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Abstract
Background: A novel medium cut-off (MCO) dialyzer (Theranova, Baxter Healthcare, Deerfield, IL, USA) enhances large 
middle molecule clearance while retaining selectivity for molecules >45 000 Da.
Objective: We undertook a systematic review and meta-analysis evaluating clinical outcomes with MCO vs high-flux 
membranes.
Methods: We searched MEDLINE, EMBASE, CINAHL, Cochrane Library, and Web of Science through July 2020, and gray 
literature sources from 2017. We included randomized (RS) and nonrandomized studies (NRS) comparing MCO and high-
flux membranes in adults receiving maintenance hemodialysis. Pairs of reviewers performed study selection, data extraction, 
and risk of bias assessment in duplicate. We conducted random-effects pairwise meta-analyses to pool results across studies 
and used the Grading of Recommendations Assessment, Development and Evaluation approach to assess evidence certainty.
Results: We identified 22 eligible studies (6 RS, 16 NRS; N = 1811 patients; patient-years = 1546). The MCO dialyzer 
improved (estimate; 95% confidence interval [CI]; certainty rating) quality of life (mean difference [MD] = 16.7/100 points; 
6.9 to 26.4; moderate), Kidney Disease Quality of Life Instrument (KDQOL) subscales—burden (MD = 4.0; 1.1 to 6.9; 
moderate) and effects (MD = 5.4; 3.2 to 7.6; moderate), pruritus (MD = −4.4; −7.1 to −1.7; moderate), recovery time 
(MD = −420 minutes; −541 to −299; high), and restless legs syndrome (odds ratio = 0.39; 0.29 to 0.53; moderate). There 
was little to no difference in all-cause mortality (risk difference = −0.4%; −2.8 to 2.1; moderate) and serious adverse events 
(rate ratio = 0.63; 0.38 to 1.04; low). MCO dialysis reduced hospitalization (rate ratio = 0.48; 0.27 to 0.84; low), infection 
(rate ratio = 0.38; 0.17 to 0.85; moderate), hospitalization days (MD = −1.5 days; 95% CI, −2.22 to −0.78; moderate), 
erythropoiesis resistance index (MD = −2.92 U/kg/week/g/L; 95% CI, −4.25 to −1.6; moderate) and cumulative iron use over 
12 weeks (MD = −293 mg; 95% CI, −368 to −218; moderate). We found with low certainty that MCO dialysis had little to 
no effect on KDQOL symptoms/problem list, pain, and physical health and moderate certainty that MCO dialysis likely has 
no effect on the KDQOL mental health composite.
Conclusions: We found with predominantly moderate certainty that the MCO dialyzer improves several patient-important 
outcomes with no apparent risks or harms. More definitive studies are needed to better quantify the effects of MCO 
membranes on mortality, hospitalization, and other rare events.

