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Abstract

Introduction: Coronavirus disease 2019 (COVID-19) is char-
acterized by hyperinflammation and coagulopathy. Severe
cases often develop respiratory distress, requiring mechani-
cal ventilation and with critical cases progressing to acute
respiratory distress syndrome. Control of hyperinflamma-
tion has been proposed as a possible therapeutic avenue for
COVID-19; extracorporeal blood purification (EBP) modali-
ties offer an attractive mean to ameliorate maladaptive in-
flammation. With this work, we evaluated the longitudinal
changes of systemic inflammatory markers in critically ill CO-
VID-19 patients treated with blood purification using AN-
69ST (oXiris®) haemofilter. Methods: We performed a time-
series analysis of 44 consecutive COVID-19 cases treated
with the AN69ST (oXiris®) cytokine adsorbing haemofilter

(CAH) according to local practice; we visualize longitudinal
results of biochemical, inflammatory, blood gas, and vital
sign parameters focussing on systemic levels of interleukin-6
(IL-6), C-reactive protein (CRP), and procalcitonin. Results:
All patients were treated with =1 cycle extracorporeal con-
tinuous venovenous haemofiltration (CVVH) with CAH; of
these, 30 severe patients received CVVH-CAH within 4-12 h
of admission after recognizing a hyper-inflammatory state.
Another 14 patients admitted with mild-to-moderate symp-
toms progressed to severe disease and were placed on EBP
during hospitalization. The treatment was associated with a
reduction of ferritin, CRP, fibrinogen, several inflammatory
markers, and a resolution of numerous cytopenias. The ob-
served mortality across the cohort was 36.3%. Conclusion:
EBP with CAH was associated with a decrease in CRP, and

control of IL-6 and procalcitonin.  ©2021 The Author(s)
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic
has dominated our lives since the outbreak of the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
started in Wuhan of Hubei Province, China [1]. Its dis-
ruptive nature was confirmed with the World Health Or-
ganization’s classification as a global epidemic on Febru-
ary 28,2020 [2].

Severe COVID-19 is characterized by uncontrolled in-
flammation [3-5]. Systemic inflammation and immuno-
pathology [6, 7] are considered the essential drivers of
disease progression leading to acute respiratory distress
syndrome (ARDS) [8], coagulopathy [9, 10] secondary
infections [11], and multiorgan failure, in particular,
acute kidney injury (AKI) [5, 12, 13].

AKI appears to be a common finding among severely
ill patients infected with SARS-CoV-2 [8, 14], and occur-
ring in up to 25% of critically ill COVID-19 patients ad-
mitted in the intensive care unit (ICU). Beyond systemic
inflammation, other pathophysiologic mechanisms con-
tribute to the development and worsening of AKI in these
patients, such as the lung-kidney interaction, and the iat-
rogenic effects of mechanical ventilation and nephrotox-
ic drugs [14-16]. Blood purification therapies have been
advocated as adjunctive treatments in COVID-19 pa-
tients to support renal function, mitigate maladaptive in-
flammation, and prevent multiple organ dysfunction [17,
18].

The oXiris membrane (Baxter, IL, USA) is a heparin-
coated haemofilter suitable for continuous renal replace-
ment therapy. Interestingly, this device can also be used
for unselective removal of cytokines and endotoxin.
These characteristics make the oXiris membrane a useful
tool for supporting the organ function and restoring im-
mune homoeostasis in COVID-19 patients with AKI
[19]. Hence, in this study, we have described the overtime
variation of biochemical parameters of systemic inflam-
mation in COVID-19 patients treated with oXiris, along
with parameters of organ dysfunction.

Study Methods

In this prospective monocentric observational study,
we have considered all patients consecutively admitted in
the ICU between June 14th and August 11th with con-
firmed International Classification of Diseases 10 code of
U07.1 COVID-19 or International Classification of Dis-
eases 10 code of U07.2 COVID-19 diagnosis. Only pa-
tients who received treatment with oXiris membrane for
immunomodulation and support to renal function dur-
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ing AKI were considered eligible for this study. The study
designed is presented in the STrengthening the Reporting
of OBservational studies in Epidemiology (STROBE) dia-
gram (Fig. 1. Considering the observational nature of this
study, no criteria have been a priori defined for oXiris
initiation.

