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TO THE EDITOR 

 

Coronavirus disease 2019 (COVID-19) is a novel 

human infectious disease caused by severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2). 

The virus has affected the majority of countries 

worldwide. In a cohort study of Chinese patients with 

COVID-19 related pneumonia, 23% were admitted to 

the intensive care unit (ICU), 17% developed acute 

respiratory distress syndrome (ARDS), and 11% died 

of the disease complications.
1
 

According to reports, 67% of critically ill patients 

with COVID-19 may develop organ failure partly due 

to a sepsis-like syndrome caused by high levels of 

circulating cytokines. This condition can affect many 

vital organs including the lungs, kidneys, heart, and 

liver.
2
 The high levels of cytokines, commonly referred 

to as “cytokine storm”, maybe indirectly triggered by 

sepsis or directly caused by the impact of the virus on 

the host’s immune system. Previous experience with 

similar viruses influenza A virus subtype H1N1 

(A/H1N1), SARS and Middle East Respiratory 

Syndrome (MERS) leads to the conclusion that the 

severity of the disease depends on patients’ symptoms 

and immune system competency. Thus far, in the 

setting of severe hypoxic respiratory failure and septic 
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shock caused by COVID-19, mechanical ventilation 

and hemodynamic support appears to be the only 

therapeutic options.
3
 

The cytokine storm has been linked to the 

development and progression of ARDS, septic shock, 

and multi-organ failure in these patients. Therefore, 

timely removal of cytokines from the serum can 

potentially mitigate related complications.
4,5 

Hemoperfusion (HP) is a treatment technique in which 

large volumes of the patient's blood are passed over an 

adsorbent substance to extract toxic substances. 

Hemoperfusion cartridges have been designed for the 

removal of cytokines in patients with antibiotic-

resistant septic shock secondary to H1N1 influenza.
6,7

 

As H1N1-induced ARDS has been successfully treated 

with HP, this approach may prove to be helpful in the 

treatment of COVID-19 patients as well.
6 

Hemoperfusion cartridges adsorb cytokines and impede 

their binding to alveoli and blood vessel endothelial.  In 

turn, this may prevent the development and progression 

of ARDS, and reduce the mortality rate of the 

disease.
4,8

 Extracorporeal methods such as 

hemofiltration or hemoperfusion provide a new 

opportunity to support various vital organs and prevent 

their dysfunction. In severe conditions, it may be 

possible to use specific extracorporeal devices and 

circuits to replace the heart, lungs, kidneys, and liver, 

or at least to preserve their functions.
8-10 

According to 

reports from our Chinese colleagues, who have treated 

many patients with complicated COVID-19 related 

syndromes in the intensive care unit (ICU), it appears 
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that direct HP with the highly biocompatible sorbent 

and industrial resin cartridges has resulted in 

remarkable outcomes.
10

 It seems that this approach is 

greatly beneficial to eliminate circulating cytokines and 

support hemodynamic and organ functions. Chinese 

scientists proposed using HA380 cartridges from the 

Jafron Biomedical company in a 2-1-1 manner (i.e. 2 

units every 12 hours in the first 24 hours and 1 unit 

daily for 2 consecutive days).
8
 As we are unable to 

constantly monitor cytokine levels, the reasonable 

approach may be to nonspecifically remove them with 

the assumption that cytokines with the highest 

concentration are removed at a higher rate. This 

strategy may mitigate organ dysfunction and augment 

the host’s immune system response.
11

 

In plasma exchange therapy (PET), along with 

cytokines and interleukins induced by the cytokine-

storm, many other plasma proteins and 

immunoglobulins (IgG, IgM, IgA) are also removed. 

