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Case Report
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Abstract
Background
In patients with severe coronavirus disease (COVID-19), the use of acrylonitrile hemofilters can reduce cytokine concentrations. However, acrylonitrile hemofilters can easily coagulate, and the effect of hemofilters on improvement in patient prognosis remains unclear. Therefore, we aimed to investigate the changes in serum cytokine concentrations, alleviation of organ damage, and improvement in patient prognosis with continuous renal replacement therapy (CRRT) using a cellulose triacetate (CTA) filter with excellent anticoagulation property in patients with severe COVID-19.

Methods
This was a retrospective, single-center study conducted by the Advanced Critical Care Center in Sapporo Medical University Hospital, Japan. Seven patients with severe COVID-19 between March 01 and June 30, 2020, were included. The patients were under mechanical ventilation and received continuous blood purification therapy with a CTA filter. We summarized the CRRT status and patient prognosis and measured their serum cytokine (interleukin [IL]-1β, IL-4, IL-6, IL-8, IL-10, tumor necrosis factor-α, and interferon-γ) and serum marker levels, before and after CRRT. In addition, we evaluated the changes in their respiratory status, hemodynamics, and organ dysfunction scores. The average age of the patients was 61.5 years, and five patients were male. Extracorporeal membrane oxygenation was used in five patients. The treatment outcome included three deaths.

Results
The median CRRT duration was 7 days. The hemofilter was replaced once a day. After CRRT, the IL-6 concentration decreased from 393 to 85 pg/mL (p = 0.016), the Krebs von den Lungen-6 concentration decreased from 554 to 350 U/mL, and the PaO2/FiO2 ratio increased significantly from 90 to 248, and therefore, oxygenation improved. In addition, the norepinephrine dose and lactate level decreased, and the circulation tended to improve; however, the renal function and Sequential Organ Failure Assessment score did not change.

Conclusions
The serum IL-6 level decreased, and the respiratory status improved upon CRRT using a CTA filter in patients with severe COVID-19.

Keywords
Renal replacement therapyCOVID-19ARDSCytokineCellulose triacetate filterInterleukin-6
Abbreviations
	COVID-19
	Coronavirus disease 2019

