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Abstract
Introduction:  Uncontrolled overproduction of inflammato-
ry mediators is predominantly observed in patients with se-
vere COVID-19. The excessive immune response gives rise to 
multiple organ dysfunction. Implementing extracorporeal 
therapies may be useful in omitting inflammatory mediators 
and supporting different organ systems. We aimed to inves-
tigate the effectiveness of hemoperfusion in combination 
with standard therapy in critically ill COVID-19 patients. 
Method: We conducted a single-center, matched control 
retrospective study on patients with confirmed SARS-CoV-2 
infection. Patients were treated with hemoperfusion in com-
bination with standard therapy (hemoperfusion group) or 
standard treatment (matched group). Hemoperfusion or he-

moperfusion and continuous renal replacement therapies 
were initiated in the hemoperfusion group. The patients in 
the matched group were matched one by one with the he-
moperfusion group for age, sex, oxygen saturation (SPO2) at 
the admission, and the frequency of using invasive mechan-
ical ventilation during hospitalization. Two types of hemo-
perfusion cartridges used in this study were Jafron© (HA330) 
and CytoSorb® 300. Result:  A total of 128 COVID-19-con-
firmed patients were enrolled in this study; 73 patients were 
allotted to the matched group and 55 patients received he-
moperfusion. The median SPO2 at the admission day in the 
control and hemoperfusion groups was 80% and 75%, re-
spectively (p value = 0.113). The mortality rate was signifi-
cantly lower in the hemoperfusion group compared to the 
matched group (67.3% vs. 89%; p value = 0.002). The median 
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length of ICU stay was statistically different in studied groups 
(median, 12 days for hemoperfusion group vs. 8 days for the 
matched group; p < 0.001). The median final SPO2 was sta-
tistically higher in the hemoperfusion group than in the 
matched group, and the median PaCO2 was lower. Conclu-
sion:  Among critically ill COVID-19 patients, based on our 
study, the use of hemoperfusion may reduce the mortality 
rate and improve SPO2 and PaCO2. © 2022 S. Karger AG, Basel

Introduction

On March 11, 2020, the World Health Organization 
declared COVID-19 a pandemic. Infected cases with CO-
VID-19 represent a wide spectrum of symptoms ranging 
from mild to severe forms. Although the number of in-
fected cases with mild or no symptoms is significant, CO-
VID-19 leads to critical illness in some cases. Multiple 
organ failure can be expected among severe forms of in-
fection with COVID-19. Therefore, extracorporeal organ 
support may be required [1, 2].

In some patients, the excessive immune response 
against SARS-CoV-2 results in a cytokine storm charac-
terized by uncontrolled overproduction of proinflamma-
tory cytokines (e.g., interferon γ, interleukin [IL-] 1B, IL-
6, IL-12) [3]. Increased circulating levels of proinflamma-
tory cytokines and chemokines may be associated with 
endothelial dysfunction and microvascular and macro-
vascular thrombosis [4]. Therefore, a cytokine storm may 
result in multiple organ failures, including acute respira-
tory distress syndrome (ARDS) and acute kidney injury 
(AKI). Multiple organ failure is responsible for high mor-
tality among at least severe cases of COVID-19 [5]. It has 
been shown that there is a positive association between 
mortality rate and levels of pro- and anti-inflammatory 
cytokines [6].

Based on the pathophysiology of COVID-19, imple-
menting sequential extracorporeal therapies may have 
some beneficial effects on eliminating extra inflammatory 
mediators [7]. Hemoperfusion is an extracorporeal blood 
purification modality. Throughout the hemoperfusion 
process, anticoagulated blood is circulated through a sor-
bent containing cartridge (or column), and large endog-
enous and exogenous molecules including targeting cyto-
kines, endotoxin, and virus particles are removed de-
pending on the type of sorbent (e.g., pure resins, 
polymyxin-coated resins, or heparin-coated resins) [1, 8]. 
Hemoperfusion devices adsorb and remove both proin-
flammatory and anti-inflammatory cytokines nonselec-

tively. Therefore, the other side of the coin is excessive 
immunosuppression or removing anti-inflammatory 
mediators [7]. A study by De Vriese et al. [9] showed that 
levels of proinflammatory and anti-inflammatory cyto-
kines decreased significantly after performing continu-
ous venovenous hemofiltration in patients with septic 
shock and AKI. However, based on a recent expert re-
view, information regarding the fact that implementing 
hemoperfusion provides beneficial effects on quenching 
cytokine storm products is limited and sporadic.

The Emergency Use Authorization authority allowed 
FDA to grant temporary authorization for four hemoper-
fusion devices for treatment of severe COVID-19 with 
cytokine storm [10]. To date, there is no effective and 
promising treatment; hence, extracorporeal therapies 
may be a treatment option for improving COVID-19 out-
comes and preventing organ dysfunction. We performed 
a matched control retrospective study to investigate the 
efficacy of hemoperfusion in combination with standard 
therapy in critically ill COVID-19 patients.