This weakens the immune system and makes the body 

vulnerable to pathogens. In addition, daily withdrawal 

of two to three liters of plasma affects the patient's 

hemodynamics and leads to hypotension.
12

 On the other 

hand, HP primarily and specifically removes cytokines 

and other inflammatory mediators and spares plasma 

proteins. Furthermore, as no plasma volume is 

withdrawn from the patient with HP, it has a negligible 

effect on the patient's hemodynamics. Another point to 

be considered is that PET is contraindicated in patients 

with hypotension or those with hemodynamic disorders 

such as hemodialysis patients.
8,12,13

 A further advantage 

of HP is that it does not require replacement of volume 

with a solution while with PET, the volume of 

harvested plasma must be replaced with 1-1.5 liters of 

crystalloids or 0.5-1 liter of colloidal (400 CC albumin 

20%, gelatin product) solutions or 3-4 units of fresh 

frozen plasma (FFP) units. All of these replacement 

fluids options have their disadvantages. Meanwhile, 

during the coronavirus pandemic, we face a serious 

shortage of blood products, especially FFP and 

albumin.
8,12 

HP is a much simpler procedure to be 

performed in comparison to PET. PET requires specific 

centrifuges which are limited in Iran, and most 

hospitals lack the instrument and trained staff to 

perform this procedure.
12-14

 However, HP can be 

performed using a dialysis machine by trained dialysis 

staff in almost any hospital. Paradoxically, the cost of 

PET is covered by insurance but HP is not. Currently, 

the cost of each piece of HP cartridges is 3-4 times 

more expensive than PET filters. Both treatment 

modalities have considerable side effects. HP can lead 

to thrombocytopenia (usually rebounding within 24 to 

48 hours), hypocalcemia, hypoglycemia, hypothermia, 

neutropenia, hypophosphatemia, and rarely 

hypotension (usually mild).
14

 PET can cause a 

reduction in hemoglobin, fibrinogen, and antibodies  

Additionally it can lead to seizures, urticaria, chest 

pain, hypotension, and coagulation disorders.
13

 A 

common disadvantage of both HP and PET is that they 

act indiscriminately by removing both harmful and 

beneficial cytokines and interleukins.
12-14 

Coupled 

plasma filtration adsorption (CPFA) is an 

extracorporeal detoxification system that combines an 

HP cartridge and a plasma separator filter. In this 

method, the patient's plasma is withdrawn from the 

circulation by the separator filter and then enters into 

the HP cartridge. Then purified plasma depleted of 

cytokines and other inflammatory mediators returns to 

the patient. This method increases the efficiency of 

cytokine removal compared with HP alone. This is 

because instead of the whole blood, only plasma enters 

into the HP cartridge in CPFA. Because the plasma 

isolated in CPFA is returned to the patient (unlike 

PET), CPFA is not associated with hypotension and 

depletion of immunoglobulins and other proteins 

obviating the need for plasma volume replacement.
15

 

Ultimately, the most ideal approach would be to 

employ CPFA (i.e. combined PET & HP) instead of 

either HP or PET alone to optimize the efficacy of 

cytokine removal in patients with COVID-19 infection. 

 

CONFLICT OF INTEREST 

 

The authors declare no conflicts of interest. 

 

ACKNOWLEDGMENT 

 

We thank the associate editor for many 

constructive comments. We also thank Dr. Mostafa 

Mohammadi for helpful discussions that led to a better 

presentation of this paper. 

 

REFERENCES 

 

1. Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al. 

Epidemiological and clinical characteristics of 99 cases of 

2019 novel coronavirus pneumonia in Wuhan, China: a 

descriptive study.Lancet. 2020;395(10223):507-13. 



COVID-19 Hemoperfusion Therapy versus Plasma Exchange Therapy  

Vol. 19, No. Supple.1, May 2020                                                                                                                                                  Iran J Allergy Asthma Immunol, / 9 

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir) 

2. Ruan Q, Yang K, Wang W, Jiang L, Song J. Clinical 

predictors of mortality due to COVID-19 based on an 

analysis of data of 150 patients from Wuhan, China. 

Intensive Care Med. 2020:1-3. 

3. Beutel G, Wiesner O, Eder M, Hafer C, Schneider AS, 

Kielstein JT, et al. Virus-associated hemophagocytic 

syndrome as a major contributor to death in patients with 

2009 influenza A (H1N1) infection. Crit Care. 

2011;15(2):R80. 

4. Matthay MA, Zemans RL. The acute respiratory distress 

syndrome: pathogenesis and treatment. Annu Rev Pathol. 

2011;6:147-63. 

5. Zhang C, Wu Z, Li J-W, Zhao H, Wang G-Q. The cytokine 

release syndrome (CRS) of severe COVID-19 and 

Interleukin-6 receptor (IL-6R) antagonist Tocilizumab 

may be the key to reduce the mortality. Int J Antimicrob 

Agents. 2020:105954. 

6. Takeda S, Munakata R, Abe S, Mii S, Suzuki M, 

Kashiwada T, et al. Hypercytokinemia with 2009 

pandemic H1N1 (pH1N1) influenza successfully treated 

with polymyxin B-immobilized fiber column 

hemoperfusion. Intensive Care Med. 2010;36(5):906. 

7. Shimizu T, Hanasawa K, Sato K, Umeki M, Koga N, 

Naganuma T, et al. Direct hemoperfusion with 

polymyxin-B-immobilized fiber columns improves septic 

hypotension and reduces inflammatory mediators in 

septic patients with colorectal perforation. Langenbecks 

Arch Surg. 2009;394(2):303. 

8. Ronco C, Reis T, De Rosa S. Coronavirus epidemic and 

extracorporeal therapies in intensive care: si vis pacem 

para bellum.Blood Purif. 2020;49(3):255-8. 

9. Kaçar CK, Uzundere O, Kandemir D, Yektaş A. Efficacy 

of HA330 Hemoperfusion Adsorbent in Patients 

Followed in the Intensive Care Unit for Septic Shock and 

Acute Kidney Injury and Treated with Continuous 

Venovenous Hemodiafiltration as Renal Replacement 

Therapy. Blood Purif. 2020:1-9. 

10. Poli EC, Rimmele T, Schneider AG. Hemoadsorption 

with CytoSorb®. Intensive Care Med. 2019;45(2):236-9. 

11. Reiter K, Bordoni V, Dall’Olio G, Ricatti MG, Soli M, 

Ruperti S, et al. In vitro removal of therapeutic drugs with 

a novel adsorbent system.Blood Purif. 2002;20(4):380-8. 

12. Szczeklik W, Wawrzycka K, Włudarczyk A, Sega A, 

Nowak I, Seczyńska B, et al. Complications in patients 

treated with plasmapheresis in the intensive care unit. 

Anaesthesiol Intensive Ther. 2013;45(1):7-13. 

13. Hadem J, Hafer C, Schneider AS, Wiesner O, Beutel G, 

Fuehner T, et al. Therapeutic plasma exchange as rescue 

therapy in severe sepsis and septic shock: retrospective 

observational single-centre study of 23 

patients.BMCAnesthesiol. 2014;14(1):24. 

14. Ghannoum M, Bouchard J, Nolin TD, Ouellet G, Roberts 

DM, editors. Hemoperfusion for the treatment of 

poisoning: technology, determinants of poison clearance, 

and application in clinical practice. Semin Dial; 2014: 

Wiley Online Library. 

15. La Manna G, Donati G. Coupled plasma filtration 

adsorption: a multipurpose extracorporeal detoxification 

therapy. Blood purif. 2018;46:228-38. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