Abrégé
Contexte: Un nouveau dialyseur MCO (Medium cut-off) (Theranova, Baxter Healthcare, Deerfield, IL, É.-U.) améliore la 
clairance des molécules importantes de taille moyenne tout en maintenant la sélectivité des molécules de plus de 45 000 Da. 
Objectifs: Nous avons entrepris une revue systématique et une méta-analyse évaluant les résultats cliniques des membranes 
MCO par rapport aux membranes à perméabilité élevée. 
Méthodologie: Nous avons effectué des recherches dans MEDLINE, embase, CINAHL, Cochrane Library et Web of 
Science jusqu’en juillet 2020, et dans des sources de littérature grise de 2017. Nous avons inclus les études randomisées 
(ÉR) et non randomisées (ÉNR) comparant les membranes MCO et les membranes à perméabilité élevée chez les adultes 
recevant une hémodialyse d’entretien. Des paires de réviseurs ont procédé à la sélection des études, à l’extraction des 
données et à l’évaluation du risque de biais en duplicata. Nous avons effectué des méta-analyses à effets aléatoires par 
paires pour regrouper les résultats des différentes études, puis nous avons employé la méthodologie GRADE (Grading of 
Recommendations Assessment, Development and Evaluation) pour évaluer la certitude des preuves.
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Résultats: Nous avons répertorié 22 études admissibles (6 ÉR, 16 ÉNR ; n=1811 patients; 1 546 années-patients). Le 
dialyseur MCO a amélioré (estimation; IC à 95 %; évaluation de la certitude) la qualité de vie (différence moyenne [DM] = 
16,7/100 points; 6,9 à 26,4; modérée), les sous-échelles KDQOL — le fardeau de la maladie (DM = 4,0; 1,1 à 6,9; modérée), 
les effets (DM = 5,4; 3,2 à 7,6; modérée), le prurit (DM = -4,4; -7,1 à -1,7; modérée), le temps de récupération (DM = -420 
minutes; -541 à -299; élevée) et le syndrome des jambes sans repos (rapport de cotes = 0,39; 0,29 à 0,53; modéré). On a noté 
peu ou pas de différence pour la mortalité toutes causes confondues (risque différentiel = -0,4 %; -2,8 à 2,1; modérée) et les 
événements indésirables graves (rapport des taux = 0,63; 0,38 à 1,04; faible). La dialyse par MCO a réduit les hospitalisations 
(rapport des taux = 0,48; 0,27 à 0,84; faible), les infections (rapport des taux = 0,38; 0,17 à 0,85; modérée), la durée des 
hospitalisations (DM = -1,5 jour; -2,22 à -0,78; modérée), l’indice de résistance à l’érythropoïèse (DM = -2,92 U/kg/semaine/
g/L; -4,25 à -1,6; modérée) et l’utilisation cumulative de fer sur 12 semaines (DM = -293 mg; -368 à -218; modérée). Nous 
avons constaté, avec peu de certitude, que la dialyse MCO n’avait que peu ou pas d’effet sur les symptômes/problèmes liés 
à la KDQOL, de même que sur la douleur et la santé physique. Et nous avons constaté, avec une certitude modérée, que la 
dialyse MCO n’avait probablement aucun effet sur le composite de santé mentale de la KDQOL.
Conclusion: Nous avons constaté avec une certitude principalement modérée que le dialyseur MCO améliorait plusieurs 
résultats importants pour le patient sans risques ou préjudices apparents. Des études plus définitives sont nécessaires afin de 
mieux quantifier les effets des membranes MCO sur le taux de mortalité, les hospitalisations et les autres événements rares.
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Introduction

Suboptimal removal of larger middle molecules with hemo-
dialysis contributes to the persistence of the uremic state and 
its complications. While convective therapies enhance the 
elimination of large middle molecules, they have been diffi-
cult to scale, while high cut-off membranes remove desirable 
molecules including albumin.

A novel medium cut-off (MCO) membrane (Theranova 
400/500, Baxter Healthcare, Deerfield, IL, USA) removes 
large middle molecules while excluding those >45 kDa,1 
using larger pores within a narrow diameter distribution. By 
optimizing this “cut-off” threshold, MCO membranes can 
maximize larger uremic solute clearance while minimizing 
unintended solute losses and could thereby significantly 
impact outcomes. We conducted a systematic review and 
meta-analysis on the comparative effects of MCO vs high-
flux membranes for maintenance hemodialysis.

Methods

Protocol and Registration

Our registered protocol (PROSPERO: CRD42020204636) 
and amendments are in Online Appendix A. We prepared this 

manuscript in accordance with the PRISMA (Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses) 
checklist. We present abbreviated methods with further 
details in Online Appendix B.

Eligibility Criteria

We included randomized and nonrandomized studies pub-
lished in any language from 2015 (first year that MCO dialyz-
ers were commercially available), which enrolled adult 
outpatients receiving maintenance hemodialysis with an MCO 
dialyzer or related prototypes. We excluded studies of high 
cut-off and “super high-flux” membranes. Eligible compara-
tors were high-flux membranes used for hemodialysis; con-
vective therapies were excluded. Prespecified outcomes are in 
Online Appendix B; categories included major clinical events, 
patient-reported outcomes (PROs), drug utilization, and safety.

Information Sources

We searched MEDLINE, EMBASE, CINAHL, the Cochrane 
Library, and Web of Science through July 2020. Gray litera-
ture sources included abstracts from prespecified major 
conferences.
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Search

Search concepts used by our information specialist (R.C.) 
were hemodialysis and MCO membranes. Synonyms for 
each concept were combined using the OR operator and then 
the concepts were combined using the AND operator. The 
search strategy is in Online Appendix C.

