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Abstract
Background: Coronavirus  disease- 19  (COVID- 19)  ranges  from  asymptomatic 
infection to severe cases requiring admission to the intensive care unit. Together 
with supportive therapies (ventilation in particular), the suppression of the pro- 
inflammatory state has been a hypothesized target. Pharmacological  therapies 
with corticosteroids and interleukin- 6 (IL- 6) receptor antagonists have reduced 
mortality. The use of extracorporeal cytokine removal, also known as hemoper-
fusion  (HP),  could  be  a  promising  non- pharmacological  approach  to  decrease 
the pro- inflammatory state in COVID- 19.
Methods: We  conducted  a  systematic  review  of  PubMed  and  EMBASE  data-
bases in order to summarize the evidence regarding HP therapy in COVID- 19. 
We included original studies and case series enrolling at least five patients.
Results: We included 11 articles and describe the characteristics of the popula-
tions studied from both clinical and biological perspectives. The methodological 
quality of the included studies was generally low. Only two studies had a control 
group, one of which included 101 patients in total. The remaining studies had a 
range between 10 and 50 patients included. There was large variability in the HP 
techniques implemented and in clinical and biological outcomes reported. Most 
studies described decreasing levels of IL- 6 after HP treatment.
Conclusion: Our review does not support strong conclusions regarding the role 
of HP in COVID- 19. Considering the very low level of clinical evidence detected, 
starting HP therapies in COVID- 19 patients does not seem supported outside of 
clinical trials. Prospective randomized data are needed.
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1 |  INTRODUCTION

Since December 2019, the virus identified as SARS- CoV- 2 
has  caused  the  pandemic  of  coronavirus  disease  2019 
(COVID- 19), which has spread worldwide in a sequence 
of following waves. According to data from Johns Hopkins 
University,  as  of  September  17th,  2021,  there  have  been 
over  227  million  cases  worldwide  and  over  4.6  million 
deaths.1

COVID- 19 ranges from asymptomatic  infection to ex-
tremely severe cases requiring hospitalization and possi-
bly admission to the intensive care unit (ICU). The most 
frequent expression of severe COVID- 19 is the occurrence 
of  acute  respiratory  distress  syndrome  (ARDS),2  but  the 
SARS- CoV- 2 has shown the ability to cause cardiovascu-
lar3 and, eventually, multi- organ dysfunction.4 COVID- 19 
generates a pro- inflammatory state with hypothesized cy-
tokine storm, and high levels of interleukin 6 (IL- 6) have 
been repeatedly observed.

Therefore, together with the attempt to control viral 
replication, and to provide supportive therapies (with in-
vasive or non- invasive mechanical ventilation— IMV or 
NIV,  respectively),  and  eventually  with  extracorporeal 
support,5 the suppression of the pro- inflammatory state 
has been a target.6,7 From pharmacological perspectives, 
the  use  of  corticosteroids  and  more  recently  of  IL- 6 
receptor  antagonists  (i.e.,  tocilizumab)  has  shown  im-
provement of prognosis for patients experiencing severe 
COVID- 19.8,9 A possible non- pharmacological approach 
to  limit  the  pro- inflammatory  state  induced  by  severe 
COVID- 19 is the use of extracorporeal cytokine removal, 
also  known  as  hemoperfusion  (HP).  Extracorporeal 
approaches  include  plasma  exchange,  direct  HP  on  a 
polymyxin  B- immobilized  fiber  column  (PMX- DHP), 
continuous  hemodiafiltration  with  Cytosorb  adsorber, 
and  several  other  methods. These  strategies  have  been 
previously  investigated  in  other  critical  illnesses,  such 
as septic shock, ARDS, and also for cases of Middle East 
Respiratory  Syndrome  due  to  coronavirus  infection; 
however,  there  is  no  evidence  of  beneficial  effects  in 
these settings.

