemodialysis (HFHD) may better
protect RRF than low-flux hemodialysis (LFHD), and HFHD
could better protect patients with parenchymal nephropathy
when the primary kidney disease is further classified.[14] The
study by Penne et al[15] showed no significant difference in RRF
protection between HDF and LFHD after 6 months of follow-up.
Except for LFHD, comparisons between other dialysis types are
unclear. In this study, a systematic review and meta-analysis was
performed to further examine the RRF protective effect of
different dialysis types for MHD patients.

2. Materials and methods

2.1. Search strategy

A systematic search was performed on PubMed, EMbase,Web of
Science, Chinese Biomedical Literature Database, Wanfang
database, and China National Knowledge Infrastructure. The
search terms, including high-flux, high flow, low-flux, membrane,
Figure 1. Search
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HDF, hemoperfusion, and hemodialysis were used for the
keywords and abstract of articles, and RRF for the full text until
August 2017.
Detailed searching strategy is shown in Figure 1 and in

Appendix 1, http://links.lww.com/MD/C484. Briefly, primary
search on Cochrane Library and Joanna Briggs Institute Library
for systematic reviews and clinical practice guidelines; systematic
search on the above databases to extract information from
eligible articles, including title, abstract, and keywords; the full
text was further analyzed if the abstract met inclusion criteria;
and review the references of included articles.

2.2. Inclusion and exclusion criteria

Articles were included if they were randomized controlled trials
(RCTs) or cohort studies; patient age > 18 years; with RRF; and
receiving HFHD, HDF, hemodialysis, and hemoperfusion (HD
+HP) as maintenance dialysis. Articles were excluded if they were
having significant proteinuria, serious infections, heart failure,
ing strategies.

http://links.lww.com/MD/C484


Table 1

General characteristics of included studies.

Sample size (case)

Follow-up
length, mo

Intervention

Studies
Study
design

Intervention
group

Control
group

Intervention
group

Control
group

Outcome
measures

Conclusions
(defined as better
RRF protection)

Hartmann et al[25] RCT 10 10 12 HFHD LFHD Estimated RRF, monthly
RRF decline rate

HFHD

Lang et al[21] RCT 15 15 24 HFHD LFHD Estimated RRF HFHD
McCarthy et al[14] Cohort 50 50 >6 or death HFHD LFHD Estimated RRF, monthly

RRF decline rate
HFHD, especially for
parenchymal nephropathy

Li et al[23] RCT 60 60 6 HFHD LFHD Estimated RRF HFHD
Zhao et al[18] RCT 13 12 6 HFHD LFHD Estimated RRF HFHD
Zhao et al[18] RCT 12 12 6 HD+HP LFHD Estimated RRF HD+HP
Malberti et al[19] RCT 21 21 12 HDF LFHD Estimated RRF LFHD
Penne et al[15] RCT 251 242 6 HDF LFHD Estimated RRF No significant difference
Schiffl et al[20] RCT 48 36 24 HDF LFHD Estimated RRF LFHD
Hao et al[24] RCT 31 30 6 HD+HP LFHD Estimated RRF HD+HP
He and Zhou [22] RCT 50 50 > 3 HD+HP LFHD Estimated RRF HD+HP
Hyodo and Koutoku [26] RCT 37 12 36 HDF HFHD Estimated RRF

using 24-h urine
HDF

Zheng et al [27] RCT 44 44 6 HFHD LFHD Estimated RRF HFHD

HD+HP=hemodialysis, hemoperfusion, HDF=hemodiafiltration, HFHD=high-flux hemodialysis, RCT= random clinical trial, RRF= residual renal function.
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cancer, or other major underlying diseases; or using nephrotoxic
drugs.
The mean of endogenous creatinine clearance rate (Ccr) and

urea clearance rate (Curea), or urine volume was used to estimate
RRF. The outcome measures included RRF estimated by
endogenous Ccr and Curea, monthly RRF decline rate, and
RRF estimated by urine volume.
2.3. Information extraction and evaluation

