Arch Clin Biomed Res 2021; 5 (4): 629-639

DOI: 10.26502/acbr.50170189

Case Report

The Emergency Use of the oXiris Device with Continuous Kidney
Replacement Therapy in COVID-19 Patients with Acute Kidney
Injury
Rupesh Raina1, 2*, Isabelle Mawby1, 3, Nikhil Datla3, Ronith Chakraborty1, 2, Kabir Gulati1,
Siddhartha Singh1, 2, Nirav Agrawal1, 4, Alexander Botsch5, Jeffrey Welko5 and Javier
Neyra6
1

Department of Nephrology, Akron Nephrology Associates/ Cleveland Clinic Akron General Medical Center, OH,

USA
2

Department of Nephrology, Akron Children’s Hospital, OH, USA

3

Department of Medicine, Northeast Ohio Medical University, OH, USA

4

Feinstein Institute for Medical Research, Northwell Health, NY, USA

5

Summa Akron City Hospital, OH, USA

6

Division of Nephrology, Department of Internal Medicine, Bone and Mineral Metabolism, University of Kentucky,

KY, USA

*Corresponding author: Rupesh Raina, Consultant Nephrologist, Adult-Pediatric Kidney Disease/Hypertension,
Department of Nephrology, Cleveland Clinic Akron General and Akron Children's Hospital, Akron, Ohio, USA,
Tel: 330-543-8950; Fax: 330-543-3980

Received: 19 July 2021; Accepted: 27 July 2021; Published: 10 August 2021

Citation: Rupesh Raina, Isabelle Mawby, Nikhil Datla, Ronith Chakraborty, Kabir Mehra, Siddhartha Singh, Nirav
Agrawal, Alexander Botsch, Jeffrey Welko, Javier Neyra. The Emergency Use of the oXiris Device with
Continuous Kidney Replacement Therapy in COVID-19 Patients with Acute Kidney Injury. Archives of Clinical and
Biomedical Research 5 (2021): 629-639.

Abstract

have varied. Upon entering the body, SARS-CoV-2

Throughout the pandemic, presentations of the

causes a rapid release of pro-inflammatory cytokines

Coronavirus disease-2019 (COVID-19) infection

and endotoxins, leading to multi-organ failure in
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intensive care unit (ICU) patients. In our case report,

hemoadsorption for 72 hours. Our report provides a

we present a 51-year-old male with severe COVID-

useful and detailed guide stating the current

19 infection in the ICU needing mechanical

modalities available for COVID-19 patients with

ventilation. He developed oliguric acute kidney

AKI, including the oXiris filter's role and its

injury (AKI) with acute respiratory distress syndrome

effectiveness in reducing cytokine storm.

and fluid overload >20% and was started on high
flow continuous venovenous hemodiafiltration with
oXiris filter via Prismaflex

®

2. Case Report

(HF-CVVHDF). The

A 51-year-old obese male with a past medical history

patient received oXiris filter-based HF-CVVHDF for

of type 2 diabetes mellitus came to the emergency

72 hours and

was switched to conventional

department with a one-week history of progressively

CVVHDF. The patient gradually recovered with

worsening shortness of breath and cough. The patient

supportive care and was discharged. Through this

tested positive for COVID-19 as an outpatient.

case, we wish to highlight the significance of the use

Physical exam showed labored breathing with

of an extracorporeal blood purification technology in

diminished breath sounds bilaterally. Initial vitals

COVID-19 with an oXiris filter to prevent morbidity

showed a temperature of 37˚C, heart rate of 116 beats

and mortality among severe COVID-19 patients

per minute, respiratory rate of 20 per min, oxygen

admitted to the ICU with AKI.

saturation of 30% on room air, and blood pressure of
78/52 mmHg. He continued to deteriorate, requiring

Keywords: Acute kidney injury; CKRT; COVID-

intubation, and was transferred to the intensive care

19; Oxiris

unit (ICU). Subsequently, he developed septic shock
and was started on vasopressor and COVID-related