The  use  of  HP  in  patients  with  severe  COVID- 19  is 
pathophysiologically sounded10 and aims at  interrupting 
the  vicious  pro- inflammatory  circle  and  the  associated 
coagulopathy,  endothelial  damage,  and  organ  failure. 
There  have  been  increasing  reports  of  the  beneficial  ef-
fects of  such  treatment among ICU patients with severe 
COVID- 19, but different methods have been used,11,12 and 
several  platforms/consoles  have  been  modified  to  host 
these HP filters.13

In  order  to  summarize  the  evidence  regarding  the 
use  of  HP  strategies  for  cytokine  removal,  we  systemat-
ically  reviewed  the  existing  literature  that  evaluates  the 

application  of  different  HP  strategies  in  patients  with 
COVID- 19.  Our  aim  was  to  gather  information  on  bio-
chemical and clinical outcomes described by the authors. 
From the overview of these outcomes it might be possible 
to acquire information that could be considered for future 
prospective studies.

2 |  METHODS

2.1 | Registration, search strategy, and 
criteria

We undertook a systematic Web- based advanced literature 
search through the NHS Library Evidence tool on studies 
reporting the use of HP in patients with COVID- 19. We fol-
lowed the approach suggested by the PRISMA statement 
for  reporting  systematic  reviews and meta- analyses, and 
a  PRISMA  checklist  is  provided  separately  (Supporting 
Digital Content 1). The protocol was registered with  the 
International Prospective Register of Systematic Reviews 
(PROSPERO)  with  assigned  number  CRD42021253676. 
Our core search was structured by combining the findings 
from two groups of terms. The first group included the fol-
lowing: “blood purification” OR “Cytosorb” OR “Cytokine 
adsor*”  OR  “Toraymyxin”  OR  “endotoxin”  OR  “poly-
myxin” OR “hemoperfusion”; the second group contained 
the terms “covid” OR “COVID- 19”.

An  initial  computerized  search  of  PubMed  and 
EMBASE  databases  was  conducted  from  inception  until 
February 4th, 2021, to identify the relevant articles, and a 
draft of results was written. The update of these systematic 
searches was performed on May 11th, 2021. Two further 
searches were performed manually and independently by 
four authors (GM, CP, GC, GDM), also exploring the list of 
references of the findings of the systematic search.

Inclusion  criteria  were  pre- specified  according  to  the 
PICOS  approach  (Table  1).  We  excluded  experimental 
and animal studies, reviews, editorials, and letters to ed-
itor. Case series were  included  if  involving at  least 5 pa-
tients. We preventively decided to describe as Supporting 
Information  case  series  with  fewer  than  5  patients,  and 
case reports. Language restrictions were applied: we read 
the full manuscript only for articles published in English.

2.2 | Study screening and selection

Study screening  for determining  the eligibility  for  inclu-
sion  in  the  systematic  review  and  data  extraction  were 
performed  independently  by  four  reviewers  (FS,  GC, 
GDM, CP). Discordances were resolved involving two sen-
ior authors (AA, MA).
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Despite  an  expected  significant  heterogeneity  in  the 
techniques  of  blood  purification,  as  per  protocol  regis-
tration on PROSPERO, we decided to include in our sys-
tematic  review  all  the  HP  strategies  adopted  to  reduce 
cytokines and pro- inflammatory molecules in the context 
of  COVID- 19.  In  particular,  we  included  artificial  liver 
support  (ALS,  already  applied  in  cases  of  influenza  A, 
H7N914), CytoSorb and HA 440/380/280/230 (which can 
be  used  as  standalone  or  placed  in  series  with  extracor-
poreal membrane oxygenation and hemodialysis circuit), 
Toraymyxin,  oXiris,  and  plasmapheresis.  Other  “stan-
dard” blood purification strategies, such as hemodialysis 
and  continuous  renal  replacement  therapy  were  not  in-
cluded as our focus was to investigate blood purification 
strategies aimed at reducing cytokine levels.

Data were inserted in a password protected database on 
Excel by three authors (GC, GDM, CP) and cross- checked 
by other three authors (FS, GM, LLV).

