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Abstract: The 2019 novel coronavirus (officially known as severe acute respiratory syndrome coronavirus 2, SARS-CoV2)
was first found in Wuhan, China. On February 11, 2020, the World Health Organization (WHO) has declared the
outbreak of the disease caused by SARS-CoV2, named coronavirus disease 2019 (COVID-19), as an emergency
of international concern. Based on the current epidemiological surveys, some COVID-19 patients with severe
infection gradually develop impairment of the respiratory system, acute kidney injury (AKI), multiple organ
failure, and ultimately, death. Currently, there is no established pharmacotherapy available for COVID-19. As
seen in influenza, immune damage mediated by excessive production of inflammatory mediators contributes
to high incidence of complications and poor prognosis. Thus, removal or blocking the overproduction of these
mediators potentially aids in reducing the deleterious cytokine storm and improving critically ill patients’ out-
comes. Based on previous experience of blood purification to treat cytokine storm syndrome (CSS) in severe
acute respiratory syndrome (SARS) and Middle East respiratory syndrome (MERS), here we aimed to review the
current literature on extracorporeal hemoperfusion as a potential therapeutic option for CSS-associated condi-
tions, with a focus on severe COVID-19.
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1. Introduction

Coronavirus disease 2019 (COVID-19) is a newly recognized

zoonotic respiratory infection caused by severe acute res-

piratory syndrome coronavirus 2 (SARS-CoV-2). It has al-

ready affected millions of people worldwide, accounting for

a significant morbidity and mortality burden. Early studies,
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mostly coming from China, have reported that more than

20% of critically ill COVID-19 patients with pneumonia, re-

quired admission to the intensive care unit (ICU) (1). More-

over, a significant number of critical cases were reported

to develop Multiple Organ Dysfunction Syndrome (MODS)

and Acute Respiratory Distress Syndrome (ARDS), resulting

in death within a short time (1, 2).

A prominent modulator of sepsis, ARDS, and organ damage

in critical care patients is "cytokine storm syndrome" (CSS)

caused by dysregulated inflammatory response, in either the

absence or presence of a pathogenic microorganism. Local-

ized inflammation is a normal, necessary defense and repair
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response of body to injury or infection. This process is trig-

gered when innate immune cells detect infection or tissue

injury. Upon activation, immune cells release various pro-

inflammatory cytokines including IL-1, 6, 8, 11, 12, inter-

feron Y and TNF-α. Such pro-inflammatory response pro-

motes production of macrophages, enhances vascular per-

meability, promotes coagulation, and activates extravasation

of neutrophils into infected tissue. In order to restore the

body homeostasis, once the pro-inflammatory stimulus is

eradicated, an anti-inflammatory response (e.g. production

of IL-1RA, IL-4, and IL-10) is essential to reduce the overall

production of inflammatory cytokines (3). Thus, a tightly reg-

ulated self-limited protective response controls acute inflam-

mation. However, in many life-threatening conditions such

as sepsis, trauma, burn injury, severe lung injury, liver failure,

pancreatitis, influenza and cytokine release syndrome, the

pro/anti-inflammatory response balance is dysregulated. If

homeostasis is not restored, uncontrolled pro-inflammatory

response along with an unbalanced anti-inflammatory feed-

back causes production of excess inflammatory mediators,

particularly cytokines (3). Cytokines are a family of im-

munoregulatory molecules that play roles in regulation of

pro and anti-inflammatory responses. Their family includes

chemokines, interferons, interleukins, lymphokines, tumor

necrosis factor and many others. Overproduction of these

inflammatory mediators (CSS) induces severe vascular in-

juries, increased vascular permeability, and immense plasma

leakage, leading to edema, necrosis, and cell death. These

events ultimately lead to clinical symptoms including, high

fever, accumulation of leukocytes and formation of blood

clots in micro-vessels, hypotension, hemoconcentration, in-

creased oxygen demand, acidosis, pulmonary edema, alveo-

lar hemorrhage, and pleural effusion. Two common clinical

sequels to CSS are ARDS and MODS.

