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Abstract

Background Blood purification therapy with a sulfonated polyacrylonitrile surface treated (AN69ST) hemofilter

is used to treat sepsis. However, the AN69ST hemofilter has been reported to adsorb and remove therapeutic drugs;
warranting further investigation. In this study, we evaluated the adsorption effects of AN69ST membranes and hemo-
filters connected to a dialysis circuit model on anti-methicillin-resistant Staphylococcus aureus (anti-MRSA) agents,
such as arbekacin sulfate (ABK), linezolid (LZD), vancomycin hydrochloride (VCM), teicoplanin (TEIC), and daptomycin
(DAP), in in vitro experiments.

Methods Drug solutions were exposed to AN69ST membranes. The absorbance of the drug solution was measured
over time, and the drug content was calculated. Additionally, we calculated the drug content over time by circulating
the drug solution through a dialysis circuit model. The clearance of each drug was determined at 5 and 60 min.

Results The content of ABK, TEIC, DAP, and VCM decreased substantially after the addition of AN69ST membranes
compared to those of the standard reagent. However, the LZD content did not decrease. In the dialysis circuit model,
the content of ABK, TEIC, DAP, and VCM were 3.7%, 25.7%, 43.8%, and 44.5%, respectively, at 20 min, which were
clearly lower than those of the standard reagent (62-64%). However, the LZD content remained unchanged. The
clearance of ABK, TEIC, DAP, and VCM increased after 5 min.

Conclusions The in vitro adsorption of anti-MRSA agents onto the AN69ST hemofilter was confirmed for ABK, TEIC,
DAP, and VCM. Positively charged ABK was particularly susceptible to adsorption and should be avoided during blood
purification using the AN69ST hemofilter. In addition, we concluded that TEIC, DAP, and VCM should be used for thera-
peutic drug monitoring because the adsorption rate of each drug is believed to vary depending on its protein bind-
ing rate.

Keywords AN69ST, Continuous hemodiafiltration, Adsorption, Arbekacin, Linezolid, Vancomycin, Teicoplanin,

Daptomycin
Introduction
In 2016, the definition of sepsis was changed in Sep-
sis-3 to life-threatening organ dysfunction caused by a
dysregulated host response to infection. This has made
the use of early measures to prevent the progression of
;gg;;izprflziigce: organ damage essential in the treatment of sepsis. Organ
inano@tkmedicaljp damage is believed to be characterized by pathogen-
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in increased vascular permeability, circulatory failure,
immunodeficiency, and various types of cell death [1].
In the field of emergency medicine, blood purification
therapies, such as continuous hemodiafiltration (CHDF)
using cytokine-adsorbing hemofilters (CAH), are per-
formed to improve hypercytokinemia as a part of sepsis
and septic shock treatment.

Cytokine-adsorbing hemofilters, which consist of
polymethyl methacrylate and sulfonated polyacryloni-
trile surface treated (AN69ST) membranes, are used to
adsorb cytokines [2—4]. In particular, the AN69ST mem-
brane is negatively charged because of its hydrogel struc-
ture, which is composed of hydrophobic acrylonitrile
and hydrophilic sodium methallyl sulfonate. AN69ST
membranes are reported to exhibit effective adsorption
properties for positively charged cytokines [5, 6]. The
adsorption properties of the AN69ST membrane have
attracted considerable attention overseas, and several
clinical trials using oXiris®, an improved version of the
ANG69ST hemofilter used in Japan, are underway [7, 8].
Additionally, in 2020, the year of the global coronavirus
disease 2019 (COVID-19) pandemic, the U.S. Food and
Drug Administration approved oXiris® for emergency
use as a product with potential to improve hypercy-
tokinemia caused by COVID-19 [9, 10].

However, AN69ST hemofilters have also demonstrated
adsorption and removal of nafamostat mesilate (NF), an
anticoagulant used during CHDF [11]. For this reason,
when performing CHDF with the AN69ST hemofilter
(AN69ST-CHDF), it is imperative that NF is admin-
istered in a different manner than that used in the past
[12]. The AN69ST hemofilter is assumed to adsorb other
therapeutic drugs, thereby producing a complication in
the field.

