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Efficacy of Rheocarna® in no-option chronic

limb-threatening ischemia

Abstract

In 2021, a new low-density lipoprotein apheresis device (Rheocarna®; Kaneka
Corporation, Osaka, Japan) was developed in Japan for treating Chronic Limb-
Threatening Ischemia (CLTT) with refractory ulcers (Rutherford classification score, 5
or 6), referred to as no-option CLTTI. This device eliminates key contributors to CLTI
such as Low-Density Lipoprotein Cholesterol (LDL-C) and fibrinogen. Rheocarna®
therapy might enhance skin perfusion pressure, reduce LDL-C, fibrinogen, and
C-reactive protein levels, and improve acute-phase angiography findings, leading to
better microcirculation and wound healing and help maintain chronic-phase blood
microcirculation and wound healing. This study demonstrates that Rheocarna® may be

a viable treatment option for no-option CLTT.
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Pressure; CRP: C-Reactive Protein; ACE: Angiotensin-Converting Enzyme

Description

Chronic Limb-Threatening Ischemia (CLTI) represents the final stage of lower-
extremity artery disease, defined as the presence of peripheral artery disease combined
with pain at rest, gangrene, or lower-limb ulceration for over 2 weeks, is associated with
a poor prognosis for the affected limb [1]. Arterial revascularization via bypass surgery
or endovascular therapy is the most effective treatment for wound healing in CLTI
[2]. However, clinicians often encounter challenging cases in which revascularization
may fail or be impractical that are referred to as no-option CLTT [3-5]. Below-the-
knee disease can be challenging because of its anatomical and lesional characteristics
[6]. In such cases, adjunct therapies such as apheresis, vascular regenerative therapy,
hyperbaric oxygen therapy, and spinal cord stimulation therapy play an important role.
Appropriate wound management by wound specialists and multidisciplinary teams is

necessary to avoid major amputations.

Rheocarna® device, uses porous cellulose beads containing negatively charged dextran
sulfate and hydrophobic tryptophan, eliminates key contributors to CLTI, such as
LDL-Cand fibrinogen, unlike conventional LDL-A (Liposorber®; Kaneka Corporation,
Osaka, Japan), which removes only LDL-C [7]. In addition, unlike conventional
LDL-A (Liposorber®; Kaneka Corporation, Osaka, Japan), the Rheocarna® is not
required in cases of treatment-resistant hyperlipidemia. Additionally, up to 24 sessions
over a 3-month period are covered by insurance. Rheocarna® therapy might enhance

SPD, reduce LDL-C, fibrinogen, and CRP levels, and improve acute-phase angiography
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findings, leading to better microcirculation and wound healing
[8,9]. Furthermore, we recently reported that Rheocarna® therapy
might help maintain chronic-phase blood microcirculation and

wound healing [10].

Two other reports in Japan showed that wound healing was
achieved with Rheocarna® treatment in 45.9% and 68.4% of
patients with no-option CLTT. The efficacy of Rheocarna® includes
improved microcirculation and wound healing in no-option
CLTT. Moreover, Rheocarna® is believed to enhance inflammation
and reduce tissue edema, leading to improved microcirculation.
The most common complication is hypotension, possibly due
to bradykinin production. Thus, an ACE inhibitor should be
withheld before the initial Rheocarna® therapy.

Fibrinogen is a key determinant of whole-blood viscosity, a critical
factor in blood flow rheology that influences the microcirculation in
lower-extremity arterial diseases. CLTT comprises microcirculatory
diseases involving impaired blood flow rheology. A reduction
in fibrinogen levels seems to influence whole-blood viscosity by
decreasing erythrocyte aggregation, potentially through increased
electrical repulsion between erythrocytes, which may enhance the
microcirculation and wound healing [11]. Therefore, modulating
fibrinogen levels is an important therapeutic target. For these

reasons, Rheocarna® can be considered a viable treatment for no-

option CLTT.

