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Abstract

Respiratory failure and systemic inflammation are para-
mount features of severe SARS-CoV-2 disease (COVID-19).
Extracorporeal membrane oxygenation (ECMO) therapy has
a potential role in patients with refractory disease. An inflam-
matory response due to blood contact with hemofilters,
functioning as a synergic inflammatory stimulus, can lead to
a hyperinflammatory state, relatable to cytokine release syn-
dromes. After the first patient succumbed to a refractory va-
sodilatory shock believed to be due to hyperinflammatory
state, a strategy of blood purification through cytokine ad-
sorption therapy (CAT) with CytoSorb® was designed. In this
case series, the authors describe the initial experience with
such strategy. CAT was employed with no direct complica-
tions and helped controlling the inflammatory state, with all
patients halting vasopressor support in 72 h and biomarker
levels (C-reactive protein, ferritin, and interleukin-6) show-
ing negative trends in most patients. Analysis of inflamma-

tory biomarkers evolution highlighted 2 biomarker profiles
related to the presence or absence of superinfection at the
time of CAT implementation. In this case series of severe CO-
VID-19 patients, 3 patients died - irreversible lung fibrosis,
complications of critical hypoxemia before ECMO induction
and complications of systemic anticoagulation were the
causes. This case series aimed to contribute to the body of
evidence substantiating CAT utilization in hyperinflamma-
tory patients, namely, COVID-19 patients requiring ECMO
rescue. © 2021 S. Karger AG, Basel

Introduction

Systemic inflammation seems to be a prominent fea-
ture in COVID-19, leading to considerable damage in se-
vere cases [1, 2]. Descriptions seem to point out an eleva-
tion in pro-inflammatory cytokines, such as interleukin
(IL)-2,IL-6, IL-10, interferon gamma, and TNF-alpha [1,
3], with concomitant activation of innate cellular im-
mune response. Targeted cellular immune response may
be blunted by virus-derived lymphopenia [4]. Some pa-
tients experience a hyperinflammatory state relatable to
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cytokine release syndromes (CRS, “cytokine storm”) [3,
5], and a hypercoagulable state [6, 7], not classically ob-
served in influenza patients [8]. Consequently, several
centers and groups try different therapeutic approaches,
while ongoing trails evaluate the efficacy of hydroxychlo-
roquine, glucocorticoids, and drugs targeting IL-1, IL-6,
IL-23a, and GM-CSF [9].

Throughout the world, cases series have described re-
spiratory failure as the most frequent form of severe dis-
ease and the main cause of death in COVID-19 patients
[10-14]. Where resources permit, extracorporeal mem-
brane oxygenation (ECMO) has been used as a salvage
therapy in selected cases [15-17]. One caveat to this ap-
proach is the possibility of inflammatory response ampli-
fication triggered by blood elements contacting the he-
mofilter [18, 19]. To date, no strategy has proven effica-
cious in reducing the impact of ECMO-related systemic
inflammation [20].

There is a rationale for the use of immunomodulation
in an attempt to control pro-inflammatory response [21,
22]. While high-quality evidence precluding formal rec-
ommendation of blood purification techniques in hyper-
inflammatory states is lacking, experts consider it merits
ponderation [22, 23]. In COVID-19, virus-activated CRS
is linked to increased mortality, which invites the use of
aggressive cytokine control therapies, such as hemoad-
sorption. The routine use of hemoadsorption with Cyto-
Sorb® has been described as safe in patients on ECMO
support [24]. Aiming to share a favorable experience with
cytokine adsorption therapy (CAT), the authors present-
ed a case series where CAT was used alongside ECMO to
control or prevent an overpowered inflammatory re-
sponse.

Case Series

Patients in this case series were admitted to our ICU
or referred to our care for extracorporeal respiratory sup-
port due to COVID-19-related respiratory failure!. All
patients received standard supportive therapy - oxygen
supplementation, invasive mechanical ventilation (IMV,
using lung-protective ventilation), PEEP titration, neuro-
muscular blockade, and prone positioning (PP). Patients
received other therapies according to the clinicians’ deci-
sions and local protocols. At the time of ECMO induc-

1 Our ICU is part of the first national reference centre for COVID-19 in
the southern part of the country, as well as an Extracorporeal Life Support
Organization (ELSO) Centre and a National Reference Centre for ECMO.
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tion, most had mechanical properties typical of restrictive
pathology (ARDS). Table 1 details the most relevant pa-
rameters for each patient.