Patients were classified according to their clinical pre-
sentation at the ICU admission in 2 severity degrees:

1. Mild-moderate cases, showing fever and respiratory
symptoms with radiological findings of pneumonia.

2. Severe-critical cases, with respiratory distress (30
breaths/min), oxygen saturation <93% at rest, or chest

imaging showing lesion >50% progression within 24 h,

with respiratory failure requiring mechanical ventila-

tion, shock, or multiorgan dysfunction.

All patients included in this prospective observational
study received antimicrobials, extracorporeal blood puri-
fication (EBP), mechanical ventilation, and any other
supportive treatment following the clinical judgement of
the treating centre and guidelines. In accordance with lo-
cal routine practice, the Prismaflex® oXiris® system was
considered for those patients suspected of hyperinflam-
mation (= C-reactive protein [CRP] > 100 mg/L and/or
interleukin-6 [IL-6] > 40 pg/mL, and/or ferritin > 500 ng/
mL). In these patients, oXiris was mounted in the ICU
and connected within 4-12 h after recognizing a hyper-
inflammatory state. Control of the haemostasis was based
on an activated coagulation time of 180 s. The patient is
connected to the Prismaflex® oXiris® system via a double
lumen catheter placed in the femoral, subclavian, or jugu-
lar vein.

Biochemistry Analysis

Diagnosis of SARS-CoV-2 infection was defined as a
positive outcome to RT-PCR from nasal/oral swab. Blood
samples were collected from each patient at the time
points shown for routine blood analysis: white blood cell
count, lymphocyte (LYM) count, neutrophil (NEU)
count, thrombocyte count, monocyte count, and eosino-
phil count were determined as well as the NEU/LYM and
the systemic immune-inflammation index thrombocyte
count*NEU/LYM. Moreover, blood biochemistry pa-
rameters such as Na*, K* aspartate aminotransferase, ala-
nine aminotransferase, urea, CRP, IL-6 as well as procal-
citonin, and lactate dehydrogenase were assessed using a
Siemens ADVIA Centaur XP Immunoassay System.

Data on coagulation parameters were obtained from
all patients; coagulation tests included D-dimers, fibrino-
gen, and international normalized ratio. Tests were per-
formed using a Sysmex CA-600 automatic coagulation
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STROBE diagram

Target population
» Admitted between June to August 2020
-n = 59 patients

Exclusion criteria
« Terminal disease
 Pregnancy

* >18 years

« Inclusion criteria

« Confirmed COVID-19 diagnosis:
-RT-PCR; ICD-10, UO7.1

-Atypical pneumonia; X-ray and/or
computed tomography; ICD-10, U07.2
« >1 oXiris® blood purification cycles

« Heart failure; severe systolic dysfunction
left ventricular ejection fraction <25%
requiring urgent surgery

« Aortic Aneurysms, dissection or rupture
requiring urgent surgery

* Recent myocardial infarction;
cardiovascular disease patients requiring

urgent surgery
Excluded

Informed consent
patient or family/relative/
legal representative

n = 1, Ruptured abdominal aneurysm
n = 1, CPR initiated within 6 hours of
admission

A

[ n = 13, no blood purification performed

Study population, n = 44

Y

n=14

1 oXiris® cycle

2-3 oXiris® cycles
n=24

>4 oXiris® cycles
n==6

Fig. 1. STROBE diagram. STROBE,
STrengthening the Reporting of OBser-
vational studies in Epidemiology; CO-
VID-19, coronavirus disease 2019; ICD-10,
International Classification of Diseases 10;
IL-6, interleukin-6; FIB, fibrinogen; ICU,

Primary outcomes

« Cytokine levels; IL-6

« Inflammatory markers; CRP,NLR,SII and Ferritin

« Coagulation markers; d-dimers, fibrinogen and activition clotting time.
* Biochemical parameters; liver, kidney, HGB/HCT and blood ceil counts
+ Duration of ICU length-of-stay

intensive care unit.

analyser. Blood gas analysis (BGA) was performed on a
Siemens rapid point 500% system.

