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ABSTRACT

Introduction: Hemodialysis (HD) with low blood flow rate, continuous renal replacement therapy (CRRT),
and peritoneal dialysis are recommended for patients with stroke complications to prevent intracranial
hypertension because of the low diffusion capacity of the brain barrier. However, detailed guidelines are
not currently available; thus, there is an urgent need to establish such guidelines.

Material and Methods: We developed a novel protocol for performing CRRT with the AN69ST membrane,
which has excellent adsorption capacity for various cytokines. The objective of this study was to compare
the effect of the novel protocol with that of the current standard protocol, i.e. hemodialysis with low blood
flow rate. To compare the effect of hemodialysis with low blood flow (HD group, n=27) and CRRT with
AN69ST membrane (CRRT group, n=8), we measured the following consciousness and blood inflamma-
tory parameters in patients with stroke complications at baseline and after 1 week of treatment: Glasgow
Coma Scale (GCS) score, C-reactive protein (CRP) levels, and white blood cell (WBC) and platelet count.

Results: After 1 week, the total GCS score did not improve in the HD group, but improved significantly in
the CRRT group (HD group: 13.1£3.0 to 13.3+3.1, p=0.5508, CRRT group: 8.9£3.9 to 11.54+3.9, p=0.0313).
Improvement in the CRRT group was significantly higher than in the HD group (p=0.0039). CRP levels did
not change significantly in either the HD (3.8+5.5 to 5.3+4.3 n.s.) or CRRT groups (7.7+10.0 to 3.7£3.2
n.s.); however, they tended to increase in the HD group and decrease in the CRRT group. No significant
changes were observed in WBC and platelet counts after 1 week of treatment in either group.
Conclusion: CRRT with the AN69ST membrane might have a beneficial effect on the consciousness level
and inflammation of patients with stroke.
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INTRODUCTION

Patients undergoing chronic maintenance
dialysis generally have a higher incidence of
cerebrovascular events than healthy people do,
and the prognosis for these patients is often un-
favorable when such events occur as a complica-
tion during dialysis. [1] The Dialysis Outcomes
and Practice Pattern Study (DOPPS), which an-
alyzed data from patients undergoing dialysis in
Japan, Europe, and the United States, revealed
that the prevalence of cerebrovascular disorders
in these patients was between 12.5% and 18.4%.
[2] In Japan, the incidence of cerebral hemor-
rhage among patients undergoing chronic main-
tenance dialysis is reported to be 3.0-10.3 cases
per 1,000 patients per year, a rate that is extreme-
ly high compared with the general Japanese pop-
ulation, 1.2-3.2 cases per 1,000 people per year.
[3-7] Moreover, the mortality rate among dialy-
sis patients who have developed cerebral hem-
orrhage as a complication is 27-83% (average:
53%), which is higher than the 19% mortality
rate in the general population. [7] Thus, there is
an urgent need to reduce the incidence of cere-
brovascular events in these patients in order to
improve outcomes.

The selection of a blood purification thera-
py is a critical factor in improving the poor prog-
noses in patients undergoing dialysis. As the risk
of hematoma increases within the first 24 hours
after the onset of cerebral hemorrhage, avoiding
dialysis is desirable during this period. [8] In ad-
dition, when hemodialysis is unavoidable, the at-
tending physician should select a method that has
a minimal effect on intracranial pressure. Krane
investigated the intracranial pressure fluctuations
in patients with cerebral hemorrhage by compar-
ing patients undergoing hemodialysis (HD) and
those undergoing peritoneal dialysis, and found
that intracranial pressure rose sharply in patients
undergoing HD, but remained stable in patients
undergoing peritoneal dialysis. [9] In addition,
Davenport compared intermittent hemodialysis
(IHD) and continuous renal replacement therapy
(CRRT), and reported that intracranial pressure
increased in patients undergoing THD but not in
patients undergoing CRRT. [10] Peritoneal dial-
ysis, reduced blood flow dialysis, and CRRT are
recommended in the Japanese treatment guide-
lines for stroke as well as the treatment guide-
lines published by The Japanese Society for

Dialysis Therapy. [1, 11] However, the precise
indications for each of these therapies have not
been established. There are also numerous in-
stitutions that are unable to adequately provide
peritoneal dialysis and CRRT because of staffing
and resource limitations. Until 2016, only dialy-
sis with a low blood flow rate could be employed
at our institution because of staffing limitations;
however, CRRT became feasible as a result of
the increase in our staff in 2017. Furthermore,
because many patients with stroke also develop
infection, we must manage infection and intra-
cranial pressure hypertension simultaneously.
The AN69ST membrane was first approved by
the Japanese Health Insurance System (JHIS) in
2014 for use in patients with severe sepsis and
septic shock.

