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Abstract

Expanded hemodialysis (HDx) provides increased clearance of conventional

and large middle molecules through innovative medium cutoff (MCO)

membranes. However, there is a paucity of real-world data regarding the bene-

fits and safety of HDx. This large observational study evaluated outcomes

among patients in Colombia undergoing HDx at a extended dialysis clinical

services provider. This was a prospective single cohort study of prevalent

patients who were treated with HDx; baseline information was collected from

the most recent data before patients were started on HDx. Patients were

followed prospectively for 1 year for changes in serum albumin and other labo-

ratory parameters compared with the baseline. Survival, hospitalization and

safety were assessed from the start of HDx. A total of 1000 patients were

invited to enroll; 992 patients met the inclusion criteria for data analysis and

638 patients completed the year of follow-up. Seventy-four (8%) patients died

during 866 patient-years (PY) of follow-up; the mortality rate was 8.54 deaths/

100 PY (95% confidence interval [CI], 6.8-10.7). There were 673 hospitalization

events with a rate of 0.79 events/PY (95% CI, 0.73-0.85) with 6.91 hospital

days/PY (95% CI, 6.74-7.09). The observed variability from baseline and

maximum average change in mean serum albumin levels were −1.8% and

−3.5%, respectively. No adverse events were related to the MCO membrane.

HDx using an MCO membrane maintains stable serum albumin levels and is

safe in terms of nonoccurrence of dialyzer related adverse events.
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1 | INTRODUCTION

Since the valiant years in Seattle during the early 1960s,1

the care and treatment of patients with end-stage renal
disease (ESRD) have undergone momentous changes.
Advances in technology have improved safety, the moni-
toring profile of hemodialysis (HD) machines, and the
capacity of dialyzers to remove uremic toxins.2,3

Advancement in biomaterials ushered in the develop-
ment of high-flux membranes with improved clearance
of molecules such as beta 2 microglobulin.4 More recent
advances have introduced expanded hemodialysis (HDx)
utilizing medium cutoff (MCO) membranes with high
retention onset membranes. Because of nanodesign,4

MCO membranes easily clear conventional and large
middle molecules5,6 with clinically acceptable levels of
albumin removal (2-4 g/session), which maintains serum
albumin levels within the normal range.7

Although advanced age, smoking, dyslipidemia,
hypertension, and diabetes mellitus contribute to cardio-
vascular disease (CVD) in patients with ESRD undergo-
ing HD, the increased risk for CVD and mortality in
these patients cannot be explained by just these factors.8

Persistent inflammation, demonstrated by elevated levels
of high sensitivity C-reactive protein (hsCRP) and other
inflammatory biomarkers, also contributes to the
increased risk of CVD, protein-energy wasting, and mor-
tality in patients undergoing HD.9 Middle molecules,
which accumulate during HD, are considered to be
inflammatory mediators. Inflammation also contributes
to decreased serum albumin levels.10,11 Importantly, a
lower serum albumin level in incident HD patients is
associated with increased mortality.12 The higher mortal-
ity rate associated with low serum albumin has been
reported to be dependent on inflammation as assessed by
hsCRP levels.13 Indeed, as a marker of nutritional and
inflammatory status, the level of serum albumin is an
important measurement in patients undergoing chronic
HD. The removal of albumin by dialysis may vary
depending on the type of membrane and operating condi-
tions (eg, degree of flux across the membrane, use of pre-
dilution, etc.). Albumin loss as high as 5 g per dialysis
session has been reported when high-flux membranes are
used in online hemodiafiltration.5,12–14

Renal Therapy Services (RTS) is a large nationwide pro-
vider in Colombia that serves over 9000 patients who are
undergoing HD or peritoneal dialysis. RTS dialysis units pro-
vide HD to over 5500 patients, which accounts for approxi-
mately 29% of the patients in Colombia receiving HD. The
RTS dialysis model constitutes an integrated and evidence-
based “best-practice” approach to the delivery of care.

There is a paucity of longitudinal data regarding the
clinical outcomes and safety of MCO membranes,

especially in the current practice setting. The objective of
our study was to leverage the large RTS patient registry
database to describe the outcomes and trends in serum
albumin levels among a large cohort of patients switched
from conventional high-flux HD to HDx utilizing an MCO
membrane and document the long-term safety.