Statistical Analysis.

Categorical parameters were summarized as absolute
numbers and percentages. Continuous data are shown as
mean + SD or median + interquartile range (IQR).

Continuous variables were evaluated using the
D’Agostino and Pearson normality test — independent
data that follow the Gaussian distribution were analysed
via the Student’s t test, and non-Gaussian continuous
variables were assessed via the Mann-Whitney test for in-
dependent comparisons. Comparisons of preoperative
versus postoperative data were performed using a paired

Extracorporeal Blood Purification as a
Treatment Modality for COVID-19

t test or Wilcoxon signed-rank test for non-parametric
data.

Fisher’s exact test was used to evaluate the association
between categorical variables with the outcome. Two
groups of longitudinal comparison were analysed with
the mixed-effects model ANOVA with the Greenhouse-
Geisser correction. Asterisks, * <0.05, ** <0.01, *** <0.001,
and **** <0.0001, visualize the significance levels of Dun-
nett’s multiple comparisons test at each time point. Re-
gression and/or correlation analysis between the bio-
markers over time were performed using Pearson’s or
Spearman’s rank correlation testing. The data were anal-
ysed using Graphpad Prism (version 9.0.0) and Statsdi-
rect (version 3.3.3).
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Table 1. Patient characteristics and demographics

Full cohort Mild/moderate  Severe Effect size p value
(N=44) (N=14) (N =30) mild/moderate versus severe
Age, mean * SD, years 59.7£12.0 53.9£16.5 62.4+8.4 8.5 [95% CI1 to 15.9]* 0.028
Age > 65 years, N (%) 16 (36) 4(29) 12 (40) 1.7 [95% CI 0.4 to 5.6]3 0.52
Gender
Male, N (%) 36 (82) 13 (93) 23 (77) 42.3 [95% CI 4.9 to 469]° <0.0001
Female, N (%) 8 (18) 1(7) 7 (23)
Type 2 diabetes, N (%) 7 (16) 0(0) 7 (23) 0.0 [95% CI 0.0 to 0.19]3 0.08
Hypertension, N (%) 22 (53) 6 (42) 16 (53) 1.5[95% CI 0.4 to 4.9]° 0.74
BMI 27.6+3.5 26.7+3.3 29+4.8 2.6 [95% CI —-0.3to 5.4]! 0.081
Obesity,* N (%) 13 (30) 2 (14) 11 (37) 3.4 [95% CI 0.7 to 17.5]3 0.17
SpO,, % 93.1+5.8 94.7+2.8 92.4+6.6 -2.3[95% CI -2.7 to —1.9]" <0.0001
Heart rate, beats/min 96.4+22.1 79.2+13.9 102.4+21.3 23 [95% CI 2.7 to 24.9]} <0.0001
Respiratory rate, breaths/min 24 (20-29) 22 (18-26) 25(21-29) 3 [95% CI 3 to 4]? <0.0001
Mean blood pressure, mm Hg 127.4429.6 125.2+16.4 127.9431.2 2.7 [95% CI -6.6 to 11.9]" 0.201
Symptom duration, days 7 (5-7) 5 (5-7) 7 (6-8) 2.0 [95% CI 0 to 3]? 0.025
Referral
Home, N (%) 19 (43) 9 (64) 10 (36) 3.6 [95% CI 0.98 to 13.3]° 0.101
Peripheral clinic, N (%) 25 (57) 5 (36) 20 (67)

Values are presented as median (IQR) or mean + standard deviation. ND, not detected; NR, not relevant; IQR, interquartile range.
! Mean difference. 2 Median difference.  Fisher’s exact test, odds ratio. * BMI > 30 kg/m?.

Ethical Concerns

Institutional review board approval was obtained from
the local Ethical Committee of the Zan Mitrev Clinic in
accordance with the Declaration of Helsinki and ICH-
Good Clinical Practice.

Results

Patient Demographics and Clinical Characteristics at

Admission

Among the 59 patients admitted with COVID-19 in
the selected period, 44 were treated with oXiris® and con-
sidered in this single-centre case series. At the ICU ad-
mission, 68.2% (N = 30) of patients had symptoms classi-
fied as severe-critical and 32.8% (N = 14) as mild-moder-
ate. The clinical and demographic characteristics are
described overall and for both groups in Table 1.