Material and Methods

Study Design
We conducted a single-center, matched control retrospective 

study on cases with confirmed SARS-CoV-2 infection (positive 
reverse transcriptase polymerase-chain-reaction (RT-PCR) and 
positive computed tomography scan (CT scan) findings). The 
study’s participants were selected by purposive sampling from 
those who were hospitalized between October 17, 2020 and Janu-
ary 17, 2021 at our hospital (a major referral medical center for 
COVID-19 outbreak). Inclusion criteria for selecting the patients 
for the hemoperfusion group were (1) adults ≥18 years old, (2) 
SPO2 ≤86% or respiratory rate ≥30, (3) diffuse bilateral pulmonary 
opacities without effusions in chest CT scan, (4) respiratory failure 
not fully explained by cardiac failure or fluid overload, (5) within 
1 week of a known clinical insult or new/worsening respiratory 
symptom, and (6) hospitalization days ≤14 from the sign and 
symptom onset. The manifestations were including at least one of 
the radiation contactless body temperature ≥37.8, cough, short-
ness of breath, nasal congestion/discharge, myalgia/arthralgia, di-
arrhea/vomiting, headache, or fatigue on admission. Patients in 
the matched group also met the same criteria defined for the he-
moperfusion group and were selected from the same patients with-
in a similar time period. Patients in the matched group were also 
matched one by one with the hemoperfusion group for age (with 
a 3-year age difference or less), sex, SPO2 at the admission, and the 
frequency of using invasive mechanical ventilation during hospi-
talization. The study was approved by the Medical Research Com-
mittee for Research Ethics and signed informed consents were ob-
tained from all patients or their legally authorized representatives. 
This study is registered with Iranian registry of clinical trials 
(IRCT), IR.SBMU.RETECH.REC.1399.582.
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Treatment
Hemoperfusion and matched groups received IFN-β1a (Reci-

gen) (subcutaneous injections of 44 μg (24,000 IU) on days 1, 3, 6) 
+ remdesivir (200 mg first dose then 100 mg daily dose for 5 days) 
+ methylprednisolone pulse therapy (1,000 mg for 3 days then 1 
mg/kg twice daily) and standards of care including the necessary 
oxygen support, noninvasive, or invasive mechanical ventilation. 
In addition, Hemoperfusion or hemoperfusion and continuous re-
nal replacement (CRRT) therapies were initiated in the hemoper-
fusion group.

Hemoperfusion treatment: The patients were administered he-
moperfusion through femoral venous catheters at a blood flow rate 
of 250–300 mL/min. Two types of hemoperfusion cartridges used 
in this study were Jafron© (HA330) for 4 h or CytoSorb® 300 for 
8–12 h.

Hemoperfusion + CRRT: Blood was filtered and returned to 
the patient with replacement fluid. The modality of CRRT was 
predilution continuous venovenous hemofiltration. The volume 
of the CRRT dose was adjusted according to individual patient 
requirements, nevertheless, the CRRT dose was usually 20–25 
mL/kg per hour and access was achieved through a central ve-
nous catheter placed in one of the large central veins. The car-
tridges used in this method were Jafron© (HA330) for 8 h or 
CytoSorb® 300 for 12–24 h. Based on the improvement in pa-
tient’s clinical status after hemoperfusion, including being able 
to reduce mechanical ventilation support in the intubated pa-

tients or improve SPO2 in nonintubated patients, the medical 
team decided to perform a second or third course of hemoperfu-
sion.

Sodium heparin was used as an anticoagulant and adminis-
tered as a bolus dose. Activated partial thromboplastin time ratio 
was tried to be maintained equal or less than 2. The loading dose 
of heparin in hemoperfusion therapy was 3,000–1,000 IU and the 
maintenance dose was between 1,000 and 2,000 IU per hour. The 
loading dose of heparin in hemoperfusion plus CRRT therapy was 
between 2,000 and 5,000 IU and the maintenance dose was be-
tween 500 and 1,000 IU per hour [11]. In patients with coagulopa-
thy and patients treated with other anticoagulants, the heparin was 
not used.

Outcome Measures
We studied the clinical progression of two groups during their 

hospital admission. The mortality rate (if the patient died due to 
Covid-19 complications) in the late phase of admission (including 
the survival time), duration of hospitalization, intubation length, 
SP02, arterial blood gas findings, complete blood count findings, 
and, C-reactive protein (CRP) were compared between two 
groups.

Statistical Analysis
Frequencies and percentages were used for categorical vari-

ables, and interquartile ranges (IQRs) and median were used for 

328 patients with
positive PCR and

chest CT scan

17 patients excluded
because did not meet

all of the inclusion
criterias

55 patients in HP
group included

in analysis

183 patients excluded
because did not meet
all of the inclusion or 

matching criteria

73 in control group,
matched with sex
and age included

in analysis

37 died
35 intubated

65 died
53 intubated

72 patients in HP
group

256 patients in control
group

Fig. 1. Study flow diagram.
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continuous variables. For comparison of the non-normal continu-
ous variables, Mann-Whitney U test was used. The χ2 test was used 
for comparing the frequency of categorical variables. Cox propor-
tional hazard regression model and Kaplan-Meier curve (with log-
rank test) were also applied to calculate the hazard rate (HR) with 
95% confidence intervals (CIs). STATA software version 14.0 was 
used to perform the statistical analyses and 0.05 was considered a 
statistically significant level.