2 | PATIENTS AND METHODS

2.1 | Study design and patients

Expanded Hemodialysis Registry Protocol in Colombia
(COREXH) is a prospective observational, multicenter
cohort study of patients undergoing HDx in Colombia
(ISRCTN45211359). Between 4 September 2017 to 30
November 2017, prevalent HD patients (ie, receiving HD
therapy for at least 90 days at an RTS network renal clinic
that meets water quality standards established by the Asso-
ciation for the Advancement of Medical Instrumentation)
were invited to participate in the registry. Patients were
required to be at least 18 years of age and receiving HDx for
a minimum of 4 hours 3 times per week using an MCO
membrane (Theranova, Baxter, Deerfield, Illinois). The pre-
scription of HDx was a medical indication. Patients with a
life expectancy of less than 6 months or those with an active
infection diagnosed within the previous 4 weeks were not
invited to participate. Baseline data were obtained of the
last seven days before the switching to HDx and represent
the initial state of the patient´s health, serum albumin
levels, and other laboratory parameters. Patients were pro-
spectively followed for 1 year from enrollment into the reg-
istry. Analyses were performed using both an intention to
treat (ITT) and a per-protocol (PP) population. The popula-
tion for the ITT group was defined as all patients who
received HDx with the MCO membrane for at least one
week and with at least three months of follow-up within
the study. The PP population was defined as patients who
received all treatments with the MCO membrane during
the follow-up period or until an outcome occurred. All
patients provided written informed consent. Because this
was an observational study with no planned intervention,
there was no risk to the patients to participate. The study
protocol was approved by the clinical research ethics com-
mittee of RTS (1 August 2017, Minute, item number 007).

2.2 | Data source and analysis

2.2.1 | Baseline patient characteristics

Baseline demographic and disease characteristic variables
including age, sex, weight, height, body mass index
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(BMI), cause of chronic kidney disease, past medical his-
tory of hypertension, diabetes mellitus and acute cardio-
vascular events, ESRD comorbidity index, Karnofsky
performance status score, history of protein energetic
wasting, malnutrition inflammation score, and date of
initiating chronic renal replacement therapy were col-
lected from patients' electronic medical record (Figure 1).
HD treatment parameters, including session duration,
number of sessions per week, HD machine model, blood-
flow rate, dialysate flow rate, vascular access type, and
baseline values of hemoglobin (ie, hematocrit, serum
phosphorus levels, serum calcium levels, and single-pool
Kt/V) before the switch to the MCO membrane (baseline
data captured correspond to the one week prior to
switching to MCO membrane).

2.2.2 | Prospective data collection

Primary outcome measures that were prospectively
assessed included serum albumin levels, rate of hospital-
ization, number of hospital days, and mortality rate.
The rate of nonfatal cardiovascular events was also pro-
spectively analyzed. Hospitalization rate, number of
hospital days, and mortality were estimated per patient
year (PY). After patients started HDx, serum albumin
levels were prospectively measured on day 15, and at 1,

3, 6, 9, and 12 months using a bromocresol green assay
with reference value of 3.5 g/dL for lower limit of nor-
mal and 5.2 g/dL for upper limit of normal (Figure 1).
Hemoglobin, hematocrit, and serum phosphorus levels;
serum calcium levels; and volume of plasma cleared of
urea (calculated by the single-pool Kt/V ratio) were
measured monthly. Serum hsCRP and parathyroid hor-
mone levels were measured at 3, 6, 9, and 12 months.
Other parameters not reported in this analysis, includ-
ing hematology parameters, kidney function, iron status
parameters, and patient-reported outcome measures,
were measured every month or every 3 months
(Figure 1).

Adverse events (AEs) were monitored throughout
the study. Serious AEs were defined as events that
resulted in death; hospitalization; prolongation of a hos-
pitalization; permanent or transient damage to an organ
or system; abortion; or threatened the patient's life, in
the opinion of the investigator. The occurrence of
adverse events and causality were carefully evaluated by
the local investigator, the medical monitor of the study,
and a pharmacovigilance team, in accordance with the
standard device vigilance practices established for this
purpose.15,16 Special surveillance was performed for
events such as bacteremia of unclear origin, febrile syn-
dromes, and type A, and type B reactions to dialysis
membranes. The causality evaluation was categorized as