Primary symptoms reported were dyspnoea, fever, and
breathing difficulties. Patients with severe disease were
characterized by more prolonged duration of symptoms;
they were admitted on average 7 days (vs. 5 days for non-
severe cases, p = 0.025) after symptom onset and were
more likely to be referred from peripheral clinics (67 vs.
36%, OR 3.6 [95% CI1 0.98 to 13.3], p = 0.101) in compari-
son to direct admission following self-isolation at home.
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We observed non-significant trends suggesting more
pronounced respiratory difficulties and lower blood pres-
sure in advanced disease. We aggregated selected labora-
tory values and patient signs that account for both acute
and chronic diseases to determine the Acute Physiology
and Chronic Health Evaluation II (APACHEII) at admis-
sion; severe cases had an overall APACHE II score of 8.8
+ 4.7 versus 5.1 + 2.1, mean difference 3.8 [95% CI 1.1 to
6.4], p = 0.007.

Severe cases were admitted with a more prominent in-
flammatory profile, demonstrated by elevated levels of
lactate dehydrogenase, 494.5 U/L (IQR 374-669); ferritin,
1,100 ng/mL (IQR 406-1,650); CRP, 151 mg/L (IQR 82-
211); and the immune indices NLR and SII, 11.5 (7.5-
18.5) and 2580 (1,554-4,692), respectively (Table 2).
Moreover, we observed substantially higher D-dimer lev-
els in severe cases than in those with mild to moderate
symptoms, median difference, 630 [95% CI 160.0 to
6,220], p = 0.013 (Table 2). Despite the clinically signifi-
cant increase of 2 key acute phase proteins and inflamma-
tory markers, there was only a marginal increase in IL-6
across the cohort, 15.5 (7.4-47.3) pg/mL.

EBP: Treatment Approach and Clinical Practice
The oXiris® continuous renal replacement therapy mo-
dality was mostly set as continuous venovenous haemofil-
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Table 2. Patient clinical data at admission