Study Selection

We used EndNote X9.3 for de-duplication and DistillerSR 
for title and abstract and full-text screening by 2 reviewers.

Data Collection Process

Reviewers extracted data independently into standard forms 
with verification by second reviewer.

Data Items

Details are in Online Appendices A and B. We extracted 
counts of patients with clinical events (eg, infection, hospital-
ization) to avoid double counting and extracted total counts of 
events where patient-level details were unavailable.

Risk of Bias in Individual Studies

Two reviewers independently used the Cochrane Risk of 
Bias tools version 2 for randomized studies,2 crossover  
trials,3 and the ROBINS-I tool for nonrandomized stud-
ies.4 ROBINS-I includes 7 domains that compare each 
nonrandomized study to an “ideal” pragmatic trial, 
enabling direct comparisons of the certainty of evidence 
arising from randomized and nonrandomized studies for a 
given outcome.

We anticipated significant potential carryover effects such 
as a sustained reduction in large middle-molecule concentra-
tions after treatment with the MCO dialyzer. However, as 
this effect would have biased effect estimates toward the 
null, we did not rate down for risk of bias based on the dura-
tion of washout periods in crossover trials.

Summary Measures

For continuous outcomes, we extracted change scores and 
corresponding standard errors (SEs) and used P values to 
impute the SE for change where required, then calculated the 
mean difference between groups, and standardized mean dif-
ferences (SMD) where units of measure differed. We used 
final values when change scores were not reported. For 
binary outcomes, we considered the patient as the unit of 
analysis and calculated relative risk and rate ratios when 
counts of events were reported. We calculated odds ratios for 
outcomes measured cross-sectionally.

Synthesis of Results

For each outcome, we used generic inverse variance to pool 
results across studies separately for randomized and nonran-
domized studies, using RevMan 5.4. We used random-effects 
models, using fixed-effects models to avoid overweighting 
when pooling 2 studies. A blinded external collaborator grouped 
PRO measures for meta-analysis to guard against potential 
bias.5 We used the I2 statistic to measure heterogeneity.

Additional Analyses

Where intent-to-treat analyses were potentially biased by 
high attrition rates, we performed sensitivity analyses using 
per-protocol data. We also performed sensitivity analyses in 
which we excluded abstracts from the pooled estimates, 
where applicable.

Certainty of Evidence

We assessed the certainty of evidence separately for each 
outcome using Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) and summarized 
these assessments in a Summary of Findings Table using 
GRADEpro: https://gdt.gradepro.org.6 Certainty was rated 
as very low, low, moderate, or high. Effect estimates for ran-
domized and nonrandomized studies started with high cer-
tainty and were downgraded 1 or 2 levels for risk of bias,7,8 
inconsistency,9 indirectness,10 imprecision,11 or publication 
bias.12 We appraised certainty on an outcome-by-outcome 
basis, considering the specific studies contributing to each 
effect estimate. In doing so, we considered the relative con-
tribution (weight) of each study when rating the risk of bias 
across studies. We rated up for large effects, dose-response, 
and opposing residual confounding bias in nonrandomized 
studies.13 We assessed imprecision for dichotomous out-
comes using nomograms for optimal information size. For 
continuous outcomes, we estimated optimal information size 
using sample size calculators for paired and unpaired com-
parisons as appropriate for the observed effect size, using β= 
0.8 and α= 0.05.11 We calculated absolute treatment effects 
based on control event rates in studies included for each out-
come.14 We used validated algorithms to produce informa-
tive qualitative statements describing review findings and 
used these phrases throughout this report (Table 2, column 
labeled “What Happens”).15

Results

Study Selection

We identified 52 eligible reports of 36 unique studies (Figure 1). 
Twenty-two studies reporting clinical outcomes were included 
in this report. Groupings of related citations are in Online 
Appendix D. We updated our review when 6 reports initially 
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identified as abstracts or pre-prints were subsequently published 
as peer-reviewed full texts.16-21

Study Characteristics

The 22 included studies comprised 6 randomized studies,20-26 
including 2 parallel-arm20-22 and 4 crossover trials.23-26 
Among the nonrandomized studies, 2 were cohort studies27,28 
and the remainder used before-after16-18,29-37 or crossover 
designs.38 Six were abstracts,29,30,32,34,37 and the remaining 16 
were full texts, one of which was a manuscript under review.31 

Theranova was the only MCO membrane identified in our 
search. Details of patient, study design, and intervention 
characteristics are given in Table 1. Adult outpatients from 
diverse geographies underwent conventional hemodialysis 
with Theranova 400/500 or high-flux membranes, using 
standard anticoagulation protocols.