We previously studied the effect of essential antimi-
crobial agent adsorption onto AN69ST membranes for
sepsis treatment by removing hollow fiber membranes
from hemofilters. We reported that glycopeptide agents,
vancomycin hydrochloride (VCM) and teicoplanin
(TEIC), which are anti-methicillin-resistant Staphylococ-
cus aureus (anti-MRSA) agents, tend to be particularly
susceptible to adsorption [13]. Anti-MRSA agents are
among the most important drugs for sepsis treatment
[14]. Therefore, the adsorptive removal of anti-MRSA
agents by the AN69ST hemofilter can affect the life
expectancy of patients and requires immediate investiga-
tion. However, to our knowledge, there are no reports on
the effects of adsorption onto the AN69ST membranes
for anti-MRSA agents such as arbekacin sulfate (ABK),
linezolid (LZD), and daptomycin (DAP). In addition, the
effect of adsorption onto the AN69ST hemofilter when
anti-MRSA agents are circulated in the dialysis circuit
has not been elucidated.
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The purpose of this study is therefore to determine the
method to ensure the efficacy of anti-MRSA agents for
treatment without their adsorption and removal by the
ANG69ST hemofilter when performing blood purification
therapy. We investigated the adsorption of anti-MRSA
agents onto the AN69ST membranes and compared
the adsorption based on antimicrobial classification.
In addition, using a dialysis circuit model connected to
the AN69ST hemofilter, effects of adsorption of anti-
MRSA agents on the AN69ST hemofilter in vitro were
investigated.

Materials and methods

Materials

The anti-MRSA agents used were the semisynthetic ami-
noglycoside ABK (Arbekacin Sulfate Injection; 25 mg;
Takeda Pharma Co., Ltd., Osaka, Japan), oxazolidinone
LZD (LINEZOLID for LV. Infusion; 600 mg; neo Criti-
Care Pharma Co., Ltd., Tokyo, Japan.), VCM (Vancomy-
cin 0.5 g; Meiji Seika Pharma Co., Ltd., Tokyo, Japan),
TEIC (TEICOPLANIN, intravenous for drip use; 200 mg;
Fuji Pharma Co., Ltd., Tokyo, Japan), and cyclic lipopep-
tide DAP (CUBICIN® IV 350 mg; MSD Co., Ltd., Tokyo,
Japan) (Fig. 1). To exclude the influence of molecular size,
meropenem hydrate (MEPM; Meropenem for Injection;
0.25 g; Pfizer Japan Inc., Tokyo, Japan; molecular weight:
437.51) and cyanocobalamin (CN-Cbl; FUJIFILM Wako
Pure Chemical Co., Osaka, Japan; molecular weight:
1355.37), which were confirmed not to be adsorbed
onto the AN69ST membranes in preliminary tests and
had molecular weight similar to that of the target drugs,
were used as standard reagents. The AN69ST hemofilter
(sepXiris ®150; Baxter Co., Ltd., Tokyo, Japan) was used.
Hollow fiber membranes were removed by disassembling
the housing of the hemofilter. The blood purification
system (Prismaflex®; Baxter Co., Ltd., Tokyo, Japan) was
used exclusively for the AN69ST hemofilter.

Concentration preparation and quantification methods
The molar concentration of each drug was diluted with a
saline solution to achieve 60—80 umol/L. Arbekacin sul-
fate (ABK) was prepared at a concentration of 40 pug/mL,
VCM at 100 pg/mL, and TEIC and DAP at 120 pg/mL.
Standard reagents were similarly set with MEPM and
CN-Cbl at 25 and 100 pg/mL, respectively. Linezolid was
prepared at a concentration of 25 ug/mL by dilution with
5% dextrose solution, which is the same as the product
solvent.

Drug quantification was performed by measuring the
absorbance at the maximum absorption wavelength
of each drug (VCM: 280 nm; TEIC: 279 nm; LZD:
250 nm; and DAP: 261 nm) using a spectrophotometer
(BioSpec-mini, Shimadzu Co., Kyoto, Japan). For ABK,



Inano et al. Renal Replacement Therapy (2024) 10:8

HaN,, Q
o o £ o

HO! NH2 NH2
\Q/ H3C>_H ON\/
OH - H,S0, N
00 N
HO/\Q' HN T]/k/\ o \-/\_k
NH: 0%g
HON “OH
o]
NH2
Arbekacin sulfate Linezolid
MW : 650.70 MW : 337.35
HO! WOt
Cl OH —
o oA

teicoplanin Az group : R?=
on

oH o

o o
H teicoplanin Azt : R3= =L~~~ Ot
N ~~
NH °
o teicoplanin Az | RY= —_ o~~~
I
o
° teicoplanin Az : B3 = —L _~ A~~~
o
HO. telcoplanin Az § B =~~~
cn
o cH
. 0 teicoplanin Azs : R?= U~ ~~Ac,
NH: teicoplanin Aw: : R2 = H

MW : 1564.25~1893.68
Fig. 1 Structural formulas of anti-MRSA agents. MW Molecular weight

trinitrophenyl derivatization using trinitrobenzenesul-
fonic acid sodium salt dihydrate (FUJIFILM Wako Pure
Chemical Co.) was performed, and the absorbance was
measured at the maximum absorption wavelength of
412 nm.

