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Abstract

Background: Hexadecyl-immobilized porous cellulose beads (HICBs) can be used to remove β2-microglobulin, as
well as several inflammatory cytokines and free protein-binding uremic toxins (PBUTs). Interleukin-6 and PBUT levels
have been associated with oxidative stress and/or cardiovascular disease. In this retrospective study, we investigated the
potential of direct hemoperfusion with HICBs to improve impaired myocardial fatty acid imaging in hemodialysis patients.

Method: We evaluated 24 hemodialysis patients who did not undergo percutaneous coronary intervention or coronary
artery bypass grafting during the observation period. Among these patients, 12 who had been treated using HICB
columns for more than 4 years were assigned to the HICBs group (mean observation period, 61.9 ± 16.3months), while
the remaining patients who had never undergone treatment with HICB columns were assigned to the non-HICBs group
(mean observation period, 58.0 ± 12.2months). Impaired myocardial fatty acid metabolism was assessed by single-photon
emission computed tomography (SPECT) using 123I-β-ethyliodophenyl pentadecanoic acid (BMIPP). Uptake on SPECT was
graded in 17 segments on a 5-point scale (0, normal; 4, absent) and assessed as the BMIPP summed score (SS).

Results: While the HICBs group showed a lower mean β2-MG than the non-HICBs group, the other baseline clinical
patient characteristics did not differ between the two groups. In the HICBs group, the second BMIPP SS was decreased
significantly compared with the first BMIPP SS. A decrease in the BMIPP SS was observed in nine (75%) patients with
the first BMIPP SS ≥ 6, and no change was observed in three patients with BMIPP SS ≤ 2. In the non-HICBs group, the
second BMIPP SS was increased significantly compared with the first BMIPP SS.

Conclusion: The improvement in myocardial fatty acid imaging suggests an improvement in the impaired myocardial
microcirculation. We suggest that the use of direct hemoperfusion with HICBs may have improved the impaired
myocardial microcirculation in hemodialysis patient through the removal of protein-bound toxins and inflammatory
cytokines and might contribute towards improving the survival of dialysis patients.
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Background
Hexadecyl-immobilized porous cellulose beads (HICBs),
with an appropriate pore size and a mean diameter of
460 mm and contained within a column (Lixelle; Kaneka
Medix Co), were originally designed to selectively adsorb
β2-microglobulin (β2-MG) through hydrophobic inter-
actions [1]. Several reports have suggested that in
addition to β2-MG, the Lixelle column also removes se-
veral inflammatory cytokines and free protein-binding
uremic toxins (PBUTs) [2, 3]. Dialysis patients are in a
chronic, persistently activated inflammatory state, as
demonstrated by both elevated inflammatory markers
and proinflammatory cytokines, such as interleukin-6
(IL-6) [4]. Recently, IL-6 levels have been found to cor-
relate significantly with both total and cardiovascular
mortality in hemodialysis patients [5]. Furthermore,
PBUTs also accumulate in hemodialysis patients, and
high circulating levels of these toxins have been asso-
ciated with chronic kidney disease-related complications,
including cardiovascular disease [6, 7].
Cardiac deaths account for the high mortality of

hemodialysis patients [8]. We have shown that impaired
myocardial fatty acid metabolism, as assessed by
single-photon emission computed tomography (SPECT)
using 123I-β-methyliodophenyl pentadecanoic acid
(BMIPP), is likely to be associated with cardiac death in
hemodialysis patients [9–12]. This predictive potential
of BMIPP SPECT for cardiac death in hemodialysis
patients has further been corroborated in a multicenter
cohort study in Japan (B-SAFE) [13]. In this retrospective
study, we investigated the potential of direct hemoperfu-
sion with HICBs to improve the impaired myocardial fatty
acid imaging in hemodialysis patients.