Results

Patients
Of all recruited patients (n = 128), 55 patients received 

hemoperfusion (3 of these patients received hemoperfu-
sion and CRRT) and 73 patients were allotted to the con-
trol group who were matched for age, gender, SPO2, and 

Table 1. Characteristics of the patients at baseline

Parameters Total (n = 128) Hemoperfusion (n = 55) Matched (n = 73) p value

Characteristics
Age, mean (SD), year 59.6 (10.9) 57.5 (10.9) 61.2 (11.2) 0.052
Male sex, n (%) 82 (64.1) 40 (72.7) 42 (57.5) 0.076

Underlying conditions, n (%)
Diabetes 45 (36.0) 17 (31.5) 28 (39.4) 0.359
Hypertension 54 (43.9) 17 (31.5) 37 (53.6) 0.014
CVA 4 (3.3) 2 (3.7) 2 (2.9) 0.803
CKD 7 (5.7) 1 (1.9) 6 (8.7) 0.134
Ischemic heart disease 22 (17.9) 3 (5.6) 19 (27.5) 0.002

Respiratory factors
SPO2, median (IQR) 79 (68–84) 75 (66.0–82.25) 80 (70–85) 0.113
pH, median (IQR) 7.4 (7.3–7.44) 7.4 (7.33–7.43) 7.4 (7.35–7.46) 0.031
PaCO2, median (IQR) 38.2 (29.8–45.2) 40.3 (33.8–47.05) 36 (27.2–42) 0.020
HCO3(DISS), median (IQR) 23.6 (21.1–27) 23.8 (21.4–27.1) 23 (20.2–26.9) 0.561

White blood cell count (×10−9/L), median (IQR) 7.9 (5.5–11.0) 7.3 (5.3.-11) 7.9 (5.6–10.6) 0.868
<4, n (%) 9 (7.5) 4 (7.4) 5 (7.6)

0.644–10, n (%) 72 (61.7) 31 (57.4) 43 (65.2)
>10, n (%) 37 (30.8) 19 (35.2) 18 (27.3)

Lymphocyte count (×10−9/L), median (IQR) 9.5 (5.5–14) 10.4 (7.5–17.4) 7.3 (4.9–12) 0.001
≥1.0, n (%) 35 (29.2) 21 (38.9) 14 (21.2)

0.034
<1.0, n (%) 85 (70.8) 33 (61.1) 52 (78.8)

Platelet count (×10−9/L), median (IQR) 172 (125–233.5) 184 (141–238) 157 (120–231) 0.083
≥100, n (%) 102 (87.2) 50 (94.3) 52 (81.3)

0.035
<100, n (%) 15 (12.8) 3 (5.7) 12 (18.8)

CPK, median (IQR) 1.43 (0.86–2.96) 1.17 (0.73–2.66) 1.65 (1.03–3.03) 0.077
≤1.33 μmol/L, n (%) 47 (44.8) 24 (57.1) 23 (36.5)

0.037
>1.33 μmol/L, n (%) 58 (55.2) 18 (42.9) 40 (63.5)

AST, U/L, median (IQR) 61.5 (46.2–88) 61 (46.2–88.7) 61.5 (45.5–88) 0.966
≤40, n (%) 19 (15.8) 9 (17.3) 10 (14.7)

0.699
>40, n (%) 101 (84.2) 43 (82.7) 58 (85.3)

ALT, U/L, median (IQR) 44.5 (28–66) 45 (28–64.2) 42 (27.7–66.7) 0.870
≤50, n (%) 73 (60.8) 34 (65.4) 39 (57.4)

0.372
>50, n (%) 47 (39.2) 18 (34.6) 29 (42.6)

LDH, U/L, median (IQR) 747 (516–926) 842 (556–1,035) 700 (513–895) 0.089
≤245, n (%) 6 (5.5) 4 (8.2) 2 (3.3)

0.262
>245, n (%) 104 (94.5) 45 (91.8) 59 (96.7)

CRP, median (IQR) 42 (27.3–56) 42.3 (31–56) 40.3 (22–56.4) 0.488
CRP <6, n (%) 3 (3.5) 1 (2.1) 2 (5.3)

0.436
CRP >6, n (%) 82 (96.5) 46 (97.9) 36 (94.7)

ESR, median (IQR) 48.5 (31.7–60.2) 48.5 (33–61.5) 47.5 (28.2–58.2) 0.383
Ferritin, median (IQR) 622 (502–774) 614 (513–656) 668 (500–809) 0.074