All articles were reviewed by 2 reviewers to independently extract
information, including study design, sample size, intervention,
follow-up, intervention, control, outcomes, and conclusions.
Studies were evaluated by 2 authors (WWL and CR) for
methodological quality based on Australian Joanna Briggs
Institute Evidence-Based Health Care Center Evaluation Manual
(2008).[16]
2.4. Statistical analysis

Mean net change of RRF was calculated as the difference
(intervention group-control group) of the change (baseline-end-
point) in mean values. Standard deviations (SDs) [SD= (SDbase-

line2+SDendpoint2�SDbaselineSDendpoint)1/2] of RRF before and
after intervention were used to calculate the differences in the
individual studies using the method described by Whitehead.[17]

A meta-analysis was performed using RevMan5.3 (Cochrane
Collaboration). The mean difference (MD) with 95% confidence
interval (95% CI) was chosen to calculate the magnitude of the
experimental effect. x2 test was used for heterogeneity analysis,
and heterogeneity was assessed by I2. P= .1 was used as
significance level. If P> .1 and I2<50%, the fixed effects model
was used; otherwise, the heterogeneity was assessed to determine
whether random effects model can be used. If data cannot be used
for meta-analysis or P< .1 with no source of heterogeneity,
descriptive analysis was used. Article with the largest sample size
was excluded for sensitivity analysis.
3

3. Results

3.1. General description of included studies

There were 1361 articles identified by systematic search,
including 585 articles in English and 776 articles in Chinese.
Totally, 1260 articles were excluded by screening of titles and
abstracts. Upon further analysis, 12 articles were included for
quality evaluation, including 7 articles in English and 5 articles in
Chinese, as shown in Figure 1. General characteristics of included
studies are summarized in Table 1.[14,15,18–27] The study by Zhao
et al[18] was a 2∗2 RCT and thus was analyzed individually. The
LFHD was used as control group in 11 articles and HFHD as
control in 1 article. The intervention methods included HDF, HD
+ HP, or HFHD.
Patients were from Asia, Europe, and North America, and the

research centers were mainly dialysis centers. Patients were
followed up until the end of study or endpoint events, including
death, kidney transplantation, or dialyzer replacement.
3.2. Quality evaluation and results of the systematic
review

The 12 articles [14,15,18–27] were included for quality evaluation,
including 11 RCTs and 1 cohort study. The overall quality was
good with 5 articles of A level and 7 articles of B level, as in
Table 2.
3.3. The results of the meta-analysis
3.3.1. RRF protection evaluation using Ccr and Curea-
estimated RRF. To determine RRF protection effect of different
dialysis types, Ccr and Curea-estimated RRF were compared.
First, the protective effect of HDF and LFHD on RRF was
compared. Because 3 articles [15,19,20] were not eligible for meta-
analysis due to either no standard value presentations or pre-
existing statistical differences, statistical description was used.
Two of them [19,20] showed that HDF could protect RRF. In the
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Table 2

Quality evaluation of included studies.

Evaluation items

Studies Randomization
Blinding

of subjects Concealment
Lost of

follow-up
Blinding

of analysts
Compatibility
at baseline

Compatibility of
interventions

Endpoint
measures Credibility Analysis

Recommendation
level

Hartmann
et al[25]

B D C A C A A A A A A

Lang et al[21] B D C A C A A A A A A
Li et al[23] A D C A C A B A A A B
Zhao et al [18] A D C B C A A A B B A
Malberti et al[19] C D C A C B A A A A B
Penne et al[15] B D C C C B B A A A B
Schiffl et al[20] B D C A C A B A A B B
Hao et al[24] A D C C C A B A A A B
He and Zhou [22] A D C A C A B A A A A
Hyodo and