Methods
Patients
The eligibility criteria for enrollment in this study were
as follows: (1) patients on dialysis for 10 years or more
and (2) at least 3 years between the first and second
BMIPP SPECT (observation period). One hundred
sixty-seven hemodialysis patients in the Toujinkai group
met the eligibility criteria between April 1, 2010, and
December 31, 2017. Among these patients, 22 who had
been treated with HICB columns for more than 4 years
were assigned to the HICBs group, and 145 patients
who had never undergone treatment with HICB col-
umns were assigned to the non-HICBs group. Through
the application of the propensity score matching
method, 44 patients were pair-matched (in each group).
After exclusion of those patients who had undergone
either percutaneous coronary intervention or coronary
artery bypass grafting during the observation period, 12
patients remained in each group. Patients with BMIPP
summed score (SS) of 6 or more had undergone coronary

angiography, and those without significant coronary le-
sions were included in the study. The study was approved
by the Ethics Committee for Human Research of Toujin-
kai Hospital. The medical records for each patient were
only used. The information was anonymized for each
patient so that individuals could not be identified from
the medical records. The study was performed in
accordance with the principles of the Declaration of
Helsinki and was registered as a University Hospital
Medical Information Network Clinical Trials Registry
(UMIN-CTR) Clinical Trial (unique trial number:
UMIN000033778) on September 1, 2018 (UMIN-CTR
URL: http://www.umin.ac.jp/ctr/index.htm).

Radionuclide imaging
BMIPP SPECT was performed by screening for ischemic
heart disease. All patients underwent resting 123I-BMIPP
SPECT after fasting for over 6 h on a midweek, non-dialysis
day. The images were divided into 17 segments for semi-
quantitative analysis, according to the standard myocardial
segmentation for tomographic heart imaging established by
the American Heart Association. The amount of radioactiv-
ity taken up by each segment was graded visually and
assigned an uptake score of either 0 (normal), 1 (mildly
reduced), 2 (moderately reduced), 3 (severely reduced), or 4
(none). The BMIPP SPECT scores for 17 myocardial
segments were designated as the BMIPP summed score
(SS). BMIPP SS improvement (%) was calculated as follows:
([BMIPP SS at second BMIPP SPECT − BMIPP SS at first
BMIPP SPECT]/BMIPP SS at first BMIPP SPECT) × 100.

Direct hemoperfusion with the HICB column
The HICBs group was treated using the Lixelle S-15
column containing HICBs for direct hemoperfusion in
addition to their regular hemodialysis treatment. The
column was placed in combination with a dialyzer
downstream from the Lixelle S-15 via a separate
connection tube.

Biochemical and hematological determinations
Blood samples (10ml) were collected at the time of
hemodialysis every 2 weeks to measure the routine bio-
chemical factors (hemoglobin, urea nitrogen, creatinine,
calcium, inorganic phosphorus, albumin, β2-MG, C-reactive
protein, and intact parathyroid hormone were determined).
The average value from each observation period was used
for the biochemical and hematological data. The single-pool
Kt/Vurea, the normalized protein catabolism rate, and
the creatinine generation rate were calculated using the
formula of Shinzato et al. [14, 15]. The Geriatric Nutri-
tional Risk Index was calculated as follows: [1.489 × albu-
min (g/dL)] + [41.7 × (body weight/ideal body weight)]
[16]. The ideal body weight was defined as the value cal-
culated from the height and a body mass index of 22 [16].
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Statistical analysis
Normally distributed values were expressed as mean ±
standard deviation, while the other values were expressed
as the median and interquartile range. We compared
either the mean or median of continuous variables using
the Student t test or Mann-Whitney U test. Categorical
data were analyzed using the χ2 test. BMIPP SS values for
the first and second BMIPP SPECT were compared using
the Wilcoxon signed-rank test. The improvement in
BMIPP SS between the HICBs and the non-HICBs

groups was compared using the Mann-Whitney U test.
p values < 0.05 were considered significant. All statis-
tical analyses were performed with GraphPad Prism
software version 6.05.

