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After COVID-19 outbreak in China in late 2019 and 
change to pandemic in early 2020, the disease became a 
clinical threat to the whole world [1]. Urgent clinical 
guidance for intensive management of critically ill pa-
tients is needed. To date, therapeutic options for severe 
COVID-19 remain limited, and this disease has high 
mortality in patients admitted to intensive care units 
(ICUs) [2]. Huang et al. [5] reported the clinical features 
and cytokine profile of critically ill patients with COV-
ID-19 in Wuhan, China, and suggested that a cytokine 
storm had a high mortality rate and was a leading cause 
of organ dysfunction and death in these patients. Infec-
tious and noninfectious triggers can result in a cytokine 
storm, progressing to vasoplegic shock and finally multi-
organ dysfunction syndrome (MODS) [3]. Early detec-
tion and appropriate management of this storm can be an 
important intervention in decreasing the mortality of 
critically ill COVID-19 patients. From the first admission 
of critically ill COVID-19 patients in our ICU on March 
10, 2020, we had 8 cases of hemoperfusion in our patients. 
Our standard treatment protocol beside antiviral therapy 
for these patients included using HFNC/noninvasive 
ventilation (Helmet) based on availability as the first 
choice in patients with acute respiratory failure. If pa-

tients failed these interventions and were awake and co-
operative, we would try early application of prone posi-
tioning (cooperative prone positioning) with noninvasive 
ventilation/HFNC as long as they tolerate. If the situation 
went wrong, we would try intubation and mechanical 
ventilation with lung protective strategy (tidal volume of 
4–6 mL/predicted body weight and adjustment of it based 
on driving pressure of 14 cm H2O and plateau pressure of 
30 cm H2O). PEEP was adjusted and titrated based on 
stress index and driving pressure. However, if increasing 
PEEP resulted in improved oxygenation, we would in-
crease the PEEP number, but if increasing PEEP did not 
result in improving oxygenation, we would consider the 
patient as a nonresponder and would not increase PEEP 
to more than 12 cm H2O. We used adjunctive therapies 
in patients with cytokine storm without considering the 
method of ventilation. If the patient had at least 2 of the 
criteria in Figure 1, the situation would be considered as 
cytokine storm. Cytokine storm was diagnosed in 8 pa-
tients; 4 of them were nonintubated. One patient received 
4 sessions of hemoperfusion, and 1 patient received just 
2 sessions as he died before the third session. The others 
received 3 sessions with Jafron hemoabsorber (HA380 
Disposable Hemoperfusion Cartridge). Hemoperfusion 
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was combined with renal replacement therapy in 2 pa-
tients, but it was exclusively performed in the remaining 
6 patients. Three of our patients died and others survived. 
One of the expired patients had AKIN stage 3 and under-
went hemoperfusion with CRRT, and the other 2 patients 
did not develop AKI during their ICU stay. The demo-
graphic baseline characteristics of patients and clinical 
parameters before and after hemoperfusion are shown in 
Table 1. Informed consent was taken from all patients or 
their next of kin to publish their case. The “cytokine 
storm” in patients with new coronavirus is an important 
cause of death in critically ill patients. According to the 
Sixth Edition of Diagnosis and Treatment Scheme for 
Novel Coronavirus Pneumonia, the use of hemoperfu-
sion, blood/plasma filtration, and other extracorporeal 
blood purification techniques may be considered for crit-
ically ill patients with high inflammatory response [4]. 
The understanding of the cytokine storm mechanism(s) 
and its profile are crucial to developing effective thera-
peutic interventions in COVID-19. So, for early diagnosis 
and treatment of this state, we need to identify a biomark-
er panel before the administration of selective immuno-
suppressive therapy [5]. Among key cytokines, IL-6 has 
attracted high levels of interest, and antibodies that block 
the IL-6 receptor (tocilizumab) are currently under phase 
2/3 clinical trials for the potential treatment of COV-
ID-19 [6]. However, as we did not have possibilities for 
real-time assessment of IL-6, we did not use tocilizumab 
in our center. In organ dysfunction syndromes, when 
pharmacological therapy is not available or efficacious, 
mechanical ventilation and hemodynamic support seem 
to be the only possible therapeutic and supportive strat-
egy [7]. In this situation, extracorporeal therapies such as 

hemofiltration or hemoperfusion offer a new possibility 
to support different organs in a multiple organ dysfunc-
tion condition. There are some reports about the signifi-
cant benefit from hemoperfusion with the use of direct 
hemoperfusion with cartridges containing highly bio-
compatible sorbents and microporous resins in a large 
proportion of patients with complicated COVID-19 syn-
dromes [8]. The mechanism is nonspecific removal of the 
peaks of the circulating cytokines in both the pro- and 
anti-inflammatory sides, which results in the reduction of 
circulating levels of cytokines and may allow the immune 

Lymphopenia <0.8

Lactate dehydrogenase >250 U/L

Ferritin >600 mg/mL

C reactive protein >120 mg/L

D-dimer >1,000 mg/mL

H-score >200

Acute development of organ dysfunction
(high SOFA score)

Fig. 1. Criteria considered as severity in critically ill patients with 
COVID-19.