Risk of Bias Within Studies

Risk of bias graphs are presented along with Forest plots in 
Online Appendix E, with detailed study-level risk of bias 

Figure 1.  Study inclusion flow diagram.
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assessments in Online Appendix F. All studies were open 
label. For studies reporting PROs, we considered the risk of 
bias due to a lack of blinding as low risk of bias (see discus-
sion). Factors contributing to risk of bias included attri-
tion,16-18,28,32,37 lack of risk adjustment,27 and selection bias.17 
We found no evidence of selective reporting or publication 
bias.

Synthesis of Results

Effect estimates and certainty ratings for clinical outcomes 
are in the abbreviated GRADE Summary of Findings Table 
(Table 2; which presents only the estimate with the higher 
level of certainty for each outcome) with a complete table in 
Online Appendix G. Detailed explanations for certainty rat-
ings are provided in the table footnotes.

Major Clinical Events

All-cause mortality.  Four randomized and 4 nonrandomized 
studies with 136.7 and 152.0 patient-years had zero events in 
11 out of 16 arms. Imputing a continuity correction of 0.5 for 
zero cells found that MCO dialysis may have little to no 
effect on mortality, but with low certainty, downgraded 2 
levels for imprecision. To avoid bias from imputation, we 
calculated the risk difference (RD) by pooling events across 
randomized and nonrandomized studies and found with 
moderate certainty that MCO dialysis likely has little to no 
effect on mortality (RD = −0.4%, 95% confidence interval 
[CI], −2.8 to 2.1). One large single-arm study measured 
crude mortality at 8.5 deaths per 100 person-years (95% CI, 
6.8 to 10.7) in a cohort of 992 patients with 866 person-years 
of follow-up18 (very low certainty for comparative effect).

Hospitalization for any cause.  One randomized study with 
78.7 person-years provided low certainty evidence that MCO 
dialysis may result in a reduction in hospitalization with a 
rate ratio of 0.48 (95% CI, 0.27 to 0.84), downgraded for risk 
of bias and imprecision. Two nonrandomized studies with 
221.1 combined patient-years showed similar effects but 
with very low certainty.

Hospitalization length of stay.  One nonrandomized study with 
162 patient-years found that MCO dialysis likely reduced 
mean length of stay by a mean difference of −1.5 days (95% 
CI, −2.22 to −0.78); moderate certainty, downgraded for risk 
of bias.

Serious adverse events.  Four trials that reported serious 
adverse events (SAEs; defined as fatal or life-threatening 
events leading to hospitalization) provided low certainty of 
little to no difference with a rate ratio of 0.63 (95% CI, 0.38 
to 1.04; I2 = 3%) with comparable relative risk. Seven non-
randomized studies18,27,29,32,33,35,36 (not pooled due to lack of 
standard outcome definitions; very low certainty due to 

lack of comparative data) explicitly stated that there were 
no dialysis-related complications attributable to MCO 
dialysis.

Infection.  Two nonrandomized studies with 68.8 patient-
years found that that MCO dialysis likely reduces infection 
with a rate ratio of 0.38 (95% CI, 0.17 to 0.85; I2 = 0%) with 
similar effects using a relative risk; moderate certainty, 
downgraded for imprecision.

Patient-Reported Outcomes

Quality of life.  Two randomized studies found little to no dif-
ference in overall quality of life with MCO dialysis, with low 
certainty due to risk of bias and imprecision. One small non-
randomized study reported an improvement of 16.7/100 
points on a novel instrument (the London Evaluation of Ill-
ness [LEVIL] questionnaire) in a subgroup of patients who 
had baseline scores <70/100. We downgraded one level for 
risk of bias due to 18% attrition during the 3-month study. 
Scores increased in a linear fashion over consecutive dialysis 
sessions and then returned to baseline after an 8-week wash 
out period, consistent with a dose-response effect. As the 
estimate was potentially biased, we did not rate up for large 
effect size or dose-response.