2.3 | Analysis of clinical outcomes

From a clinical standpoint, we  focused on the descrip-
tion of population characteristics for each study, report-
ing their hemodynamic support (dose and/or percentage 
of patients receiving vasopressors), the respiratory vari-
ables (oxygenation parameters as well as use of IMV or 
NIV),  the  use  of  other  extracorporeal  techniques  and, 
finally,  the  admission  to  the  ICU,  the  length  of  stay, 
and  mortality.  Whenever  possible,  information  is  pro-
vided  with  separation  of  data  before  and  after  the  HP 
treatment.

2.4 | Biological variables

Regarding the effects from biological perspectives, we re-
ported  data  on  inflammatory  markers  and  on  cytokines 

levels.  As  for  clinical  variables,  information  is  provided 
with separation of data before and after the HP treatment. 
We  also  added  information  on  drug  therapies  with  par-
ticular reference to  the use of steroids,  IL- 6 receptor an-
tagonists, and antibiotics.

3 |  RESULTS

Our  systematic  search  identified  292  total  findings  be-
tween Pubmed and EMBASE. No further findings were 
retrieved manually. As  shown  in  the PRISMA flow di-
agram  (Figure  1),  after  the  evaluation  of  all  abstracts, 
11  full- text  articles15– 25  were  included  as  matching  the 
PICOS  criteria,  and  their  characteristics  from  clinical 
and biological perspectives are reported in Tables 2 and 
3, respectively.

As shown in Tables 2 and 3, we found that several HP 
techniques have been implemented, and that in most cases 
authors  have  reported  large  case  series,  while  we  found 
only  three  studies with a control group and no prospec-
tive randomized study; therefore, any chance to perform a 
meta- analysis was deemed not feasible.

In total, 226 patients were identified by our systematic 
review, while another 59 patients  functioned as controls 
in  some  of  the  included  studies.  As  shown  in  Tables  2 
and 3, different HP strategies were  implemented. Of  the 
patients  receiving  HP  therapy,  the  most  frequently  used 
approaches  were  ALS  (n  =  62),  CytoSorb  (n  =  55)  and 
oXiris  (n  =  52),  followed  by  Toraymyxin  (n  =  24),  HA 
380/280/230 (n = 18) and plasmapheresis (n = 15).

With regard to other non- pharmacological extracorpo-
real therapies implemented in this population of patients 
treated with HP, we found that continuous renal replace-
ment therapy was used in 128 patients (57%), while extra-
corporeal membrane oxygenation in only 9 patients (4%). 
The  mortality  in  the  included  studies  varied  from  16%17 
to 58%.18

The largest study with a control group included 101 
patients, 50 of whom were treated with HP strategy with 
ALS, the others functioning as controls. None of the in-
cluded  patients  needed  continuous  renal  replacement 
therapy.19 The second one was a  three- arm study, with 
patients  receiving  HP,  continuous  renal  replacement 
therapy,  or  both;  in  this  study  the  use  of  HP  (±RRT; 
n = 8) was effective in reducing the norepinephrine in-
fusion compared to the group of patients receiving only 
RRT  (n  =  4).  Moreover,  mortality  was  halved  in  those 
receiving  HP  versus  continuous  renal  replacement 
therapy only.20 The  last  study was a case- control  study 
of  nine  patients,  5  treated  with  Cytosorb  HP  (survival 
80%), and 4 serving as controls (no survivors); none of 
these  patients  received  continuous  renal  replacement 

T A B L E  1  PICOS criteria

PICOS criteria

Population Patients with COVID- 19

Intervention Patients treated with HP strategy for 
cytokine removal

Comparison None or treated with standard of care 
but not receiving HP

Outcome(s) Clinical and biological outcomes

Study design Prospective and retrospective studies; 
case series reporting at least 5 
patients

Abbreviations: COVID- 19, coronavirus disease 19; HP, hemoperfusion.
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therapy.23 The other included studies reported a variable 
number of patients treated with any HP strategy (range 
10 to 50 patients).

