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Rationale & Objective: This study investigated the
effects on patients’ outcomes of using medium
cutoff (MCO) versus high-flux (HF) dialysis
membranes.

Study Design: A retrospective, observational,
multicenter, cohort study.

Setting & Participants: Patients aged greater than
18 years receiving hemodialysis at the Baxter
Renal Care Services dialysis network in Colombia.
The inception of the cohort occurred from
September 1, 2017, to November 30, 2017, with
follow-up to November 30, 2019.

Exposure: The patients were divided into 2 co-
horts according to the dialyzer used at the incep-
tion: (1) MCO membrane or (2) HF membrane.

Outcomes: Primary outcomes were the hospitali-
zation rate from any cause and hospitalization days
per patient-year. Secondary outcomes were acute
cardiovascular events and mortality rates from
any cause and secondary to cardiovascular
causes. Laboratory parameters were assessed
throughout the 2-year follow-up period.

Analytical Approach: Descriptive statistics were
used to report population characteristics. Inverse
probability of treatment weighting was applied to
each group before analysis. All categorical vari-
ables were compared using Pearson’s χ2 test, and
continuous variables were analyzed with the t test.
Baseline differences between groups with a value
of >10% were considered clinically meaningful.
Laboratory variables were measured at 5 consec-
utive time points. A between-patient effect was
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analyzed using a split-plot factorial analysis of
variance.

Results: The analysis included 1,098 patients, of
whom 564 (51.3%) were dialyzed with MCO
membranes and 534 (48.7%) with HF membranes.
Patients receiving hemodialysis with MCO mem-
branes had a lower all-cause hospitalization
incidence rate (IR) per patient-year (IR = 0.93;
95% CI, 0.82-1.03) than those receiving
hemodialysis with HF membranes (IR = 1.13;
95% CI, 0.96-1.30), corresponding to a
significant incident rate ratio (MCO/HF) of 0.82
(95% CI, 0.68-0.99; P = 0.04). The frequency of
nonfatal cardiovascular events showed statistical
significance, with a lower incidence in the MCO
group (incident rate ratio = 0.66; 95% CI, 0.46-
0.96; P = 0.03). No statistically significant
differences in all-cause time until death were
observed (P = 0.48). Albumin levels were similar
between the 2 dialyzer cohorts.

Limitations: Despite the robust statistical analysis,
there remains the possibility that unmeasured var-
iables may still generate residual imbalance and,
therefore, skew the results.

Conclusions: The incidences of hospitalization
and cardiovascular events in patients receiving
hemodialysis were lower when dialyzed with MCO
membranes than HF membranes. A randomized
controlled trial would be desirable to confirm these
results.

Trial Registration: Clinical Trials.gov,
ISRCTN12403265.
Advances in technologies, pharmacotherapeutics, and
health care in the field of chronic hemodialysis (HD)

over the last half century have led to improvements in
patients’ survival and reduced morbidity.1-3 Despite these
advances, the outcomes for the chronic HD population are
still far from optimal. The scientific community, therefore,
continues to pursue routes to improve these outcomes.4,5

One of the paths identified is to improve the clearance of
uremic toxins and, therefore, reduce their adverse effects
on various biological systems in patients with kidney
failure.6 The hemodialysis study demonstrated that HD
with high-flux (HF) membranes was associated with lower
mortality and hospitalization for cardiovascular causes.7 A
recent literature review focused on the potential benefit of
increased removal of large, middle molecules by reducing
the effects of these on adverse health outcomes, such as
chronic inflammation, secondary immunodeficiency,
atherosclerosis, and left ventricular hypertrophy.8

An important step forward in this improvement journey
was the development of hemodiafiltration that combines
convection and diffusion to increase the clearance of
middle molecules.9,10 More recently, advances in bioen-
gineering have allowed a new class of membranes called
medium cutoff (MCO) membranes to be developed. These
MCO membranes improve the clearance of large, middle
molecules with sizes of ≥25 kDa, a fact that constitutes a
step toward optimization of clinical outcomes.11-16