Burden of kidney disease.  Two randomized studies with 150 
participants found little to no difference in the KDQOL Bur-
den subscale; low certainty (risk of bias and imprecision). 
One large nonrandomized study with 993 subjects followed 
for a year reported an improvement of 4.0 points (95% CI, 
1.1 to 6.9) with MCO dialysis, with moderate certainty 
downgraded one level for risk of bias.

Effects of kidney disease.  Two randomized studies found little 
to no difference on KDQOL Effects (low certainty). Scores in 
the high-flux group were between 68 and 77 points, poten-
tially creating a ceiling effect. A nonrandomized study with 
993 subjects demonstrated an improvement of 5.4 points (95% 
CI, 3.2 to 7.6) after 1 year of treatment with MCO dialysis, 
with moderate certainty, downgraded one level for risk of bias.

Symptoms/problem list.  Both randomized and nonrandomized 
studies provided low certainty of little to no difference in the 
KDQOL symptoms subscale. Both bodies of evidence were 
downgraded one level for risk of bias, and one additional 
level for imprecision (randomized studies), and inconsis-
tency (nonrandomized studies). As with the KDQOL Effects 
subscale, mean scores in the comparator group were 70 to 81 
(randomized studies) and 79 to 89 (nonrandomized studies), 
potentially creating a ceiling effect for this outcome.

Pain.  One randomized study with 49 subjects provided low 
certainty of little to no difference (MD = −3.0; 95% CI, 
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−12.05 to 6.05) downgraded 2 levels for imprecision since 
the confidence interval included both appreciable benefit and 
harm using a minimal important difference (MID) threshold 
of 5 scale units.

Physical health.  Pooled estimates from randomized and non-
randomized studies provided low certainty of little to no dif-
ference with certainty downgraded for risk of bias in both 
bodies of evidence, and one additional level for imprecision 
(randomized studies), and inconsistency (nonrandomized 
studies). Excluding one nonrandomized study34 published as 
an abstract provided similar results.

Mental health.  The pooled estimate from 2 randomized stud-
ies provided low certainty of little to no difference, down-
graded for risk of bias and imprecision. The pooled estimate 
from nonrandomized studies provided moderate certainty of 
no effect with the upper, but not the lower bound exceeding 
the 5-point MID threshold. Excluding one nonrandomized 
study34 published as an abstract provided similar results.

Pruritus.  A single randomized study with 49 participants 
found that MCO dialysis likely reduces pruritus with MD 
−4.4 points on a 45-point scale (95% CI, −7.1 to −1.66), with 
moderate certainty, downgraded for imprecision. Using a 
10-point visual analog scale, the same study found a reduc-
tion in pruritus scores of −1.18 (95% CI, −2.05 to −0.31).

Symptom severity.  One nonrandomized study measured the 
proportion of patients with 1 or more symptom rated as 
“severe” or “overwhelming” at baseline and 1 year. The odds 
ratio for a reduction in symptom severity with MCO dialysis 
was 0.81 (95% CI, 0.76 to 0.86); moderate certainty, down-
graded for imprecision.

Recovery time.  One nonrandomized study found with high 
certainty that a year of treatment with MCO dialysis reduced 
recovery time by −420 minutes (95% CI, −540 to −299), 
using a validated instrument.39 Although the study had poten-
tial risk of bias due to patient attrition, a per-protocol analy-
sis found similar results, so we did not downgrade.

Restless legs syndrome.  One large nonrandomized study mea-
sured a reduction in the prevalence of restless legs syndrome 
(based on NIH diagnostic criteria)40 from 22.1% at baseline 
to 10.0%, 1 year after converting to MCO dialysis with odds 
ratio 0.39 (95% CI, 0.29 to 0.53; moderate certainty down-
graded for risk of bias due to attrition).