	CRRT
	Continuous renal replacement therapy

	CTA
	Cellulose triacetate

	IL
	Interleukin

	ARDS
	Acute respiratory distress syndrome

	KL-6
	Krebs von den Lungen-6

	AKI
	Acute kidney injury

	ECMO
	Extracorporeal membrane oxygenation

	IFN
	Interferon

	TNF
	Tumor necrosis factor




Background
Coronavirus disease (COVID-19), an infectious disease caused by severe acute respiratory syndrome coronavirus 2, is known to be severe in approximately 10% of the patients and is associated with a high mortality rate of 30–40% [1]. In patients with severe COVID-19, a cytokine storm caused by excessive production of inflammatory cytokines has been reported to cause organ damage via endothelial cell injury [2].
The lung, kidney, and blood cells, which are the main targets of hypercytokinemia, are considered to be involved in COVID-19 pathology. In patients with severe COVID-19 experiencing acute respiratory distress syndrome (ARDS), the serum level of interleukin (IL)-6, one of the inflammatory cytokines, is negatively correlated with the PaO2/FiO2 ratio. An elevated IL-6 level is reportedly associated with ARDS severity [3]. In addition, an increase in Krebs von den Lungen (KL)-6 level is not only a prognostic factor for ARDS, but also a predictor of COVID-19 severity [4]. In severe COVID-19, acute kidney injury (AKI) has also been reported in 20–40% of cases [5], indicating a poor prognosis [6]. Furthermore, extracorporeal membrane oxygenation (ECMO) introduced for treating severe respiratory failure due to COVID-19 is considered a potential trigger of cytokine storms [7].
In general, blood purification therapy for AKI, associated with bacterial sepsis or multiple organ dysfunction, has been conventionally used to remove uremic substances and inflammatory mediators. Several patients have been treated using poly methyl methacrylate and acrylonitrile filters [8–10]. Moreover, in patients with severe COVID-19, the use of acrylonitrile hemofilters has been reported to reduce cytokine concentrations [11]. However, the effect of hemofilters in improving patient prognosis remains unclear, and acrylonitrile hemofilters have the disadvantage of being easily coagulated [12].
As COVID-19 is a contagious infectious disease, it is recommended to replace the hemofilter less frequently to reduce the risk of infection to medical staff. However, to the best of our knowledge, there are no reports on the application of a cellulose triacetate (CTA) hemofilter, which has excellent anticoagulant properties and a long life [13]. Therefore, in this study, we aimed to investigate the changes in serum cytokine concentrations and other parameters upon continuous renal replacement therapy (CRRT), a type of blood purification therapy, using a CTA filter in patients with severe COVID-19 and determine its effect on prognosis.
Methods
Study design and patients
This retrospective study involved 11 patients who were admitted to the Advanced Critical Care Center in Sapporo Medical University for 3 months (from March 01 to June 30, 2020) and diagnosed with COVID-19 using an RT-PCR test for severe acute respiratory syndrome coronavirus 2. All patients were under ventilation and were administered CRRT using a CTA filter. Finally, seven patients were included in this study based on the published opt-out policy, and the remaining four patients with insufficient data and samples were excluded. The study was approved by the institutional review board of Sapporo Medical University. All study procedures were performed in accordance with the tenets of the Declaration of Helsinki.
Materials
We used ACH-Σ® (Asahi Kasei Medical, Tokyo, Japan) for blood purification therapy and CHDF-SG® (Asahi Kasei Medical) for maintaining the blood circuit. The selected treatment mode was continuous veno-venous hemofiltration, and the hemofilter used was UT-1100S® or UT-2100S® (NIPRO, Tokyo, Japan). The setting of the membrane area and conditions was left to the discretion of the attending physician. The blood flow rate was set to 150 mL/min, blood purification amount to the replacement flow rate was 1000–2500 mL/min, and the filtrate amount was set appropriately according to the amount of water removed. Subpack® (NIPRO) was used as the replacement solution. Heparin or nafamostat mesylate was used as the anticoagulant, and the activated partial thromboplastin time was controlled in 40–60 s. However, in patients who underwent veno-venous-ECMO, anticoagulants were not used when the activated partial thromboplastin time was prolonged. The femoral vein or internal jugular vein was selected for vascular access using the emergency blood access catheter 13 Fr Power-Trialysis® (Medicon, Osaka, Japan).
Clinical data collection
Using the electronic medical records of the participants, we extracted data regarding patient background, treatment course, and prognosis. Arterial blood samples collected from the patients were dispensed into biochemical blood-collection tubes, and after leaving undisturbed for some time, the sample tubes were centrifuged at 3000 rpm for 5 min, and the serum was dispensed into a micro spitz tube for further analyses. Serum IL-1β, IL-4, IL-6, IL-8, IL-10, interferon (IFN)-γ, and tumor necrosis factor (TNF)-α levels were measured at the time of introduction (before) and on day 7 after the blood purification therapy, using the respective enzyme-linked immunosorbent assay kits (SRL Inc., Tokyo, Japan), according to the manufacturer’s instructions.
Additionally, C-reactive protein, procalcitonin, ferritin, sialylated carbohydrate antigen KL-6, creatinine, and D-dimer levels were determined before and after blood purification therapy. We also conducted a blood gas analysis and measured PaO2/FiO2, lung compensation, heart rate, mean arterial pressure, and norepinephrine level. In addition, the Sequential Organ Failure Assessment score was calculated.
Statistical analysis
Parameters such as median value, interquartile range, and the ratio of each item were calculated. For the paired value comparison (before and after therapy), Wilcoxon signed rank-sum test was performed, and results with p < 0.05 were considered significant.
All statistical analyses were performed using EZR version 1.53, a statistical software that extends the functionality of the R and R Commander and is freely available online at Jichi Medical University Hospital, Saitama Medical Center (Tochigi, Japan) [14].
Results
Table 1 shows the clinical characteristics of the patients with COVID-19 who were on CRRT using a CTA filter. The average age of the seven patients was 61.6 ± 9.5 years, and five patients were men. Mechanical ventilation was required for all patients; five of the seven patients also underwent ECMO. The AKI stage [15] at the beginning of CRRT was 1 in two patients, 2 in three patients, and 3 in two patients. Continuous veno-venous hemofiltration was selected for all cases, with a median treatment duration of 7 days. As an anticoagulant, nafamostat mesylate was administered to six patients and heparin to one patient. Three patients succumbed to the disease after leaving the intensive care unit of the hospital.Table 1 Clinical characteristics of patients treated with continuous renal replacement using a cellulose triacetate filter


	Age
	years, mean (SD)
	61.6 (9.5)

	Male
	n (%)
	5 (71.4)

	Acute kidney injury stage
	n (%)
	 
	Stage 1
	2 (28.6)

	Stage 2
	3 (42.9)