Results
While the HICBs group showed a lower mean β2-MG
than the non-HICBs group, the other baseline clinical
patient characteristics did not differ between the two
groups (Table 1). In the HICBs group, the second

Table 1 Clinical characteristics of the HICBs and non-HICBs groups

Variables HICBs (n = 12) Non-HICBs (n = 12) p value

Age, years 64.4 ± 9.6 65.0 ± 10.1 0.8857

Male, n (%) 6 (50.0) 6 (50.0) 1.0000

Hemodialysis duration, years 26.3 ± 7.9 20.8 ± 6.7 0.0785

Observation period, months 61.9 ± 16.3 58.0 ± 12.2 0.5120

Diabetes mellitus, n (%) 2 (16.7) 1 (8.3) 0.8913

Dry weight, kg 51.3 ± 9.6 47.13 0.2595

Body mass index, kg/m2 20.5 ± 3.6 19.4 ± 2.5 0.7984

Cardiothoracic rate, % 50.7 ± 4.9 51.7 ± 4.8 0.3092

Systolic blood pressure before dialysis, mmHg 137.6 ± 25.9 140.4 ± 14.1 0.7551

Diastolic blood pressure before dialysis, mmHg 74.8 ± 14.9 75.1 ± 10.3 0.9497

BMIPP summed score at first BMIPP SPECT 6 (3.0–17.5) 6 (2.0–9.5) 0.3645

Hemoglobin, g/dl 10.8 ± 0.5 10.6 ± 0.5 0.4212

Urea nitrogen, mg/dl 57.8 ± 7.12 58.7 ± 7.5 0.7738

Creatinine, mg/dl 9.0 ± 2.3 10.1 ± 2.7 0.3126

Calcium mg/dl 8.7 ± 0.45 8.6 ± 0.6 0.7557

Inorganic phosphorus, mg/dl 5.3 ± 0.8 5.5 ± 0.8 0.4139

Albumin, g/dl 3.7 ± 0.3 3.6 ± 0.44 0.6687

β2-microglobulin, mg/l 23.0 ± 4.6 29.2 ± 5.2 0.0056

C-reactive protein, mg/dl 0.42 (0.14–0.98) 0.58 (0.16–1.1) 0.9310

Parathyroid hormone-intact, pg/ml 88.7 (29.5–166.3) 62.8 (16.3–139.5) 0.3708

Dialysis mode (hemodialysis/hemodiafiltration), n 12/0 10/2 0.4783

Dialysis time, h 4.2 ± 0.4 4.6 ± 0.6 0.0538

Single pool Kt/V urea 1.93 ± 0.27 2.01 ± 0.32 0.5016

Normalized protein catabolism rate, g/kg/day 0.86 ± 0.11 0.89 ± 0.09 0.4212

Geriatric Nutritional Risk Index 92.9 ± 4.2 90.9 ± 9.5 0.5092

Creatinine generation rate, % 93.5 ± 20.8 109.0 ± 26.5 0.1234

Medications

α1 blockers, n (%) 1 (8.3) 2 (16.7) 0.5371

β1 blockers, n (%) 1 (8.3) 4 (33.3) 0.1316

Calcium channel blockers, n (%) 6 (50.0) 7 (58.3) 0.6820

Nitrates, n (%) 0 (0.0) 0 (0.0) –

Angiotensin-converting enzyme inhibitors, n (%) 1 (8.3) 2 (16.7) 0.5371

Angiotensin II receptor blockers, n (%) 2 (16.7) 2 (16.7) 1.0000

Antiplatelet drugs, n (%) 5 (41.7) 3 (25.0) 0.3865

Stains, n (%) 1 (8.3) 1 (8.3) 1.0000
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BMIPP SS decreased significantly compared with the
first BMIPP SS (Fig. 1). Decreases in the BMIPP SS were
observed in nine (75%) patients with a first BMIPP SS of
≥ 6, and no changes were observed in three patients with
BMIPP SS ≤ 2. In the non-HICBs group, the second
BMIPP SS was increased significantly compared with the
first BMIPP SS. The BMIPP improvement was signifi-
cant in the HICBs group (− 66.7%) compared with the
non-HICBs group (17.1%) (Fig. 2). Figure 3 shows the
representative BMIPP SPECT images of the participant
treated with the HICB column.