1. Introduction

medications:

COVID-19 may be asymptomatic or present with

tocilizumab. After 48 hours of admission, his serum

potentially life threatening symptoms. When the virus

creatinine (sCr) peaked from 1.2 mg/dl to 4.62 mg/dl.

enters the body, massive epithelial and endothelial

The nephrology team was consulted for oliguric AKI

cell death and vascular leakage may initiate the rapid

(AKIN

production

and

management of fluid overload (FO) >20% in the

systemic

context of ARDS. HF-CVVHDF was started with the

inflammation is known as cytokine storm syndrome.

oXiris filter via PrismaFlex® for 72 hours without

The presence of cytokine storm syndrome among

anticoagulant. The total effluent dose was 50ml/kg/hr

COVID-19 patients is strongly associated with

and was divided into 3 parts: 1/3 of the total effluent

disease severity, including an increased risk for

dose was used as pre-filter fluid replacement, another

kidney failure, and mortality. We present the case of

1/3 was used post-filter, and the remaining effluent

a 51-year-old male with severe COVID-19 who

fluid was used as dialysate. We were able to achieve

developed oliguric acute kidney injury (AKI) with

a total of 40-45 ml/kg/hr total effluent doses despite

ARDS and fluid overload >20%. He received high

investigation

flow continuous venovenous hemodiafiltration (HF-

ultrafiltration (IUF) cumulative as negative 50ml/hr

CVVHDF)

at start then escalated to 200ml/hr with initial day

chemokines.

of

pro-inflammatory
The

with

cytokines

overwhelming

oXiris

filter

to

enhance

Class

remdesivir,

III/KDIGO

and

down

dexamethasone,

stage

times.

III)

The

and

and

the

isolated

cumulative Input:Output (I:O) were equal and the
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total FO (20%) was removed over the duration of

vascular leakage, which promotes rapid production of

four days with the help of pressors and intermittent

pro-inflammatory

albumin (25 gm/Q 6hrs). Total circuit time was 12

(cytokine storm), leading to virus-induced cytopathy

hours, the two oXiris filters were used with heparin

of kidney tissue and sepsis. Unlike classic SARS and

prime which lasted for 15 hrs. After 48 hours, we

MERS infections of the past, Covid-19 appears to

switched to HF14000 with HF-CVVHDF. The

have an increased level of

patient received 12 sessions of CVVHDF which

cytokines secreted which include IL-4 and IL-10 [6].

lasted for 7 days and showed significant recovery.

Interferons that are very keen in the body’s immune

cytokines

and

chemokines

the Th2 family of

defense against viruses have been shown to have a
Based on the laboratory findings, there was a

delayed rsponse to Covid-19 as the virus delays the

decreasing trend noted for D-Dimer (DD) from 17.34

release of interferons casuing the body’s immune

mg/l to 6.42 mg/l, CRP levels from 43.5 mg/l to 40.3

respsonse to be subdued initially [7]. Alternatively,

mg/l and interleukin (IL)-6 levels from 34.5 to 8.6

AKI may occur after kidney inflammation, volume

pg/ml post therapy. On further AKI evaluation,

depletion, and cardiomyopathy [8, 9].

kidney biopsy showed degenerative changes and
tubular epithelium necrosis, suggesting acute tubular

The exaggerated cytokine release due to COVID-19

necrosis. The patient gradually improved clinically

virus infection may worsen AKI and emerge to

and was weaned of vasopressors and extubated

MODS or MOF. The elevated pro- and anti-

before getting discharged. He was followed up by a

inflammatory circulating biomarkers and cytokine

nephrologist and received three weeks of HD in the

levels, including tumor necrosis factor, IL-1, IL-6,

outpatient setting leading to complete recovery of

and IL-8, are prognosed to increase mortality [10].

kidney function and liberation from HD.