	Stage 3
	2 (28.6)

	Hemofilter
	n (%)
	 
	UT-2100S
	6 (85.7)

	UT-1100S
	1 (14.3)

	Anticoagulant
	n (%)
	 
	Nafamostat mesylate
	6 (85.7)

	Heparin
	1 (14.3)

	Therapy onset post admission
	h, median (IQR)
	7 (5–89)

	Dosage
	mL/kg/h, median (IQR)
	1000 (1000–2000)

	Duration
	days, median (IQR)
	7 (6–9)

	Circuit change
	times/day, median (IQR)
	1.0 (0.5–1.5)

	with ECMO
	n (%)
	5 (71.4)

	Outcome
	n (%)
	 
	Survived
	4 (57.1)


ECMO extracorporeal membrane oxygenation, IQR interquartile range



The serum cytokine concentrations before and after CRRT are shown in Table 2. The IL-6 concentration significantly reduced after CRRT. The changes in the serum cytokine concentrations after CRRT in each patient are shown in Fig. 1. After CRRT, the KL-6 concentration and PaO2/FiO2 ratio significantly increased compared with those before CRRT. Furthermore, the mean arterial pressure and norepinephrine dose decreased after the treatment (Table 2).Table 2Other clinical parameters before and after continuous renal replacement therapy


	Parameter
	Before therapy
	After therapy
	p

	Median [IQR]
	Median [IQR]

	C-reactive protein (mg/dL)
	15.3 [5.4–30.3]
	8.2 [5.9–13.5]
	0.219

	Procalcitonin (ng/mL)
	0.96 [0.36–30.34]
	0.89 [0.46–1.49]
	0.156

	Ferritin (ng/mL)
	605 [549–1302]
	924 [721–1502]
	0.813

	KL-6 (U/mL)
	554 [329–800]
	350 [249–553]
	0.016

	PaO2 /FiO2
	90 [79–153]
	248 [195–274]
	0.016

	Compliance (mL/cmH2O)
	32 [20–40]
	31 [27–59]
	0.375

	Creatinine (mg/dL)
	1.14 [0.86–1.35]
	1.00 [0.94–1.43]
	0.688

	D-dimer (μg/mL)
	11.7 [4.6–21.1]
	8.3 [6.9–8.8]
	0.813

	Heart rate (beat/min)
	101 [83–107]
	113 [100–119]
	0.156

	Mean arterial pressure (mmHg)
	82 [69–96]
	57 [47–66]
	0.016

	Norepinephrine (μg/kg/min)
	0.10 [0.04–0.16]
	0
	0.058

	Lactate (mmol/L)
	1.4 [1.1–2.2]
	1.2 [1.1–1.4]
	0.078

	Sequential organ failure assessment score
	13 [10–14]
	11 [9–12]
	0.169


IQR interquartile range


[image: ]
Fig. 1Serum cytokine concentrations before and after continuous renal replacement therapy. The serum IL-6 concentration (b) significantly reduced after therapy (p = 0.016). The serum IL-4 (a), IL-8 (c), IL-10 (d), and TNF-α (e) concentrations showed no significant changes after therapy. Mean ± SD.IL, interleukin; TNF, tumor necrosis factor; CRRT, continuous renal replacement therapy