Full cohort Mild/moderate Severe Effect size p value

(N=44) (N=14) (N =30) mild/moderate versus severe
ALT, U/L 57 (30-85) 55 (25-76) 58 (31-107) 3.5 [95% CI —13 to 36]? 0.327
AST, U/L 42 (29-66) 41 (26-66) 44 (32-67) 3 [95% CI —10.0 to 20.0]* 0.528
Urea, mmol/L 5.6 (3.9-8.1) 3.9 (3.4-5.9) 6.7 (4.9-9.3) 2.7 [95% CI 0.9 to 4.3]" 0.0013
Creatinine, pumol/L 91.8+32.2 81.9+15.2 96.4+36.9 13.4 [95% CI —6.3 to 35.5]" 0.17
GFR, mL/min 108.3+£39.7 115.6+33.2 104.84+42.6 -10.8 [95% CI —37.0 to 15.4]> 0.410
LDH, U/L 407 (272-569) 252 (203-303) 495 (374-669) 243 [95% CI 142 to 358]> <0.0001
RBC, x10° counts/uL 4.8+0.7 4.840.4 4.840.8 0.02 [95% CI —0.46 to 0.50]" 0.929
HCT, % 39.6+5.8 39.5+£2.7 39.7+6.9 0.11 [95% CI -3.8 to 3.9]" 0.955
HGB, g/dL 13.8+2.1 13.8+0.9 13.8+2.5 -0.01 [95% CI —1.4 to 1.4]? 0.994
WBC, x10° counts/uL 7.4 (4.8-12.1) 4.0 (2.7-6.5) 9.8 (7.1-13.4) 5.8 [95% CI 2.6 to 7.8]? <0.0001
Basophils, % 0.14 (0.1-0.24) 0.27 (0.2-0.4) 0.14 (0.1-0.14) -0.1[95% CI —0.3 to —0.1]" 0.0003
EO, % 0.17 (0.03-0.47) 0.12 (0.0-0.49) 0.10 (0.04-0.24) -0.02 [95% CI —0.2 to 0.1]" 0.97
MONO, % 4.0 (3.0-6.3) 5.5 (4.0-11.7) 3.6 (2.4-5.3) -1.9[95% CI —5.9 to —0.8]" 0.0017
NEU, % 82.2+11.4 72.3+£10.3 86.918.5 14.7 [95% CI 8.7 to 20.7]" <0.0001
LYM, % 9.9 (5.5-13.4) 20.1 (11.1-26.7) 7.7 (4.9-11.2) -12.4 [95% CI —-17.6 to —5.4]'  <0.0001
Platelets, x10° counts/uL 200 (127-256) 138 (119-176) 224 (146-337) 62 [95% CI 13 to 142]> 0.012
NLR, x103 counts/uL 8.5 (5.9-16.0) 3.6 (2.5-7.6) 11.5 (7.5-18.5) 7.9 [95% CI 4.4 to 12.6]> <0.0001
SII 2,047 (815-3,594) 620 (321-1,071) 2,580 (1,554-4,692) 1,959 [95% CI 1,224 to 3,215]> <0.0001
IL-6, pg/mL 15.5 (7.4-47.3) 16.9 (5.9-33.1) 14.7 (7.9-64.3) -2.3[95% CI —9.3 to 38.2]" 0.39
CRP, mg/L 109.0 (57.8-173.1) 71.1 (8.9-109.7) 150.6 (81.6-210.6) 79.5 [95% CI 33.4 to 135.9]> 0.001
Ferritin, ng/mL 948 (352-1,573) 479 (268-1,155) 1,100 (406-1,650) 621 [95% CI 113 to 872]> 0.1548
Procalcitonin, ng/mL 0.07 (0.05-0.13) 0.05 (0.01-0.05) 0.11 (0.07-0.19) 0.08 [95% CI 0.03 to 0.11]> 0.0002
D-dimers, ng/mL 735 (398-2,728) 595.0 (292.5-850) 1,225 (595.0-11,503) 535 [95% CI 110 to 2,860]> 0.0108
aPTT, s 22.4 (20.6-24.8) 23.6 (21.9-25.6) 21.8 (20.4-23.7) -1.8 [95% CI —3.6 to 0.3]" 0.086
FIB, g/L 4.9 (4.1-7.0) 4.5 (3.9-6.2) 5.1 (4.2-8.0) 0.55[95% CI —0.5 to 1.4]> 0.352

Values are presented as median (IQR) or meantstandard deviation. ALT, alanine aminotransferase; AST, aspartate aminotransfer-
ase; GFR, glomerular filtration rate; LDH, lactate dehydrogenase; WBC, white blood cell count; EO, eosinophil; MONO, monocyte;
NEU, neutrophil; LYM, lymphocyte; CRP, C-reactive protein; IL-6, interleukin-6; FIB, fibrinogen. ! Median difference. 2 Mean differ-
ence.

Table 3. Clinical course and outcome

Full cohort Mild/moderate ~ Severe Effect size p value

(N=44) (N=14) (N =30) mild/moderate versus severe
Hospitalization, days 10.1+5.8 10.6+3.3 9.8+5.4 2.0 [95% CI —0.68 to 4.74]" 0.139
APACHE II 7.614.8 5.1+2.1 8.8+4.7 3.8 [1.1to 6.4]" 0.007
Mechanical ventilation, h 47.8 (2.8-110.7) 0 47.8 (2.8-110.7) nd nd
Inotrope support,! N (%) 5(8.5) 0 5(17.7) nd nd
Blood purification
Cycle(s) per patient, cnt 1(0-2) 1(0-2) 2 (1-3) 1 [95% CI 0 to 2]? 0.004
Cumulative duration, h 3,303.8 885.8 2,418 nd nd
Duration per cycle, h nd 41.4 (25.5-49.3) 32.8(23-48.0) -8.5[95% CI —11.2to 4.3]! 0.424
Co-infection,” N (%) 19 (43) 6 (43) 13 (43) 1.0 [95% CI 0.28 to 3.4]° 0.999
Mortality, N (%) 16 (36) 1(7) 15 (50) 13.0 [95% CI 1.7 to 147]* 0.007