2. CSS in severe COVID-19

The term "cytokine storm" in viral infection was first used in

2000, in an investigation on cytomegalovirus (4). Soon after,

it began to appear more frequently in the scientific literature,

showing an association with a wide variety of viral infections

including Epstein-Barr virus (5), group A streptococcus (6),

influenza virus (7), variola virus (8), and severe acute respira-

tory syndrome coronavirus (SARS-CoV) (9)(10), MERS-CoV

(11), H5N1 and H1N1 influenza viruses (12, 13).

Similar to that of SARS and MERS, laboratory findings and

clinical manifestations of some critical COVID-19 patients

suggest a strong role for the involvement of CSS and patho-

physiological sequelae (14). For instance, elevated levels

of several inflammation-related biomarkers, including C-

reactive protein (CRP), ferroprotein, and erythrocyte sedi-

mentation rate (ESR) and interleukin-6 (IL-6) were reported

in patients with COVID-19 pneumonia (1). Moreover, in-

creased levels of interleukin-2 (IL-2), interleukin-7 (IL-7),

interleukin-10 (IL-10) , granulocyte colony-stimulating fac-

tor (GSCF), interferon gamma-induced protein 10 (IP-10),

chemokine (C-C motif) ligand 2 (CCL2), Chemokine (C-C

motif) ligand 3 (CCL3), and tumor necrosis factor α (TN-

FÎś) in patients admitted to ICU compared to non-ICU pa-

tients suggests that they are related to poor prognosis (15,

16). Meanwhile, elevated levels of inflammatory indicators

in the blood of COVID-19 patients are suggested to be among

predictors of a fatal outcome (17).

Building on previous experience from SARS and MERS, re-

ducing viral load by antiretroviral therapy and modulating

inflammatory responses via pharmacological agents appear

to be effective measures to improve the prognosis of SARS-

CoV-2 infection (18-20). In organ dysfunction syndromes,

when pharmacological treatment is not sufficiently effective

or available, advanced methods of treatment such as me-

chanical ventilation and hemodynamic support are the only

substitutional therapeutic strategies.

Accordingly, immunomodulatory strategies, cytokine antag-

onists, and mechanical removal of inflammatory media-

tors are already being considered or implemented in clini-

cal practice for patients with severe COVID-19. Thus, as the

COVID-19 pandemic spreads worldwide, ICU practitioners

are facing a surge in critically ill patients who need acute and

critical modalities.

3. Extracorporeal blood purification
(EBP) for patients with severe COVID-19

EBP therapies are proposed as promising adjunctive treat-

ments, designed for elimination of toxins and removal of in-

flammatory mediators. Even though a growing body of ev-

idence indicates the beneficial impact of EBP use, at this

stage, there are controversial reports on these techniques

that should be explored (21).

Historically, EBP modalities have been recommended as

complementary treatment methods for a serious overdose

from a number of toxins, including salicylates, lithium, ethy-

lene glycol, methanol, and theophylline (22-24). However,

multiple extracorporeal devices have been evolved, with the

intent to remove endotoxins and modulate the level of in-

flammatory mediators, such as cytokines/chemokines, the

complement system components, and factors involved in co-

agulation system (21, 25-28).

The general mechanism of EBPs relies on the removal of

various solutes, substances, and excessive fluid from blood

through diffusion, convection, or adsorption. In these meth-

ods, patients are connected to EBP machines and their blood

or plasma is pumped out of a device outside the body, pass-

ing through a column containing affinity particles. The com-
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mon EBP techniques include hemodialysis, hemofiltration

and hemodiafiltration, hemoperfusion, therapeutic plasma

exchange, continuous renal replacement therapy, peritoneal

dialysis (PD), and albumin dialysis. Hemoperfusion ther-

apy was first introduced in the 1940s, using an ionic resin

to remove uremic toxins in dogs (29). Results from subse-

quent studies were sufficiently favorable to merit further re-

search and clinical applications (30, 31). The major mecha-

nism of hemoperfusion is elimination of circulating inflam-

matory mediators and endotoxins, when large volumes of the

patient’s blood are passed over its adsorbent substance. Cir-

culating endotoxin or inflammatory mediators are attached

to the highly adsorptive membrane through hydrophobic,

ionic, and van der Waals interaction; thus, being eliminated

from circulation (25-27). The sorbent system is made up of

a biocompatible fixed bed, or cartridge, which contains the

adsorbent particles. There are two major types of adsorbent

materials, including activated charcoal and resins (e.g. hy-

drocarbon polymer, polystyrene). Charcoal has greater affin-

ity for water-soluble molecules, whereas resins have higher

affinity toward lipid-soluble molecules (e.g., glutethimide

and methaqualone). Particular characteristics of solutes

such as molecular size, chemical affinity, and their distribu-

tion volume in the body determine the efficacy of the hemop-

erfusion.

