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Abstract

Critically ill patients with coronavirus disease 2019 (COVID-19) 
caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) develop respiratory failure and septic shock. Extracorporeal 
blood purification is proposed as an adjuvant therapy for sepsis and 
aims at controlling the dysregulated autoimmune system. We describe 
our experience in treating COVID-19 patients with the oXiris® hemo-
filter which adsorbs both cytokines and endotoxins, provides renal 
replacement therapy and has anti-thrombogenic properties. It was ap-
proved by the US Food and Drug Administration (FDA) under emer-
gency use authorization for COVID-19 patients in April 2020. In our 
study, the use of the oXiris® filter decreased levels of inflammatory 
markers including interleukin-6 (IL-6), erythrocyte sedimentation 
rate (ESR), and C-reactive protein (CRP), and improved clinical out-
comes in two out of three patients.
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Introduction

Critically ill patients with coronavirus disease 2019 (COV-
ID-19) caused by the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) develop hypoxic respiratory failure 
and septic shock [1]. SARS-CoV-2 infection may lead to rapid 
activation of the innate and adaptive immune systems result-
ing in cytokine storm and multi-organ dysfunction [2]. Extra-
corporeal blood purification is being explored as an adjuvant 
therapy for sepsis, aiming at controlling the dysregulated auto-

immune system [3]. We describe the use of a highly adsorptive 
membrane oXiris® which is different from the traditional fil-
ters due to its unique four-in-one properties which include cy-
tokine and endotoxin removal, renal replacement therapy, and 
anti-thrombogenic feature [3]. The oXiris® filter is designed by 
Baxter International and it was approved by the US Food and 
Drug Administration (FDA) in April 2020 under emergency 
use authorization to treat COVID-19 patients. Herein, we pre-
sent our experience at the Augusta University Medical Center, 
and to our knowledge, these are the first reported cases in the 
USA.

Case Reports

Case 1

A 67-year-old African American man was admitted for man-
agement of hypoxic respiratory failure and septic shock. His 
medical history included hypertension, type 2 diabetes mel-
litus and stage 3 chronic kidney disease (baseline serum cre-
atinine of 1.5 - 1.7 mg/dL). He presented to the emergency 
room (ER) with persistent fever, worsening respiratory dis-
tress and altered mental status of 5-day duration. Upon ar-
rival, vitals included a temperature of 39.5 °C, respiratory rate 
of 26 breaths per minute, oxygen saturation of 90% on 50% 
ventimask, heart rate of 112 beats per minute and blood pres-
sure of 160/92 mm Hg. Patient was intubated and transferred 
to the intensive care unit (ICU). Subsequently he developed 
septic shock requiring vasopressor support. He was initially 
treated with azithromycin, hydroxychloroquine and a single 
dose of tocilizumab. Three days later, he received convales-
cent plasma. Nephrology was consulted for oliguric acute kid-
ney injury (AKI) with a rise in serum creatinine to 2.62 mg/
dL. He was started on continuous veno-venous hemodiafiltra-
tion (CVVHDF) with regional citrate anticoagulation. After 
7 days, the conventional filter was switched to the oXiris® 
filter for the next 72 h while continuing CVVHDF. Inflam-
matory markers including interleukin-6 (IL-6), C-reactive 
protein (CRP), erythrocyte sedimentation rate (ESR), ferritin 
and D-dimer were collected prior to and during therapy (Table 
1). He suffered a cardiac arrest while receiving CVVHDF but 
was resuscitated successfully. CVVHDF was continued with 
traditional filter due to the limited supply of the oXiris® filter. 
Five days later, he suffered another cardiac arrest and could 
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not be resuscitated.

Case 2

A 41-year-old Caucasian man with no prior medical problems 
was admitted for evaluation of fever, non-productive cough, 
and diarrhea of 3-day duration. Upon arrival, vitals included 
a temperature of 38.7 °C, respiratory rate of 22 breaths per 
minute, oxygen saturation of 85% on room air, heart rate of 
90 beats per minute and blood pressure of 126/76 mm Hg. On 
physical examination, lung sounds were diminished bilaterally 
with minimal crackles. Nasopharyngeal swab was positive for 
SARS-CoV-2 via polymerase chain reaction (PCR). Treatment 
was initiated with azithromycin and hydroxychloroquine. The 
following day, he received a single dose of tocilizumab. He 
subsequently developed hemodynamic compromise and was 
transferred to the ICU for vasopressor support and mechanical 
ventilation. Convalescent plasma was given upon admission to 
the unit. Two days later, he was started on empiric CVVHDF 
using the oXiris® filter for 72 h with effluent rates of 35 mL/
kg/h and was maintained on an even fluid balance (0 mL net 
ultrafiltration rate). Despite using regional citrate anticoagula-
tion, the filter clotted within 3 h after initiation of therapy. This 
was resolved by initiating systemic heparin and using large 
pre-filter replacement fluid volume. Inflammatory markers 
were collected prior to and during therapy (Table 1). Patient 
developed massive pulmonary embolism and was treated with 
catheter directed thrombectomy. CVVHDF was terminated 
due to unavailability of the filter. He was gradually weaned off 
vasopressors and was extubated 4 days later.