APACHE II, Acute Physiology and Chronic Health Evaluation II. ! Norepinephrine or epinephrine. 2 Mean difference. * Individual
cases with confirmed bacterial secondary infection. Fisher’s exact test, odds ratio. * Relative risk.
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Fig. 2. Longitudinal biomarker profiling of severe COVID-19
patients treated with extracorporeal blood purification. Panel
(a) shows the median systemic levels of IL-6 over the 1st 7 days in
extracorporeal blood purification (EBP) treated patients stratified
according to disease severity. Panel (b) represents individual IL-6
values before (pre) and after (post) EBP using oXiris® hemofilter,
open circles (O) identify patients that were successfully discharged
and closed red circles (@) mark those patients that succumbed to
disease; adjacent graphs show the aggregated IL-6 data for CO-

tration (42/44, 95.5%). Flow rates were maintained as fol-
lows: effluent dose 35 mL/kg/h, blood 150 mL/min, and
replacement 16-18 mL/kg/h; patient fluid removal was tai-
lored to the individual’s volume status, = 100-250 mL/h.

The average levels of urea, creatinine, and the Cock-
croft-Gault glomerular filtration rate were 5.6 (3.9-8.1)
mmol/L, 91.8 £ 32.2 pmol/L, and 108.3 + 39.7 mL/min,
respectively. We observed 2 cases of significant kidney
dysfunction (= glomerular filtration rate < 50 mL/min) in
our COVID-19 cohort. Consequently, CVVHDF was
prescribed in these two patients.

Total run time on the Prismaflex system was 3303.8 h;
on average, severe cases were treated with 2 (IQR 1-3)
blood purification cycles, one more than the non-severe
patients. The average duration of blood purification was
30.3 h (20.8-44.9 h) (Table 3).

238 Blood Purif 2022;51:233-242
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VID-19 patients who were successfully discharged (upper bar
graphs), pre-versus post blood purification median difference of
-21.44 pg/mL [95% CI -45.60 to —4.100], p = 0.0001. Mortality
cases (lower bar graphs), median difference 179.7 pg/mL [95% CI
42.02 to 613.3], p = 0.0009.Panel (d) displays longitudinal concen-
trations of CRP and panel (e) values of Procalcitonin. For panels
A, D, e: purple and green curves indicate COVID-19 patients with
severe or mild-to-moderate symptoms.

We observed no complications related to bleeding or
thromboembolism. There were 9 occurrences of prema-
ture clotting (machine run time < 5 h) resulting in a lin-
earized incidence premature clotting rate of 0.27% (pa-
tient hours).

One patient experienced a haematoma following ve-
nous cannulation that required a catheter displacement.
Our complete treatment approach was previously docu-
mented [20]. In parallel, during hospitalization, 12 criti-
cal patients were treated with i.v. dexamethasone at a dose
of 8 mg q.d.

Time-Series Analyses of Inflammatory Biomarkers,

Vital Signs, and BGA Parameters

IL-6 is one of the hallmark cytokines associated with
COVID-19 [3]; in response to EBP (Fig 2), we observed
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opposing IL-6 trends associated with disease severity
(Fig. 2a). Subsequent individual paired analysis proposes
abase for the observed heterogeneity in systemic IL-6 lev-
els in response to blood purification (Fig. 2b); overall,
clinical recovery was associated with decreased IL-6 lev-
els, median difference —21.44 pg/mL [95% CI —45.6 to
—4.1], p = 0.0001. Whereas IL-6 continued to rise in pa-
tients who ultimately succumbed to the disease despite
repetitive haemofiltration cycles, median difference 179.7
pg/mL [95% CI 42.02 to 613.3], p = 0.0009 (Fig. 2c).

IL-6 is the primary inducer of hepatic CRP synthesis
and secretion; the acute-phase protein has been associated
with COVID-19 mortality and morbidity [21, 22]. We ob-
served that EBP was associated with a decrease of CRP in
non-severe cohort, showing a significant time-dependent
reduction B =-1.9 [95% CI -3.7 to -0.2], p = 0.03 (Fig. 2d;
online suppl. Supplemental Fig. 1; for all online suppl. ma-
terial, see www.karger.com/doi/10.1159/0005515627).