Discussion
Impaired fatty acid metabolism and the consequent accu-
mulation of acyl CoA are the characteristics of renal fail-
ure [17]. In our previous study, we reported that the
improvement of impaired myocardial fatty acid metabol-
ism reduced the risk of cardiac death in hemodialysis pa-
tients who did not have obstructive coronary artery
disease [18]. In the present study, we investigated the po-
tential of direct hemoperfusion with HICBs to improve
impaired myocardial fatty acid imaging in hemodialysis
patients. As a result, BMIPP SS decreased significantly in
the HICBs group but increased significantly in the
non-HICBs group after about 5 years. Furthermore, the
changes in BMIPP SS showed improvements in the HICBs
group compared with that in the non-HICBs group. These
novel results suggest that the long-term use of a HICB
column may improve the myocardial fatty acid metabo-
lism in hemodialysis patients.
In hemodialysis patients, myocardial fatty acid meta-

bolism tends to impair myocardial fatty acid imaging,
even in the absence of obstructive coronary lesions [24].
One of the main factors of impairing the myocardial
fatty acid metabolism is considered to be a reduction in

the myocardial blood supply due to the disorder(s) in
the myocardial microcirculation [18]. In pathological
studies, the unique findings of intramyocardial arteriolar
thickening, reduced capillary density, and myocardial fi-
brosis of the heart have been observed in hemodialysis
patients [19–21]. These myocardial abnormalities can
lead to myocardial microcirculatory disturbances. The
presence of these pathologies in hemodialysis patients
indicates that myocardial cells are more susceptible to
reduced myocardial blood supply than in non-dialysis
patients and likely contribute to the impairment in myo-
cardial fatty acid metabolism.
Many studies have reported that oxidative stress is one

of the risk factors that plays an important role in the
myocardial microcirculation. Kaufmann et al. [22] re-
ported that the noxious prooxidant effects of smoking
extend beyond the epicardial arteries to the coronary
microcirculation and affect the regulation of myocardial
blood flow. Basili et al. [23] implicated oxidative stress in
poor myocardial microcirculation after percutaneous
coronary intervention. They also reported that impaired
myocardial microcirculation was improved by vitamin C
administration [22, 23]. Furthermore, previous studies
have suggested that oxidative stress, mediated by the
oxidase activity of nicotinamide adenine dinucleotide
phosphate (NADPH), may be involved in the cardiac
dysfunction caused by hypertension, diabetes, obesity,
cytokines, and aging [24–27].
HICBs adsorb free protein-bound uremic toxins (e.g.,

free indoxyl sulfate (IS) and free p-cresyl sulfate (PCS))
that are involved in oxidative stress [3]. IS has been
shown to induce the production of reactive oxygen spe-
cies in vitro [28–30]. In addition, it has been reported
that IS strongly decreases the total glutathione levels,
which is the most active non-enzymatic antioxidant in

Fig. 1 Comparison of BMIPP summed score from the first and second BMIPP SPECT. Data are expressed as the median value. BMIPP, 123I-β-
methyliodophenyl pentadecanoic acid; HICBs, hexadecyl-immobilized cellulose beads; SPECT, single-photon emission computed tomography
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endothelial cells [30]. Han et al. [31] reported that the
cardiac toxicity of PCS is at least partly attributable to
induced NADPH oxidase activity and the production of
reactive oxygen species that facilitate cardiac apoptosis
and results in diastolic dysfunction. In the present study,
since we did not measure the concentration of PBUTs in
the blood, its changes could not be reported. However,
the combination treatment of HICB column and dif-
fusion with direct hemoperfusion and hemodialysis may
be able to maintain lower serum PBUT level.
HICBs also adsorb inflammatory cytokines, such as IL-6