Methods

Experiment using AN69ST membranes

The AN69ST membranes (approximately 0.08 m
in size) were added to 200 mL of each drug solution
and agitated at 37 °C (Fig. 2). The drug solution was

3
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collected before and at 1, 5, 10, 15, 20, 30, and 45 min
after the addition of the AN69ST membranes, and the
absorbance was measured. The drug content was cal-
culated by determining the concentration based on the
measured absorbance. Standard reagents used for ABK
and LZD (molecular weight below 1000) were MEPM
(hereafter called "standard-I") and for VCM, TEIC,
and DAP (molecular weight above 1000) were CN-Cbl
(hereafter called "standard-II"). The experiment was
performed four times for each drug, and values are pre-
sented as mean + standard deviation.
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Fig. 2 Device used in an adsorption experiment performed on AN69ST membranes. Double circles indicate sampling points
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Experiment using the dialysis circuit model

Priming was performed using heparin-containing saline
(5000 U/L). Subsequently, a drug solution (1000 mL) was
circulated at a solution flow rate (Qg) of 80 mL/min while
maintained at 37 °C. Saline was used as dialysate. The
dialysate (Qp) and filtration flow rate (Qg) were both set at
500 mL/h to eliminate the effects of ultrafiltration (Fig. 3).
Drug solutions were collected at 0 min of circulation and
then, at 5, 10, 20, 30, 60, and 120 min; the absorbance was
measured. The drug content was calculated by determin-
ing the concentration based on the absorbance measured.
Due to the start time being defined as the time when the
priming solution in the circuit was replaced by the drug
solution, 0 min was set after a 150 s delay. In addition, the
drug solutions were collected at 5 and 60 min at the inlet
and outlet of the hemofilter, and the concentrations were
measured to calculate the clearance of each drug.

Calculations

The drug concentration was calculated based on the
absorbance measured using a calibration curve. Drug con-
tent was calculated using the following equation:

C
Content of drug(%) = Ft x 100
0
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where C,, is the initial concentration of the drug solution,
and C, is the concentration of the drug solution collected
over time.

The clearance of each drug was calculated using the fol-
lowing equation:

Cleamnce<m,L> = M x QB
min C;

where C;, and C_,, are the concentrations of the drug
solutions collected at the inlet and outlet of the hemofil-
ter, respectively, and Qy is the solution flow rate.

Statistical analyses

To evaluate adsorption on the AN69ST membranes,
Dunnett’s test was performed using the multiple compar-
ison procedure between the standard reagent and each
drug. Statistical analysis was performed using RemdrPl-
ugin software, EZR (Easy R) [15]. p<0.01 was considered
statistically significant.

Results

Experiment using AN69ST membranes

The changes in the content of each drug after the addi-
tion of AN69ST membranes are shown in Fig. 4. First,
we examined ABK and LZD (Fig. 4A). The ABK content
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Fig. 3 In vitro dialysis circuit model device. Black arrows indicate solution flow, and double circles indicate sampling points
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Fig. 4 Changes in the content of anti-MRSA agents after AN69ST membrane exposure. A Drugs with molecular weight below 1000; B Drugs
with molecular weight over 1000. (filled circle): Arbekacin; (white triangle): Linezolid; (filled diamond): Standard-I: Meropenem; (filled triangle):
Vancomycin; (white circle): Daptomycin; (filled square): Teicoplanin; (white diamond): Standard-Il: Cyanocobalamin. All data are presented

asmean+SD (n=4).*: p<0.01.

decreased to 69.8% at 1 min and 51.6% at 5 min. This
rapid decrease slowed down after 5 min and gradu-
ally decreased to 44.4% at 45 min. Linezolid had a slight
decrease to 93.3% at 1 min but no significant changes
were observed thereafter. The Dunnett’s test for ABK
using standard-I showed a significant difference after
1 min (p<0.01), whereas LZD did not.