FIGURE 1 Schedule of assessments. BUN, blood urea nitrogen; Ca, calcium; Fe, iron; Hb, hemoglobin; Hct, hematocrit; HD,

hemodialysis; HDL, high-density lipoprotein; HDx, expanded hemodialysis therapy; K, potassium; KDQoL-36; Kidney Disease Quality of

Life-36; hsCRP, high-sensitivity C-reactive protein; Kt/V, (dialyzer clearance of urea × dialysis time)/volume of distribution of urea; LDL,

low-density lipoprotein; P, phosphorus; PROMs, patient-reported outcome measures; PTHi, parathyroid hormone, intact; TIBC, total iron

binding capacity; TSAT, transferrin saturation
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not associated, improbably associated, possibly associ-
ated, probably associated, or impossible to determine.
AEs and serious AEs were estimated per PY. Date of loss
to follow-up and the associated reasons, as well as out-
come measures (including hospitalizations and death)
were analyzed.

2.3 | Statistical analysis

We used descriptive statistics to report the population
characteristics; for continuous variables used mean
and SD for normally distributed variables, and median
and interquartile range (IQR) for non-normal distrib-
uted variables. For categorical variables we used pro-
portions reported as percentages. No data imputation
procedure was performed. Only patients who had
baseline and all six scheduled albumin measurements
during HDx were included in the PP population serum
albumin analysis.

One-way repeated measures ANOVA using a “one-
within design” were performed to identify statistical dif-
ferences for measurements repeated over time. P values
were adjusted using the Box's conservative epsilon. Con-
sidering the large sample size of the study, we selected a

conservative P value of .01 for hypotheses testing. We
estimated the outcomes mortality rate, hospitalization
rate, number of hospital days, and number of AEs per
PY. STATA 14 (StataCorp LLC, College Station, Texas)
and R (R Foundation for Statistical Computing, Vienna,
Austria) were used in the statistical analyses.

Trial Registration: ISRCTN45211359 https://doi.org/
10.1186/ISRCTN45211359.

3 | RESULTS

3.1 | Patients

A total of 1000 patients at 12 clinics across Colombia were
invited to participate. A total of 992 patients met the par-
ticipation criteria and were included in the ITT group (Fig-
ure 2). The majority (62%) of the patients were men and at
enrollment the mean age was 60 years (Table 1). Over 90%
of the patients had a history of hypertension and nearly
50% had a history of diabetes; 67% of the patients had
chronic kidney disease (CKD) attributed to hypertension
(28%) or diabetes (39%). Patients included in the analysis
had been undergoing HD for a median of 3.86 years before
switching to HDx. Overall, before HDx the cohort had

992 patients eligible for 
baseline and ITT analysis 

1000 patients 
signed informed Consent at 12 centers 

(5 centers in Bogotá, 2 in Cali, 1 in Bucaramanga, 1 in Medellin, 1 
in Barranquilla, 1 in Armenia, and 1 in Ibague) 

8 patients did not meet 
participation criteria 

354 patients lost to follow-up: 

638 patients eligible for 
PP analysis 

1-year follow-up assessment

      Change of HD provider 169 
      Secondary to adverse event 91 

  Death 74 
Prolonged hospitalization 9 
Resulted to switch to PD 8 

      Change to PD or to another dialyzer 34 
  Transplant 22 
   Protocol deviation 13 
   Voluntary withdrawal 10 
   Therapy suspension 9 

       Renal function recovery 6 

FIGURE 2 Patient Flow chart. HD, hemodialysis; ITT, intention to treat; PP, per-protocol; PD, peritoneal dialysis
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good nutritional status; 93% of the patients had a low mal-
nutrition inflammation score. A total of 638 patients were
eligible for the 1-year follow-up assessment (Figure 2); the
median (IQR) follow-up was 1.0 (0.16) year.

3.2 | Albumin levels

The cumulative change in serum albumin levels in the
ITT population during the follow-up was −1.8% (Table 2).
The lowest mean albumin level occurred in month 3
and represented a decrease of −3.5% with respect to
baseline. The results of a one-way repeated measures
ANOVA showed a statistically significant differences
in mean serum albumin concentration over the follow-
up (F [6, 4816] = 37.61, P < .0001). Although a
decrease was noted, mean serum albumin levels
remained within the normal range through 12 months.