Therefore, we developed a new dialysis
protocol, CRRT with AN69ST membrane, and
compared it with hemodialysis with low blood
flow, with respect to the levels of consciousness
and inflammation markers.

MATERIAL AND METHODS

The purpose of this study was to investi-
gate the change in symptoms of cerebrovascular
disease between the HD group, in which dialysis
with low blood flow rate, and the CRRT group,
which followed the new protocol.

This study was approved by the Institu-
tional Review Board of the Hanwa Memorial
Hospital.

Details regarding the previous standard
and new study protocols are provided below.
Both protocols were performed in patients un-
dergoing chronic maintenance dialysis who were
admitted to our hospital because of cerebrovas-
cular diseases (e.g., stroke, but excluding lacunar
infarction), and who were subsequently admitted
to the intensive care unit (ICU) or high care unit
(HCU).

Previous protocol (HD group)

The patients, dialysis with low blood flow
rate was employed.

New protocol (CRRT group)

Patients received CRRT with the AN69ST
membrane 3—4 times a week as follows:

e Patients under mechanical ventilation
support: CRRT for 24 hours/day
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* Patients without mechanical ventilation:
CRRT for up to 8 hours/day

The HD group comprised 27 patients who
were admitted in 2015 and 2016. The CRRT in-
cluded 8 patients who were admitted from No-
vember 2017 to April 2018.

The patients’ level of consciousness was
evaluated using the Glasgow Coma Scale (GCS),
which assesses the consciousness of patients by
evaluating their visual, verbal, and motor func-
tions. The following perameters were compared
between the HD and CRRT groups: GCS score,
CRP level, and WBC and platelet counts at base-
line and after 1 week of treatment.

Statistical analysis was conducted using the
JMP® 12 software suite (SAS Institute Inc., Cary,
NC, USA). The Wilcoxon rank-sum test was used
for unpaired data, Wilcoxon signed-rank test was
used for paired data, and Fisher’s exact test was
used to evaluate category variables. The level of
statistical significance was set at a hazard ratio of
5%. Results were expressed as mean + standard
deviation or median (25, 75%).

RESULTS

No significant differences were observed
between the CRRT and HD groups with respect
to patient demographic and clinical data (Ta-
ble 1). The dialysis conditions in the HD and
CRRT groups are described in Table 2. No im-
provement in the total GCS score was observed
in the HD group, but in the CRRT group, lev-
el of consciousness improved after 1 week of
treatment [Fig.la]. A significant difference was

Table 1. Patient characteristics and clinical conditions

also observed in comparisons between the HD
and CRRT groups with regard to the extent of
change in GCS score from baseline through the
end of 1 week of treatment [Fig. 1b]. With re-
gard to changes individual elements of the GCS
score over baseline values, the level of improve-
ment in “eye opening” was significant in the HD
group, with no significant changes observed in
the CRRT group [Fig. 2a]. Comparison between
the two groups revealed that the extent of im-
provement in “eye opening” and “best verbal
response” in the CRRT group was significant-
ly greater than that in the HD group [Fig. 2b].
No significant difference in CRP level was ob-
served between at baseline and after treatment
in neither groups; however, a worsening trend
was observed in the HD group, while an improv-
ing trend was observed in the CRRT group (HD
group: 3.8 = 5.5 mg/dl before dialysis, 5.3 + 4.3
mg/dl after 1 week of treatment; CRRT group:
7.7 £ 10.0 mg/dl before dialysis, 3.7 £ 3.2 mg/
dl after 1 week of treatment) [Fig. 3a]. In addi-
tion, the degree of reduction in CRP values in the
CRRT group was significantly greater than that
in the HD group (p=0.0477) [Fig. 3b].

No significant improvement was observed
between baseline and post-treatment values in
each group and in the extent of change after
treatment between the two groups with respect
to WBC (HD group: 8,657 + 3,274/uL before
dialysis, 7,807 £ 1,970/uL after 1 week of treat-
ment; CRRT group: 11,886 + 3,046/uL before
dialysis, 8,971 £ 3,657/uL after 1 week of treat-
ment) or platelet count (HD group: 187,857 +
84,169/uL before dialysis, 206,288 + 83,259/ul.
after 1 week of treatment; CRRT group: 170,857
+ 33,672/uL before dialysis, 194,429 + 48,686/
pL after 1 week of treatment).