Next, we examined TEIC, DAP, and VCM (Fig. 4B).
The content of TEIC, DAP, and VCM decreased imme-
diately after the start and were 64.1%, 69.8%, and 82.7%
at 10 min, respectively. Thereafter, however, the content
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g
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[e]
o
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0.0 — o
0 30 60 90 120

Time (min)

of all three drugs decreased only slightly. The Dunnett’s
test using standard-II showed significant differences after
1 min for all three drugs (p <0.01).

Experiment using the dialysis circuit model

The changes in the content of each drug after circula-
tion in the dialysis circuit model are shown in Fig. 5.
The content of all drugs decreased by approximately
20% at 0 min owing to the dilution of the priming solu-
tion in the circuit. Compared with standards I and II,
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Fig.5 Changes in the content of anti-MRSA agents in the in vitro dialysis circuit model. A Drugs with molecular weight below 1000; B Drugs
with molecular weight over 1000. (filled circle): Arbekacin; (white triangle): Linezolid; (filled diamond): Standard-I: Meropenem; (filled triangle):
Vancomycin; (white circle): Daptomycin; (filled square): Teicoplanin; (white diamond): Standard-1I: Cyanocobalamin.}%: Unable to measure as level
was below measurement limit. The start time (0 min) was set after a 150 s delay to allow the circuit to fill with the drug solution
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the change in the content of ABK, TEIC, VCM, and
DAP clearly decreased, whereas the LZD content was
unchanged (Fig. 5).

In terms of the drug content, ABK decreased rapidly
from 0 min, reaching 28.8% at 10 min, 3.7% at 20 min,
and finally, decreased below the measurement limit
after 30 min. In contrast, LZD had a gradual decrease to
64.2% from 0—10 min and to 60.6% at 20 min (Fig. 5A).
Teicoplanin (TEIC), DAP, and VCM decreased after
the start and were 25.7%, 43.8%, and 44.5% at 20 min,
respectively. Thereafter, they continued to decrease
gradually (Fig. 5B).

The clearance of each drug at 5 and 60 min is shown
in Fig. 6. For clearance at 5 min, ABK had the highest
clearance at 80 mL/min as the outlet concentration
was below the measurement limit. Teicoplanin (TEIC),
VCM, and DAP were 65.8, 43.8, and 38.2 mL/min,
respectively, which were higher than those in standards
I and II. The LZD was only 6.6 mL/min, which is similar
to that of standards I and II. The clearance at 60 min
was similar to that of standards I and II, with all drugs
below 10 mL/min, except for ABK, which was below
the measurement limits for both the inlet and outlet
concentrations.
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Fig. 6 Clearance of anti-MRAS agents in the in vitro dialysis

circuit model. Black area indicates clearance at 5 min. Shaded area
indicates clearance at 60 min. The three samples on the right had
molecular weights below 1000. After the fourth stage, the samples
had molecular weights greater than 1000. The clearance of ABK

at 60 min could not be calculated because the inlet and outlet ABK
concentrations were below the measurement limits. ABK Arbekacin;
LZD Linezolid; Standard-I, Meropenem; TEIC Teicoplanin; VCM
Vancomycin; DAP Daptomycin; Standard-ll, Cyanocobalamin. N.D.: Not
detected
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Discussion

Anti-MRSA agents are essential for emergency septic
treatment; however, some agents tend to be absorbed
onto the AN69ST hemofilter. To date, we have examined
the adsorption of two anti-MRSA agents, namely VCM
and TEIC (both glycopeptide), onto AN69ST membranes
[13]. In this study, we compared the effects of adsorp-
tion onto AN69ST membranes with the addition of ABK
(aminoglycoside), LZD (oxazolidinone), and DAP (cyclic
lipopeptide).

We investigated changes in the drug content in the
presence of AN69ST membranes. The semisynthetic
aminoglycoside ABK showed the highest decrease in the
content among all the examined drugs and was substan-
tially different from that of standard-I. Aminoglycoside
drugs have amino groups in their structure and are posi-
tively charged in aqueous solutions [16]. The adsorption
mechanism of the AN69ST membrane depends on the
ionic binding of positively charged substances due to the
strong negative charge of the sulfonate groups of sodium
methallyl sulfonate that are a part of the membrane
[6]. These results suggest that ABK, which has multiple
amino groups, was more easily adsorbed by the AN69ST
membranes than the other drugs, thereby resulting in the
lowest content.

Conversely, the oxazolidinone drug LZD showed
almost no decrease in content. Linezolid (LZD) does not
have a positively charged functional group unlike ABK.
Therefore, LZD was not adsorbed onto the AN69ST
membranes and its content did not decrease.