Therefore, timely initiation of kidney replacement
therapy (KRT) with extracorporeal organ support

3. Discussion

(ECOS) has shown to be beneficial in removing

The symptoms of COVID-19 range from mild to

immunomodulatory mediators and mitigating organ

severe, including pneumonia, ARDS, MODS, and

failure in AKI patients with COVID-19 [11]. The

multisystem organ failure (MSOF) [1, 2]. AKI is

ECOS incorporates CKRT, extracorporeal membrane

common (20–40%) in severe COVID-19 requiring

oxygenation (ECMO), and extracorporeal carbon

ventilatory support. In a systematic review by

dioxide removal (ECCO2R). The utility of ECOS in

Robbins-Juarez et al., 77% of AKI patients

restoring a balanced systemic immune response

experienced severe COVID-19 infection with a

involves strategies such as hemoperfusion, coupled

mortality rate of up to 52% (OD: 15.27) and with

filtration adsorption, high cut-off (HCO), and

severe

had

membranes with enhanced adsorptive profiles [10].

approximately 11% mortality rate [3]. A similar

The modalities listed above are not exhaustive, but

outcome was noted in several other studies [4, 5].

focus on the advances in technology and the different

The exact mechanisms of kidney involvement in

therapeutic targets. When comparing the three main

COVID-19 patients are still unclear. Nonetheless,

adsorption filters, oXiris managed to remove both

one of the proposed hypotheses includes massive

cytokine and endotoxins more effectively (68 ±

COVID-19

without

AKI

patients

epithelial and endothelial cell death, and subsequent
Archives of Clinical and Biomedical Research

Vol. 5 No. 4 – August 2021. [ISSN 2572-9292].

631

Arch Clin Biomed Res 2021; 5 (4): 629-639

DOI: 10.26502/acbr.50170189

4.4%) than Toraymyxin (83.4 ± 3.8%) and CytoSorb

our patient. Ideally, patients with COVID-19

(6.3 ± 4.9%; p<0.05) [12] (Table S1).

symptoms with AKI and other complications should

The oXiris filter works by reducing cytokine levels

receive CKRT with anticoagulation. However, citrate

and inflammatory mediators due to its enhanced

was not used as an anticoagulant as the patient also

hemoadsorptive capability. Additionally, the filter

suffered from MSOF and MODS, including acute

material contains a layer of anticoagulant (heparin),

liver failure.

making it advantageous for patients with high
clotting risk or those who are at risk of citrate

One of the biggest challenges faced by our team

accumulation

a

during dialysis was the priming of the filter. To

retrospective study (n= 37), significant decrease in

address these issues, we used oXiris for 72 hours for

IL-6 was noted within 72 hours of treatment initiation

the speculated role of chemokine burst after COVID-

(p=0.001), with a decrease in SOFA scores (p<0.001)

19 with ARDS. We modified our HF-CVVHDF

suggesting the efficacy of oXiris in mitigating the

concept with total effluent of 50ml/kg/hr and used

inflammatory markers in severe COVID-19 AKI

1/3 of the total effluents as replacement fluid pre-

patients [14]. Similarly, Zhang et al. presented four

filter. Another 1/3 was provided post-filter while the

cases of septic AKI patients in China who all

remaining effluent fluid was utilized as dialysate

benefited from using the oXiris filter early in their

(Figure 2). With constant close monitoring in the

treatment. Additionally, patients with a high risk of

ICU, our patient showed significant improvement in

bleeding successfully used oXiris without additional

the symptoms with our developed protocol. However,

anticoagulation for up to 36 hours without any

intervention with HF-CVVHDF is not without risk as

adverse effects [13, 15] (Table S2). There is limited

there is always a risk of non-specific removal of both

data available suggesting the use of highly adsorptive

pro- and anti-inflammatory markers via convection,

hemofilter with KRT in COVID-19 AKI patients,

adsorption,

especially when complicated with ARDS and FO;

multidisciplinary team should be considered in

thus, the management became more challenging in

making all treatment decisions.