Other Safety Outcomes

Dialyzer reactions.  One study of 130 601 hemodialysis ses-
sions reported no Type A or Type B dialyzer reactions with 
MCO dialysis.18

Medication Utilization

Erythropoiesis resistance index.  The pooled mean difference 
for erythropoiesis resistance index (ERI) was −2.92 U/kg/
week/g/L achieved hemoglobin (95% CI, −4.25 to −1.6; I2 
= 0%) with MCO dialysis, in 2 randomized studies with 
moderate certainty, downgraded for imprecision. With 
mean ERI 13-15 U/kg/week/g/L in the high-flux arms, this 
represents a 20% to 23% reduction in erythropoiesis stimu-
lating agent (ESA) use. One randomized study found a lin-
ear decrease in ERI over time with MCO dialysis, supporting 
a true causal effect. Results were similar in nonrandomized 
studies, including a subgroup of 3 studies with 1 year of 
follow-up, but with low certainty.

Iron utilization.  The pooled mean difference in cumulative 
intravenous iron use over 12 weeks was −293 mg (95% CI, 
−368 to −218; I2 = 93%), favoring MCO dialysis, down-
graded for imprecision (contributing to inconsistency). With 
iron use between 700 and 1000 mg in the high-flux groups, 
this represents 29% to 42% less iron use with MCO dialysis. 
Results were similar in nonrandomized studies, but with low 
certainty.

Discussion

Principal Findings

This meta-analysis provides high certainty evidence that 
compared with high-flux membranes, MCO dialysis reduces 
recovery time after hemodialysis. We found with moderate 
certainty that MCO dialysis likely reduces infection, hospital 
length of stay, overall quality of life, KDQOL burden and 
effects of kidney disease, pruritus, restless legs syndrome, 
symptom severity, ERI, and iron utilization. We further 
found with low certainty that MCO dialysis may result in 
little to no effect on mortality and SAEs but may result in a 
reduction in hospitalization rates. We found with low cer-
tainty that MCO dialysis had little to no effect on KDQOL 
symptoms/problem list, pain, and physical health and moder-
ate certainty that MCO dialysis likely has no effect on the 
KDQOL mental health composite.

Strengths and Limitations of This Review

Strengths of this review include adherence to a registered 
protocol, a sensitive search strategy, independent screening, 
data extraction, and quality appraisal in duplicate. We used 
GRADE in all aspects of the review and used rigorous risk of 
bias assessment tools. Three members of our team with 
extensive experience with GRADE methods independently 
assessed the certainty of evidence. We guarded against bias 
in the meta-analysis of PRO measures and domains by enlist-
ing a blinded collaborator to create appropriate groupings for 
meta-analysis.
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Comparisons With Previous Research

To our knowledge, this is the first systematic review of MCO 
dialysis, which we report in 2 parts. In the second accompa-
nying report of laboratory-based surrogate outcomes,41 we 
found that MCO dialysis provided greater clearance and 
reduced predialysis concentrations of representative solutes 
including β-2-microglobulin, κ- and λ-light chains and myo-
globin, and reduced mRNA expression of interleukin (IL)-6 
and tumor necrosis factor (TNF)-α in peripheral leukocytes. 
These and other solutes of comparable molecular weight 
have been associated with uremic symptoms, impaired 
immunity, cardiovascular disease, and other adverse effects. 
Thus, our findings of improved PROs, infection rates, and 
lower erythropoietin and iron requirements are congruent 
with the underlying physiological effects of the MCO 
membrane.

To date, studies of MCO dialysis have largely focused on 
biomarkers and PROs, with no studies powered for survival 
or hospitalization events, leaving some important evidence 
gaps. In this meta-analysis, the crude mortality rate in the 
control group of 4.4 deaths per 100 person-years is consis-
tent with previous hemodialysis trials,42 but several-fold 
lower compared with the general hemodialysis population.43 
While this provides some reassurance of safety, it also high-
lights a major challenge in comparative effectiveness dialy-
sis trials, which is the over-representation of low-risk, 
healthy individuals.44 Given the sparsity of directly compara-
tive data, it is worth considering insights from large single-
arm studies. A Colombian registry with 992 participants with 
866 person-years measured 8.5 deaths/100 person-years 
(95% CI, 6.8 to 10.7) with MCO dialysis, while the same 
provider reported 14.6 deaths/100 patient-years when high-
flux membranes were in use.45 In the United States, crude 
mortality rates are higher still at 15 to 29 deaths/100 person-
years with high-flux membranes.46 Collectively, these data 
suggest no obvious excess mortality with MCO dialysis, but 
confirmatory trials are needed. Such studies could provide 
additional information on other SAEs, which also appear to 
be rare.