CVA, cerebrovascular accident; CKD, chronic kidney disease; CPK, creatine phosphokinase; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; LDH, lactate dehydrogenase; ESR, erythrocyte sedimentation rate.
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incubation rate with the hemoperfusion group. The flow-
chart for the study was depicted in Figure 1. The mean 
(SD) age of the total participants was 59.6 (10.92). The 
distribution of male and female gender was 64.1% and 
35.9%, respectively. No significant difference was ob-
served in terms of age and gender between the hemoper-
fusion and matched control group. Table 1 outlines de-
mographic and baseline clinical factors in two studied 
groups. Although the majority of clinical factors did not 
reach a significant difference between the two groups, hy-
pertension rate, ischemic heart disease as the underlying 
conditions, pH, PaCO2, lymphocyte count, platelet 
count, and creatine phosphokinase were significantly dif-
ferent between the two studied groups (Table 1). Fifty-
one patients (92%) in the hemoperfusion group and 27 
patients (37%) in the controls received tocilizumab (p val-
ue <0.001). Other treatments were not significantly dif-
ferent between the two studied groups.

Outcomes Finding
The total number of deaths in our study was 102 

(70.9%). In the hemoperfusion group, the mortality rate 
was significantly lower as opposed to the matched con-
trol group (67.3% vs. 89%; p value = 0.002). Although the 

percentage of receiving tocilizumab treatment was sig-
nificantly different between the two groups, subgroup 
analysis indicated no significant association between to-
cilizumab and mortality in both groups. In the hemoper-
fusion group, the mortality rate for recipients of tocili-
zumab (68.8%) and other patients not treated with tocili-
zumab (50%) was not significantly different (p value = 
0.59). Similar to the hemoperfusion group, in the control 
group, the mortality rate could not hold a significant dif-
ference between patients treated with tocilizumab 
(92.6%) and those who did not receive tocilizumab 
(87%).

As outlined in Table 2, the median length of ICU stay 
and duration of incubation was significantly higher in the 
hemoperfusion group. Final SPO2 was significantly high-
er in the hemoperfusion group whilst PaCO2 was found 
to be lower in this group compared to the control group. 
In addition, CRP was also different between the two 
groups (Table 2).To evaluate the effect of hemoperfusion 
on survival of severe COVID-19 patients, the log-rank 
test was conducted on the survival time of hospitalized 
patients which was statistically different between two 
groups (median, 12 days for the hemoperfusion group vs. 
8 days for the control group; p < 0.001), and the Kaplan-

Table 2. Clinical outcomes of patients in the matched group and patients in the hemoperfusion group

Parameters Total (n = 129) Hemoperfusion (n = 55) Matched (n = 74) p value

Mortality, n (%) 102 (79.7) 37 (67.3) 65 (89.0) 0.002
ICU stay, median no. of days (IQR) 10 (6–13) 12 (9–17) 8 (4.5–10.5) <0.001

Intubation 88 (69.3) 35 (64.8) 53 (72.6) 0.347
Intubation length, median no. of days (IQR) 6 (3–8) 8 (5.7–14) 4 (2–7) <0.001
Sepsis 38 (34.9) 15 (40.5) 23 (31.9) 0.373

Respiratory factors
SPO2, median (IQR) 70 (60.7–80.2) 80 (73–85) 64 (60–70) <0.001
pH, median (IQR) 7.3 (7.2–7.4) 7.4 (7.3–7.4) 7.3 (7.2–7.4) 0.105
PaCO2, median (IQR) 46.7 (36.2–61.2) 42.9 (33.1–50.3) 53 (39.5–65) 0.006
HCO3, median (IQR) 23.1 (19.8–26.8) 23.4 (20.3–27) 22.3 (17.1–26) 0.207

White blood cell count (×10−9/L), median (IQR) 10.9 (8.3–14.6) 12.2 (9–15.6) 10.5 (7.9–14.5) 0.382
<4, n (%) 9 (7.3) 5 (9.3) 4 (5.7)

0.474–10, n (%) 41 (33.1) 15 (27.8) 26 (37.1)
>10, n (%) 74 (59.7) 34 (63.0) 40 (57.1)

Lymphocyte count (×10−9/L), median (IQR) 7.7 (4.5–12.6) 5.8 (3.8–11.3) 10 (5.7–13) 0.024
≥1.0, n (%) 51 (42.9) 19 (35.2) 32 (49.2)

0.123
<1.0, n (%) 68 (57.1) 35 (64.8) 33 (50.8)

Platelet count (×10−9/L), median (IQR) 182 (128–250) 170 (104–231) 196 (147–235) 0.101
≥100, n (%) 101 (82.1) 41 (75.9) 60 (87.0)

0.113
<100, n (%) 22 (17.9) 13 (24.1) 9 (13.0)

CRP, median (IQR) 44 (19.5–62.2) 19.9 (7.7–38.5) 59 (42.9–87.7) <0.001
CRP <6, n (%) 12 (12.2) 9 (22.0) 3 (5.3)

0.013
CRP >6, n (%) 86 (87.8) 32 (78.0) 54 (94.7)
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Meier curve indicated that the cumulative survival was 
higher for patients in the hemoperfusion group com-
pared to their matches (Fig. 2).