An analysis of the population that fulfilled all the mea-
surements of serum albumin (PP approach) was also per-
formed. A total of 468 patients in the PP population had all
six scheduled serum albumin measurements taken during
HDx. The changes in serum albumin levels among these
patients were less pronounced. For the PP population, there
was an accumulated change of −1.2% and a nadir compared
with baseline of −2.7% (ANOVA, F [6, 2802] = 11.98,
P = .0006) (Table 3).

3.3 | Outcomes

Seventy-four (8%) of the 992 patients died during 866 PY
of follow-up; the mortality rate was 8.54 deaths per 100 PY
(95% confidence interval [CI], 6.8-10.7). Cardiovascular
and cerebrovascular events were identified as the cause of
death for 34 patients with a rate of 3.92 cardio-cerebrovas-
cular deaths per 100 PY (95% CI, 2.71-5.48). Other com-
mon causes of death included infection (15 patients) and
respiratory complications (six patients). There were 673
hospitalizations with a rate of 0.79 events per PY (95% CI,
0.73-0.85) with 6.91 hospital days per PY (95% CI, 6.74-
7.09). There were 229 cardio-cerebrovascular causes of
admission, which represent a rate of 0.26 hospitalizations
per PY (95% CI, 0.23-0.30) with 2.32 hospital days per PY
(95% CI, 2.22-2.42) during HDx. There were 175 nonfatal
cardiovascular events with a rate of 20.20 per 100 patient
years (95% CI, 17.32-23.43).

3.4 | Dialysis parameters

During follow-up, there were statistically significant
fluctuations in calcium; parathyroid hormone, intact

TABLE 1 Baseline characteristics of the study population

Baseline characteristic

Intention to

treat, N = 992

Age, mean (SD) (y) 60 (15)

Sex (% [n])

Men 62 (619)

Women 38 (373)

BMI, mean (SD) (kg/m2) 25.2 (4.61)

CKD cause (% [n])

Hypertension 28 (276)

Diabetes 39 (384)

Autoimmune 8 (79)

Obstructive 7 (66)

Unknown 12 (121)

Other 7 (66)

Medical history (% [n])

Hypertension 92 (917)

Diabetes 44 (436)

Cardiovascular disease 37 (364)

Comorbidity index (% [n])

0 to 3 81 (802)

4 to 6 17 (170)

≥7 2 (20)

Karnofsky PS score, median (IQR) 80 (20)

Dialysis vintage, median (IQR) (y) 3.86 (6.26)

PEW diagnosis (% [n]) 17 (163)

Malnutrition inflammation score (% [n])

Normal 2 (17)

Low 93 (915)

Moderate 5 (54)

Severe 0.1 (1)

Vascular access (% [n])

AV fistula 83 (824)

Catheter 15 (144)

Graft 2 (24)

No. of treatments/week (% [n])

3 99 (984)

4 0.7 (7)

5 0.01 (1)

Duration of a dialysis session, median

(IQR) (hr)

4 (0)

Dialysate flow, median (IQR) (mL/min) 500 (0)

Blood flow, median (IQR) (mL/min) 350 (100)

Follow-up time mean (SD) (months) 10.62 (2.82)

Abbreviations: BMI, body mass index; CKD, chronic kidney dis-
ease; IQR, interquartile range; PEW, protein-energy wasting; PS,
performance scale.
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(PTHi); and spKt/V (Table 4). At month 12, there was a
slight decrease in serum calcium levels and a decrease in
PTHi. The greatest improvement in spKt/V compared
with baseline occurred at month 1 with improvement in
spKt/V sustained through month 12. There were no signif-
icant differences across time for hemoglobin, phosphorus,
or hsCRP (P > .01).

3.5 | Safety

During the follow-up period, there were 1019 adverse
events during 866 person-years of follow-up for a rate of
1.18 adverse events per PY (95% CI, 1.10-1.25). The num-
ber of sessions performed with MCO membranes were
130 601. Six hundred and seventy-seven (66.4%) AEs
were serious, and of these, 91 (8.9%) resulted in with-
drawal from the study. No AEs during HDx were deemed

related to MCO membrane use, according to the investi-
gator and techno-surveillance evaluation. One hundred
forty-six AEs were deemed related to the dialytic proce-
dure, which represents 0.17 events per PY (95% CI, 0.14-
0.20), equivalent to 1.12 events per 1000 HD sessions
(95% CI, 0.90-1.30). Details of the AEs and the causality
relationship with the hemodialysis procedure are pres-
ented (Table 5).