A single randomized study found that MCO dialysis may 
reduce hospitalization for any cause (low certainty) but did 
not report cause of hospitalization. One nonrandomized 
study reported lower hospitalization rates and length of stay, 
largely driven by reduced infection rates.17 This is consistent 
with our pooled rate ratio for infection (0.38; 95% CI, 0.17 to 
0.85), which provides moderate certainty, downgraded for 
imprecision, again due to a limited number of events across 
studies. The notion that enhanced large middle-molecule 
clearance could reduce infection rates has motivated large 
trials of convective therapies, though the largest of these 
found no significant effect with hemodiafiltration.47 Although 
we did not directly compare MCO dialysis with convective 
therapies, it is plausible that differences in membrane char-
acteristics, substitution fluid volumes, and other treatment 

parameters could result in different depuration profiles that 
could lead to differences in outcomes; hence, studies directly 
comparing these modalities are likely to be of interest, and 
some are underway.48,49

While quality of life generally declines over time on main-
tenance hemodialysis,50 MCO dialysis improved several 
well-validated PRO measures.39,40,51,52 The MID is the mini-
mum change in a score that is perceptible and important to 
patients, and is between 2.5 and 5.0 scale units for SF-36/
KDQOL subscales,53 with a threshold of 4.0 used in sample 
size determinations for previous hemodialysis trials.54 
Treatment with MCO dialysis exceeded and met the MID 
thresholds for the Effects (5.4) and Burden (4.0) subscales 
with moderate certainty. Such effects are important not only 
as direct measures of quality of life but also for their prognos-
tic importance given their strong associations with survival 
and hospitalization.55 The study by Penny et al37 used a novel 
quality of life instrument (LEVIL) administered at consecu-
tive dialysis sessions with a large effect in patients with base-
line scores below 70/100, highlighting the utility of separating 
potential responders from non-responders who might other-
wise exhibit ceiling effects. The presence of ceiling effects 
might explain the apparent lack of effect with MCO dialysis 
on the KDQOL Symptoms domain for which baseline scores 
ranged between 70 and 90 across studies. MCO dialysis also 
improved recovery time, symptom severity, and the preva-
lence of restless legs syndrome. Recovery time also associates 
with mortality and hospitalization56 and is improved with fre-
quent hemodialysis,57 but not with conventional hemodialy-
sis,58 suggesting a causal role for enhanced large 
middle-molecule clearance with therapies that can achieve it.

Finally, MCO dialysis likely reduced erythropoietin resis-
tance and iron requirements in medium-term (12-week) ran-
domized studies (moderate certainty), with qualitatively 
similar effects in nonrandomized studies with long-term (1 
year) follow-up (low certainty). Although it is beyond the 
scope of this review to elucidate the molecular mechanisms 
underlying these effects, it is worth noting that enhanced 
clearance of hepcidin (a middle molecule) and inflammatory 
mediators could be implicated,59 as has been reported with 
convective therapies.60