Similar to fibrinogen, LDL-C and CRP are viscosity-related
factors. Reports have shown that hyperlipidemia leads to
hemorheological impairments and that a decrease in LDL-C levels
may reduce blood viscosity and enhance blood supply to wounds
[12]. Guidelines strongly recommend statin therapy to prevent
all-cause and cardiovascular mortality in patients with CLTL
Elevated CRP levels are related to major amputations, suggesting
that a decrease in CRP levels may enhance wound healing [13].
Therefore, the modulation of LDL-C and CRP levels is also an
important therapeutic target. Rheocarna® can be considered a
viable treatment option for no-option CLTT for these reasons as

well.

SPP  measurement, a reliable method for evaluating the
microcirculation, is unaffected by arterial calcification, unlike
other physiological tests such as ankle-brachial pressure index and
toe pressure [14]. Therefore, SPP measurement is the standard
evaluation method for patients with CLTT in daily practice [15].
SPP measurement is also an accurate predictor of wound healing,
and an SPP >40 mmHg can indicate successful wound healing
[16,17]. The Rheocarna® may reduce fibrinogen levels and improve
SPP, improving microcirculation and wound healing in no-option

CLTT

Hemodialysis is a known risk factor for CLTI, and patients with
CLTT on hemodialysis have a poorer limb prognosis than those

with CLTT but not on hemodialysis. The number of patients with
CLTT on hemodialysis is higher inside than outside Japan [18,19].
Therefore, patients with CLTT and on hemodialysis are the main
therapeutic targets. Vascular access for Rheocarna® therapy is
achieved through a regular dialysis access puncture site. In patients
not on hemodialysis, catheters are commonly inserted into the
cervical veins. However, such catheters carry the risk of infection
and discomfort. Therefore, Rheocarna® therapy is relatively easy to

introduce for patients with CLTT on hemodialysis.
Conclusion

Rheocarna® may be a viable treatment for no-option CLTI and
may enhance SPP, reduce LDL-C, fibrinogen, and CRP levels,
and improve angiography findings with effects that potentially
persist from the acute to chronic phase, leading to better
microcirculation and wound healing. Rheocarna® is particularly
well-suited for patients with no-option CLTT on hemodialysis.
Further prospective studies with larger sample sizes are warranted

to validate these findings.
Funding

The authors received no financial support for this study, authorship,

or publication.
Competing and Conflicting Interests
The authors declare that they have no conflicts of interest.

References

1. Conte MS, Bradbury AW, Kolh P, et al. Global vascular guidelines on the
management of chronic limb-threatening ischemia. ] Vasc Surg. 69(6S):3S-
125S.¢40 (2019).

2. lida O, Takahara M, Soga Y, et al. Three-year outcomes of surgical versus
endovascular revascularization for critical limb ischemia: The SPINACH
study (surgical reconstruction versus peripheral intervention in patients with
critical limb ischemia). Circ Cardiovasc Interv. 10(12):¢005531 (2017).

3. TanM, Ueshima D, lida O, et al. Clinical validity of the Japanese below-the-
knee chronic total occlusion scoring system for the prediction of successful

guidewire crossing. J Vasc Surg. (2024).

4. Sato Y, Morishita T, Tan M, et al. Prediction of technical failure of
inframalleolar angioplasty in patients with chronic limb threatening

ischaemia. Eur ] Vasc Endovasc Surg. 63(6):852-863 (2022).

5. Tan M, Ueshima D, Urasawa K, et al. Prediction of successful guidewire
crossing of below-the-knee chronic total occlusions using a Japanese scoring

system. ] Vasc Surg. 74(2):506-513 (2021).

6. LiJ, Varcoe R, Manzi M, et al. Below-the-Knee endovascular revascularization:
A position statement. JACC Cardiovasc Interv. 17(5):589-607 (2024).

7. Kobayashi S, Furukawa M, Ichioka S, et al. A novel low-density lipoprotein/
fibrinogen apheresis method for chronic limb-threatening ischemia in
patients with poor options for revascularization: A multicenter, single-arm

clinical trial. Ther Apher Dial. 27(2):361-369 (2023).

