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Dear Editor, 

Early in the COVID-19 pandemic, the description of a cytokine storm associated with 

the most severe forms of the disease elicited consideration of anti-cytokine therapies. 

However, more recent data showed that inflammatory cytokine concentrations in patients 

with critical COVID-19 are markedly less than those reported in sepsis or acute respiratory 

distress syndrome (ARDS) unrelated to COVID-19 (1). In the most severe forms of COVID-

19 which required extracorporeal membrane oxygenation (ECMO), concerns were raised 

about the potential harm of ECMO itself (2, 3) that may increase serum and bronchoalveolar 

lavage fluid interleukine-6 (IL-6) and tumor necrosis factor-α (TNF-α) concentrations (4) 

while significantly higher mortality had been associated with higher serum IL-6 in COVID-

19 patients (5). Besides, TNF-α and IL-8 concentrations rose rapidly during the first 2 hours 

of ECMO in a neonatal porcine ECMO model (6). Although estimated 60-day survival of 

ECMO-rescued patients with COVID-19 was similar to that of studies published in the past 2 

years on ECMO for severe ARDS (7), the contribution of ECMO itself to the cytokine release 

syndrome observed in some COVID patients remains a matter of debate. 

CytoSorb® (CytoSorbents Europe, Berlin, Germany) is a haemoadsorption cartridge 

containing polystyrene divinylbenzene beads coated with polyvinylpyrrolidone designed to 

remove cytokines from the blood. Small case series have suggested that cytokine removal 

with this device that can be simply connected to the ECMO circuit may improve the 

outcomes of severe ARDS or cardiac surgery patients (8).

In this context, we studied 22 COVID-19 ECMO patients. The first consecutive 11 

patients were included prospectively with a CytoSorb® adsorber being combined to ECMO. 

During that period, 4 ECMO patients were not included because a pre-ECMO sample was not 

possible. Then, 11 non-contemporaneous ECMO patients without CytoSorb® (i.e control 
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group) were subsequently included. All of these patients were included without any selection 

based on clinical criteria, elevated levels of IL-6, or other biomarkers of inflammation. Whole 

blood was collected before ECMO, 4 hours after ECMO start without CytoSorb® adsorber, 

and after 12 and 48 hours of CytoSorb® and ECMO or after 12 and 48 hours on ECMO alone 

in the control group, respectively. We used highly sensitive, classical or digital, multiplex 

enzyme-linked immunosorbent assay technologies, to directly analyze combined cytokine 

production profiles (IL-1β, IL-6, IL-8, IL-22, IL-10, IL-17A, IL-18, GM-CSF, IFN-α, IFN-γ, 

TNF-α, and IFN-β) in serum of patients at these different time points. Serum samples were 

also obtained at the same time points in 11 control patients (i.e COVID-19 patients on ECMO 

who did not receive CytoSorb®). We compared cytokine profiles in patients with ECMO and 

CytoSorb® (CytoSorb group) or ECMO alone (control group), between 1) before and after 

four hours on ECMO (i.e direct impact of the ECMO) and 2) four and 48 hours on ECMO. 

Comparisons were performed by using a Wilcoxon test for non-parametric variables (SPSS 

version 21.0, IBM Corp, 2012). The study was performed at the Pitie Salpetrière hospital and 

approved by the local ethical committee, Comité d’Ethique de la Recherche of Sorbonne 

University (#CER-SU-2020-21 and -31).

Twenty-two COVID-19 ECMO patients (11 with ECMO and CytoSorb®) were 

included: 16 males, median (range) age 49 (33-65), SAPS II 46 (17-92), and time between 

intubation and ECMO start of 3 (1-11) days. The 48-hour study period was completed for 

8/11 patients with Cytosorb® and all control group patients, respectively. Pre-ECMO, only 

IL-1β was significantly lower in the Cytosorb group compared to the control group 

(p=0.022). Levels of IL-6, IL-8, and IL-18 were very high in all patients, and higher than 

serum concentrations of other cytokines tested. Importantly, serum cytokine levels, and 

specifically IL-6, did not increase after 4 hours on ECMO (Figure 1A and 1B). Furthermore, 

IL-10 and IFN-γ concentrations decreased after 48 hours of CytoSorb® treatment (p=0.008 
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and p=0.02, respectively). IL-6 levels also decreased from baseline levels, although the 

difference did not reach statistical significance (p=0.08) (Figure 1B). Other cytokine levels 

were not altered by haemoabsorption. However, IL-6, IL-8, and IL-10 concentrations also 

significantly decreased in the 48 hours following ECMO initiation in the 11 patients who did 

not receive CytoSorb® (Figure 1A). The eight 60-day survivors in the Cytosorb® group were 

on ECMO for 25 (6-56) days whereas the 7 survivors of the control group spent 20 (1-42) 

days on ECMO. 