Discussion
In this study, we evaluated the changes in inflammatory cytokine concentrations in patients with COVID-19 who had received CRRT using a CTA filter. We found that the serum IL-6 concentration significantly decreased after CRRT.
Cytokine storms have been reported to be involved in the pathology of COVID-19, especially the severe form [16]. A cytokine storm is a systemic inflammatory response involving the release of a series of cytokines such as TNF-α, IL-1β, IL-2, IL-6, IFN-α, and monocyte chemoattractant protein-1. These cytokines stimulate immune cells to release large amounts of free radicals and are a major cause of ARDS and multiple organ failure syndrome. In particular, attention has been paid to the correlation between COVID-19 severity and IL-6 level. It has been reported that the COVID-19-related mortality rate reduces with a decrease in the serum IL-6 concentration [17].
According to Ronco et al., CRRT does not eliminate the basal levels of cytokines; instead, it is regarded as an adjunct therapy to remove excess cytokines, as defined by the peak concentration hypothesis, to provide benefits to the patients [18]. Although the levels of inflammatory cytokines in patients with COVID-19 are lower than those in other diseases such as sepsis, trauma, and out-of-hospital cardiac arrest [19], they were higher in this study than in previous studies, especially the level of IL-6. Nonetheless, there is no contradiction because the disease condition ameliorated upon suppression of the peak cytokine concentration using CRRT with a CTA filter.
According to Honore et al., in the pathophysiology of hypercytokine storms, there is an imbalance in the levels of mediators, with certain cytokines accounting for a large proportion of the cytokine storm [20]. In this study, the levels of cytokines other than IL-6 tended to decrease after CRRT, but no significant difference was observed. This could be attributed to the fact that the IL-6 level in the blood was relatively high, and the rate of removal of other cytokines was low.
Blood purification therapy requires bedside work, including circuit attachment/detachment and catheter management. During COVID-19 treatment, medical staff should work in a controlled infected area; the lowest number of individuals working in the shortest time interval has been sought to reduce the risk of infection [21]. Thus, the advantages of selecting a CTA filter are its excellent anticoagulation properties and a long life compared with those of the acrylonitrile filters that require frequent replacement and coagulate easily. UT Filter® is a continuous slow hemofiltration device that uses a CTA filter of a uniform cross section. The filter has a long life and is antithrombotic, with the ability to remove inflammatory cytokines via filtration [22]. Polysulfone filters are usually the first choice at our hospital. However, abnormal coagulation with these filters has been reported, characteristically in the cases of COVID-19 [17]. Therefore, we selected a CTA filter with excellent antithrombotic properties; coagulation was less likely when using a CTA filter. In addition, it was possible to remove cytokines such as IL-6 through long-term CRRT [23]. In this study, veno-venous-ECMO was performed simultaneously in five out of the seven patients. Two of the seven patients manifested hemorrhagic events, such as epistaxis, which were not related to the blood purification therapy since its initiation. Therefore, only a small amount of an anticoagulant was administered to these patients, and in-circuit coagulation was frequently observed, with the circuit being replaced up to four times a day. However, there were no catheter problems in these patients. In the other five patients, the anticoagulant dose was lower than usual, but CRRT could be performed with regular 24-h circuit changes. Thus, it was considered that the selection of the CTA filter was effective. Nafamostat mesylate is a serine protease inhibitor that strongly inhibits proteolytic enzymes, such as thrombin, plasmin, and trypsin. In Japanese patients, it is often effective in alleviating fibrinolytic DIC. Patients with severe COVID-19 exhibit the characteristics of fibrinolytic DIC; therefore, nafamostat is considered promising. We used nafamostat mesylate in most cases for alleviating coagulation within the CRRT circuit because of the risk of unexpected bleeding. This ensured effective CRRT [24].
In COVID-19, there is a negative correlation between the IL-6 level and PaO2/FiO2 ratio, which is reportedly different from that in other types of ARDS [3]. The reason for this is that the invasive cytokine IL-6 has a key role in the initial inflammatory process. In this study, after CRRT, the IL-6 and KL-6 (a prognostic factor for ARDS) levels significantly decreased, whereas the PaO2/FiO2 ratio significantly increased. A decrease in the IL-6 level is likely to have contributed to the amelioration of ARDS.
Blood purification therapy for hypercytokinemia has been reported to be effective in improving hemodynamics in diseases such as sepsis [25]. Removal of excess cytokines from the blood may repair the barrier function of the vascular endothelium and improve circulation [26]. In this study, the dose of norepinephrine was reduced after CRRT.
Nonetheless, our study had a few limitations. First, we did not conduct a comparative analysis using other filters or a patient group that did not receive CRRT. Second, our study was a single-center retrospective study with a small number of patients. Finally, the timing and conditions for CRRT were at the discretion of the physician in charge. In the future, studies with a higher number of critically ill patients with COVID-19 who require blood purification therapy are needed.
Conclusions
Here, patients with severe COVID-19 received CRRT using a CTA filter; the serum IL-6 level significantly decreased, and the respiratory status improved after CRRT. Although the cytokine-removal effect of CRRT was expected, CTA filters with a long membrane life could be candidates to achieve infection control in the clinical setting.
Acknowledgements
We thank Editage (www.​editage.​jp) for English language editing.

Author contributions
KT and HI made substantial contributions to the conceptualization of the work. HI made significant contributions to the data analysis and interpretation. KT drafted the original manuscript. MK, RN, TK, NB, KH, SU, and EN substantially contributed to the revision of the manuscript drafts. All authors have approved the submitted version of the manuscript and agreed to be accountable for any part of the work. All authors read and approved the final manuscript.

Funding
Not applicable.