Glycopeptide agents, TEIC and VCM, and the cyclic
lipopeptide, DAP, were believed to be adsorbed onto
AN69ST membranes because the content of all three
drugs decreased substantially compared to that of stand-
ard-II. However, TEIC, VCM, and DAP did not show dif-
ferences in adsorption based on the number of amino
groups as was the case for ABK and LZD. Both TEIC and
VCM are steric structures consisting of peptide bonds
between multiple sugars and amino acids, whereas DAP
is a cyclic structure consisting of multiple amino acids.
It is possible that adsorption other than ionic bonding
occurred because of intermolecular interactions caused
by these complex molecular structures.

Standards I and II were used as the basis to ana-
lyze changes in the content. The content of standards I
and II were similar and decreased gradually, regard-
less of the molecular weight. The principles of dialysis
include diffusion, filtration, and adsorption [17]. As this
study excluded the effect of ultrafiltration, the decrease
in the standard content that was not adsorbed onto the
AN69ST membrane can be due to the effect of diffu-
sion. Accordingly, we assumed that the changes in the
drug were the same as those of the standard drug and
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therefore they were concluded to be due to diffusion,
whereas changes in the drug, which were different to
those of the standard drug, were assumed to be due to
diffusion and adsorption. Based on this, we compared
the changes in the content of each drug. Linezolid (LZD)
showed changes similar to those in standards I and II,
whereas ABK, TEIC, DAP, and VCM showed a clear
decrease immediately after the start.

Senno et al. [18] reported that interleukin-6 clear-
ance of the AN69ST hemofilter in patients undergoing
AN69ST-CHDF was the highest at 15 min, whereas it
was considerably low at 1 h. Hence, the adsorption action
of the AN69ST hemofilter was considered to be effective
at an early stage. The clearance of ABK, TEIC, DAP, and
VCM, which decreased in content in this study, had an
initial increase at 5 min then decreased at 1 h to the same
levels as those of standards I and II. These results suggest
that ABK, TEIC, DAP, and VCM, with the exception of
LZD, decreased in content due to adsorption onto the
ANG69ST hemofilter.

Finally, based on this study and previous studies, we
discuss the effects of adsorption and treatment of each
drug when the AN69ST hemofilter is used in blood puri-
fication therapy.

In this study, LZD showed almost no adsorption onto
the AN69ST hemofilter. Hiraiwa et al. [19] also reported
that LZD added to a buffer solution containing fetal
bovine serum and circulated in closed-circuit circula-
tion using an AN69ST hemofilter did not show enough
adsorption to affect therapy. Furthermore, Yamashina
et al. [20] reported that the CHDF clearance of LZD in
patients receiving AN69ST-CHDF did not increase
rapidly and that effective blood concentrations were
maintained. Therefore, we concluded that LZD can be
administered without factoring in adsorption removal by
the AN69ST hemofilter.

To our knowledge, no previous studies have discussed
the adsorption of ABK on the AN69ST hemofilter. How-
ever, Urata et al. [21] reported that the AN69 membrane,
which was the basis for the development of the AN69ST
membrane, substantially increased the dialysis clear-
ance of patients on ABK for up to 2 h after the start of
dialysis. AN69 membrane, developed in 1969, is syn-
thetic polymer membrane with highly hydrophilic and
charged properties [5, 22]. Although these membranes
are highly useful such as adsorbing cytokines, they also
have the problem that bradykinin is produced when the
membrane surface comes into contact with blood. In
response, the surface of AN 69 membrane was treated
with polyethyleneimine to develop the AN69ST mem-
brane. Incidentally, these surface treatments have no
effect on the adsorption capacity of cytokines. In this
study, the adsorption capacity of the AN69ST hemofilter

Page 7 of 9

for ABK was extremely high, similar to that reported with
the AN69 hemofilter [21]. Therefore, ABK was expected
to affect the treatment because of its adsorption onto the
ANG69ST hemofilter; hence, other drugs should be con-
sidered for treatment.