Koutoku [26]
C D C C C C B A A A B

McCarthy et al[14] A A A C A A B A A B
Zheng et al[27] A D C A C A B A A A A
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study byMalberti et al, the RRF only significantly decreased in
LFHD group (P< .05) and no significant decrease was detected in
HDF group after 12 months of follow-up. In the study by Penne
et al,[15] P25-P75 percentile was used to determine RRF change,
and no difference was detected between HDF and LFHD group
after 6 months of follow-up. In the study by Schiffl et al,[20] it
showed that RRF decreased in both groups, but the RRF decrease
was significantly faster in LFHD group (P< .05); the anuria
(urine output<100mL/day) ratio was 32% in control group,
significantly higher than that of HDF group (9%). The above
showed that HDF had better protective effect on RRF, compared
with LFHD.
The comparison between HFHD and LFHD is shown in

Figure 2. The 5 articles were of high heterogeneity (P< .05, I2=
66%); therefore, random effects model was used.[14,18,21,23,27]

The results showed that the 5 articles with HFHD as intervention
group with total sample size of 305 and MD of the 5 articles was
�1.48 [95% CI (�2.11 to �0.86), P< .01].
In the study by McCarthy et al,[14] the primary diseases were

classified and compared. No significant differences were found
between experiment and control group among polycystic kidney
disease, diabetic kidney disease, and interstitial disease. HFHD
could better protect RRF in primary diseases such as glomerulo-
nephritis or renal sclerosis. The Kaplan–Meier survival analysis
also showed that the mean RRF retention time was higher in
experimental group (23 months) than that of control group (11
months) (P< .001).
Figure 2. Random effect model on RRF protection for HFHD group. LFLDwas con
(P� .002).
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There were 3 articles with HD +HP as the intervention
group with a total sample size of 185 (Fig. 3). Fixed effects model
was used. The results showed that Chi-square=2.94, P= .23,
I2=32%, and MD was �0.41 (95% CI �0.69 to �0.12,
P= .005). Sensitivity analysis showed significant differences even
if the study with the largest sample size was excluded, indicating
the low sensitivity and robust result. These results indicate that
compared with LFHD, HFHD and HD +HP could better protect
RRF.

3.3.2. RRF protection evaluation using monthly RRF decline
rate. To determine RRF protection effect of different dialysis
types, their protection comparisons using monthly RRF decline
rate were performed. There were 2 articles included in Fig. 4 with
Chi-square=0.00, P=1.00, I2=0%.[14,25] Therefore, fixed
effects model was used for meta-analysis. The combined sample
size was 62 and theMDwas�0.13 with 95%CI�0.17 to�0.09
(P< .01). Therefore, compared with HFHD, the RRF decline rate
of LFHD was higher, indicating that HFHD may better protect
RRF.

3.3.3. RRF protection evaluation using urine-estimated RRF.
To determine RRF protection effect of different dialysis types,
their protection comparisons using urine-estimated RRF were
performed. The study by Hyodo and Koutoku[26] showed that
the urine-estimated RRF significantly decreased in both HDF and
HFHD groups with a different rate (P= .024). It indicated that
HDF could better protect RRF than HFHD.
sidered as control group. It showed HFHD could significantly better protect RRF



Figure 3. Fixed effect model on RRF protection for HD+HP group. LFLD was considered as control group. It showed HD+HP could significantly better protect RRF
(P= .005).
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4. Discussion
Currently, ESRD treatment includes hemodialysis, peritoneal
dialysis, and renal transplant, and hemodialysis is the main
option.[1,2,28] Most ESRD patients still retain part of renal
function before dialysis, namely RRF; however, it would
gradually decrease and may be completely lost during the
dialysis process.[21,25] RRF is of high protection for peritoneal
dialysis patients, and its effect for hemodialysis patients is
drawing increasing attention.[28] RRF would promote phospho-
rus control, improve nutrition status, and reduce mortali-
ty.[9,12,29] The current RRF protection measures include diet,
medications, and change of hemodialysis types.[24,30,31] Dialysis
could mostly contribute to RRF decline, and the dialysis dose
(such as Kt/V) is of high controversy.[21] For example, the
ultrafiltration during hemodialysis causes decreased effective
blood volume of kidney, and the repetitive renal hemodynamic
instability may lead to RRF decline and activation of complement
system by interaction of dialysis membrane and dialysates.[21] In
this meta-analysis, due to the inconsistent protection effect of
different dialysis types, LFHD was used as control group to
compare with other types of hemodialysis.
RRF is the retained filtration and endocrine function of