In this sense, some studies have demonstrated the safety
of this new type of dialyzer in maintaining albumin levels
and the absence of adverse events.17-19 Some reports have
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PLAIN-LANGUAGE SUMMARY
Improving dialysis technology is important for reducing
complications in patients with kidney failure. The pre-
sent study evaluated clinical outcomes in 2 cohorts, 1
using medium cutoff membranes and the other using
high-flux membranes. Decreases in the frequency of
hospitalization events and nonfatal cardiovascular events
were observed in the medium cutoff group. No dif-
ferences were found between the groups in serum al-
bumin levels, survival rates, or hospital stays.
Randomized controlled trials would be desirable to
confirm these results.

Molano et al
shown a relationship between the use of the MCO mem-
branes and improved patient-reported outcome measures,
demonstrating improvements in measures of quality of life
and symptoms such as restless legs syndrome.20,21 To date,
there are no randomized controlled trials that have evaluated
the influence of theseMCOmembranes on outcomes such as
mortality, hospitalizations, or the development of cardio-
vascular events. Given the scarcity of this type of study with
long follow-up times, an option is observational studies
based on real-life registries and statistical analysis techniques
that control the studied cohorts’ imbalances.22

This study aimed to determine whether there are dif-
ferences in chronic HD patients’ clinical outcomes when
treated with the MCO membranes compared with HF
membranes in Colombia.
METHODS

Study Design and Patients

This is a retrospective, observational, multicenter, cohort
study of prevalent patients undergoing HD (defined as
having received HD for 90 days). Patients were included
from the Baxter Renal Care Services network of renal
clinics that met water-quality standards established by the
Association for the Advancement of Medical Instrumenta-
tion. The inception of the cohort was performed from
September 1, 2017, to November 30, 2017, with follow-
up to November 30, 2019. The inception occurred
immediately for those patients in the MCO cohort once
switched to this new membrane type. The inclusion
criteria included participants aged greater than 18 years
receiving either expanded HD using an MCO membrane
(Theranova, Baxter) or conventional HD using an HF
membrane for a minimum of 4 hours, 3 times per week.
Patients in both cohorts were included from the same
dialysis clinics. There were no clinical criteria to indicate
the type of dialyzer given to specific patients, that is, its use
depended on the availability of the dialyzer in renal clinics.
The exclusion criteria were a life expectancy of less than 6
months, active infection, metastatic disease, or a Charlson
2

comorbidity index score of greater than 8. The patients
were divided into 2 cohorts according to the dialyzer used
at the inception: (1) MCO membrane or (2) HF mem-
brane. Censored events were a kidney transplant, loss of
follow-up, suspension of dialysis therapy, change of dial-
ysis provider, change of dialysis modality, change of type
of membrane, and recovered kidney function. Once a
patient had been included in 1 of the 2 cohorts, the clinical
teams were instructed not to change the membrane type
unless determined by a medical decision or patient request.

Patients who had 13 or more dialysis sessions during
follow-up with a different type of dialyzer than that from
study initiation were censured because of protocol deviation.

The study protocol was approved by the Cardioinfantil
Foundation clinical research ethics committee (May 6,
2020, Minute, item number: 15-2020), which exempted
informed consent, as this study does not contain identifi-
able information and is an observational study.

Baseline Patient Characteristics

Demographic and clinical baseline variables included age;
sex; race; dialysis vintage; Charlson comorbidity index
score; Karnofsky scale score; body mass index; research site
location; chronic kidney disease etiology; history of car-
diovascular disease, hypertension, or diabetes; normalized
protein catabolic rate; serum levels of hemoglobin, phos-
phorus, albumin, potassium, and parathyroid hormone;
Kt/V single pool value; and urine output in milliliter per
day. Additionally, we collected the data regarding vascular
access, dialysis flow rate, and blood flow rate.