8.  Kojima S, Nakama T, Obunai K, et al. Angiographic and clinical impact
of novel low-density lipoprotein apheresis for no-option chronic limb-
threatening ischemia. Ther Apher Dial. 27(1) (2023).

898 Interv. Cardiol. (2024) 16,4: 897-899


https://www.sciencedirect.com/science/article/pii/S1078588419303806
https://www.sciencedirect.com/science/article/pii/S1078588419303806
https://www.ahajournals.org/doi/full/10.1161/CIRCINTERVENTIONS.117.005531
https://www.ahajournals.org/doi/full/10.1161/CIRCINTERVENTIONS.117.005531
https://www.ahajournals.org/doi/full/10.1161/CIRCINTERVENTIONS.117.005531
https://www.ahajournals.org/doi/full/10.1161/CIRCINTERVENTIONS.117.005531
https://www.sciencedirect.com/science/article/abs/pii/S0741521424015283
https://www.sciencedirect.com/science/article/abs/pii/S0741521424015283
https://www.sciencedirect.com/science/article/abs/pii/S0741521424015283
https://www.sciencedirect.com/science/article/pii/S1078588422002209
https://www.sciencedirect.com/science/article/pii/S1078588422002209
https://www.sciencedirect.com/science/article/pii/S1078588422002209
https://www.sciencedirect.com/science/article/pii/S0741521421002056
https://www.sciencedirect.com/science/article/pii/S0741521421002056
https://www.sciencedirect.com/science/article/pii/S0741521421002056
https://www.jacc.org/doi/abs/10.1016/j.jcin.2023.11.040
https://www.jacc.org/doi/abs/10.1016/j.jcin.2023.11.040
https://onlinelibrary.wiley.com/doi/full/10.1111/1744-9987.13915
https://onlinelibrary.wiley.com/doi/full/10.1111/1744-9987.13915
https://onlinelibrary.wiley.com/doi/full/10.1111/1744-9987.13915
https://onlinelibrary.wiley.com/doi/full/10.1111/1744-9987.13915
https://openurl.ebsco.com/EPDB%3Agcd%3A13%3A2977053/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A161104397&crl=c
https://openurl.ebsco.com/EPDB%3Agcd%3A13%3A2977053/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A161104397&crl=c
https://openurl.ebsco.com/EPDB%3Agcd%3A13%3A2977053/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A161104397&crl=c

Short communication

10.

11.

12.

13.

14.

Kojima S, Nakama T, Suzuki T, et al. Clinical impact of a novel lipoprotein
apheresis treatment on no-option chronic limb-threatening ischemia: Result

from the Reduction Viscosity study. Ther Apher Dial. 27(5):960-967 (2023).

Satake A, Tokuda T, Niwa T, et al. Chronic clinical findings after Rheocarna®
therapy in a chronic limb-threatening ischemia patient with inframalleolar
lesions: A case report. Intern Med. 63(16):2293-2296 (2024).

Ramunni A, Brescia I, Quaranta D, et al. Fibrinogen apheresis in the
treatment of peripheral arterial disease. Blood Purif. 25(5-6):404-410 (2008).

Kobayashi S, Oka M, Moriya H, et al. LDL-apheresis reduces P-Selectin,
CRP and fibrinogen-possible important implications for improving
atherosclerosis. Ther Apher Dial. 10(3):219-223 (2006).

Kumada Y, Nogaki H, Ishii H, et al. Clinical outcome after infrapopliteal
bypass surgery in chronic hemodialysis patients with critical limb ischemia. J

Vasc Surg. 61(2):400-404 (2015).

Pan X, You C, Chen G, et al. Skin perfusion pressure for the prediction of
wound healing in critical limb ischemia: A meta-analysis. Arch Med Sci.

14(3):481-487 (2018).

15.

16.