Table 1. Demographic characteristics of patients in this study

Variable Value

Age, years 44.25±12.56
Weight, kg 76.35±14.35
Sex, M/F 4/4
Comorbidities

Diabetes mellitus 2
Cardiovascular disease 3
Kidney dysfunction 1
Hyperlipidemia 1
Smoking 2
Neurologic dysfunction 1

APACHE 24 (17–32)
SOFA 13 (9–17)
MV duration, days 12.50±5.30
NIV duration, days 7.30±3.45
ICU LOS, days 15.40±4.50

BBP ABP

Ferritin 667.59±91.36 532.14±51.78
D-dimer 1,205.43±49.07 843.55±129.06
CRP 137.25±49.07 86.11±18.35
H-score 265.38±43.67 158.36±41.59
Lactate 3.21±1.47 2.30±1.56
Cardiac index 2.44±0.64 2.68±0.34
Capillary refill time(s) 3.21±0.59 2.75±0.75
Procalcitonin, ng/mL 2.45±0.37 2.13±0.45
PaO2/FiO2 110.35±23.42 143.24±18.37
Plateau pressure, cm H2O 28.05±2.14 26.54±3.75
Driving pressure, cm H2O 15.04±2,065 12.56±3.21
Lung compliance 34.25±9.10 40.36±5.44
Airway resistance 11.05±3.46 10.56±2.84
EVLW, mL/kg 365.45±3.65 289.36±39.43

ABP, after blood purification; APACHE, Acute Physiology and 
Chronic Health Evaluation; BPB, before blood purification; ICU 
LOS, intensive care unit length of stay; CRP, C-reactive protein; 
EVLW, extravascular lung water, measured by PICCO (transpul-
monary thermodilution); M/F, male/female; MV, mechanical ven-
tilation; NIV, noninvasive ventilation.



Hemoperfusion in Critically Ill 
COVID-19 Patients

3Blood Purif
DOI: 10.1159/000511391

system of the patient to redirect the immunocompetent 
cells to the source or site of inflammation [9]. After the 
first application of HA380 hemoperfusion, our patients 
showed an improvement in pulmonary markers, dynam-
ic indices, and LDH level was decreased. A decrease in 
CRP, ferritin, procalcitonin, cardiac index, and extravas-
cular lung water levels was evident following the second 
application. Ferritin level and extravascular lung water 
declined after the third application. Overall, improved 
levels of inflammatory, respiratory, and perfusion param-
eters were evident following the application of HA380 he-
moperfusion 6–8 h daily for 3 consecutive days; however, 
no effect was evident on the prognosis. We performed 
hemoperfusion after the diagnosis of cytokine storm dur-
ing first 48 h of ICU admission. We used incremental dos-
age of anticoagulation both to maintain circuit patency 
and to manage the thrombophilia of the patient. We start-
ed low molecular heparin 10 IU/kg/h, but in some pa-
tients a higher dosage of up to 20 IU/kg/h may be required 
to ensure circuit patency. Regarding COVID-19 patients, 
extracorporeal therapies represent the perfect combina-
tion of organ support, and endotoxin and cytokine re-
moval to provide blood purification in these patients. 
These therapies can be considered as therapeutic ap-
proach for the prevention of organ dysfunction due to 
cytokine storm associated with severe COVID-19.

Finally, our results showed that hemoperfusion can 
decrease the level of inflammation and organ dysfunction 
in critically ill patients with COVID-19. We need more 
studies to show the best time for implementation of he-
moperfusion and number of its sessions in outcome of 
these patients. Moreover, all ICU staff and physicians 
should be familiar with the concept of hemoperfusion in 
management of critically ill patients. So, hemoperfusion 
(early application) combined with appropriate antiviral 
therapies and supportive therapy may be considered as an 

adjunctive treatment for critically ill COVID-19 patients. 
For the moment, the pathophysiological rationale is the 
only reason to recommend that application of hemoper-
fusion, and a personalized evaluation is advised. In addi-
tion, if such intervention is being considered, it seems 
logical to apply it as soon as possible.
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