The exposure variable of interest was the type of dialysis
therapy at the inception of the cohort (MCO or HF). The
analysis approach was an intention-to-treat analysis (type of
dialyzer: MCO vs HF) at the cohort’s inception. Patients with
more than 13 consecutive sessions with a different type of
dialyzer than the original were censured. All data were ob-
tained from the electronicmedical records of BaxterRenalCare
Services calledVersia and recorded in aREDCAPelectronic data
capture database. An external audit carried out a data quality
assurance process by the National University of Colombia.

Study Outcomes

The primary outcomes were the hospitalization rate from
any cause and hospitalization days per patient-year. The
secondary outcomes were nonfatal cardiovascular events
(defined as any hospitalization event for causes predefined in
the International Classification of Diseases, Tenth Revision,
as cardiovascular). A time-to-death survival analysis was
evaluated for death from any cause. Also, changes in serum
albumin levels were evaluated during follow-up in the 2
groups. All outcomes were systematically defined in the
electronic medical record and validated by the data auditor.

Statistical Analysis

Descriptive statistics were used to report the population
characteristics as the mean and standard deviation for
Kidney Med Vol 4 | Iss 4 | April 2022 | 100431
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normally distributed variables and median and inter-
quartile range for nonnormally distributed variables.
Additionally, all categorical variables were compared be-
tween HD groups using Pearson’s χ2 test, and continuous
variables were analyzed with the t test. Baseline differences
between the groups were compared using standardized
differences (for which a value of >10% was considered
clinically meaningful).

Laboratory variables were measured at 5 consecutive
time points for each of the 2 treatment groups. We
considered the between-patient effect (related to the type
of dialyzer: MCO or HF) in the analysis. This effect was
analyzed using a split-plot factorial analysis of variance.

Considering the potential for confounding related to the
nonexperimental design, for comparing some of the out-
comes between groups (MCO vs HF), we used inverse
probability of treatment weighting with a propensity score
to control differences between groups. The propensity
score for each participant was calculated from a logistic
regression model that included a number of clinical and
demographic variables as predictors of the exposure status
such as age; sex; race; dialysis vintage; chronic kidney
disease cause; hypertension history; diabetes history;
Initial c
n = 1

Eligible p
n = 1

MCO patients; n =564

Withdrew before study 
completion

n = 173 (30.7%)

- Death: 83 (14.7%) 
- Transplantation: 18 (3.2%)
- Change to PD: 17 (3.0%)
- Change of provider: 15 (2.7%)
- Protocol deviation: 12 (2.1%)
- Treatment suspension: 11 (1.9%)
- Dialyzer change: 5 (0.9%)
- Recovery of kidney function: 5 
(0.9%)
- Voluntary retirement: 5 (0.9%)
- Lost to follow up: 2 (0.4%)

Completed study
n = 391 (69.3%)

Figure 1. Flowchart of patients in the study. Of the 1,224 originally
the 711 patients who completed the study, 391 were in the MCO g
MCO, medium cutoff; PD = peritoneal dialysis.
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cardiovascular disease history; Charlson comorbidity index
score; Karnofsky scale score; urine output in milliliter per
day; body mass index; measurements of serum albumin
levels, hemoglobin levels, levels of parathormone intact,
phosphorous levels, potassium levels, Kt/V single pool,
and normalized protein catabolic rate; and the research site
location.