HD CRRT

Characteristics and clinical conditions (n=27) (n=8) P value
Age, mean (SD) (years) 64.9 (12.2) 68.4 (8.7) 0.4913
Male : Female, n 17 :10 6:2 0.6855
Weight, mean (SD) (kg) 53.1(13.2) £8.0(23.0) 0.4475
Diabetes mellitus, n 19 7 0.6478
Surgery, n 3 3 0117
Brain hemorrhage, n 13 6 0.2438
Subarachnoid hemorrhage, n 1 1 0.4101
Brain infarction, n 13 1 0.1078
Mechanical ventilation, n 3 2 0.5675
BUN, mean (SD) (mg/dl) 499 (19.3) 59.8(158) 0.095

CRRT, continuous renal replacement therapy; HD, hemodialysis; BUN, blood urea nitrogen; SD, standard deviation.
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Table 2. Dialysis conditions

Dialysis conditions HD CRRAT
¥ (n=27) (n=8)
Blood pump flow rate, median (25, 75%) (ml/nin) 200 (150, 250) 100 (100, 108)
Dialysate flow rate, median (25, 75%) (ml/min) 500 (500, 500) 49 (13, 300)
Dialysistime, mean (SD) (time) 3.9(04) 88(56.2)
ANBSST: other membranes, n 0:27 8:0
CRRT, n 0 8
Conventional hemcdialysis, n 26 0
Hemodiafiltration, n 1 0
Effective membrane area, median (25, 75%) (m2) 1.5(15,1.8) 1(1,1.375)
CRRT, continuous renal replacement therapy; HD, hemodialysis
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Figure 1. a) Comparison of total Glasgow Coma Scale (GCS) scores between the hemodialysis (HD) and continuous
renal replacement therapy (CRRT) groups before and after 1 week of treatment.

b) Comparison of the extent of change in GCS score between the two groups.

Asterisk indicates p<0.05 on the Wilcoxon rank-sum test and the Wilcoxon signed-rank test. n.s. indicates a non-significant difference.
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Figure 2. a) Comparison of scores on individual components of the Glasgow Coma Scale (GCS) between the hemodialysis
(HD) and continuous renal replacement therapy (CRRT) groups before and after 1 week of treatment.

b) Comparison of the extent of change in individual component GCS scores between the two groups.

Asterisk indicates p<0.05 on the Wilcoxon rank-sum test and the Wilcoxon signed-rank test.
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Figure 3. a) Comparison of C-reactive protein (CRP) levels between the hemodialysis (HD) and continuous renal
replacement therapy (CRRT) groups before and after 1 week of treatment.

b) Comparison of the extent of change in CRP levels between the two groups.

Asterisk indicates p<0.05 on the Wilcoxon rank-sum test and the Wilcoxon signed-rank test.

DISCUSSION AND CONCLUSION

A small number of reports have indicated
that dialysis with low blood flow rate does not
result in increased intracranial pressure; howev-
er, in the present study, patients’ levels of con-
sciousness and CRP levels improved more in the
CRRT group than in the HD with reduced low
blood flow group. [12]

Although membranes permitted for hemo-
filtration during CRRT in Japan include polysul-
fone, cellulose triacetate, polyethersulfone, and
polymethylmethacrylate (PMMA), CRRT using
the AN69ST membrane was approved for cover-
age by the JHIS in 2014. Among these filtration
membranes, only PMMA and AN69ST are capa-
ble of cytokine adsorption. PMMA excels at ad-
sorbing cytokines of approximately 20 kDa via
monomolecular layer fitting. [13] In contrast, as
the AN69ST membrane achieves adsorption via
electric potentials, it is thought to be capable of
strongly adsorbing positively-charged cytokine
molecules. The theoretical capacity of mem-
branes to remove cytokines according to their
electrical potentials and molecular weights are
shown in [Fig. 4], which shows that the AN69ST
membrane has a broader adsorption capacity.
[14] A study in which the efficacy of the AN69ST
membrane was compared with that of PMMA

in sepsis patients, CRRT using the AN69ST
membrane was significantly more effective in
the early stabilization of vital signs. [15] In ad-
dition, previous studies have shown that CRRT
with AN69ST in sepsis patients achieved supe-
rior improvement in mortality rate according to
predictions based on their Acute Physiology and
Chronic Health Evaluation (APACHE) score.
[16, 17] Furthermore, according to “the peak
concentration hypothesis” proposed by Ronco et
al., the capacity for adsorption of a wide range
of cytokines is advantageous during sepsis treat-
ment. [18] In our clinical practice, we observed
numerous cases in which patients on chronic
maintenance dialysis developed high CRP lev-
els. Therefore, we assumed that the use of the
ANG69ST membrane would have a positive effect
on chronic hemodialysis patients with stroke. In
addition, even though three subjects in the CRRT
group underwent dialysis with procedures close
to those of conventional hemodialysis (dialysis
fluid flow rate of 300 ml/min, blood flow rate
of 100 ml/min, and dialysis period of 6 hours),
the improvement observed in the CRRT group
is nevertheless believed to be the result of the
cytokine adsorption capability of the AN69ST
membrane.