Treatment
Of 55 patients in the hemoperfusion group, the num-

ber of patients who received one, two, and three or four 
courses of hemoperfusion was 18 (32.7%), 14 (25.4%), 
and 23 (41.9%), respectively. The number of patients who 
received hemoperfusion with cartridges 300 and 330 was 
9 and 46, respectively. The number of deaths among pa-
tients who had cartridge 300 was 4 (44.4%) and the re-
spective number for patients who had cartridge 330 was 
14 (30.4%). No significant association was found between 
cartridge type and mortality rate in the hemoperfusion 
group.

The Cox regression model was employed to calculate 
the hazard of death for patients in the matched group 
compared to the hemoperfusion group. Analyses were 
done in crude and adjusted models. Two significant un-
derlying diseases (hypertension and ischemic heart dis-
ease) were not included in the multivariate model since 
the Cochran’s Mantel-Haenszel test indicated condition-
al independence across these two underlying diseases for 
both hypertension (p value = 0.646) and ischemic heart 
disease (p value = 0.400), but age, sex, SPO2, and lympho-
cyte count at the baseline were included as the adjusting 
factors. According to the analysis in the crude model, the 
HR of death in matched groups compared to the hemo-
perfusion group was 2.54 (95% CI: 0.1.67–3.87, p < 0.001) 

and the adjusted HR was 2.39 (95% CI: 1.49–3.83, p < 
0.001). Both crude and adjusted analyses revealed that pa-
tients who were treated in the matched group were at a 
higher risk of death compared to patients who were treat-
ed in the hemoperfusion group.

Discussion

Hemoperfusion has been suggested as an effective 
treatment for COVID-19 patients in conjunction with 
other conventional remedies. In this study, the hemoper-
fusion group exhibited higher SP02 but lower PaCO2 and 
CRP levels compared to the matched control group. An 
interesting finding of this study was that a lower mortal-
ity rate was observed among the patients in the hemoper-
fusion group. Jafron® and CytoSorb® are two different 
models of hemoperfusion cartridges. Although they em-
ploy a different methodology for performing hemoperfu-
sion, their cartridge efficacy has not been compared so far 
in a study.

Cytokine storm and intensive immune responses have 
been addressed as the root causes of a severe form of CO-
VID-19 infection [12]. It has been observed that cytokine 
storm plays a crucial role in exerting end-organ damage 
and increased mortality rate among patients with CO-
VID-19. Of all series of cytokines, IL-1, IL-6, IL-10, and 
TNF-β are the most remarkable inflammatory factors 
through the cytokine storm phenomenon [13–15]. In ad-
dition, IL6 has been shown to play the most important 
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role in cytokine storms, patient mortality, and disease se-
verity [16]. In the early stages of COVID-19, increased 
levels of CRP may be associated with severe pulmonary 
complication like ARDS [17]. Therefore, timely clearance 
of cytokines and inflammatory factors may decrease pa-
tients’ complications and mortality in COVID-19 infec-
tion [18].

Hemoperfusion, an extracorporeal blood purification 
modality, is used for circulating patients’ anticoagulated 
blood through a circuit containing an absorbent filter that 
reduces toxic agents and inflammatory factors like in-
flammatory cytokines [1, 19]. The absorbent system in 
hemoperfusion is usually a cartridge that has been loaded 
with absorbent ingredients including charcoal (for water-
soluble materials) and resins (for lipid-soluble materials) 
[20]. HA 330 and HA 380 cartridges are two types of he-
moperfusion cartridges that are used in inflammatory 
conditions. These cartridges have the capability of in-
flammatory cytokines absorption [21]. In addition, HA 
280 cartridges are capable to absorb smaller particle size 
[22]. In the current study, Jafron® (HA 330) and Cyto-
Sorb® 300 cartridges were used for hemoperfusion. In a 
systematic review in 2013 by Borthwick et al. [23], it has 
been suggested that hemoperfusion may have significant 
effects on ICU stay and mortality rate in sepsis patients. 
In addition, in the pandemic era, there are some studies 
that have suggested the positive effects of hemoperfusion 
in COVID-19 patients [24, 25]. In a study by Vardanjani 
et al. [26], hemoperfusion and CRRT therapies were ef-
fective in ceasing ARDS progression, decreasing patient 
intubation and patient’s oxygen dependency in addition 
to their preventive effects on AKI and septic shock. More-
over, they reduced mortality and length of hospital stay 
[26]. In the study by De Rosa et al. [27], hemoperfusion 
with polymyxin in COVID-19 patients with endotoxic 
shock was associated with organ function recovery and 
hemodynamic improvement.