In accordance with recommendations for the analysis of
propensity score weighting with clustered data by Li et al23

and Arpino and Mealli,24 we included fixed effects of
“research site locations” in the logistic regression model.
The inverse probability of treatment weighting for each
individual participant was then calculated. The balance
between exposed and unexposed groups in the weighted
sample was evaluated on the basis of descriptive methods
(standardized differences, with a target value of <0.1, and
variance ratios) and inferential methods (overidentification
test for covariate balance), and the effect of the exposure
on each outcome was estimated using robust standard
errors. For the outcomes of hospitalization rate and days,
negative binomial regression models were used for the
violation of the overdispersion assumption, and Akaike
and Bayesian information criteria were used to compare
ohort
224 

atients
098

Did not meet eligibility criteria 
n = 126

HF patients; n = 534

Withdrew before study 
completion

n = 214 (40.1%)

- Death: 105 (19.7%)
- Transplantation: 13 (2.4%)
- Change to PD: 11 (2.1%)
- Change of provider: 13 (2.4%)
- Protocol deviation: 9 (1.7%)
- Treatment suspension: 15 (2.8%)
- Dialyzer change: 32 (6.0%)
- Recovery of kidney function: 7 
(1.3%)
- Voluntary retirement: 1 (0.2%)
- Lost to follow up: 8 (1.5%)

Completed study 
n = 320 (59.9%)

recruited patients, 126 did not meet the eligibility criteria. Among
roup and 320 were in the HF group. Abbreviations: HF, high-flux;
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Table 1. Baseline Characteristics of the Full Study Population According to Dialyzer Membrane

Characteristics

Full Sample MCO Membrane HF Membrane

P ValueN = 1,098 n = 564 n = 534
Age, y, mean (SD) 60.6 (14.9) 60.8 (15.0) 60.4 (14.9) 0.66
Sex, n (%)
Male 684 (62.3) 336 (59.6) 348 (65.2) 0.06
Female 414 (37.7) 228 (40.4) 186 (34.8) —

Race, n (%)
African American 83 (7.6) 28 (5.0) 55 (10.3) <0.01
Mestizo 1015 (92.4) 536 (95.0) 479 (89.7) —

Dialysis vintage, n (%)
<1 y 159 (14.5) 70 (12.4) 89 (16.7) 0.13
1-3 y 279 (25.4) 148 (26.2) 131 (24.5) —
>3 y 660 (60.1) 346 (61.4) 314 (58.8) —

CKD etiology, n (%)
Hypertension 320 (29.1) 168 (29.8) 152 (28.4) 0.49
Diabetes 409 (37.3) 217 (38.5) 192 (36.0) —
Glomerular disease 85 (7.7) 44 (7.8) 41 (7.7) —
Obstructive 72 (6.6) 35 (6.2) 37 (6.9) —
Polycystic kidney
disease

30 (2.7) 16 (2.8) 14 (2.6) —

Unknown 128 (11.7) 64 (11.4) 64 (12.0) —
Other 54 (4.9) 20 (3.5) 34 (6.4) —

Hypertension history, n
(%)

1031 (93.9) 540 (95.7) 491 (91.9) 0.01

Diabetes history, n (%) 460 (41.9) 246 (43.6) 214 (40.1) 0.23
Cardiovascular disease
history, n (%)

207 (18.8) 121 (21.5) 86 (16.1) 0.02

Charlson comorbidity index, n (%)
0-2 588 (53.6) 291 (51.6) 297 (55.6) 0.33
3-5 469 (42.7) 249 (44.1) 220 (41.2) —
>5 41 (3.7) 24 (4.3) 17 (3.2) —

Karnofsky scale, mean
(SD)

77.1 (14.9) 78.5 (13.8) 75.6 (15.9) 0.01

Body mass index, mean
(SD)

24.5 (4.3) 24.9 (4.4) 24.0 (4.1) <0.01

Urine output, n (%)
<150 mL/d 804 (73.2) 412 (73.1) 392 (73.4) 0.89
≥150 mL/d 294 (26.8) 152 (26.9) 142 (26.6) —

Albumin, g/dL, mean
(SD)

4.0 (0.4) 4.0 (0.3) 4.0 (0.5) <0.01

Hemoglobin, g/dL, mean
(SD)

11.7 (1.8) 11.9 (1.7) 11.6 (1.9) <0.01

Potassium, mEq/L, mean
(SD)