17.

18.

19.

Aboyans V, Ricco JB, Bartelink ML, et al. 2017 ESC guidelines on the
diagnosis and treatment of peripheral arterial diseases, in collaboration with
the European Society for Vascular Surgery (ESVYS). Kardiol Pol. 75(11):1065-
1160 (2017).

Yamada T, Ohta T, Ishibashi H, et al. Clinical reliability and utility of skin
perfusion pressure measurement in ischemic limbs-comparison with other
noninvasive diagnostic methods. ] Vasc Surg. 47(2):318-323 (2008).

Urabe G, Yamamoto K, Onozuka A, et al. Skin perfusion pressure is a useful
tool for evaluating outcome of ischemic foot ulcers with conservative therapy.

Ann Vasc Dis. 2(1):21-26 (2009).

Tida O, Nakamura M, Yamauchi Y, et al. Endovascular treatment for
infrainguinal vessels in patients with critical limb ischemia: OLIVE registry,
a prospective, multicenter study in Japan with 12-month follow-up. Circ

Cardiovasc Interv. 6(1):68-76 (2013).

Bisdas T, Borowski M, Torsello G, et al. Current practice of first-line treatment
strategies in patients with critical limb ischemia. ] Vasc Surg.62(4):965-973
(2015).

899

Interv. Cardiol. (2024) 16,4: 897-899


https://journals.viamedica.pl/polish_heart_journal/article/view/78558
https://journals.viamedica.pl/polish_heart_journal/article/view/78558
https://journals.viamedica.pl/polish_heart_journal/article/view/78558
https://www.sciencedirect.com/science/article/pii/S074152140701748X
https://www.sciencedirect.com/science/article/pii/S074152140701748X
https://www.sciencedirect.com/science/article/pii/S074152140701748X
https://www.jstage.jst.go.jp/article/avd/2/1/2_oa08029/_article/-char/ja/
https://www.jstage.jst.go.jp/article/avd/2/1/2_oa08029/_article/-char/ja/
https://www.ahajournals.org/doi/full/10.1161/CIRCINTERVENTIONS.112.975318
https://www.ahajournals.org/doi/full/10.1161/CIRCINTERVENTIONS.112.975318
https://www.ahajournals.org/doi/full/10.1161/CIRCINTERVENTIONS.112.975318
https://www.sciencedirect.com/science/article/pii/S0741521415010046
https://www.sciencedirect.com/science/article/pii/S0741521415010046
https://onlinelibrary.wiley.com/doi/abs/10.1111/1744-9987.13991
https://onlinelibrary.wiley.com/doi/abs/10.1111/1744-9987.13991
https://onlinelibrary.wiley.com/doi/abs/10.1111/1744-9987.13991
https://www.jstage.jst.go.jp/article/internalmedicine/advpub/0/advpub_2917-23/_article/-char/ja/
https://www.jstage.jst.go.jp/article/internalmedicine/advpub/0/advpub_2917-23/_article/-char/ja/
https://www.jstage.jst.go.jp/article/internalmedicine/advpub/0/advpub_2917-23/_article/-char/ja/
https://karger.com/bpu/article-abstract/25/5-6/404/48969/Fibrinogen-Apheresis-in-the-Treatment-of
https://karger.com/bpu/article-abstract/25/5-6/404/48969/Fibrinogen-Apheresis-in-the-Treatment-of
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1744-9987.2006.00332.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1744-9987.2006.00332.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1744-9987.2006.00332.x
https://www.sciencedirect.com/science/article/pii/S0741521414017339
https://www.sciencedirect.com/science/article/pii/S0741521414017339
https://www.archivesofmedicalscience.com/Skin-perfusion-pressure-for-the-prediction-of-wound-healing-in-critical-limb-ischemia,62368,0,2.html
https://www.archivesofmedicalscience.com/Skin-perfusion-pressure-for-the-prediction-of-wound-healing-in-critical-limb-ischemia,62368,0,2.html