This study was in the same line as the results of previ-
ous studies. In the current study, the mortality rate was 
significantly lower in the hemoperfusion group com-
pared to the matched group. Furthermore, it was ob-
served that SPO2 may be improved significantly after per-
forming hemoperfusion in COVID-19 patients. In this 
study, the median length of hospital stay was lower in the 
matched group. However, based on the Kaplan model, we 
could find that the cumulative survival of patients in the 
hemoperfusion group was associated with the median 
length of hospital stay.

Our study’s major strength was the high sample size of 
the hemoperfusion group. A study by Asgharpour et al. 

[28] was conducted on 10 patients, whereas the current 
study was conducted on 55 patients which is the highest 
sample size in the literature. In addition, considering the 
high costs of hemoperfusion for the patients, we could 
not implement this treatment option for every patient 
due to ethical considerations, and this may be the reason 
for the lack of a high-sample clinical trial in this regard.

This treatment option was used in this study as a sal-
vage treatment option in the accompaniment of the final-
stage treatments. The hemoperfusion group and matched 
group in this study were not homogeneous. Some pa-
tients in this study received tocilizumab which can affect 
the mortality of patients [29]. Moreover, patients in this 
study received different courses of hemoperfusion (not 
the same in the number and length of sessions) by two 
different cartridges. As shown in this study, hemoperfu-
sion by Jafron® 330 cartridge had lower mortality com-
pared to CytoSorb® cartridge; however, it failed to reach 
a significant difference. The results may be changed in 
future studies with homogeneous and higher sample siz-
es.

Limitation
Our data collection depended on physicians’ comple-

tion because our study was a retrospective study. This 
study was not a randomized clinical trial; therefore, there 
were no exact inclusion and exclusion criteria. It was not 
possible to analyze arterial blood gas for some patients 
because of technical procedures and trained staff limita-
tions. In this study, two types of hemoperfusion cartridg-
es were used due to lack of access to a certain type of he-
moperfusion cartridge at various times. In this study, the 
level of IL-6 was not evaluated.

Conclusion

Among critically ill COVID-19 patients, we found a 
significant reduction in mortality rate and improvement 
of SPO2 and PCO2 in the hemoperfusion group. Future 
randomized controlled clinical trials are needed to evalu-
ate the efficacy of hemoperfusion.

Acknowledgments

The authors would like to thank the Clinical Research Develop-
ment Unit (CRDU) of Loghman Hakim Hospital, Shahid Beheshti 
University of Medical Sciences, Tehran, Iran, for their help and 
support in conducting this study.



Alavi Darazam et al.Blood Purif8
DOI: 10.1159/000524606

Statement of Ethics

The study was confirmed by the Ethics in Medical Research 
Committee of the Shahid Beheshti University of Medical Sciences. 
This study is registered with IRCT (Iranian registry of clinical tri-
al), IR. SBMU.RETECH.REC.1399.582. Signed informed consents 
were obtained from all the participants or their legally authorized 
representatives. The research was conducted ethically in accor-
dance with the World Medical Association and Declaration of Hel-
sinki.

Conflict of Interest Statement

We declare no competing interests.

Funding Sources

Not applicable.

Author Contributions

Ilad Alavi Darazam, Firouze Hatami, Mohammad Mahdi Ra-
biei, Muhanna Kazempour, Davoud Rangraz, Hassan Falahaty, 
Hosein Syami, Yaghoob Irannejad, and Maryam Fallah contrib-
uted to the acquisition of data; Ilad Alavi Darazam and Mohamad 
Amin Pourhoseingholi contributed to the analysis of data; Farid 
Javandoust Gharehbagh, Mahdi Amirdosara, Mohammadreza 
Hajiesmaeili, Minoosh Shabani, Shervin Shokouhi, Masoud Mar-
dani, Maryam Haghighi-Morad, Masoud Zangi, Amir Ahmad 
Nassiri, and Navid Shafigh contributed to the drafting of the article 
and/or critical revision; and Ilad Alavi Darazam, Mohammad 
Mahdi Rabiei, Firouze Hatami, and Legha Lotfollahi contributed 
to the final approval of manuscript.

Data Availability Statement

The datasets generated during and analyzed during the current 
study are available from the corresponding author on reasonable 
request.

References

 1 Ronco C, Reis T. Kidney involvement in CO-
VID-19 and rationale for extracorporeal ther-
apies. Nat Rev Nephrol. 2020; 16(6): 308–10.

 2 National Institutes of Health (NIH). Clinical 
presentation of people with SARS-CoV-2 in-
fection;  2020. Available from:  https: //www.
covid19treatmentguidelines.nih.gov/over-
view/clinical-presentation/.

 3 Coperchini F, Chiovato L, Croce L, Magri F, 
Rotondi M. The cytokine storm in CO-
VID-19:  an overview of the involvement of 
the chemokine/chemokine-receptor system. 
Cytokine Growth Factor Rev. 2020; 53: 25–32.