4 | DISCUSSION AND
CONCLUSIONS

Given the strict inclusion and exclusion criteria, patient
cohorts in most clinical trials do not fully represent the
real-world population of patients that may receive the
treatment being investigated. Patients in current practice
typically have more comorbidities and are less adherent

TABLE 2 Change of serum albumin levels over time (ITT population)

Follow-up n
Marginal
meana (g/dL) Change from baseline (%) Change from previousb (%) Cumulative change (%)

Baseline 992 4.05 (4.04-4.07) — — —

15 days 938 3.98 (3.97-4.00) −1.7 −1.7 −1.7

1 month 951 4.00 (3.98-4.01) −1.2 0.3 −1.4

3 months 883 3.91 (3.90-3.93) −3.5 −2.0 −3.5

6 months 728 3.94 (3.92-3.96) −2.7 0.7 −2.8

9 months 735 3.94 (3.92-3.96) −2.7 0 −2.8

12 months 587 3.98 (3.96-4.00) −1.7 1.0 −1.8

Abbreviation: ITT, intention to treat.
aMarginal mean is the means estimation based on the fitted model in repeated measures and are presented as 95% confidence interval.
bThe percentual change from the last measurement value.

TABLE 3 Change of serum albumin levels over time (PPa)

Follow-up n
Marginal
meanb (g/dL) Change from baseline (%) Change from previousc (%) Cumulative change (%)

Baseline 468 4.03 (4.01-4.05) — — —

15 days 468 4.00 (3.98-4.02) −0.9 −0.9 −0.9

1 month 468 3.98 (3.96-4.00) −1.3 −0.4 −1.3

3 months 468 3.93 (3.91-3.95) −2.7 −1.4 −2.7

6 months 468 3.95 (3.93-3.97) −2.0 0.7 −2.0

9 months 468 3.96 (3.94-3.98) −1.9 0.0 −2.0

12 months 468 3.99 (3.97-4.01) −1.2 0.8 −1.2

Abbreviation: PP, per-protocol defined as patients who received all treatments with the MCO membrane during the follow-up period or until
hospitalization that involved >12 dialysis sessions without MCO or death.
aOnly patients in the PP population who had baseline and all six scheduled serum albumin measurements during HDx were included in the
analysis.
bMarginal mean is the means estimation based on the fitted model in repeated measures and are presented as 95% confidence interval.
cThe percentual change from the last measurement value.
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to treatment than patients enrolled in a trial, and there-
fore may have poorer outcomes.17 Further, treatment
benefit in subgroups of patients, particularly in poorly
resourced environments, are not well represented in clin-
ical trials.18 Therefore, it is important to collect evidence
on the safety and effectiveness of new interventions. Exis-
ting data on the long-term safety of the MCO membrane
in the current practice setting is limited to a retrospective
analysis of 10 patients after they switched from online
hemodiafiltration to the use of an MCO membrane.19

Additionally, an observational study in Korea compared
38 patients using an MCO membrane to 19 patients
undergoing high-flux, online HD.20

We must highlight that most of the current evidence
is about the efficacy of MCO membranes in the clearance
of large middle molecules.5,6,14,21

Our study, which to our knowledge is the largest
analysis of an MCO membrane utilization to date
(N = 992 with approximately 130 000 dialysis sessions),
describes that HDx is a safe therapy in an inclusive
patient population in Colombia. It is worth highlighting
the finding that after a carefully techno-surveillance pro-
cess, no adverse events (serious or nonserious) related to
the use of the dialyzer were observed, as has already been
evidenced in other reports.5 Of interest is the absence of
type A dialyzer reactions (which begin almost

immediately and occur within the first few minutes of
dialysis) and type B reactions (which generally start
within the first 15-30 minutes). The absence of dialyzer
reactions could be a marker of biocompatibility of the
MCO membrane and indirect evidence of no transloca-
tion of bacterial degradation products through the mem-
brane, as has already been seen in experimental
designs.22