damaged renal tissue, and is commonly expressed as glomerular
filtration rate, leaving endocrine functions unanalyzed.[32] The
exogenous marker measured renal clearance is considered golden
standard for glomerular filtration rate, such as Inulin and
iohexol.[33] However, it may not be clinically feasible due to the
limited resources and various types of primary kidney dis-
eases.[33,34] The endogenous markers, namely Ccr and Curea, are
clinically used for RRF calculation; however, it may be influenced
bymany factors, such as its intrinsic bias, urine sample collection,
muscle mass, diet, and activities.[32] Although other RRF
indicators have been exploring, Ccr and Curea are still the main
indicators for RRF.[32,33] In this study, there were 11 articles with
LFHD as control group using Ccr and Curea to estimate RRF,
and the results were stable.
Figure 4. Meta-analysis of monthly RRF decline rate for HFHD group. LFLDwas co
LFLD group was higher than that of HFHD, indicating HFHD could better protec
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Our quantitative synthesis showed that compared with LFHD,
HFHD or HD + HP could better protect RRF. This may be
resulted from the higher Kt/V, use of biocompatible membranes,
and higher b2 microglobulin clearance rate of HFHD and HD +
HP. Schiffl et al[14,19,20,21,25] showed that the RRF decline rate
was slower in dialysis patients using synthetic high permeability
polysulfone membrane, compared with those using nonbiocom-
patible membrane, which may lead to activation of peripheral
blood mononuclear cells, complement activation, inflammatory
responses, and associated kidney damages. It is consistently
shown that HFHD may better protect RRF when compared with
LFHD. When patients were further classified based on primary
kidney diseases, it showed that compared with polycystic kidney,
diabetic nephropathy, and interstitial nephropathy, HFHD could
better protect nondiabetic parenchymal nephropathy (P
< .05).[14] This may lie in that RRF decline rate differs among
different primary kidney diseases, and the RRF decline rate of
polycystic kidney and diabetic nephropathy is faster than that of
glomerular nephritis.[35] Strictly speaking, the results of the meta-
analysis should not be combined as such, but for the limited
number of RCT studies, the cohort study[14] was included in the
merger discussion. HP clears middle and large molecular weight
substances in blood, such as waste and medications by
nonspecific adsorption.[36] The above results showed that HD
+ HP could better protect RRF; however, all studies were
conducted in China, leading to potential bias. For the studies of
HDF’s protection on RRF, the study by Penne et al[15] showed no
significant difference between HDF and LFHD, which was due to
intervention measures, such as different amount of phosphate
binders, while the other 2 studies[19,20] showed the higher
protection of HDF on RRF.
One article showed that without dialysis water removal, HDF

could better protect RRF than HFHD.[26] However, due to the
complicated dialysis treatment and significantly deviated urine-
estimated RRF, there is insufficient evidence to determine the
RRF protection comparison between HFHD and HDF.
nsidered as control groupwith small heterogeneity. It showed the RRF decline in
t RRF.
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This study has some limitations. First, this study is of high
heterogeneity by that all included studies were small-scale with
significant differences among included samples, varied interven-
tion and follow-up length, as well as limited information on
blinding. Second, in this study, there is no consistent intervention
conclusion, except for LFHD, due to the limitations of the
original study. Third, the cohort study byMcCarthy et al[14] may
increase the heterogeneity of our study.
In summary, this study suggests that HFHD, HD + HP, and

HDF may be of better RRF protection than that of LFHD. Thus,
in patients with RRF, different dialysis types should be
comprehensively used to better protect RRF. However, high-
quality RCT is needed to provide solid evidence on the RRF
protection among different dialysis types.
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