Over the years, improvement of biocompatibility and ad-

sorption capacity of hemoperfusion systems increased their

use in the critical care settings. Therefore, even though, clas-

sical application of hemoperfusion was elimination of drug

or chemical toxics from circulation, recently treatment of in-

flammatory conditions has been suggested as a potential use

for hemoperfusion. Regardless of limited evidence, hemop-

erfusion administration for removal of inflammatory media-

tors from the bloodstream has been reported to have a bene-

ficial impact on the treatment of dysregulated inflammatory

conditions (32). For instance, application of this technique

has been reported to have favorable effects in several cases

of influenza (especially H1N1 and H5N1 subtypes) (33, 34).

Moreover, hemoperfusion has successfully been used to im-

mediately ameliorate severe CSS and prevent MOD, pneu-

monia, and hydrosarca caused by chimeric antigen receptor

(CAR) T cell therapy (35, 36).

Though not definitive, the profile of cytokine and inflam-

mation in SARS-CoV 2 infection suggests that a severe dys-

regulated inflammatory response is a fundamental prob-

lem in quite some critically ill COVID-19 patients (37-40).

Therefore, the rationale of using extracorporeal organ sup-

port therapies including hemoperfusion, with efficient sor-

bent cartridges for removal of cytokines and other inflamma-

tory circulating mediators, should be considered in critically-

ill COVID-19 patients (41). To date, various centers in differ-

ent countries including Italy, China, USA, Germany, and Iran

have reported or are investigating the beneficial effects of dif-

ferent hemoperfusion systems, including HA380/HA330 car-

tridges, CytoSorb, and polymyxin B immobilized fiber col-

umn in treatment of critically-ill COVID-19 patients.

The HA type hemoperfusion cartridges (HA130, HA230,

HA330 and HA380) (Jafron, China) are among the widely

used HA devices in China. The cartridges contain highly bio-

compatible sorbents and neutro-macroporous resin made

of styrene-divinylbenzene copolymer. HA 330 and HA 380

cartridges are mainly used in acute inflammatory condi-

tions. Their adsorbing beads’ pore size ranged from 500 D

to 60 kD, giving them the ability to absorb various medium-

sized factors, including most inflammatory cytokines (IL-1,

IL-6, IL-8, and TNF-a) (42). The results of multiple stud-

ies have demonstrated that application of HA 330 to elimi-

nate circulating and alveolar levels of pro-inflammatory cy-

tokines in severe sepsis, septic shock, or acute lung injury

patients significantly improved patients’ hemodynamics, re-

duced the length of intensive care unit stay, and intensive

care unit mortality (42-44). Currently, a clinical trial is on-

going (IRCT20200317046797N5, Imam Reza Hospital, Tabriz,

Iran) for evaluating the effectiveness of HA 330 to remove cy-

tokines in patients admitted with severe forms of COVID-19

and before intubation. Severity of pneumonia based on CT

scan, ARDS, mortality rate, and hospitalization duration are

the main variables that will be evaluated in this study.