Sawada et al. [23] reported that when TEIC was added
to a buffer solution containing human serum albumin
and circulated in the AN69ST-CHDF model, the clear-
ance of TEIC fluctuated, contributing to diafiltration,
and the effect of adsorption was negligible. However,
our results show that TEIC was second to ABK in terms
of adsorption. A possible explanation for this could be
that the protein binding of TEIC is involved. Nakanishi
et al. [24] reported that the adsorption performance of
AN69 membranes on drugs decreased based on the pro-
tein binding potential of the drugs. Although the protein
binding rate of TEIC is over 90% [25], we examined the
interaction between the membrane and the drug with-
out the addition of serum proteins. Hence, we presume
that TEIC was adsorbed in this study because it was pre-
sent as a free drug. For clinical use, TEIC mostly binds to
albumin in the blood. Therefore, the dosage regimen for
TEIC should be based on that reported by Sawada et al
[23]. However, if a patient is hypoalbuminemic, adsorp-
tion to the AN69ST hemofilter should be considered
because of the increased percentage of free drugs.

Uchida et al. [26] reported the clearance of VCM when
added to a buffer solution containing human serum albu-
min and circulated in the AN69ST-CHDF model. The
clearance of VCM increased temporarily due to adsorp-
tion until 10 min into the process but decreased thereaf-
ter, with fluctuations contributing to diafiltration. These
results are similar to those of our study. Accordingly, we
concluded that the adsorption of VCM by the AN69ST
hemofilter was affected only by the initial dose; however,
this effect was attenuated by maintenance dosing.

To our knowledge, no previous studies have discussed
DAP adsorption onto the ANG69ST hemofilter. The
changes in the DAP content in the dialysis circuit model
were almost consistent with those in the VCM content
assessment, which was inferred to be relatively unaf-
fected by adsorption. In addition, the protein binding rate
of the drug is as high as 90-93% for DAP [27] compared
to 30-37% for VCM [28]. Based on these findings, the
effect of DAP adsorption onto the AN69ST hemofilter
was expected to be less than that of VCM.

Since the release of the AN69ST hemofilter in 2014,
there have been few studies on the dialyzability of anti-
MRSA agents with the AN69ST hemofilter. Although
this study was useful in predicting clinical efficacy, it also
had several limitations. First, the sample size was small.
The study using the dialysis circuit model was a single
study. We will need to increase the number of samples
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to confirm the reproducibility of the study. Second, there
was no albumin or other protein added, and the protein
binding was not anticipated. Since the drug adsorption
onto the AN69ST hemofilter is affected by protein bind-
ing, future studies are necessary to take protein bind-
ing into account. Finally, this study was an in vitro study
that differed in many respects from clinical conditions.
Therefore, at this time, we believe that therapeutic drug
monitoring and dose design based on previous studies
are important to ensure the efficacy of anti-MRSA drugs
when performing blood purification therapy using an
ANG69ST hemofilter. In the future, we consider it impor-
tant to accumulate clinical evidence as well as research
on these issues.

Conclusions

The in vitro adsorption of anti-MRSA agents onto the
AN69ST hemofilter was confirmed for ABK, TEIC,
DAP, and VCM but not for LZD. In particular, the posi-
tively charged ABK was the most affected by adsorption.
Therefore, ABK administration should be avoided when
performing blood purification therapy using the AN69ST
hemofilter. In addition, we concluded that therapeu-
tic drug monitoring is preferable when TEIC, DAP, and
VCM are administered because the adsorption of these
drugs is likely to vary depending on the protein binding
rate of each drug.

Abbreviations

ABK Arbekacin

AN69 Sulfonated polyacrylonitrile
ANG9ST AN69 surface treated

CAH Cytokine-absorbing hemofilter

CHDF Continuous hemodiafiltration

CN-Cbl Cyanocobalamin

COVID-19  Coronavirus disease 2019

DAP Daptomycin

LZD Linezolid

MEPM Meropenem

MRSA Methicillin-resistant Staphylococcus aureus
NF Nafamostat mesilate

TEIC Teicoplanin

VM Vancomycin

Acknowledgements
Not applicable.

Author contributions

Yl designed the study, performed the experiments, analyzed the data analyses,
and wrote the manuscript. KT and RK performed the experiments and ana-
lyzed the data. GM and HN participated in the study design and contributed
to the study concept. All the authors have read and approved the final version
of the manuscript.

Funding
This study was supported by JSPS KAKENHI (Grant Number: 21K06686).

Availability of data and materials
All data generated or analyzed during this study are included in this published
article.

Page 8 of 9

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 9 November 2023 Accepted: 16 February 2024
Published online: 28 February 2024

References

1. HashidaT, Oshima T, Nakada T. Change in blood purification for sepsis. J
Jpn Soc Blood Purif Crit Care. 2021;12(1):45-51.

2. Hirasawa H. Pathophysiology of sepsis and countermeasures with
cytokine adsorbing hemofilter-CHDF-up-to-date 2011. J Jpn Soc Blood
Purif Crit Care. 2011;2(2):143-51.