From  biological  perspectives,  most  studies  found  de-
creasing  levels  of  IL- 6.  Considering  the  studies  with  a 
control group, Dai et al26 found that IL- 6 levels decreased 
significantly in the ALS groups, while this was not the case 
in  controls.  Interestingly,  the  authors  analyzed  two  sub-
groups of 15 patients each who were deemed in the early 
stage of “cytokine storm”. In the early sub- group treated 
with  ALS,  all  patients  improved  and  were  discharged 
without need for intubation; conversely, 40% (n = 6/15) of 

patients in the control group at the early stage of “cytokine 
storm” progressed to critical  illness, and died. The small 
case- control series was produced by Rampino et al,23 and 
from biological perspectives the authors showed that IL- 
6,  and  IL- 8  TNF- a  were  reduced  in  the  Cytosorb  group. 
However,  it  is  difficult  to  draw  conclusions  not  only  for 
the small number of patients, but also because patients in 
the Cytosorb group were on average 8 years younger.

Further 27 findings were identified as small case series 
(2– 4 patients, n = 6) and case  reports  (n = 21), and are 
reported in Supporting Digital Content 1 for their clinical 
and biological data.

F I G U R E  1  PRISMA flow diagram [Color figure can be viewed at wileyonlinelibrary.com]

https://onlinelibrary.wiley.com/
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4 |  DISCUSSION

The potential usefulness of cytokine adsorption therapies 
for patients with COVID- 19 has been hypothesized because 
of  the  dysregulated  systemic  immune  over- activation.27 
Initially, scientists suspected that Covid cytokine storm in 
patients with COVID- 19 was stronger than in other condi-
tions determining critical  illness,  though this hypothesis 
has not been subsequently confirmed28; moreover, studies 
on sub- phenotypes have shown that the systemic concen-
trations of inflammatory cytokines typical of the “cytokine 
storms” are lower in COVID- 19 than in patients with other 
causes of ARDS.29 Nonetheless, it should be noted that the 
only  drugs  decreasing  mortality  in  COVID- 19  patients 
act  with  properties  of  immune- modulation  (corticoster-
oids and  IL- 6  receptor antagonists).8,30 At  the beginning 
of the pandemic a comprehensive review highlighted the 
potential  importance  of  HP  techniques  and  the  lack  of 
evidence in support of this approach. One year later, the 
scenario has not improved, but these therapeutic options 
are used in daily practice.31 The aim of our systematic re-
view  was  to  pool  data  on  HP  therapies  in  patients  with 
COVID- 19, trying to gather information on their clinical 
and immune- modulator effects. The evaluation of a com-
plex therapy (HP) in a disease with a very variable clinical 
presentation (COVID- 19) certainly warrants strict control 
for confounding factors. However, our systematic review 
identified  only  studies  with  low  methodological  quality 
(no  randomized  study  was  found);  we  summarized  the 
most  adopted  biological  outcomes  tested  in  the  current 
literature with the hope this could be useful for future ap-
plication (i.e., design of randomized studies).

In  general,  we  found  large  heterogeneity  among  the 
studies  in  clinical  and  biological  outcomes  evaluated. 
From  clinical  perspectives,  information  on  cardiovascu-
lar pharmacological support was not uniformly reported, 
while more data were provided on oxygenation and on use 
of IMV or NIV. For instance, Villa et al25 and Guo et al19 
reported an improvement of the PaO2/FiO2 ratio, but the 
lack of a control group hampers any discussion. Regarding 
the biological outcomes, surely the most reported one was 
the IL- 6 concentration.32 Most studies reported decreasing 
levels of  IL- 6 after HP treatment, but  it  should be noted 
that  the  values  reported  were  very  different,  possibly  as 
a  result  of  variable  laboratory  methods  and  techniques, 
as well as timing in the course of the disease. Moreover, 
when  evaluating  a  decrease  in  cytokine  concentration, 
one should note that removal has to be contextualized to 
the  initial  cytokine  concentration.  Indeed,  cytokine  re-
moval  is  concentration- dependent,  and  the  baseline  val-
ues influences the performance of the HP method.