 4 Li H, Liu L, Zhang D, Xu J, Dai H, Tang N, et 
al. SARS-CoV-2 and viral sepsis:  observations 
and hypotheses. Lancet. 2020; 395(10235): 

1517–20.
 5 Xu Z, Shi L, Wang Y, Zhang J, Huang L, 

Zhang C, et al. Pathological findings of CO-
VID-19 associated with acute respiratory dis-
tress syndrome. Lancet Respir Med. 2020; 

8(4): 420–2.
 6 Kellum JA, Kong L, Fink MP, Weissfeld LA, 

Yealy DM, Pinsky MR, et al. Understanding 
the inflammatory cytokine response in pneu-
monia and sepsis:  results of the genetic and 
inflammatory markers of sepsis (GenIMS) 
study. Arch Intern Med. 2007; 167(15): 1655–
63.

 7 Clark EG, Hiremath S, McIntyre L, Wald R, 
Hundemer GL, Joannidis M. Haemoperfu-
sion should only be used for COVID-19 in the 
context of randomized trials. Nat Rev 
Nephrol. 2020; 16(12): 697–9.

 8 Ronco C, Bagshaw SM, Bellomo R, Clark WR, 
Husain-Syed F, Kellum JA, et al. Extracorpo-
real blood purification and organ support in 
the critically ill patient during COVID-19 
pandemic:  expert review and recommenda-
tion. Blood Purif. 2021; 50(1): 17–27.

 9 De Vriese AS, Colardyn FA, Philippé JJ, Van-
holder RC, DE Sutter JH, Lameire NH. Cyto-
kine removal during continuous hemofiltra-
tion in septic patients. J Am Soc Nephrol. 
1999; 10(4): 846–53.

10 Food and Drug Administration. Emergency 
use authorization approval documents;  2020. 
Available from:  https: //www.fda.gov/emer-
gency-preparedness-and-response/mcm-le-
gal-regulatory-and-policy-framework/emer-
gency-use-authorization#covidothermeddev.

11 Ostermann M, Dickie H, Tovey L, Treacher 
D. Heparin algorithm for anticoagulation 
during continuous renal replacement thera-
py. Crit Care. 2010; 14(3): 419–2.

12 Ragab D, Salah Eldin H, Taeimah M, Khattab R, 
Salem R. The COVID-19 cytokine storm;  what 
we know so far. Front Immunol. 2020; 11: 1446.

13 Cao X. COVID-19:  immunopathology and its 
implications for therapy. Nat Rev Immunol. 
2020; 20(5): 269–70.

14 Liu B, Li M, Zhou Z, Guan X, Xiang Y. Can we 
use interleukin-6 (IL-6) blockade for corona-
virus disease 2019 (COVID-19)-induced cy-
tokine release syndrome (CRS)? J Autoim-
mun. 2020; 111: 102452.

15 Han H, Ma Q, Li C, Liu R, Zhao L, Wang W, 
et al. Profiling serum cytokines in COVID-19 
patients reveals IL-6 and IL-10 are disease se-
verity predictors. Emerg Microbes Infect. 
2020; 9(1): 1123–30.

16 McElvaney OJ, McEvoy NL, McElvaney OF, 
Carroll TP, Murphy MP, Dunlea DM, et al. 
Characterization of the inflammatory re-
sponse to severe COVID-19 illness. Am J 
Respir Crit Care Med. 2020; 202(6): 812–21.

17 Mardani R, Vasmehjani AA, Zali F, Gholami 
A, Nasab SDM, Kaghazian H, et al. Labora-
tory parameters in detection of COVID-19 
patients with positive RT-PCR;  a diagnostic 
accuracy study. Arch Acad Emerg Med. 2020; 

8(1): e43.
18 Koertge A, Wasserkort R, Wild T, Mitzner S. 

Extracorporeal hemoperfusion as a potential 
therapeutic option for critical accumulation 
of rivaroxaban. Blood Purif. 2018; 45(1–3): 

126–8.
19 Vardanjani AE, Moayedi S, Golitaleb M. CO-

VID-19 pandemic hemoperfusion therapy 
versus plasma exchange therapy in intensive 
care. Iran J Allergy Asthma Immunol. 2020; 

19(S1): 7–9.
20 Safari S, Salimi A, Zali A, Jahangirifard A, 

Bastanhagh E, Aminnejad R, et al. Extracor-
poreal hemoperfusion as a potential thera-
peutic option for severe COVID-19 patients;  
a narrative review. Arch Acad Emerg Med. 
2020; 8(1): e67.

21 Ankawi G, Fan W, Montin DP, Lorenzin A, 
Neri M, Caprara C, et al. A new series of sor-
bent devices for multiple clinical purposes:  
current evidence and future directions. Blood 
Purif. 2019; 47(1–3): 94–100.