The MCO is close to the albumin molecular weight23

and, in comparison to conventional HD, increased albu-
min loss has been described in single sessions.5 In this
regard, the measurement of albumin level over time
becomes valuable in a current practice context. We
observed a slight decrease in albumin over 12 months of
observation. Despite being statistically significant in our
large cohort study, we believe this shall be considered as
clinically insignificant. The largest change from basal
pre-HDx levels was 3.5%, and this nadir occurred at
month 3. Thereafter albumin level tended to recover and
the average cumulative change in serum albumin after
12 months in the ITT population was only −1.8%. At all
times the observed variability was within 5% from base-
line and the mean serum albumin concentration
remained within the normal range (3.5-5.5 g/dL). This
statement considers extensive population studies, where
the baseline level of risk for serum albumin is 3.9 g/dL,

TABLE 4 Other laboratory and dialysis parameters during 1 year of follow-up (ITT population)

Marginal mean (n = 992)

Follow-up
Hemoglobin
(g/dL)

Phosphorous
(mg/dL)

Calcium
(mg/dL)

PTHi
(pg/mL)

hsCRP
(mg/L) spKt/V

Baseline 11.92 4.61 8.93 499.82 1.02 1.62

1 months 11.85 4.54 8.85 — — 1.67

2 months 11.92 4.59 8.75 — — 1.70

3 months 11.83 4.58 8.75 533.75 1.37 1.69

4 months 11.83 4.57 8.73 — — 1.68

5 months 11.89 4.53 8.79 — — 1.67

6 months 11.82 4.58 8.77 503.03 1.69 1.68

7 months 11.75 4.63 8.73 — — 1.68

8 months 11.63 4.56 8.72 — — 1.68

9 months 11.68 4.61 8.74 480.82 1.37 1.68

10 months 11.82 4.54 8.75 — — 1.68

11 months 11.84 4.61 8.83 — — 1.69

12 months 11.82 4.55 8.81 457.88 1.83 1.70

Repeated measures
ANOVA P valuea

.033 .29 .001 .001 0.015 .001

Abbreviations: ITT, intention to treat; PTHi, parathyroid hormone, intact; spKt/V, single-pool clearance of urea × dialysis time/volume of
distribution of urea.
aFor hypothesis testing, type I error significance was set at P = .01.

BUNCH ET AL. 39



which coincides with the nadir of decreased albumin in
our study.12

The observed mortality rate, hospitalization rate, and
number of hospital days in our analysis is somewhat
lower than other reports24,25 and also lower than our pre-
vious experiences from the RTS network in Colombia,
where we have reported mortality rate of 14.6 events per
100 PY and hospitalization rates of 1.15 hospitalizations
per PY.26 This could be due to a number of predictive fac-
tors like population characteristics, the RTS model of
care and the impact of the new dialyzer, among others.
We must note that due to the study design of a single
cohort without a comparison group, these observed out-
comes cannot be causally attributed to the implementa-
tion of the MCO membrane, but only generate a

hypothesis that must be contrasted with other types of
designs.

The definitive goals in treating patients with ESRD is
to prolong survival and improve quality of life, and
although other aspects of patient care are important, ade-
quacy of dialysis is crucial to achieving these goals. HDx
efficacy, as measured by single-pool Kt/V and serum
phosphorus, was highlighted throughout follow-up. Sin-
gle-pool Kt/V was 1.68, which is a very good level of ade-
quacy for small-molecule reduction and is well above the
minimum 1.2 per HD session for patients treated thrice
weekly, as is recommended by the National Kidney
Foundations' Kidney Disease Outcomes Quality Initia-
tive.27 Other countries and regions have similar guide-
lines.28,29 Interestingly, serum phosphorus levels

TABLE 5 Adverse events related to the hemodialysis procedure (causality assessment)