The cut- off to define high level of circulating cytokines 
is not well- defined, but it is reasonable that the higher the 

level,  the  greater  the  impact  (hopefully  positive)  of  the 
HP therapy.33 Moreover, the HP methods not only elimi-
nate the cytokines responsible for the hyper- inflammatory 
state,  but  HP  will  likely  remove  anti- inflammatory  me-
diators and many other biological substances as well (up 
to 55 kDa). The latter are probably not innocent bystand-
ers,  but  may  be  crucial  for  the  recovery  of  the  patient. 
Therefore, focusing only on one or few cytokines may be 
a misleading and myopic approach. Future studies should 
also consider the removal of anti- inflammatory and other 
biologically  relevant  molecules  eliminated  by  such  “fil-
ters.”  To  add  more  complexity,  knowledge  of  pharma-
cokinetics during HP  is  still on  the way, and a potential 
issue could be the reduction in plasmatic concentration of 
circulating drugs like corticosteroids and other immune- 
modulators, as well as a decrease in the concentration of 
antibiotics.34 Moreover, COVID- 19 has shown a tendency 
to  cause  coagulation  disorders  with  a  pro- thrombotic 
state  and  an  associated  risk  of  pulmonary  embolism. 
Whether  HP  therapies  influence  the  pharmacokinetics 
of  drugs  regulating  the  coagulation  cascade  in  patients 
with  COVID- 19  remains  to  be  determined.  This  should 
certainly be considered in the context of a higher risk of 
pulmonary embolism in these patients.35,36

All  these  open  questions  and  the  absence  of  good- 
quality  data  make  the  evaluation  of  HP  usefulness  in 
COVID- 19 patients challenging. For all these reasons, the 
Extracorporeal  Life  Support  Organization's  COVID- 19 
guidelines  do  not  currently  recommend  extracorporeal 
cytokine  HP  outside  the  context  of  clinical  trials.37  It  is 
worth  mentioning  that  after  our  screening  process  one 
important  study  was  published. This  small  single- center 
randomized study enrolled 34 COVID- 19 patients on ex-
tracorporeal  membrane  oxygenation  and  randomized 
them  to  HP  with  Cytosorb.  Interestingly,  the  concentra-
tion of IL- 6 decreased in both groups (HP and controls) to 
a similar extent, and the 30- day mortality was significantly 
higher  in  the  group  receiving  HP  (18%  vs.  76%  in  those 
not receiving HP, p = 0.002).22 These results need external 
validation by ongoing  trials, and  it  should be noted  that 
patients receiving extracorporeal membrane oxygenation 
are at very high risk of death, and that HP may not be ben-
eficial in these cases where a very advanced stage of organ 
dysfunction has already taken place. Therefore, the latter 
results do not exclude a beneficial effect of HP strategies 
in severe COVID- 19 patient not requiring extracorporeal 
membrane oxygenation.

It is also worth noting the recent results of another in-
teresting study (not on COVID- 19 patients) in which the 
authors studied patients with severe refractory septic shock 
undergoing cytokine removal with CytoSorb, with ongo-
ing continuous  renal  replacement  therapy, and matched 
them with a historical cohort. The authors found that IL- 6 
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levels and vasopressor requirements were not reduced in 
the  treatment  group.  Importantly,  patients  treated  with 
HP had an increased risk of death. The authors concluded 
that  their  results  were  consonant  with  recent  evidence 
that suggests avoidance of indiscriminate use of cytokine 
adsorption outside of investigational trials.38

5 |  CONCLUSION

Our  systematic  review  identified  several  studies  that 
evaluate  the  role  of  different  HP  strategies  in  COVID- 19. 
However,  all  these  studies  were  of  low  methodological 
quality,  and  only  a  few  had  a  control  group.  Considering 
the very low level of clinical evidence reported so far, start-
ing HP therapies in COVID- 19 patients does not seem to be 
supported by hard evidence. Prospective randomized data 
are needed to establish the role of HP in COVID- 19 patients.
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