Our findings suggest that ECMO itself does not exacerbate cytokine release in 

COVID-19 patients, contrary to what was previously suggested (2). Our results also question 

the actual impact of the CytoSorb® treatment to decrease serum concentrations of IL-10, 

IFN-γ, and IL-6 in this context. Indeed, a prompt switch to “ultra-protective” mechanical 

ventilation aiming to markedly reduce tidal volume and the driving pressure (9, 10) or the 

spontaneous evolution of the disease may explain the significant decrease of IL-6, IL-8, and 

IL-10 also observed in controls in the 48 hours post-ECMO initiation (Figure 1A). However, 

cytokine adsorption was associated with a more pronounced decrease of serum IL-6 in a 

recent series of four COVID-19 patients on ECMO (11). While these preliminary results need 

confirmation in larger cohorts, it should be mentioned that the non-selective reduction of 

cytokines with the CytoSorb® absorber could lead to paradoxical effects. Indeed, decreasing 

cytokine levels of IL-10, which is considered to dampen inflammation (12), may exacerbate 

COVID-19 associated organ damage. On the other hand, the reduction of IFN-γ, the main 

driver of macrophage activation, could contribute to control haemophagocytic 

lymphohistocytosis-like features associated with organ damage in some severe cases of 

COVID-19 pneumonia. 
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Our study has some limitations. First, the two groups were not randomly selected and 

the control group was non contemporaneous. Second, timing of initiation of Cytosorb® was 

heterogeneous. We cannot rule out that the cytokine profile/response with the Cytosorb® 

could have been different if we had selected patients with higher level of inflammation before 

ECMO or if we had protocolized the timing of the Cytosorb® initiation. Third, the number of 

patients included is small, which limits the interpretation and generalization of our results. 

The ongoing randomized, multicenter controlled trial evaluating cytokine adsorption in 

COVID-19 patients on ECMO (NCT04385771) may help to clarify whether this strategy 

improves the outcomes of these severe patients. 

In conclusion, ECMO does not exacerbate cytokine release in COVID-19 patients 

whereas IL-6, IL-8, and IL-10 decrease after 48 hours on ECMO with ultra-protective 

mechanical ventilation. To what extent combining a Cytosorb® adsorber with ECMO could 

enhance the decrease of these cytokines and improve outcomes, warrants further 

investigations. 

Disclosures:

Dr. Combes reports grants and personal fees from Getinge, personal fees from Baxter, 

personal fees from Xenios, outside the submitted work. Dr Schmidt reports lectures fees from 

Getinge, Drager, and Xenios, outside the submitted work. Other authors have no conflicts of 

interest to disclose.

 Acknowledgments: 

The authors wish to thank the doctors and nurses from the ICU department of Pitié-

Salpêtrière hospital who made this study possible, all members from the Cimi-COVID-19 

consortium, and particularly Christophe Parizot that took care of sample processing, clinical 

Page 6 of 12

 AJRCCM Articles in Press. Published March 16, 2021 as 10.1164/rccm.202011-4140LE 
 Copyright © 2021 by the American Thoracic Society 



data mining and biobanking for this part of the Cimi COVID-19 effort focused on ECMO 

patients.

Page 7 of 12

 AJRCCM Articles in Press. Published March 16, 2021 as 10.1164/rccm.202011-4140LE 
 Copyright © 2021 by the American Thoracic Society 



References

1. Leisman DE, Ronner L, Pinotti R, Taylor MD, Sinha P, Calfee CS, Hirayama AV, 

Mastroiani F, Turtle CJ, Harhay MO, Legrand M, Deutschman CS. Cytokine elevation in 

severe and critical COVID-19: a rapid systematic review, meta-analysis, and comparison 

with other inflammatory syndromes. Lancet Respir Med 2020;8:1233–1244.

2. Henry BM. COVID-19, ECMO, and lymphopenia: a word of caution. Lancet Respir Med 

2020;8:e24.

3. Chen Q, Yu W, Shi J, Shen J, Hu Y, Gao T, Zhang J, Xi F, Gong J, Li J, Li N. The effect 

of venovenous extra-corporeal membrane oxygenation (ECMO) therapy on immune 

inflammatory response of cerebral tissues in porcine model. J Cardiothorac Surg 

2013;8:186.

4. Shi J, Chen Q, Yu W, Shen J, Gong J, He C, Hu Y, Zhang J, Gao T, Xi F, Li J. Continuous 

renal replacement therapy reduces the systemic and pulmonary inflammation induced by 

venovenous extracorporeal membrane oxygenation in a porcine model. Artif Organs 

2014;38:215–223.