Diagnostic group

AEs causality assessment

Probably
associated

Possibly
associated

Unable to
determine

Unlikely
associated

Not
associated Total

n (%) n (%) n (%) n (%) n (%) n

Drug hypersensitivity 0 0 0 0 1 (100) 1

Pregnancy 0 0 0 0 1 (100) 1

Malnutrition 0 0 0 0 2 (100) 2

Pruritus 0 0 0 0 5 (100) 5

Falls 2 (20.0) 0 0 0 8 (80.0) 10

Anemia 0 0 0 0 12 (100) 12

Hypotension 3 (20.0) 4 (26.7) 0 0 8 (53.3) 15

Fractures 0 0 0 0 23 (100) 23

Clotted dialysis circuit 30 (100) 0 0 0 0 30

Metabolic 1 (3.3) 0 4 (13.3) 0 25 (83.4) 30

High blood pressure 4 (12.1) 1 (3.0) 2 (6.1) 0 26 (78.8) 33

Urinary tract infection 0 0 0 0 37 (100) 37

Cerebrovascular disorders 0 0 1 (2.4) 1 (2.4) 39 (95.2) 41

Respiratory disorders 1 (2.0) 0 0 0 49 (98.0) 50

Skin infections 0 1 (1.8) 0 0 54 (98.2) 55

Ischemic cardiovascular 0 3 (5.0) 0 0 57 (95.0) 60

Other infections 0 0 1 (1.5) 0 65 (98.5) 66

Infection of vascular
access

28 (42.4) 7 (10.6) 0 0 31 (47.0) 66

Cardiovascular
nonischemic

2 (2.7) 7 (9.3) 0 0 66 (88.0) 75

Gastrointestinal disorders 0 0 1 (0.9) 0 109 (99.1) 110

HD vascular access
noninfectious

27 (24.3) 14 (12.6) 1 (0.9) 0 69 (62.2) 111

Other 5 (2.7) 6 (3.2) 1 (0.5) 0 174 (93.6) 186

Total n (%) 103 (10.1) 43 (4.2) 11 (1.1) 1 (0.1) 861 (84.5) 1019
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remained relatively constant throughout the 12 months,
with a mean of 4.55 mg/dL at month 12, which is below
the recommended level of 5.5 mg/dL.30

The link between inflammation and cardiovascular
mortality in patients undergoing HD is well known31,32 A
chronic micro-inflammatory state is common among
patients undergoing HD; elevated levels of
proinflammatory cytokines, an independent risk factor
for CVD, is found in 30% to 60% of patients undergoing
HD in North America and Europe.33 There is an associa-
tion between levels of large middle-molecule uremic
toxins and inflammation and immune dysfunction.5 Dial-
ysis membranes with larger pores providing more effec-
tive removal of large middle molecules are likely to have
a positive impact on a patient's inflammatory state. The
use of the MCO membrane reduces inflammation in
patients undergoing long-term HD to a greater extent
than does high-flux HD,34 and significantly improves
endothelial function compared with high-flux HD.35

These physiological mechanisms could explain in part
the low rate of total and cardiovascular mortality
observed in this HDx registry. Evidently, given the study
design, we cannot definitively conclude a causal relation-
ship between HDx and improvements in dialysis out-
comes. Future studies are needed to evaluate these
hypotheses.

Abe et al.36 reported that the use of poorly biocom-
patible membranes, lower serum albumin levels, and
higher hsCRP levels are all associated with higher
mortality in patients undergoing HD. We observed a
slight increase in hsCRP over the observation period,
which could be related to various factors for this popu-
lation having a high proportion of native arteriove-
nous fistula. The apparent increase in hsCRP could
reflect a tendency of dialysis patients to increase their
inflammation level over time. However, the hsCRP
level was low also at end of the observation period
compared to other reports.37 In parallel, a slight but
statistically significant decrease in PTH was observed
at 12 months, which could be related to better control
of phosphorus levels and better clearance of large ure-
mic toxins, as has been proposed in the literature.38

Further, there were no febrile episodes, which suggests
that translocation of bacterial degradation products
across the MCO membrane does not occur, as already
described in the literature.22 A serum albumin level
maintained within the normal range, a relatively low
hsCRP level, absence of dialyzer reactions and febrile
episodes, all constitute a positive and effective dialysis
picture.

Strengths of the present study include the prospective
collection of current practice data, an analysis of nearly
1000 patients undergoing HDx, with baseline information

and a follow-up for 12 months. Therefore, this analysis
reports on important practical experience on the effec-
tiveness of the new MCO membrane. Limitations of the
study include the absence of a comparison group, which
diminishes the strength of adjudging causality to the
observed effects. A positive selection bias cannot be
excluded, although given the large number of patients
and renal clinics involved, it does not appear that the
population in this analysis differs much from the general
prevalent HD population in the RTS network in Colom-
bia. However, translating our findings to other dialysis
populations and other practices should be done with
caution.

In conclusion, based on this current practice large
cohort study, the use of the MCO membrane is safe and
preserves serum albumin levels within the normal range
among patients undergoing expanded hemodialysis.
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