The hospital’s clinical board authorized the use of
CAT after the death of the first COVID-19 patient on
ECMO support, 8 h after its initiation, due to refractory
shock. All other causes for refractory shock were exclud-
ed (cardiac output was at 7 L/min, hemoglobin was stable,
and cannulation site complications were excluded), and
CRS aggravated by membrane exposure was deemed as
the cause of shock. A strategy of systematic use of CAT
for IL-6 levels >100 pg/mL in ECMO patients was hence-
forth adopted. CAT was performed in parallel with
ECMO circuit using 2 sequential CytoSorb® cartridges
(each for 24 h, according to manufacturer suggestion and
previously described practice [24-27]).

Patient 1

A 29-year-old Bengali male with medicated arterial
hypertension and obesity was admitted to another hospi-
tal, in the third week of fever, productive cough, dyspnea,
myalgia, and asthenia. Early (<24 h) transfer to the ICU
was needed for respiratory support. Bacterial superinfec-
tion was suspected and empiric antibacterial therapy
started. During the 5 following days, he deteriorated de-
veloping severe ARDS with little response to neuromus-
cular blockade, prone positioning, and antibacterial ther-
apy escalation. After 24 h with Pa/FiO, constantly <100,
rescue therapy with nitrous oxide (20 ppm maximal dos-
ing) was started but proved equally ineffective. With
worsening respiratory acidosis limiting protective venti-
lation and a cardiac arrest episode secondary to tracheal
tube obstruction during prone ventilation, ECMO rescue
was decided. CAT was initiated from the start of extracor-
poreal support. The patient improved, allowing for a
short ECMO run (6 days) but at sedation withdrawal, a
super-refractory myoclonic status epilepticus was docu-
mented. Neuroimaging revealed hypoxic encephalopa-
thy. Evoked potentials revealed absent N20 reflexes. Goals
of care were readjusted toward comfort care and the pa-
tient was transferred to the ward, where he was cared for
and offered palliative terminal sedation.

Patient 2

A 27-year-old healthy Bengali male presented to the
emergency department with 4-day history of fatigue, fe-
ver, nonproductive cough, and dyspnea. Experiencing
worsening respiratory failure, he was intubated and trans-
ferred to our ICU. For the first 5 days, the patient exhib-
ited no respiratory distress, receiving low levels of pres-
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Table 1. Clinical characteristics of patients with COVID-19 treated with ECMO and CAT (Cytosorb®)

Ref Patient 1 Patient2 Patient3 Patient4  Patient5
Age Years 29 27 43 68 58
Sex Male Male Male Male Male
Conditions - HTN None None None HTN, T2DM, and CVD
Medications - ACEI None None None Insulin
Delay symptoms-IMV Days 21 5 31 4 7
Delay IMV-ECMO Days 6 5 7 7 0
Delay symptoms-Cytosorb® Days 27 10 39 1 7
Vasopressor Days 6 2 2 2 9
IMV Days 18 11 1 47 40
ECMO Days 5 5 8 38 25
Empiric antibacterial - Yes Yes Yes Yes Yes
Hydroxychloroquine - Yes Yes Yes No No
Vitamin B1 and vitamin C - Yes Yes No No No
Antiviral - LPV/r LPV/r No RDV No
Methylprednisolone - No No No Yes No
NMB pre-ECMO - Yes Yes Yes Yes Yes
Prone positioning pre-ECMO - Yes Yes Yes Yes Yes
Worst Cggat mL/cm 22 25 60 67 32

H,0
Worst Pa/FiO, - 73 11 70 92 50

HTN, arterial hypertension; ACEIl, angiotensin-converting enzyme inhibitor; T2DM, type 2 diabetes mellitus; CVD,
cerebral vascular disease; IMV, invasive mechanical ventilation; ECMO, extracorporeal membrane oxygenation; LPV,
lopinavir/ritonavir; RDV, remdesivir; NMB, neuromuscular blockade; Cq,; static compliance; CAT, cytokine adsorp-

tion therapy.

sure support ventilation, despite high FiO, needs. On the
fifth day, however, he became febrile and tachypneic with
progressive dyssynchrony and ensuing hypoxemia. He
was deeply sedated, switched to controlled mechanical
ventilation and NMB and PP were instituted. Respiratory
failure was refractory and IMV parameters approached
nonsecure levels, which led to implementation of ECMO
and CAT (febrile state and moderately elevated IL-6 lev-
el). He received a short uneventful ECMO run (5 days),
tolerating IMV discontinuation the day after ECMO
withdrawal. He was transferred to Infectious Diseases
ward, with no complications registered, notably infec-
tious ones.