5.2 (0.8) 5.2 (0.8) 5.2 (0.8) 0.19

Phosphorus, mg/dL,
mean (SD)

4.6 (1.5) 4.6 (1.4) 4.6 (1.5) 0.44

Parathormone intact, pg/
mL, median (IQR)

329 (166, 629) 325 (166, 610) 335 (162, 662) 0.49

Kt/V single pool, mean
(SD)

1.6 (0.4) 1.7 (0.4) 1.6 (0.3) <0.01

nPCR, g/kg/d, mean
(SD)

1.0 (0.2) 1.0 (0.2) 1.0 (0.2) 0.04

Dialyzer membrane, n (%)
Revaclear 525 (47.8) 0 525 (98.3) <0.01
Polyflux 5 (0.5) 0 5 (0.9) —
Xenium 4 (0.4) 0 4 (0.8) —
Theranova 400 557 (50.7) 557 (98.8) 0 —
Theranova 500 7 (0.6) 7 (1.2) 0 —

(Continued)
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Table 1 (Cont'd). Baseline Characteristics of the Full Study Population According to Dialyzer Membrane

Characteristics

Full Sample MCO Membrane HF Membrane

P ValueN = 1,098 n = 564 n = 534
Vascular access, n (%)
Catheter 195 (17.8) 77 (13.7) 118 (22.1) <0.01
Arteriovenous fistula 903 (82.2) 487 (86.4) 416 (77.9) —

QD, mL/min, mean (SD) 484 (55.3) 488 (61.5) 480 (47.7) 0.02
QB, mL/min, mean (SD) 340 (49.3) 349 (52.1) 330 (43.9) <0.01
Research site location, n (%)
Site 1 490 (44.6) 223 (39.5) 267 (50.0) <0.01
Site 2 310 (28.2) 190 (33.7) 120 (22.4) —
Site 3 138 (12.6) 41 (7.3) 97 (18.2) —
Site 4 160 (14.6) 110 (19.5) 50 (9.4) —

Follow-up, mo, mean
(SD)

19.1 (8.1) 20.0 (7.4) 18.3 (8.6) <0.01

Note: Categorical variables were compared with Pearson’s χ2 test, and continuous variables were analyzed with the t test.
Abbreviations: CKD, chronic kidney disease; HF, high-flux; IQR, interquartile range; MCO, medium cutoff; nPCR, normalized protein catabolic rate; QB, blood flow
rate; QD, dialysate flow rate; SD, standard deviation.
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the models; the association was estimated with an inci-
dence rate ratio. Survival time was estimated in the full
sample and the weighed population according to mem-
brane use; the log-rank test was used to compare the
equality of the survival functions in the full sample; for
comparison in the weighed population, we used Cox
regression. To confirm the direction of the effect, negative
binomial regression models in the full sample were per-
formed (Tables S2-S4). Additionally, the hospitalization
causes were reported as frequencies and percentages. Stata
16 (Release 16, StataCorp LLC) was used in the statistical
analyses.
Table 2. Time Trends of Laboratory Parameters and Dialysis Adeq

Laboratory
Parameters Membrane

Baseline 6 Mo 12

Mean (SD) Mean (SD) Me
Albumin, g/dL N 1,098 944 83

MCO 4.0 (0.3) 4.0 (0.4) 4.0
HF 4.0 (0.4) 4.0 (0.5) 4.0

Hemoglobin, g/dL N 1,098 945 83
MCO 11.9 (1.7) 11.7 (1.8) 11
HF 11.6 (1.9) 11.6 (1.9) 11

Phosphorus, mg/dL N 1,096 945 83
MCO 4.6 (1.4) 4.6 (1.4) 4.7
HF 4.6 (1.5) 4.5 (1.4) 4.6

Potassium, mEq/L N 1,098 945 83
MCO 5.2 (0.8) 5.1 (0.8) 5.1
HF 5.2 (0.8) 5.2 (0.7) 5.1