Case 3

A 44-year-old African American woman was admitted for the 
management of hypoxic respiratory failure and altered senso-
rium. Her medical history included hypertension and diabe-
tes mellitus. A day prior to admission, she tested positive for 
SARS-CoV-2 via PCR. Upon arrival to the ER, vitals included 
a temperature of 39.3 °C, respiratory rate of 30 breaths per 
minute, oxygen saturation of 89% on a non-rebreather, heart 

rate of 124 beats per minute and blood pressure of 75/43 mm 
Hg. Patient was intubated, initiated on vasopressors, and 
transferred to the ICU and was treated with azithromycin, hy-
droxychloroquine, and a single dose of tocilizumab. Patient 
did not receive convalescent plasma as it was not available 
at that point. Over the course of the next 3 weeks, there was 
no improvement in her clinical status. She was then started on 
empiric CVVHDF using the oXiris® filter and was maintained 
on even fluid balance (0 mL net ultrafiltration rate). Inflamma-
tory markers were collected prior to and during therapy (Table 
1). CVVHDF remained uneventful for a period of 72 h after 
which it was terminated due to unavailability of the filter. Over 
the next 5 days patient improved clinically and was extubated.

Discussion

Approximately 67% of the severely ill patients with COVID-19 
may experience multi-organ dysfunction due to cytokine storm 
[4]. Targeting these pro-inflammatory cytokines with mono-
clonal antibodies such as tocilizumab is currently being used 
to mitigate the multi-organ dysfunction from COVID-19 [2].

An alternative therapeutic approach involves removing the 
inflammatory mediators via extracorporeal blood purification 
[5]. Although several cytokine or endotoxin removing modali-
ties exist, we used the oXiris® membrane that removes both 
cytokines and endotoxins. Shum et al reported that Sequential 
Organ Failure Assessment (SOFA) score decreased significant-
ly by 37% in six patients treated with CVVHDF and oXiris® 
versus an increase of 3% in 24 patients treated with CVVHDF 
and a high-flux hemofilter at 48 h interval [6]. Broman et al re-
ported the outcomes of 16 patients requiring continuous renal 
replacement therapy (CRRT) for septic shock-associated AKI 
and the use of the oXiris® filter allowed effective removal of 
endotoxins and IL-6 [7]. Ma et al reported significant decline 
in the inflammatory markers in three critically ill COVID-19 
patients when treated with plasma exchange and the oXiris® 
filter [8].

To date, oXiris® filter is the only commercially available 
filter in the USA that can be used to perform multiple blood 
purification therapies simultaneously along with CRRT. It 
consists of three layers, and the first layer is composed of po-

Table 1.  Laboratory Data

Labs Reference range 
with units

Patient 1 Patient 2 Patient 3
Day 1 Day 2 Day 3 Day 1 Day 2 Day 3 Day 1 Day 2 Day 3

WBC 4.5 - 11.0 × 103/mm3 3.2 4.0 5.7 8.4 8.8 9.0 12.5 15.0 15.6
ESR 0 - 26.0 mm/h 35 39 28 15 7 6 N/A N/A N/A
CRP 0 - 0.5 mg/dL 15.046 16.140 18.604 5.452 2.671 2.241 9.655 4.023 2.071
D-dimer 0 - 230 ng/mL 2,040 2,955 2,015 9,018 3,099 957 1,231 1,115 1,876
IL-6 < 1.8 pg/mL 64.6 36.5 90.6 > 400 > 400 > 400 7.7 9.8 3.5
Ferritin 22 - 322 ng/mL 2,964 N/A 2,242 988 1,260.4 1,213.9 148.4 163.3 198.1
SOFA score 11 10 10 9 10 8 3 3 3

WBC: white blood cells; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; IL-6: interleukin-6; SOFA: sequential organ failure assess-
ment; N/A: not available.
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lyacrylonitrile copolymer made up of acrylonitrile and meth-
allylsulfonate. The negative charge of the sulfonate helps in 
adsorbing the cytokines. The second layer is composed of 
positively charged polyethyleneimine, which adsorbs the en-
dotoxins. The third layer is pregrafted with heparin conferring 
antithrombogenic property (Fig. 1) [3].

In the present study, despite using conventional therapies 
for COVID-19, none of the patients showed much clinical im-
provement. Although the level of IL-6 was not checked prior 
to initiation of therapy, use of the oXiris® filter resulted in a 
significant decline in inflammatory markers, especially when 
used empirically in patients 2 and 3. Patient 2 showed a decline 
in ESR, CRP and D-dimer levels. Patient 3 showed a decline 
in CRP and IL-6 levels. After empiric CVVHDF with the oX-
iris® filter to blunt the immune response, both patients showed 
gradual improvement in clinical status and were successfully 
extubated. Patient 1 was on CVVHDF with conventional filter 
for 1 week and then switched to the oXiris® filter later in the 
disease process. IL-6 levels initially decreased but rose after 
cardiac arrest. It is unknown if the clinical outcome would 
have been different if the oXiris® filter would have been started 
earlier in patient 1.

None of the patients exhibited untoward side effects to the 
oXiris® filter. There was a minimal increase in cost with the oX-
iris filter but with no increase in nursing workload, as compared 
to a standard CRRT session. A history of heparin allergy is an 
absolute contraindication to using this filter. The adherence of 
inflammatory mediators to the filter membrane may lead to in-
creased filter clogging and interruptions in therapy. This can be 
mitigated by frequent filter changes, large effluent flow rates 
(35 mL/kg/h of which half was used as pre-filter replacement 
fluid) and the use of systemic heparin anticoagulation. Despite 
encouraging findings in our patients, continued use of the filter 
was limited due to the relative shortage of filters.

Conclusions

Early initiation of CVVHDF with the oXiris® filter in critically 
ill COVID-19 patients may result in decline in inflammatory 
markers and prevent multi-organ dysfunction from cytokine 
storm. In the era of the COVID-19 pandemic, extracorporeal 
blood purification therapies are of interest and large rand-
omized studies are needed to validate the findings of our study.
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