Meanwhile, a number of studies, mostly published in Europe,

have evaluated the clinical use of other hemoperfusion type,

CytoSorb cartridges (CytoSorbents Corporation, NJ, USA), in

the management of conditions associated with elevated in-

flammatory mediators (45). CytoSorb cartridges contain bio-

compatible highly porous copolymers, capable of binding a

broad spectrum of hydrophobic compounds with a molec-

ular weight between 10 and 55 kDa. Even though most cy-

tokines and other inflammatory mediators reside within this

molecular weight range, their removal is concentration de-

pendent. Thus, low cytokine plasma concentrations are not

removed efficiently, but high cytokine plasma levels are re-

duced effectively (46, 47). While blood is passed through the

absorbent bed, proteins and other hydrophobic molecules

less than approximately 60 kDa enter the device pores and

attach onto the surface of the hydrophobic polymer via non-

polar interactions, hydrogen bonding, and van der Waals

forces. To date, a large number of experimental and clinical

data, mostly from case reports and case series, have intro-

duced CytoSorb as an effective rescue therapy for removal of

inflammatory cytokines and achievement of hemodynamic

stabilization in critically ill patients with septic shock and

kidney failure (47-49). The positive results from these studies

have led to the consideration of CytoSorb application in criti-

cally ill COVID-19 patients. In Italy, the formal recommenda-

tion is made by the Italy Brescia Renal COVID Task Force and
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a publication by the Italian Society of Nephrology and ERA-

EDTA, to specifically use CytoSorb in severe COVID-19 pa-

tients with Stage 3 renal failure on continuous renal replace-

ment therapy (CRRT) (50). Meanwhile, the emergency use of

CytoSorb for ICU patients with confirmed or imminent res-

piratory failure has been approved by US Food and Drug Ad-

ministration (FDA), issuing an Emergency Use Authorization

(EUA) (51, 52). Also, the recent National Guidelines on adult

COVID-19 patients from Panama recommend CytoSorb ther-

apy if patients have either refractory shock, or have severe

or refractory respiratory failure requiring high ventilator sup-

port or extracorporeal membrane oxygenation (53). The re-

cent Handbook of COVID-19 Prevention and Treatment from

Zhejiang University School of Medicine, China, is also recom-

mending blood purification to treat cytokine storm in critical

cases of COVID-19 infection (54).

In addition to several recommendations for CytoSorb ther-

apy in COVID-19 patients, Health Canada’s Interim Order has

recently approved the use of the Spectral’s ToraymyxinT M

(PMX) hemoperfusion cartridge to treat COVID-19 (55), par-

ticularly in cases with ARDS, diffuse alveolar damage or dif-

ficulty maintaining oxygenation, in the presence of hypoten-

sive shock. Toraymyxin is composed of covalently immobi-

lized polymyxin B (PMX-B) fiber as an absorbent bed. PMX-B

is an antibiotic, which is known to bind to endotoxin, selec-

tively. Even though the efficacy of PMX-B immobilized fiber

columns for direct hemoperfusion in CSS related conditions

is still debated (56-58), they have already shown promis-

ing results in treatment of avian flu (H5N1) and swine flu

(H1N1), which cause seasonal epidemic and occasional pan-

demic outbreaks. Application of PMX-B to remove endotox-

ins from influenza patients showed a significant improve-

ment in chest x-ray results and lung function; in addition, it

led the patients to earlier weaning from ventilators (59).

According to Spectral Medical Inc, a therapeutic company fo-

cused on the development of a treatment for septic shock, el-

evated levels of endotoxin activity, as measured by their FDA-

approved Endotoxin Activity Assay (EAA), have been identi-

fied in COVID-19 patients in Japan, Italy, and the US (60).

Since endotoxin is the primary driver of the CSS, its elimina-

tion by the PMX-B cartridge is supposed to reduce circulat-

ing levels of cytokines. Thus, hemoperfusion with PMX-B is

expected to be an effective method to reduce inflammatory

mediators by elimination of endotoxins. An ongoing clinical

trial (NCT04352985) is currently investigating the efficacy of

Toraymyxin PMX cartridge with a focus on safety of its appli-

cation for patients with septic shock and COVID-19.

To sum up, hemoperfusion for solute removal has been used

for years. Even though, early indication for hemoperfusion

was severe intoxication, in recent years these devices have

evolved for the purpose of immunomodulation in acute con-

ditions like sepsis. With a multitude of studies and researches

indicating that patients with COVID-19 experience an im-

mune response dysregulation and CSS, this blood purifica-

tion technique is likely to be a feasible treatment modality

in the case of severe SARS-CoV2 infection. However, the real

impact of hemoperfusion on the patient’s clinical course has

yet to be determined. Thus, in future studies, patient selec-

tion should be approached with caution and consideration.
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