Parathormone, pg/mL N 1,067 945 83
MCO 510 (573) 501 (563) 47
HF 578 (745) 552 (699) 56

Kt/V single pool N 1,096 945 83
MCO 1.7 (0.4) 1.7 (0.4) 1.7
HF 1.6 (0.3) 1.6 (0.3) 1.6

Note: The P value corresponds to the group effect in ANOVA.
Abbreviations: ANOVA, analysis of variance; HF, high-flux; MCO, medium cutoff; S
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RESULTS

Patients

A total of 1,098 patients were enrolled in this study (564
in the MCO group and 534 in the HF group; Fig 1), and
711 patients completed the total follow-up time (391 in
the MCO group and 320 in the HF group). The mean age
of patients in the MCO group was 60.3 ± 14.9 years, and
65.2% of the patients were men; in the HF group, the
mean age of the patients was 60.8 ± 15.0 years and 59.6%
were men. The proportions of patients with diabetes
mellitus were similar in the 2 groups (43.6% for the MCO
uacy According to the Type of Dialyzer Membrane

Mo 18 Mo 24 Mo

Split-Plot ANOVAan (SD) Mean (SD) Mean (SD)
5 772 710 F(1, 3,550) = 0.57; P = 0.45
(0.4) 4.0 (0.4) 4.0 (0.4)
(0.4) 4.0 (0.4) 4.0 (0.5)

8 773 711 F(1, 3,621) = 13.15; P < 0.01
.9 (1.7) 11.8 (1.6) 11.4 (1.6)
.7 (1.8) 11.5 (1.8) 11.2 (1.8)
8 772 711 F(1, 3,599) = 0.46; P = 0.49
(1.4) 4.5 (1.4) 4.5 (1.4)
(1.4) 4.5 (1.4) 4.6 (1.4)

8 773 711 F(1, 3,602) = 0.29; P = 0.59
(0.7) 5.1 (0.7) 5.1 (0.8)
(0.8) 5.2 (0.7) 5.1 (0.7)

8 773 711 F(1, 3,588) = 2.33; P = 0.13
1 (491) 469 (533) 412 (428)
5 (699) 551 (717) 513 (620)
7 773 710 F(1, 3,594) = 30.46; P < 0.01
(0.4) 1.7 (0.4) 1.7 (0.4)
(0.3) 1.6 (0.3) 1.6 (0.4)

D, standard deviation.
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Figure 2. Time trends in serum albumin according to the type of dialyzer membrane. Abbreviations: HF, high-flux; MCO, medium
cutoff.

Molano et al
group vs 40.1% for the HF group; P = 0.23). The baseline
albumin levels were 4.0 g/dL for the MCO group versus
4.0 g/dL for the HF group; more details of the socio-
demographic and clinical characteristics of the 2 pop-
ulations are presented in Table 1.

Outcomes

Comparison of Laboratory Data and Dialysis
Adequacy
Table 2 displays serum levels of albumin, hemoglobin,
phosphate, potassium, parathyroid hormone, and the
Table 3. Clinical Outcomes in Full Sample and Weighted Sample

Clinical Outcomes
Crude
Estimate (95% CI)

Hospitalization eventsa

HF membrane 1.07 (0.99-1.14)
MCO membrane 0.79 (0.73-0.84)
IRR 0.74 (0.67-0.82)

Hospital daysa

HF membrane 10.18 (9.96-10.4)
MCO membrane 6.45 (6.29-6.62)
IRR 0.63 (0.61-0.66)

Nonfatal cardiovascular eventsa

HF membrane 0.25 (0.21-0.28)
MCO membrane 0.16 (0.13-0.18)
IRR 0.64 (0.52-0.80)

Time to deathb

HR MCO/HF membrane 0.66 (0.50-0.89)
Note: The IRR was defined as MCO/HF.
Abbreviations: CI, confidence interval; HF, high-flux; HR, hazard ratio; IPTW, inverse
aNegative binomial regression and expressed as hospital days per patient-years.
bCox proportional regression.