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

Declarations
Ethics approval and consent to participate
This study was conducted in accordance with the Declaration of Helsinki and with the approval of the Clinical Ethics Review Board of Sapporo Medical University Hospital. In addition, information was disclosed with an opportunity for refusal to the patient and his / her family.

Consent for publication
Not applicable.

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


References
	1.
Bi Q, Wu Y, Mei S, Ye C, Zou X, Zhang Z, et al. Epidemiology and transmission of COVID-19 in 391 cases and 1286 of their close contacts in Shenzhen, China: a retrospective cohort study. Lancet Infect Dis. 2020;20:911–9. https://​doi.​org/​10.​1016/​S1473-3099(20)30287-5.CrossrefPubMedPubMedCentral

	2.
Sun X, Wang T, Cai D, Hu Z, Chen J, Liao H, et al. Cytokine storm intervention in the early stages of COVID-19 pneumonia. Cytokine Growth Factor Rev. 2020;53:38–42. https://​doi.​org/​10.​1016/​j.​cytogfr.​2020.​04.​002.CrossrefPubMedPubMedCentral

	3.
Stukas S, Hoiland RL, Cooper J, Thiara S, Griesdale DE, Thomas AD, et al. The association of inflammatory cytokines in the pulmonary pathophysiology of respiratory failure in critically ill patients with coronavirus disease 2019. Crit Care Explor. 2020;2: e0203. https://​doi.​org/​10.​1097/​CCE.​0000000000000203​.CrossrefPubMedPubMedCentral

	4.
d’Alessandro M, Cameli P, Refini RM, Bergantini L, Alonzi V, Lanzarone N, et al. Serum KL-6 concentrations as a novel biomarker of severe COVID-19. J Med Virol. 2020;92:2216–20. https://​doi.​org/​10.​1002/​jmv.​26087.CrossrefPubMedPubMedCentral

	5.
Pei G, Zhang Z, Peng J, Liu L, Zhang C, Yu C, et al. Renal involvement and early prognosis in patients with COVID-19 pneumonia. J Am Soc Nephrol. 2020;31:1157–65. https://​doi.​org/​10.​1681/​ASN.​2020030276.CrossrefPubMedPubMedCentral

	6.
Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet. 2020;395:1054–62. https://​doi.​org/​10.​1016/​S0140-6736(20)30566-3.CrossrefPubMedPubMedCentral

	7.
Ronco C, Reis T, De Rosa S. Coronavirus epidemic and extracorporeal therapies in intensive care: si vis pacem para bellum. Blood Purif. 2020;49:255–8. https://​doi.​org/​10.​1159/​000507039.CrossrefPubMed

	8.
Nakada TA, Oda S, Matsuda KI, Sadahiro T, Nakamura M, Abe R, et al. Continuous hemodiafiltration with PMMA hemofilter in the treatment of patients with septic shock. Mol Med. 2008;14:257–63. https://​doi.​org/​10.​2119/​2007-00108.​Nakada.CrossrefPubMedPubMedCentral

	9.
Shum HP, Chan KC, Kwan MC, Yan WW. Application of endotoxin and cytokine adsorption haemofilter in septic acute kidney injury due to Gram-negative bacterial infection. Hong Kong Med J. 2013;19:491–7. https://​doi.​org/​10.​12809/​hkmj133910.CrossrefPubMed

	10.
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.CrossrefPubMed

	11.
Zhang H, Zhu G, Yan L, Lu Y, Fang Q, Shao F. The absorbing filter Oxiris in severe coronavirus disease 2019 patients: a case series. Artif Organs. 2020;44:1296–302. https://​doi.​org/​10.​1111/​aor.​13786.CrossrefPubMedPubMedCentral

	12.
Hirayama T, Nosaka N, Okawa Y, Ushio S, Kitamura Y, Sendo T, et al. AN69ST membranes adsorb nafamostat mesylate and affect the management of anticoagulant therapy: a retrospective study. J Intensive Care. 2017;5:46. https://​doi.​org/​10.​1186/​s40560-017-0244-x.CrossrefPubMedPubMedCentral

	13.
Urbani A, Lupisella S, Sirolli V, Bucci S, Amoroso L, Pavone B, et al. Proteomic analysis of protein adsorption capacity of different haemodialysis membranes. Mol Biosyst. 2012;8:1029–39. https://​doi.​org/​10.​1039/​c2mb05393d.CrossrefPubMed

	14.
Kanda Y. Investigation of the freely available easy-to-use software “EZR” for medical statistics. Bone Marrow Transplant. 2013;48:452–8. https://​doi.​org/​10.​1038/​bmt.​2012.​244.CrossrefPubMed

	15.
Kellum JA, Lameire N, Kdigo AKI Guideline Work Group. Diagnosis, evaluation, and management of acute kidney injury: a KDIGO summary (Part 1). Crit Care 2013;17:204. https://​doi.​org/​10.​1186/​cc11454.