Patient 3

A 43-year-old healthy Eurocaucasian male was rescued
under ECMO from another institution where he was ad-
mitted for COVID-19 respiratory failure and was initially
managed noninvasively. At the seventh day of admission,
clinical deterioration with fever and aggravating respira-
tory failure led to intubation and IMV. Prolonged NMB,
various periods of PP and nitric oxide (10 ppm max) were
tried with short lasting success, with worsening respira-

Cytokine Adsorption Therapy for ECMO
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tory mechanics precluding protective ventilation, and Pa/
FiO, under 100. ECMO rescue was arranged. Assuming
bacterial infection as the cause for the deterioration and
with IL-6 unavailable at the referring institution, CAT was
not initiated from the start. For the first 6 h of ECMO
therapy, a state of vasodilatory shock was seen with hypo-
tension, elevated serum lactate and veno-arterial PaCO,
gap, leading to increasing noradrenaline requirements.
Reflecting prior experience, CAT was initiated and a swift
resolution of the shock state was observed. ECMO sup-
port allowed for respiratory improvement within 6 days.
However, a state of severe hemorrhagic shock developed
the eighth day due to a large retroperitoneal hemorrhage
(related to subclinical disseminated intravascular coagu-
lation), additionally complicated by perforated ischemic
bowel. The patient then developed refractory septic shock
and ultimately died, 42 days after initial hospital admis-
sion, and 27 days after ECMO induction.

Patient 4

A 68-year-old healthy Eurocaucasian male presented
to the emergency department with headache and short-
ness of breath. Due to critical desaturation, he was imme-
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Fig. 1. IL-6 levels (pg/mL) evolution. IL, interleukin; CAT, cyto-
kine adsorption therapy.

Fig. 2. NAD requirement (ug/min) evolution. CAT, cytokine ad-
sorption therapy; NAD, noradrenaline.
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diately intubated and transferred to our ICU. Febrile with
elevated C-reactive protein and low procalcitonin, he was
started on methylprednisolone and antibacterial therapy,
while waiting for microbiology. He presented high respi-
ratory drive with need for deep sedation to reach adequate
ventilatory synchronization. Respiratory failure persisted
leading to early use of NMB and PP. On the seventh day,
fever reappeared and respiratory acidemia became impos-
sible to manage using protective ventilatory parameters,
and ECMO/CAT support was started. The patient re-
mained difficult to manage requiring considerable ECMO
support and profound sedation. After volume status opti-
mization, ECMO drainage compromise leads to high-flow
ECMO initiation (VV-V). The patient sustained further
clinical deterioration caused by 2 episodes of ventilator-
associated pneumonia, rendering the patient dependent
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on full ECMO support (blood flow >5 L/min, sweep gas
flow >8 L/min) for several weeks. Ten days after clinical
cure of the last infection, the patient remained ECMO-
dependent, respiratory mechanics suggested a stiff lung
(Cstat 2-8 mL/cm H,0) and lung imaging revealed bilat-
eral fibrosis in over seventy percent lung area. Assuming
irreversible lung fibrosis due to repeated lung infections,
with installed intensive care myopathy and long-standing
deep sedation, the patient was considered noneligible for
lung transplantation and further ECMO support was con-
sidered nonbeneficial. Support was withdrawn, allowing
patient’s death after 50 days of ICU treatment.

Patient 5
A 68-year-old black African male, with arterial hyper-
tension, type 2 diabetes, and previous ischemic stroke,
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Table 2. Analytical evolution of patients with COVID-19 treated with ECMO and CAT (Cytosorb®)

Lactate, mmol/L CRP, mg/L Ferritin, ng/mL PCT, ng/mL

pre-CAT 24h 48 h pre-CAT 24h 48 h pre-CAT 24h 48 h pre-CAT 24 h 48 h
Patient 1 1 0.7 0.6 286 274 259 2,804 1,795 2,113 1.24 0.68 0.45
Patient 2 0.8 2.2 19 223 203 101 1,136 933 1,010 0.21 0.16 0.14
Patient 3 4.8 1.5 26 279 256 >2,000 3,760 2,628 3.29 2.77 2.19
Patient 4 13 2.2 13 48 187 254 1,728 2,748 3,315 0.1 033 0.37
Patient 5 3 1.8 2 224 260 232 1,191 657 592 19.2 10.7 6.98

CAT, cytokine adsorption therapy; CRP, C-reactive protein; PCT, procalcitonin; ELSO, Extracorporeal Life Support Organization; ECMO, extracorporeal

membrane oxygenation.

was admitted to a district hospital due to COVID-19
pneumonia. Quick deterioration with refractory respira-
tory failure leads to ECMO rescue in <24 h. CAT was
implemented for 48 h and a bacterial superinfection was
suspected and treated empirically. He received a long
ECMO run (29 days), due to multiple infectious compli-
cations (2 episodes of ventilator-associated pneumonia
and a primary bacteremia). Throughout the ICU stay, he
sustained hard to treat hyperactive delirium, causing pro-
longed ventilatory weaning (partially facilitated by a
4-day run of extracorporeal CO, removal), alongside with
severe tachypnea without pulmonary or systemic causes.
After full respiratory support was discontinued, never
fully recovering from an altered state of consciousness,
the patient was transferred to Internal Medicine ward of
the referring hospital 45 days after ICU admission.