3. Hirasawa H, Oda S, Nakamura M, Watanabe E, Shiga H, Matsuda K.
Continuous hemodiafiltration with a cytokine-adsorbing hemofilter for
sepsis. Blood Purif. 2012;34:164-70. https://doi.org/10.1159/000342379.

4. Shiga H, Hirasawa H, Nishida O, Oda S, Nakamura M, Mashiko K, et al.
Continuous hemodiafiltration with a cytokine-adsorbing hemofilter in
patients with septic shock: a preliminary report. Blood Purif. 2014;38:211-
8. https://doi.org/10.1159/000369377.

5. Moriyama K, KatoY, Hasegawa D, Kurimoto Y, Kawaji T, Shimomura v, et al.
Cytokine adsorption properties of cytokine-adsorbing hemofilters. J Jpn
Soc Blood Purif Crit Care. 2019;10(1):5-9.

6. Moriyama K, Onozuka N, Tsunashima H. Cytokine-adsorbing hemofilter:
Baxter Sepxiris (AN69ST hemofilter). Jpn J Artif Organs. 2014;43(3):233-7.

7. Kooguchi K. Approval trials for intensive care treatments unique to Japan.
JJpn Soc Intensive Care Med. 2023;30:163-9. https://doi.org/10.3918/
jsicm.30_163.

8. Karkar A, Ronco C. Prescription of CRRT: a pathway to optimize
therapy. Ann Intensive Care. 2020;10:32. https://doi.org/10.1186/
$13613-020-0648-y.

9. KangK, LuoY,GaoY, Zhang J, Wang C, Fei D, et al. Continuous Renal
Replacement Therapy With oXiris Filter May Not be an Effective Resolu-
tion to Alleviate Cytokine Release Syndrome in Non-AKI Patients With
Severe and Critical COVID-19. Front Pharmacol. 2022;13: 817793. https://
doi.org/10.3389/fphar.2022.817793.

10. Ruiz-Rodriguez JC, Molnar Z, Deliargyris EN, Ferrer R. The use of CytoSorb
therapy in critically Il COVID-19 patients: review of the rationale and cur-
rent clinical experiences. Crit Care Res Pract. 2021;2021:7769516. https://
doi.org/10.1155/2021/7769516.

11. HirayamaT, Nosaka N, Okawa Y, Ushio S, Kitamura Y, Sendo T, et al.
ANGE9ST membranes adsorb nafamostat mesylate and affect the man-
agement of anticoagulant therapy: a retrospective study. J Intensive Care.
2017;5:46. https://doi.org/10.1186/540560-017-0244-x.

12. Inano ', Shinozaki K, Takeuchi M, Uchiyama S, Nakamura M, Shimada
T, et al. Investigation on the administration method of nafamostat
mesilate as an anticoagulant from the venous side drip chamber during
continuous hemofiltration using an AN69ST hemofilter. Jpn J Drug Saf.
2018;3(2):109-17.

13. Inano Y, Kumano R, Shinozaki K, Ozaki Y, Miura G, Nakasa H. Adsorption
characteristics of various antibiotics onto AN69ST membranes. J Jpn Soc
Blood Purif Crit Care. 2019;10(2):125-30.

14. Egi M, Ogura H, Yatabe T, Atagi K, Inoue S, Iba T, et al. The Japanese
clinical practice guidelines for management of sepsis and septic shock
2020 (J-SSCG 2020). J Intensive Care. 2021;9:53. https://doi.org/10.1186/
s40560-021-00555-7.

15. Kanda Y. Investigation of the freely available easy-to-use software 'EZR'for
medical statistics. Bone Marrow Transplant. 2013;48:452-8. https://doi.
0rg/10.1038/bmt.2012.244.


https://doi.org/10.1159/000342379
https://doi.org/10.1159/000369377
https://doi.org/10.3918/jsicm.30_163
https://doi.org/10.3918/jsicm.30_163
https://doi.org/10.1186/s13613-020-0648-y
https://doi.org/10.1186/s13613-020-0648-y
https://doi.org/10.3389/fphar.2022.817793
https://doi.org/10.3389/fphar.2022.817793
https://doi.org/10.1155/2021/7769516
https://doi.org/10.1155/2021/7769516
https://doi.org/10.1186/s40560-017-0244-x
https://doi.org/10.1186/s40560-021-00555-7
https://doi.org/10.1186/s40560-021-00555-7
https://doi.org/10.1038/bmt.2012.244
https://doi.org/10.1038/bmt.2012.244

Inano et al. Renal Replacement Therapy (2024) 10:8

16. Hori S. Adverse effects of antimicrobial agents The mechanisms of their
concentration-dependent effects. Jpn J Chemother. 2004;52(6):293-303.