CRRT with the AN69ST membrane might

have a beneficial effect on the consciousness lev-
el and inflammation of patients with stroke.
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Figure 4. Cytokine removal characteristics of different membrane materials

The respective cytokine removal characteristics of filtration, polymethylmethacrylate (PMMA), and the AN69ST are
shown. The Y-axis indicates the electrical potential and the X-axis indicates the molecular weight.
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Pe3ume

E®EKTOT HA KOHTUHYUPAHA BYBPE/XKHA 3AMECTUTEJIHA TEPAITUJA

CO MEMBPAHATA AN69ST BP3 BOCHHAJIMTEJIHUTE MAPKEPU U HUBOTO

HA CBECHOCT KAJ MAIHUEHTUTE HA XEMOUJAJIN3A CO MO3OYEH YIAP:
CIIOPEJBA CO XEMO/INJAJIN3A CO HU3OK ITPOTOK HA KPB)
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Bosen: Xemonujamuzara (HD) co HI30K MPOTOK HA KPB, KOHTHHYHpaHaTa OyOpekHa 3aMeCTHTEITHA
tepanija (CRRT) u meputoHeanHara qujannsa ce IperopadyBaaTr Kaj MamueHTH CO KOMIUTUKAIINH OJT
MO304€H yJap 3a Jia ce Cpedyr WHTPaKpaHWjalHa XUIEPTEH3Uja MOpaJd HUCKUOT JU(DY3CH KararuTeTr
Ha Mo3ouHara Oapuepa. Cenak, BO MOMEHTOB HE C€ JOCTAITHU JICTAIHU yNaTcTBa; OTTYKa, ITOCTOM MTHA
norpeda Jja ce yTBPAAT BAKBH yIaTCTBA.

Marepujaau u MeToau: PazsuBme HOB poTOKOI 3a m3BemyBamke Ha CRRT co membOpanara AN69ST,
KOja MMa OJJTMYEH ariCOPIIIMCKHU KarauTeT 3a pa3indHu MUTOKUHMU. [lenTa Ha oBaa crynuja Oele ja ce
criopeir €PEeKTOT Ha HOBHOT IIPOTOKOJI CO OHOj Ha OCTOJHUOT CTAHIAPJICH IIPOTOKOI, OTHOCHO XEMO/IHjIT3a
CO HU30K MPOTOK Ha KPB. 3a Jia ce criopein e(eKTOT Ha XeMOJIMjain3a co HU30K potok Ha kpB (HD rpyma,
n=27)n CRRT co memGpana AN69ST (CRRT rpyma, n = §8), T MepeBMe clieTHIBE TapaMeTpy 3a CBECHOCT
Y KpBHU MH(IAMaTOpH Kaj TTAIMEHTH CO KOMIUTUKAIIMU O]l MO30YEH yap Ha MIOYETOKOT U 1O eTHa HeJela
on TperMaHoT: BpenHoct ox Glasgow Coma Scale (GCS), HuBoa Ha C-peaktusen nporeus (CRP), 6poj
Ha Oemn kpBHU KineTkn (WBC) 1 Ha TpoMOOIIUTH.

Pesyaratu: Ilo enqna Henena BkynHata BpeaHocT Ha GCS He ce mono6pu Bo rpynara HD, Ho
3Ha4YUTENHO ce mojoopu Bo rpynara CRRT (HD rpyma: 13,1+ 3,0 no 13,3 +3,1, p=0,5508, rpyna CRRT:
8,9+ 3,9 no 11,5 £ 3.9, p = 0,0313). [TomobpyBamero Bo rpynara CRRT Oeliie 3HaYUTEIHO TOBUCOKO
oTkonky kaj rpynara HD (p = 0,0039). HuBoara na CRP He ce mpomenuiie 3Ha4ajuo HuTy kaj HD (3,8 £
5,5 1o 5,3 £4,3 n.s.) wm rpynute CRRT (7,7 £ 10,0 mo 3,7 + 3,2 n.s.); cenak, THe ©UMaaT TCHJCHIIU]jA Ja
ce 3rosiemat Bo rpynara HD u na ce Hamanar Bo rpynara CRRT. He ce 3a0eneskanu 3Ha4ajHU MPOMEHH
BO OpojoT Ha OeJUTe KPBHM 3pHIA U TPOMOOIIUTUTE TI0 €JIHA HEJIeNIa 0J] TPETMAHOT BO Koja OWIIo rpyma.

3akuyuok: CRRT co memOpanara AN69ST moxe a nma KoprceH e(heKT Ha HUBOTO Ha CBECHOCTA
1 BOCIIAJICHUETO Kaj MAlUEeHTUTE CO MO30UYEH yaap.

Kayunu 300poBu: xemonujanmsa, mo3oueH ynap, CRRT, AN69ST