Discussion

In this case series, all patients were managed with CAT
alongside ECMO for suspected CRS or to prevent a hy-
perinflammatory state resulting from the synergistic pro-
inflammatory stimuli from COVID-19 and ECMO. All
had fever and elevated IL-6 prior to ECMO induction. It
is however hard to diagnose CRS in COVID-19 patients
with criteria being sometimes used too broadly, and a
well-structured systematic review questioning whether
the COVID-19 inflammatory organ dysfunction can be
related to CRS [28]. The cause of the inflammatory state
in these patients is probably explained by >1 mechanism
(e.g., SARS-CoV-2 infection, bacterial superinfection,
and hypoxic/hypotensive episodes). Such complexity
casts a shadow over the potential benefit of CAT, inviting
future studies with comparative analysis.

Nevertheless, CAT seems to have a role in controlling
the inflammatory response, as judged by the reduction in

Cytokine Adsorption Therapy for ECMO
COVID-19 Patients

IL-6 and lactate levels and vasopressor requirements
(Fig. 1-3). All patients suspended vasopressor support
within 72 h of CAT start. In a case series using CAT to
control inflammatory states purely caused by hyperin-
flammation [29], shock reversal and vasopressor support
suspension were almost immediate. However, when CAT
was used to control sepsis-related inflammation [24, 27],
a reduction in vasopressor requirements took longer to
occur. IL-6 levels have been associated with increased se-
verity and mortality in COVID-19 patients [13, 30]. Two
patients had IL-6 levels determined only after initiation
of ECMO support. Patient 1, who received concomitant
CAT from the onset of ECMO, had only moderately in-
creased IL-6 values (199 pg/mL). Patient 3 had IL-6 level
determined only at the time of arrival at our ICU, already
under ECMO therapy. Despite IL-6 levels above the de-
termination cutoff, CAT was not immediately started be-
cause of clinically suspected bacterial superinfection, and
vasodilatory shock quickly ensued after perfusion through
ECMO hemofilter commenced. Control of shock state
with CAT despite infection persistence and continuing
hemoperfusion through ECMO filter further points to a
dysregulated inflammatory state.

Looking at other inflammatory biomarkers (Table 2),
all patients had elevated ferritin and most had elevated
C-reactive protein, with levels oscillating in nonspecific
manner after ECMO/CAT initiation. Patient 4 exhibited
increase in inflammatory markers after ECMO/CAT,
with a respiratory fungal infection becoming symptom-
atic in subsequent days. Despite only small-to-modest el-
evations in procalcitonin (with exception of patients 3
and 5), most patients were shown, or at least suspected,
to have bacterial superinfection surrounding the time of
ECMO/CAT initiation. Evaluating the maximal variation
in vasopressor requirement and laboratory values (Fig. 3),
2 patients (3 and 4) exhibit a different profile with in-
crease in inflammatory biomarkers despite CAT. This
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probably highlights an inflammatory state mainly due to
superinfection, as opposite of patients 1, 2, and 5, who
present a clear suppression of inflammatory biomarkers
with CAT and probably represent cases of inflammation
mostly related to COVID-19.

Asin previous series, patients sustained no direct com-
plications of CAT, namely, severe thrombocytopenia.
Two of nonsurviving patients sustained ulterior infec-
tions, one of them dying in result of refractory nosoco-
mial septic shock and the other dying from irreversible
lung fibrosis. Despite some sustained interest in anti-IL-6
therapy in COVID-19 patients [1, 31-33], our group
chose CytoSorb® for the potential added benefit in con-
trolling ECMO-related systemic inflammation and the
time limited effect, which improves infectious risk.

Our analysis presents with considerable limitations in-
herent to the retrospective nature of the report. The ab-
sence of control group forbids clear conclusions on effi-
cacy, safety, and total organ dysfunction burden amelio-
ration. The authors believe the path ahead for
hemoadsorption must include higher quality evidence -
larger case-control series and well-designed clinical trials,
in patients with septic shock and other hyperinflamma-
tory states.

Conclusion

Despite the lack of solid RCT data proving their worth,
pathophysiological rationale behind CAT and clinical ev-
idence available in published case series and some low-
quality evidence support its use. This report adds to this
body of work. CAT seems a safe therapy and albeit expen-
sive, its costs may be offset by its efficacy in controlling
superinflammatory responses seen in COVID-19 pa-
tients, often augmented by the hemoperfusion through
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