22 Kogelmann K, Jarczak D, Scheller M, Drüner 
M. Hemoadsorption by CytoSorb in septic 
patients:  a case series. Crit Care. 2017; 21(1): 

74–10.

https://www.karger.com/Article/FullText/524606?ref=1#ref1
https://www.karger.com/Article/FullText/524606?ref=2#ref2
https://www.karger.com/Article/FullText/524606?ref=2#ref2
https://www.karger.com/Article/FullText/524606?ref=2#ref2
https://www.karger.com/Article/FullText/524606?ref=3#ref3
https://www.karger.com/Article/FullText/524606?ref=4#ref4
https://www.karger.com/Article/FullText/524606?ref=5#ref5
https://www.karger.com/Article/FullText/524606?ref=6#ref6
https://www.karger.com/Article/FullText/524606?ref=7#ref7
https://www.karger.com/Article/FullText/524606?ref=7#ref7
https://www.karger.com/Article/FullText/524606?ref=8#ref8
https://www.karger.com/Article/FullText/524606?ref=9#ref9
https://www.karger.com/Article/FullText/524606?ref=10#ref10
https://www.karger.com/Article/FullText/524606?ref=10#ref10
https://www.karger.com/Article/FullText/524606?ref=11#ref11
https://www.karger.com/Article/FullText/524606?ref=12#ref12
https://www.karger.com/Article/FullText/524606?ref=13#ref13
https://www.karger.com/Article/FullText/524606?ref=14#ref14
https://www.karger.com/Article/FullText/524606?ref=14#ref14
https://www.karger.com/Article/FullText/524606?ref=15#ref15
https://www.karger.com/Article/FullText/524606?ref=16#ref16
https://www.karger.com/Article/FullText/524606?ref=16#ref16
https://www.karger.com/Article/FullText/524606?ref=17#ref17
https://www.karger.com/Article/FullText/524606?ref=18#ref18
https://www.karger.com/Article/FullText/524606?ref=19#ref19
https://www.karger.com/Article/FullText/524606?ref=20#ref20
https://www.karger.com/Article/FullText/524606?ref=21#ref21
https://www.karger.com/Article/FullText/524606?ref=21#ref21
https://www.karger.com/Article/FullText/524606?ref=22#ref22


Hemoperfusion in COVID-19 9Blood Purif
DOI: 10.1159/000524606

23 Borthwick EM, Hill CJ, Rabindranath KS, 
Maxwell AP, McAuley DF, Blackwood B. 
High-volume haemofiltration for sepsis in 
adults. Cochrane Database Syst Rev. 2017; 

1(1): CD008075.
24 Moradi H, Abbasi S. Hemoperfusion as a 

supportive treatment in a COVID-19 patient 
with late pulmonary thromboembolism:  a 
case report. Int Med Case Rep J. 2020; 13: 341–
5.

25 Shadvar K, Tagizadiyeh A, Gamari AA, Solei-
manpour H, Mahmoodpoor A. Hemoperfu-
sion as a potential treatment for critically Ill 
COVID-19 patients with cytokine storm. 
Blood Purif. 2020; 50(3): 405–7.

26 Vardanjani AE, Ronco C, Rafiei H, Golitaleb 
M, Pishvaei MH, Mohammadi M. Early he-
moperfusion for cytokine removal may con-
tribute to prevention of intubation in patients 
infected with COVID-19. Blood Purif. 2021; 

50(2): 257–60.
27 De Rosa S, Cutuli SL, Ferrer R, Antonelli M, 

Ronco C;  COVID-19 EUPHAS2 Collabora-
tive Group, et al. Polymyxin B hemoperfusion 
in COVID-19 Patients with endotoxic shock:  
case series from EUPHAS II registry. Artif 
Organs. 2020; 45(6): E187–94.

28 Asgharpour M, Mehdinezhad H, Bayani M, 
Zavareh MSH, Hamidi SH, Akbari R, et al. Ef-
fectiveness of extracorporeal blood purifica-
tion (hemoadsorption) in patients with severe 
coronavirus disease 2019 (COVID-19). BMC 
Nephrol. 2020; 21(1): 356.

29 Tleyjeh IM, Kashour Z, Damlaj M, Riaz M, 
Tlayjeh H, Altannir M, et al. Efficacy and 
safety of tocilizumab in COVID-19 patients:  
a living systematic review and meta-analy-
sis. Clin Microbiol Infect. 2021; 27(2): 215–
27.

https://www.karger.com/Article/FullText/524606?ref=23#ref23
https://www.karger.com/Article/FullText/524606?ref=24#ref24
https://www.karger.com/Article/FullText/524606?ref=25#ref25
https://www.karger.com/Article/FullText/524606?ref=26#ref26
https://www.karger.com/Article/FullText/524606?ref=27#ref27
https://www.karger.com/Article/FullText/524606?ref=27#ref27
https://www.karger.com/Article/FullText/524606?ref=28#ref28
https://www.karger.com/Article/FullText/524606?ref=28#ref28
https://www.karger.com/Article/FullText/524606?ref=29#ref29

	startTableBody
	startTableBody