(Figure

1)

[13].

Based

on

and/or

dispersion.

Thus,

a

Figure 1: oXiris filter and the role of each layer.
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Figure 2: oXiris filter use in CKRT Algorithm.

4. Conclusion
In conclusion, we report the case of a COVID-19
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Supplymentary Tables
Table S1: Various extracorporeal hemoadsorption filters and their properties.

Characteristics

CytoSorb

oXiris

Polystyrene

AN69

Membrane

divinylbenzene co-polymer

covered

composition

Toraymyxin

LPS adsorber

copolymer

Polymyxin B coval-

with

ently bound to poly-

microporous beads (coated

polyethyleneimine and

propylene-polystyrene

with polyvinylpyrrolidone)

unfractionated heparin

fibers fabric

Synthetic
bound

HA 330

polypeptide
to

porous

polyethylene discs

Exthera
Copolyester, Dura-

Styrene

divinylbenzene

copolymers

StarTM Polymer and
Hydrophilic porous
polyethylene

Septic shock and severe sepsis

Indication
Sterilization

Gamma irradiation

type
Capability

of

adsorption

High-pressure

Ethylene oxide

E-beam Radiation

Irradiation sterilization

Ethylene oxide

Endotoxins

Endotoxins

Cytokines

Cytokines

No

No

No

No

Based on three studies,

Based on two studies, a

sterilization

Endotoxins

Cytokines

steam

and

cytokines

Heparincovered

inner

No

Yes

surface
Based on a case series
(n=50), showed mortality
Efficacy of the

day-28 in 15 (30%), and

filter

duration

in

of

mechanical

COVID-19

ventilation,

patients

with a decrease SOFA
scores

17.38±7.39

in

survivors

(p<0.05) [1].

Archives of Clinical and Biomedical Research

Based

on

a

retrospective study (n=

Based on a case series

there was decrease in

decrease

37),

significant

(n=12),

showed

a

endotoxins

post

mortality was seen in

decrease in IL-6 was

gradual

decrease

in

treatment, however, no

patients treated with HA

noted within 72 hours

disease

severity

in

data was available on

330 filter compar-ed to

of treatment initiation

58.3% patients, with a

survival/mortality.

No

controls (p=0.02, p=0.02,

(p=0.001),

mortality

data is available of its

for both studies). No data

use

is available of its use in

decrease

with
in

a

SOFA

scores (p<0.001) [2].

(25%) [3].

of

3/12

in

COVID-19

patients [4-6]
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in

ICU

COVID-19 patients [7-8]

Based on a recent
case series (n=4)
patients,

showed

improvement in HD
patients
COVID-19

with
when

Exthera was used as
a treatment. [9]
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Table S2: Characteristics of oXiris filter set and CKRT.

oXiris filter set [10]
The oXiris set device was authorized for emergency use to treat COVID-19 patients in April of 2020 by the FDA [11]. Prior to the authorization of

About

oXiris, there was a lack of lifesaving treatment options for COVID-19 patients in the ICU with AKI.

Target population

Any COVID-19 positive patients 18 years or older, admitted in the ICU with confirmed or impending respiratory failure in need of blood purification,
including use in CKRT, per standard indications.
The oXiris Set device is specifically authorized to be used in:

Indication

1.

COVID-19 positive individuals

2.

18 years of age or above

3.

ICU with confirmed Respiratory Failure

4.

In need of blood purification, including CKRT.

Furthermore, the patient should have any one of the following conditions:
a.

Early acute lung injury (ALI)/early acute respiratory distress syndrome (ARDS).

b.

Severe respiratory distress: dyspnea, respiratory rate ≥ 30/min, oxygen saturation ≤93%, the partial pressure of arterial oxygen to fraction of
inspired oxygen ratio <300, and/or lung infiltrates >50% within 24 to 48 hours

c.

Set device only with the Prismaflex control unit or with the PrisMax control unit.