6

single-pool Kt/V at baseline and at 6, 12, 18, and 24
months of follow-up. There are no differences between the
2 groups in any laboratory values evaluated with the split-
plot analysis of variance test, except for hemoglobin levels
(P < 0.01) and Kt/V (P < 0.01). Figure 2 shows the serum
albumin levels during follow-up in each group.

Weighted Analysis
After the process of cohort weighting using inverse
probability of treatment weighting, no statistically signif-
icant differences were observed between the MCO and HF
s

P Value
Adjusted Estimate
With IPTW (95% CI) P Value

— 1.13 (0.96-1.30) —
— 0.93 (0.82-1.03) —

<0.01 0.82 (0.68-0.99) 0.04

— 13.21 (10.47-15.95) —
— 12.47 (9.36-15.59) —

<0.01 0.94 (0.68-1.30) 0.73

— 0.28 (0.19-0.36) —
— 0.18 (0.14-0.22) —

<0.01 0.66 (0.46-0.96) 0.03

0.01 0.88 (0.64-1.23) 0.48

probability of treated weighting; IRR, incidence rate ratio; MCO, medium cutoff.

Kidney Med Vol 4 | Iss 4 | April 2022 | 100431



Figure 3. Survival curves according to the type of dialyzer mem-
brane. (A) Compares the survival functions in the full sample
(crude), finding a statistically significant difference in favor of
the MCO membrane. (B) Compares the survival functions in
weighted samples, for which no statistically significant difference
is observed. Abbreviations: HF, high-flux; MCO, medium cutoff.

Molano et al
groups with regard to baseline characteristics (Table S1).
In the weighted sample, the MCO dialyzer was associated
with fewer all-cause hospitalization events rate per patient-
year (incidence rate = 0.93 [95% confidence interval {CI},
0.82-1.03] vs incidence rate = 1.13 [95% CI, 0.96-1.30]
for the HF dialyzer), corresponding to a significant inci-
dence rate ratio MCO/HF of 0.82 (95% CI, 0.68-0.99; P =
0.04; Table 3). There was not a significant difference when
comparing the hospital days between groups (P = 0.73).
The nonfatal cardiovascular event rate per patient-year was
lower in the MCO group (incidence rate = 0.18 [95% CI,
0.14-0.22] vs incidence rate = 0.28 [95% CI, 0.19-0.36]
for the HF group), corresponding to a significant incidence
rate ratio MCO/HF of 0.66 (95% CI, 0.46-0.96; P = 0.03).
There was no significant difference in the survival function
values between the MCO and HF dialyzers (hazard ratio =
0.88; 95% CI, 0.64-1.23; P = 0.48; Table 3; Fig 3). Table 4
Kidney Med Vol 4 | Iss 4 | April 2022 | 100431
displays hospitalization details, with cardiovascular events
as the most frequent cause.

A negative binomial regression model for nonfatal
cardiovascular events showed a statistically significant
difference comparing MCO versus HF dialyzers (incidence
rate ratio = 0.66; 95% CI, 0.49-0.90; P = 0.01; Table S2).
We did not observe significant differences for the out-
comes of hospitalizations and hospital days (Tables S3 and
S4).
DISCUSSION