EBP was associated with a gradual normalization of
several biomarkers (online suppl. Supplemental Figs.
1-3). For instance, we observed a decrease in inflamma-
tory immune indices NLR, § = —0.49 [95% CI -0.89 to
-0.09], p = 0.01 and SII, B = -79.6 [95% CI -131.3 to
~27.9], p = 0.003.

We did not routinely screen for SARS-CoV-2 spike
protein-specific IgG antibodies at admission; neverthe-
less, the available data suggest that severe cases presented
with higher baseline titres that further increased over
time (online suppl. Supplemental Fig. 1). BGA were com-
parable during the early phases of hospitalization; exclud-
ing the individual exceptions, there were no notable dif-
ferences in BGA parameters over time across the cohort.

Severe cases requiring prolonged hospitalization (>2
weeks) showed possible signs of respiratory acidosis
(ARDS) evidenced by decreasing pH values and increas-
ing levels of the partial pressure of carbon dioxide on me-
chanical circulatory support (online suppl. Supplemental
Fig. 3). Clinically, both subgroups were characterized by
normalizing vital parameters over time (online suppl.
Supplemental Fig. 4).

We observed 19 cases (43.2%) (Table 3) of secondary
bacterial co-infections, most confirmed microbiology
cultures pertained to samples collected at admission; fur-
thermore, positive microbiology was most likely to occur
in (severe) patients admitted from peripheral clinics, OR
3.6 [C195% 0.9 to 12.4], p = 0.07 and procalcitonin levels
were higher in severe patients than cases with a milder
severity profile.

We most frequently detected Staphylococcus aureus,
Haemophilus influenzae, and Enterobacteriaceae; how-
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ever, we also detected Klebsiella pneumoniae and Acineto-
bacter baumannii. The whole cohort’s mortality rate was
27%; the rate in severe cases was 44 versus 4% in non-
severe, relative risk (RR) 7 [95% CI 1.49 to0 40.2], p = 0.007.

Discussion

COVID-19 is caused by SARS-CoV-2 and was identi-
fied by the World Health Organization as an internation-
al public health emergency; with that, a multitude of ther-
apeutic approaches have been pioneered to counter the
detrimental clinical manifestations [23-26] linked to in-
flammatory immune disturbances. We here describe the
clinical course, outcome, and longitudinal analysis of se-
lect biomarkers, and clinical and blood gas parameters in
non-severe versus severe COVID-19 patients treated with
blood purification using the cytokine adsorbing oXiris®
haemofilter.

We and others have explored the use of cytokine blood
purification in an attempt to prevent, control, or reduce
(suspected) hyperinflammation [27-31]. Several blood
purification devices are currently on the market, showing
a significant reduction of pro-inflammatory cytokines
and restore homoeostatic dysregulation associated with
systemic inflammatory syndromes [32-34].

The US Food and Drug Administration gave emergen-
cy approval to the oXiris® membrane filter and Cyto-
Sorb® column-based filter. Both devices have shown an
exceptional capacity to reduce cytokine levels [33, 35],
support haemodynamic stabilization, and increase sur-
vival probability, especially in patients whom therapy was
initiated early [36, 37].

We previously reported our preliminary results on
EBP using the oXiris® filter in COVID-19 [20]. The co-
hort’s limited size precluded comparative analyses be-
tween patient subgroups stratified according to disease
severity. With this follow-up study on an expanded co-
hort, we show that EBP was paired with a longitudinal
reduction of numerous inflammatory mediators, acute
phase proteins, and resolution of cytopenias (online sup-
pl. Supplemental Fig. 1).

For instance, EBP was associated with a time-depen-
dent decrease across the cohort in ferritin levels, a well-
described biomarker associated with severe COVID-19
(38, 39]. Interestingly, oXiris® was associated with a sig-
nificant decline over time of CRP in non-severe cases but
not in severe cases.