Dialysis Device
Technical
information
composition)

Benefits

Life-threatening disease: respiratory failure, septic shock, and/or MOD.

(Filter

The oXiris filter set can be used with both Prismaflex and Prismax CKRT machines. The blood volume in the set is 193 ml. The filter material consists
of acrylonitrile and sodium methallyl sulfonate copolymer + polyethyleneimine (surface treatment agent) + heparin grafted (4500+/-1500 IU/m2).
1.

Reducing circulating inflammatory mediators,

2.

Adsorption of both endotoxins and cytokines,

3.

Respiratory response,

4.

Stabilization of hemodynamic status,

5.

Staged improvement of organ function while providing renal support through CKRT
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Use duration

72-hour use, then switch to regular filter (m100 filter).
1.

Hemodynamic

5.

Risks related to anticoagulation (e.g., blood loss, allergic reaction)

6.

Arrhythmia

perfusion)

7.

Blood loss

2.

Thrombocytopenia/leukopenia

8.

Thrombosis

3.

Allergic reaction to device materials

9.

Air embolism

4.

Removal of other blood substances (e.g., infection, blood

10. Infection

loss, thrombosis, tissue/organ injury)

11. Hemolysis

increased

Side effects [12, 21]

DOI: 10.26502/acbr.50170189

compromise

vasopressor

(such

requirement,

as

hypotension,

reduced

cardiac

12. Electrolyte imbalance
13. Particle embolism
Absolute
Contraindications
Relative

1.

History of Heparin allergy (HIT)

2.

AN-69 filter allergies

3.

ACE inhibitors use while on CKRT

Projected use of CKRT for ≤ 72 hours.

Contraindication


The recommendation is to wear full PPE when caring for COVID-19 positive or suspected patients during high-risk prevalence. However, the
recommendation changes rapidly; the doctors and staff must stay updated with the recent recommendation and trainings.

Precaution



Use appropriate personal protective equipment when caring for individuals suspected of having COVID-19 as outlined in the CDC Interim
Infection Prevention and Control Recommendations for Patients with Confirmed Coronavirus Disease 2019 (COVID-19) or Persons Under
Investigation for COVID-19 in Healthcare Settings or on the CDC webpage on Infection Control.

CKRT
Disinfection

It is crucial to clean and disinfect and dispose of the dialysis equipment as per the manufacturer/local hospital policy/CDC recommendation before
moving the equipment from the isolation room.
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Replacement fluid composition using Standard Prismasol replacement solution (Gambro-Baxter International, Inc.) was used
For CVVHDF with the following composition: NaCl 140 mEq/L, NaHCO3 32 mEq/L, KCl 2 or 4 mEq/L, MgSO4 1.0 mEq/L, Dextrose 100 mg/dL,
Calcium 2.5 mEq/L.
CVVHDF

For CVVHD, standard Nx- Stage dialysate (NxStage, Inc., Lawrence, MA, USA) was used with the following composition: NaCl 140 mEq/L,

composition

NaHCO3 35 mEq/L, KCl 2 or 4 mEq/L, MgSO4 1 mEq/L, Dextrose 100 mg/dL, Calcium 3.0 mEq/L.

Challenges to initiate

The oXiris filter set has been approved to treat patients who have confirmed COVID-19 and have been admitted to the ICU with confirmed or imminent

CKRT therapy

respiratory failure in need of blood purification therapy to reduce pro-inflammatory cytokine levels, including use in CKRT.
The indications for CKRT are the same as in non-COVID-19 patients, including electrolyte imbalance, fluid overload, and acid-base disturbances.
However, prior to the CKRT therapy initiation, it is vital to stabilize patients with severe volume depletion due to fever, reduced oral intake, or diuretic
therapy. As the pandemic escalates, CKRT therapy among COVID-19 patients presents unique challenges, including a shortage of staff and machines
and the risk of disease transmission to healthcare workers [12].
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