	16.
Tisoncik JR, Korth MJ, Simmons CP, Farrar J, Martin TR, Katze MG. Into the eye of the cytokine storm. Microbiol Mol Biol Rev. 2012;76:16–32. https://​doi.​org/​10.​1128/​MMBR.​05015-11.CrossrefPubMedPubMedCentral

	17.
Hojyo S, Uchida M, Tanaka K, Hasebe R, Tanaka Y, Murakami M, et al. How COVID-19 induces cytokine storm with high mortality. Inflamm Regen. 2020;40:37. https://​doi.​org/​10.​1186/​s41232-020-00146-3.CrossrefPubMedPubMedCentral

	18.
Ronco C, Tetta C, Mariano F, Wratten ML, Bonello M, Bordoni V, et al. Interpreting the mechanisms of continuous renal replacement therapy in sepsis: the peak concentration hypothesis. Artif Organs. 2003;27:792–801. https://​doi.​org/​10.​1046/​j.​1525-1594.​2003.​07289.​x.CrossrefPubMed

	19.
Kox M, Waalders NJB, Kooistra EJ, Gerretsen J, Pikkers P. Cytokine levels in critically ill patients with COVID-19 and other conditions. JAMA. 2020;324:15–7. https://​doi.​org/​10.​1001/​jama.​2020.​17052.Crossref

	20.
Honore PM, Hoste E, Molnár Z, Jacobs R, Joannes-Boyau O, Malbrain MLNG, et al. Cytokine removal in human septic shock: where are we and where are we going? Ann Intensive Care. 2019;9:56. https://​doi.​org/​10.​1186/​s13613-019-0530-y.CrossrefPubMedPubMedCentral

	21.
COVID-19 Task Force Committee of the Japanese Association of Dialysis Physicians, Japanese Society for Dialysis Therapy, Japanese Society of Nephrology, Kikuchi K, Nangaku M, Ryuzaki M et al. COVID-19 of dialysis patients in Japan: current status and guidance on preventive measures. Ther Apher Dial 2020;24:361–5. https://​doi.​org/​10.​1111/​1744-9987.​13531.

	22.
Hirayama Y, Oda S, Wakabayashi K, Sadahiro T, Nakamura M, Watanbe E, et al. Comparison of interleukin-6 removal properties among hemofilters consisting of varying membrane materials and surface areas: an in vitro study. Blood Purif. 2011;31:18–25. https://​doi.​org/​10.​1159/​000321142.CrossrefPubMed

	23.
Körtge A, Wild T, Heskamp B, Folk M, Mitzner S, Wasserkort R. Thrombogenicity and long-term cytokine removal capability of a novel asymmetric triacetate membrane hemofilter. J Artif Organs. 2018;21:435–42.Crossref

	24.
Asakura H, Ogawa H. COVID-19-associated coagulopathy and disseminated intravascular coagulation. Int J Hematol. 2021;113:45–57.Crossref

	25.
Rimmelé T, Kellum JA. Clinical review: blood purification for sepsis. Crit Care. 2011;15:205. https://​doi.​org/​10.​1186/​cc9411.CrossrefPubMedPubMedCentral

	26.
David S, Thamm K, Schmidt BMW, Falk CS, Kielstein JT. Effect of extracorporeal cytokine removal on vascular barrier function in a septic shock patient. J Intensive Care. 2017;5:12. https://​doi.​org/​10.​1186/​s40560-017-0208-1.CrossrefPubMedPubMedCentral



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Continuous renal replacement therapy using a cellulose triacetate hemofilter for severe coronavirus disease


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/css/sidebar.gif





OEBPS/images/41100_2022_436_Fig1_HTML.png
a __
—~ alive
% death
30 7
=
£
&n
&
¥
—
=
o1+
; T
before et
d —
| ‘Z‘ alive
100 death
80
&
&
=
.
=

b 200017
1500
§ 1000
o]
A
—
=
500
0
e 12
10
8
=
<
2 6
N
Z
Z 4
2

— alive
death

before after
‘Z‘ alive
| death
A B
---------------- oy

before

after

IL-8 (pg/mL)

200 7

150 7

100 7

50

—— H
alive

death

before

after