Moreover, our results suggest a weaker association be-
tween IL-6 and CRP in COVID-19 patients treated with
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EBP; the 2 markers showed a weak(er) correlation (r =
0.05, p = 0.66, non-severe and r, = 0.35, p <0.001, severe
cases) (online suppl. Supplemental Fig. 5). IL-6 is the
main stimulus for CRP synthesis, and others have de-
scribed a strong positive correlation between IL-6 and
CRP in numerous disease conditions [40-42].

Systemic levels of CRP were more detected in critical
ranges than in IL-6. The cytokine was increased in severe
cases, but overall, the systemic levels measured were low-
er than observed in our historical bacterial sepsis cohort.
The higher levels of CRP irrespective of IL-6 might be
explained as follows: IL-6 is the primary driver of in-
creased CRP production; however, during injury or other
trauma, other pro-inflammatory cytokines such as IL-1,
TNEF-a, and IL-8 may contribute the production of CRP
[43-45].

Current literature indicates that although IL-6 is es-
sential for CRP gene induction, it is not sufficient to
achieve this alone [46] and might require orchestrated
stimuli by multiple pro-inflammatory cytokines to boost
CRP gene expression. Collectively, the increased levels of
IL-1, TNF-q, IL-8, and IL-6 seen in COVID-19 plausibly
synergize to enhance CRP gene expression [47].

Recently, 3 studies have compared cytokine levels in
COVID-19 to other conditions [47-49] and hinted that
the term “cytokine storm” is perhaps not applicable to
COVID-19 as was previously postulated. It is possibly a
case of semantics; the immunological disturbances in
COVID-19 encompass both innate and adaptive arms [4,
47, 50] and clinically possess many hallmarks of cytokine
storm syndrome [51, 52].

The incidence of bacterial co-infection (43%) was
higher than previously reported [53-55]. In compliance
with antimicrobial resistance guidelines [56, 57], we col-
lect nasopharyngeal samples and also perform hemocul-
tures in critical COVID-19 cases at admission. We de-
tected bacterial co-infections more frequently in patients
previously hospitalized at peripheral clinics than the sub-
group admitted from home.

Empirical antibiotics are administered for maximum
48 h or discontinued immediately following negative rep-
resentative cultures [58]. It is possible that our antimicro-
bial resistance protocol may be masked by unnecessary
antibiotic administration elsewhere, a common clinical
practice in south-eastern Europe [59-62].

Clinically, the heterogeneity among the severe cases
was striking; the clinical course of severe COVID-19, the
extent of the affected lung area, and ARDS development
were often not aligned with systemic levels of biomarkers.
Several critical cases in need of mechanical ventilation
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and inotrope support showed clinical deterioration de-
spite decreasing inflammatory mediators. Interestingly,
we observed just 2 cases of AKI during the study period;
asurprising finding provided the pooled incidence rate of
8.9% (95% CI 4.6 to 14.5) reported by Chen et al. [63].
Finally, the observed mortality rate of 27% observed in
this case series is comparable to what has been recently
reported [64].

Limitations

Because of the observational design, the absence of
randomization and limited cohort size, we are unable to
formally assess the effectiveness of EBP and cannot pro-
vide evidence of a causal relationship between this spe-
cific EBP and improved clinical outcome. We encourage
further research in this setting; large randomized con-
trolled trials are warranted to determine the optimal EBP
strategy to control COVID-19 disease progression and
prevent ARDS. Nevertheless, with 3,000+ accumulated
hours of EBP run-time and real-time data on 44 patients,
we collected sufficient data points to establish biomarker
fluctuations over time and evaluate the safety profile of
oXiris® blood purification.

Conclusion

Our results suggest that EBP with oXiris® haemofilter
is safe and was associated with reduced levels of CRP, and
control of IL-6 and procalcitonin in COVID-19 patients.
Repetitive haemofiltration was associated with a reduc-
tion of ferritin, NLR, SII, and restoration of immune cell
homoeostasis in COVID-19 patients. EBP may represent
an attractive treatment modality to limit systemic damage
caused by aberrant immune activation and therefore
might stabilize the clinical condition of COVID-19 pa-
tients. Despite the encouraging results, high-quality ran-
domized controlled trials are warranted to provide solid
evidence and advance clinical practice.
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