17. Nishida O. A reconsideration of effective mediator removal based
on hemofiltration principles -Taking the HMGB1, notable alarmin,
removal by hemofiltration for instance-. J Jpn Soc Blood Purif Crit Care.
2011;2(1):52-60.

18. Senno 'Y, Nakanouchi T, Okazaki T, Ishii R, Ikeda T, Suzuki T, et al. Examina-
tion of the cytokine adsorption performance of AN69ST membrane
hemofilter over time. J Jpn Soc Blood Purif Crit Care. 2017,8(1):43-7.
https://doi.org/10.34325/jsbpcc.8.1_43.

19. Hiraiwa T, Moriyama K, Matsumoto K, ShimomuraY, Kato Y, Yamashita C,
et al. In vitro evaluation of linezolid and doripenem clearance with differ-
ent hemofilters. Blood Purif. 2020;49:295-301. https://doi.org/10.1159/
000504039.

20. Yamashina T, Tsuruyama M, Odawara M, Tsuruta M, Miyata H, Kozono A,
et al. Pharmacokinetics of linezolid during continuous hemodiafiltration:
a case report. J Infect Chemother. 2017. https://doi.org/10.1016/jjiac.
2017.03.013.

21. Urata M, Narita Y, Kadowaki D, Tanoue K, Tashiro |, Fukunaga M, et al. Inter-
action of arbekacin with dialysis membrane. Ren Replace Ther. 2016;2:35.
https://doi.org/10.1186/541100-016-0045-z.

22. Kobayashi S, Ohtake T. The characteristics of dialysis membranes:
benefits of the AN69 Membrane in hemodialysis patients. J Clin Med.
2023;12:1123. https://doi.org/10.3390/jcm12031123.

23. Sawada M, Uchida M, Yamazaki S, Suzuki T, Suzuki T, Ishii I. In vitro analysis
of factors affecting the continuous hemodiafiltration clearance of teico-
planin. Artif Organs. 2022. https://doi.org/10.1111/aor.14447.

24. Nakanishi Y, Inagaki O, Hiwasa K, Hiraoka K, Takamitsu Y. Adsorp-
tion of charged drugs by dialysis membranes. Jpn J Artif Organs.
1996;25(1):113-6.

25. Assandri A, Bernareggi A. Binding of Teicoplanin to Human Serum Albu-
min. Eur J Clin Pharmacol. 1987;33:191-5.

26. Uchida M, Sawada M, Yamazaki S, Suzuki T, Suzuki T, Ishii I. Contribution
of diafiltration and adsorption to vancomycin clearance in a continuous
hemodiafiltration circuit model in vitro. Artif Organs. 2022;46:1086-96.
https://doi.org/10.1111/aor.14178.

27. Benvenuto M, Benziger DP, Yankelev S, Vigliani G. Pharmacokinetics and
tolerability of daptomycin at doses up to 12 milligrams per kilogram of
body weight once daily in healthy volunteers. Antimicrob Agents Chem-
other. 2006;50(10):3245-9. https://doi.org/10.1128/AAC.00247-06.

28. Nakashima M, Katagiri K, Oguma T. Phase | studies on vancomycin hydro-
chloride for injection. Jpn J Chemother. 1992;40(2):210-24.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9


https://doi.org/10.34325/jsbpcc.8.1_43
https://doi.org/10.1159/000504039
https://doi.org/10.1159/000504039
https://doi.org/10.1016/j.jiac.2017.03.013
https://doi.org/10.1016/j.jiac.2017.03.013
https://doi.org/10.1186/s41100-016-0045-z
https://doi.org/10.3390/jcm12031123
https://doi.org/10.1111/aor.14447
https://doi.org/10.1111/aor.14178
https://doi.org/10.1128/AAC.00247-06

	In vitro effects of anti-MRSA agent adsorption onto the AN69ST hemofilter
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Materials
	Concentration preparation and quantification methods
	Methods
	Experiment using AN69ST membranes
	Experiment using the dialysis circuit model
	Calculations

	Statistical analyses

	Results
	Experiment using AN69ST membranes
	Experiment using the dialysis circuit model

	Discussion
	Conclusions
	Acknowledgements
	References