The results of our cohort study in patients treated with
MCO versus HF membranes showed that the former had
lower rates of hospitalizations and cardiovascular events.
These findings are of importance because both patients and
health systems seek to understand which outcomes are
improved by novel health innovations. Outcomes such as
mortality, cardiovascular disease, fatigue, and vascular
access are frequently of interest in populations receiving
dialysis.25,26 In the absence of evidence from randomized
controlled trials, observational studies from registry data
can provide valuable information on new medical in-
terventions’ effectiveness and safety.27-29 Furthermore, a
statistically significant difference was not observed in the
number of hospital days per patient-year. These data
support the hypothesis that the increased clearance of
proinflammatory middle molecules could reduce occur-
rences of chronic inflammation, atherosclerosis, structural
heart disease, and immunodeficiency and, by this route,
reduce the frequency of hospitalization events, particularly
for cardiovascular causes.8,30 As mentioned, robust statis-
tical methods were used to estimate the intervention’s
(MCO or HF use) causal effect on the outcomes, a fact that
confers more confidence in the results.31,32 However,
although inverse probability of treatment weighting con-
trols for differences between cohorts, residual confound-
ing may persist. These findings, therefore, need to be
confirmed by a randomized controlled trial.

Our study did not demonstrate a difference in all-cause
mortality or cardiovascular mortality. This could, however,
be explained by the short period of follow-up, of only 2
years. The most frequently observed cause of hospitaliza-
tion was cardiovascular events, which were less frequent in
the group dialyzed with MCO membranes.

The evaluation of albumin levels in the 2 cohorts is an
important aspect of the safety analysis of this study. There
was no statistically significant difference identified be-
tween 2 cohorts; this finding corroborates the results of
other studies.14,16,19

Interestingly, the nadir of the mean serum albumin
levels during follow-up in the MCO group was 4.0 g/dL,
which is above the safety level of 3.8 g/dL that has recently
been highlighted in an in-depth literature review of this
topic.33,34 Stabilization of serum albumin levels was
observed in the MCO group during the follow-up, which
7



Table 4. Description of the Cause of Hospitalization According to Type of Membrane

Hospitalization Causes

Full Sample MCO Membrane HF Membrane

n % n % n %

Bacteremia, septicemia, or infections 111 7.0 46 6.3 65 7.6
Cardiovascular and cerebrovascular disease 473 29.9 207 28.5 266 31.1
Genitourinary diseases 80 5.1 33 4.5 47 5.5
Central nervous system diseases 22 1.4 10 1.4 12 1.4
Musculoskeletal diseases 36 2.3 15 2.1 21 2.5
Respiratory system diseases 161 10.2 80 11.0 81 9.5
Hematopoietic diseases 53 3.4 14 1.9 39 4.6
Endocrine and metabolic diseases 97 6.1 47 6.5 50 5.9
Digestive system diseases 180 11.4 97 13.3 83 9.7
Others 192 12.1 97 13.3 95 11.1
Skin and subcutaneous tissue disorders 60 3.8 23 3.2 37 4.3
Mental disorders 11 0.7 5 0.7 6 0.7
Traumatic lesions 66 4.2 35 4.8 31 3.6
Tumor or neoplasia 32 2.0 16 2.2 16 1.9
Unknown 7 0.4 2 0.3 5 0.6
Total 1,581 100 727 100 854 100
Abbreviations: HF, high-flux; MCO, medium cutoff.
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others have also reported.19 It may be associated with no
differences in mortality between the cohorts.

This study’s strength lies in the large numbers of pa-
tients reported on, which is a magnitude greater than
previous studies assessing the use of MCO membranes in
chronic HD cohorts. The study allowed for standardized
collection of information with robust quality controls.
Statistical analysis methods were used to deal with the
confounding inherent in this type of observational study.

The main weakness of the present study is its observa-
tional nature. Despite the robust statistical analysis, there
remains the possibility that unmeasured variables may still
generate a residual imbalance, skewing the results. This is
an important point to consider when evaluating a new HD
membrane, as selection bias could favor the new device
being used by a healthier patient population. Therefore,
despite the statistical approach employed to deal with the
confounding phenomenon, a randomized controlled trial
could confirm the findings.

In conclusion, this large cohort study demonstrated that
there are lower incidences of hospitalization events and
cardiovascular events in chronic HD patients dialyzed with
MCO membranes than those treated with HF membranes.
These results should be corroborated with randomized
controlled trials.
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Table S4: Negative binomial regression model for hospital days.
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