Certainty of the Evidence

We recognize several important limitations in this body of 
evidence. Most outcomes were based on a small number of 
studies, many of which were nonrandomized. Studies were 
relatively small and major clinical events were rare, resulting 
in downgrading for imprecision. As with other hemodialysis 
trials, study withdrawal was high, especially in long-term tri-
als. Where reported, reasons for withdrawal were similar 
between groups and were thus non-differential. Nevertheless, 
we downgraded most estimates for risk of bias where studies 
with high rates of attrition carried significant weight. All 
included studies were open label, which is typical in dialysis 
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trials. However, for several reasons, we did not rate down 
further for open-label design. As with previous dialysis tri-
als, we expected that patients’ limited recall of prior scores as 
well as waning enthusiasm (for receiving a novel therapy) 
over a long-term study should have mitigated any intentional 
or unintentional bias in PRO scores.57 Meta-analyses com-
paring treatment effects in open-label and blinded studies in 
other chronic disease populations support this reasoning.61 
Moreover, one study found a linear increase in quality of life 
scores over time on MCO dialysis, with a return to baseline 
after washout, supporting a potential causal effect rather than 
satisficing or manipulating of scores.37 Importantly, as all 
randomized and nonrandomized studies in this review were 
open label, downgrading one additional level for this factor 
would not have helped us to differentiate levels of certainty 
between these bodies of evidence. Nevertheless, users of this 
review can at their discretion rate down an additional level if 
it aids their decision-making. Finally, industry-sponsored 
studies are potentially at risk for publication bias. As all rel-
evant trials registered at clinicaltrials.gov were either 
reported and included in this review, or ongoing (N=2), and 
given the available funnel plots for selected outcomes, we 
did not consider the risk of publication bias serious enough 
to warrant rating down.

Despite these limitations, there were several factors that 
increased our overall confidence in the estimates of effect. 
The consistency and concordance of the observed treatment 
effects, that is, improvements across most PROs, and the con-
cordance of these effects with the changes in relevant bio-
markers also increase our certainty in the evidence. Moreover, 
all but 4 studies (2 parallel-arm randomized studies and 2 
cohort studies)20-22,27,28 were before-after designs or crossover 
trials, in which patients served as their own controls. Since 
these studies were able to exploit paired analysis designs, 
they provided much higher statistical power than would have 
been possible with unpaired analyses. As a result, estimates 
derived from seemingly small numbers of studies with small 
study populations met the optimal information size criterion 
and did not warrant downgrading for imprecision. Finally, 
given the nature of the intervention, the only potential carry-
over effect that we anticipated in crossover studies was a sus-
tained reduction in large middle-molecule concentrations 
after switching to high-flux membranes. Such an effect would 
have biased all outcome measures toward the null, further 
increasing our certainty in the evidence.

Implications for Decision-Making

This review of 22 studies including 6 randomized trials pro-
vides detailed information for consideration by decision-
makers on benefits and harms of a novel dialysis membrane 
with enhanced LMM clearance. In performing this review, 
we appraised certainty for each outcome on an individual 
basis and did not adjudicate the overall certainty across out-
comes as might be done in a practice guideline or coverage 

decision. Decision-makers applying our findings using 
GRADE would prioritize outcomes and determine the over-
all certainty across those deemed critical in their specific 
contexts. Contextualization of effect sizes and related impre-
cision judgments, values and preferences, implementation 
issues, and costs would require further value judgments that 
are likely to vary across populations, health systems, and 
payors. It is noteworthy that compared with intensive hemo-
dialysis and convective therapies, substituting MCO for 
other membranes is straightforward and does not require 
additional training or equipment.

Users of this review are also likely to consider its applica-
bility to their target populations. Given the physiology 
underlying its effects, it seems likely that MCO dialysis 
should produce similar outcomes across populations and 
practice settings. Generalizability is further supported by the 
diversity of the populations represented in the included stud-
ies. Although outcomes improved in the overall study popu-
lations, patients with low baseline health status or high 
symptom burden might reap the greatest benefits from MCO 
dialysis, and greater absolute effects might be achieved in 
populations with higher baseline risk for outcomes such as 
infection.

Conclusions

The MCO dialyzer improved a range of outcomes with con-
cordant signals of benefit, and in a manner consistent with its 
anticipated mechanism of effect. While the current available 
evidence for MCO dialysis is of predominantly moderate 
certainty, promising innovations in dialysis care are scarce 
and thus likely to generate interest as the evidence base 
evolves. The notion that patient-important outcomes can be 
improved by simply substituting a dialysis membrane is 
appealing and could by virtue of its scalability, impact patient 
care, and by its novelty stimulate further innovation. 
Although larger studies would be needed to further quantify 
any effects of MCO dialysis on major clinical events, to date, 
there are no signals in the published literature to suggest risk 
or harm with this device. Given the very low event rates in 
trials to date, future studies powered for mortality and other 
major outcomes could be impracticably large; hence, alter-
nate designs such as registry-based cluster randomized trials, 
prospective cohort studies, and ongoing surveillance might 
help fill these evidence gaps.
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