5. Risnes I, Wagner K, Ueland T, Mollnes T, Aukrust P, Svennevig J. Interleukin-6 may 

predict survival in extracorporeal membrane oxygenation treatment. Perfusion 

2008;23:173–178.

6. McILwain RB, Timpa JG, Kurundkar AR, Holt DW, Kelly DR, Hartman YE, Neel ML, 

Karnatak RK, Schelonka RL, Anantharamaiah GM, Killingsworth CR, Maheshwari A. 

Plasma concentrations of inflammatory cytokines rise rapidly during ECMO-related SIRS 

due to the release of preformed stores in the intestine. Lab Invest 2010;90:128–139.

Page 8 of 12

 AJRCCM Articles in Press. Published March 16, 2021 as 10.1164/rccm.202011-4140LE 
 Copyright © 2021 by the American Thoracic Society 



7. Schmidt M, Hajage D, Lebreton G, Monsel A, Voiriot G, Levy D, Baron E, Beurton A, 

Chommeloux J, Meng P, Nemlaghi S, Bay P, Leprince P, Demoule A, Guidet B, 

Constantin JM, Fartoukh M, Dres M, Combes A, Groupe de Recherche Clinique en 

REanimation et Soins intensifs du Patient en Insuffisance Respiratoire aiguE (GRC-

RESPIRE) Sorbonne Université, Paris-Sorbonne ECMO-COVID investigators. 

Extracorporeal membrane oxygenation for severe acute respiratory distress syndrome 

associated with COVID-19: a retrospective cohort study. Lancet Respir Med 2020.

8. Kogelmann K, Scheller M, Drüner M, Jarczak D. Use of hemoadsorption in sepsis-

associated ECMO-dependent severe ARDS: A case series. J Intensive Care Soc 

2020;21:183–190.

9. Schmidt M, Pham T, Arcadipane A, Agerstrand C, Ohshimo S, Pellegrino V, Vuylsteke A, 

Guervilly C, McGuinness S, Pierard S, Breeding J, Stewart C, Ching SSW, Camuso JM, 

Stephens RS, King B, Herr D, Schultz MJ, Neuville M, Zogheib E, Mira J-P, Rozé H, 

Pierrot M, Tobin A, Hodgson C, Chevret S, Brodie D, Combes A. Mechanical Ventilation 

Management during Extracorporeal Membrane Oxygenation for Acute Respiratory 

Distress Syndrome. An International Multicenter Prospective Cohort. Am J Respir Crit 

Care Med 2019;200:1002–1012.

10. Rozencwajg S, Guihot A, Franchineau G, Lescroat M, Bréchot N, Hékimian G, 

Lebreton G, Autran B, Luyt C-E, Combes A, Schmidt M. Ultra-Protective Ventilation 

Reduces Biotrauma in Patients on Venovenous Extracorporeal Membrane Oxygenation for 

Severe Acute Respiratory Distress Syndrome. Crit Care Med 2019;47:1505–1512.

11. Rieder M, Wengenmayer T, Staudacher D, Duerschmied D, Supady A. Cytokine 

adsorption in patients with severe COVID-19 pneumonia requiring extracorporeal 

membrane oxygenation. Crit Care 2020;24:435.

Page 9 of 12

 AJRCCM Articles in Press. Published March 16, 2021 as 10.1164/rccm.202011-4140LE 
 Copyright © 2021 by the American Thoracic Society 



12. Jankovic D, Kullberg MC, Feng CG, Goldszmid RS, Collazo CM, Wilson M, Wynn 

TA, Kamanaka M, Flavell RA, Sher A. Conventional T-bet(+)Foxp3(-) Th1 cells are the 

major source of host-protective regulatory IL-10 during intracellular protozoan infection. J 

Exp Med 2007;204:273–283.

Page 10 of 12

 AJRCCM Articles in Press. Published March 16, 2021 as 10.1164/rccm.202011-4140LE 
 Copyright © 2021 by the American Thoracic Society 



Figure 1: Cytokine production profiles in COVID-19 patients A) before, after 4, 12, and 

48 hours on ECMO alone (n=11), and B) before, after 4 hours on ECMO, 12, and 48 

hours with the CytoSorb® adsorber combined with ECMO (n=11).

Symbols represent individual subjects; bars show the median. Statistical analyses were conducted 

using the Wilcoxon signed-rank test.

Comparisons were performed between before ECMO and after 4 hours on ECMO as well as between 

after ECMO and either 48 hours on ECMO (control group) or 48 hours on Cytosorb® (Cytosorb 

group)
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Figure 1: Cytokine production profiles in COVID-19 patients A) before, after 4, 12, and 48 hours on ECMO 
alone (n=11), and B) before, after 4 hours on ECMO, 12, and 48 hours with the CytoSorb® adsorber 

combined with ECMO (n=11). 
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