[2]. Recently, Danesh et al. [32] prospectively evaluated

two large population-based cohorts and, in a systematic
review, demonstrated associations between long-term cir-
culating IL-6 levels with fatal and non-fatal coronary heart
disease (CHD) risk. They concluded that long-term eleva-
tions of IL-6 are associated with CHD risk to a similar
level as some of the major established risk factors. In
addition, Aker et al. [33] suggested that the IL6 G-174C
polymorphism is associated with both mortality and car-
diovascular complications in chronic kidney disease
patients. These findings suggest that IL-6 is associated
with cardiac abnormalities. In the present study, since we
did not measure the concentration of IL-6 in the blood, its
changes could not be reported. CRP, which is produced by
IL-6, was similar between the groups and was low. IL-6
and CRP have been reported to correlate [34]. Thus, we
consider that IL-6 levels were low in both groups.
This study has several limitations. The patients with

dialysis-related amyloidosis who were permitted to use
the HICB column by Japanese health insurance were
assigned to the HICBs group. Originally, the HICB col-
umn was used for adsorption of β2-MG. Thus, the
β2-MG levels were not similar between the groups.
Furthermore, differences in the dialysis treatment condi-
tions were not considered among the study patients.
These characteristics of our study population might have
influenced the effect of HICB columns on the BMIPP
SPECT images. In the present study, we were unable to
explain why the first BMIPP SS in the HICBs group
already treated with HICBs was high. Additionally, we
were unable to clarify the findings because the ultra-
sound cardiography findings were not obtained at the
same time as the BMIPP SPECT was performed. Since
this study was a retrospective study with a small sample
size, a larger multicenter, double-blinded trial is needed

Fig. 2 BMIPP SS improvement after about 5 years in the HICBs and
non-HICBs groups. The negative values for the BMIPP SS
improvement indicate an improvement of the BMIPP SS. BMIPP,
123I-β-methyliodophenyl pentadecanoic acid; HICBs, hexadecyl-
immobilized cellulose beads; SS, summed score

Fig. 3 Representative BMIPP SPECT images from participant treated with the HICB column. BMIPP SPECT images from a patient who continued to be
treated for 55months after the first BMIPP SPECT with the HICB column. A non-diabetic 66-year-old woman who had undergone hemodialysis for 19
years at the time of the first BMIPP SPECT. The period between the first and second BMIPP SPECT was 55months. The BMIPP SS values were 28 and 4
at the first and second BMIPP SPECT, respectively. BMIPP, 123I-β-methyliodophenyl pentadecanoic acid; SPECT, single-photon emission computed
tomography; HICBs, hexadecyl-immobilized cellulose beads
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to clarify the clinical efficacy of HICBs in improving
myocardial fatty acid metabolisms in this population.
In this study, since the blood levels of PBUTs and IL-6

were not measured, it was not clear whether these con-
centrations would have been different between the two
groups. Therefore, we were unable to conclude that the
HICB columns improved the myocardial microcircula-
tion. However, we suggested that long-term use of direct
hemoperfusion with HICB columns improved the
impaired myocardial fatty acid imaging in hemodialysis
patients. Based on the results of previous studies, we
believe that improving myocardial fatty acid metabolism
imaging could improve the impaired myocardial micro-
circulation through the removal of protein-bound toxins
and inflammatory cytokines.

Conclusion
Our data indicate that the long-term use of an HICB co-
lumn likely improved the impaired myocardial fatty acid
imaging in hemodialysis patients. Further studies are
needed to further elucidate the mechanism responsible.
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