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Background: Inflammatory mediators are an important component in the
pathophysiology of the coronavirus disease 2019 (COVID-19). This study aimed
to assess the effects of reducing inflammatory mediators using hemoperfusion
(HP) and continuous renal replacement therapy (CRRT) on the mortality of
patients with COVID-19.

Materials and Methods: Twelve patients with confirmed diagnosis of COVID-
19 were included. All patients had acute respiratory distress syndrome (ARDS).
Patients were divided into three groups, namely, HP, CRRT and HP+CRRT.
The primary outcome was mortality and the secondary outcomes were
oxygenation and reduction in inflammatory mediators at the end of the study.
Results: Patients were not different at baseline in demographics, inflammatory
cytokine levels, and the level of acute phase reactants. Half of the patients (3 out
of 6) in the HP+CRRT group survived along with the survival of one patient (1
out of 2) in the HP group. All four patients in the CRRT group died. Serum
creatinine (SCr), Interleukin-1 (IL1), Interleukin-6 (IL6), Interleukin-8 (IL8),
partial pressure of oxygen (PaO), O, saturation (O sat), and hemodynamic
parameters improved over time in HP+CRRT and CRRT groups, but no
significant difference was observed in the HP group (All Ps > 0.05).

Conclusion: Combined HP and CRRT demonstrated the best result in terms of
mortality, reduction of inflammatory mediators and oxygenation. Further
investigations are needed to explore the role of HP+CRRT in COVID-19
patients.

Key words: Coronavirus disease 2019; COVID-19; Acute respiratory
distress syndrome; ARDS; Inflammatory marker; Hemoperfusion;
Continuous renal replacement therapy; Cytokine; Oxygenation;
Mortality
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INTRODUCTION

Following the official recognition of the novel
coronavirus disease 2019 (COVID-19), it rapidly turned
into a pandemic overwhelming most of the healthcare
systems. The clinical spectrum of COVID-19 pneumonia
ranges from mild upper respiratory tract involvement to
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) and ultimately death. Critically ill patients with
COVID-19 are more likely to develop acute respiratory
distress syndrome (ARDS) related to systemic pro-
inflammatory cytokine responses over a short period of
time. ARDS is a dreaded complication of COVID-19
patients with high mortality (1-3).

In February 2020, Masih Daneshvari Hospital reported
its first COVID-19 patient and became the referral center
for COVID-19 cases in Iran. The pursuing high load of
patients was inevitably associated with a significant
mortality of patients in the intensive care unit (ICU) due to
severe ARDS (4). Data suggests that increased mortality of
COVID-19 patients is associated with a profound systemic
inflammatory response (5).

Various cytokines are linked to COVID-19 and
associated with COVID-19 induced lung injury and ARDS.
The production of a wide array of proinflammatory
cytokines is significantly elevated in patients with COVID-
19 compared to healthy individuals (6). Hypercytokinemia,
also known as a cytokine storm, is shown to be related to
an alarming incidence of ARDS and critical illness
requiring ICU admission. Plasma levels of several
cytokines in COVID-19 patients could serve as potential
biomarkers of disease severity in COVID-19 (7). These
findings have demonstrated the immunopathological
mechanisms of COVID-19 (8).

Various therapeutic techniques should be applied to
control the inflammatory storm as confounding factors
exist in patients with ARDS requiring invasive mechanical
ventilation (IMV). Hemoperfusion (HP) and continuous

renal replacement therapy (CRRT) «can increase

inflammatory cytokine elimination from the bloodstream
and modulate immune function and, thus, improve patient
prognosis (9).

In this study, we aimed to assess the effects of CRRT,
HP, and their combination on mortality in COVID-19
patients undergoing IMV admitted to Masih Daneshvari
Hospital in Tehran, Iran. Various clinical indices, including
the time of treatment and biochemical parameters, were
analyzed to assess the effects of HP and CRRT on the
patient survival and to compare the effects of these

techniques to remove plasma inflammatory factors.

MATERIALS AND METHODS
Study design and participants

This study was conducted at Masih Daneshvari
Hospital, Shahid Beheshti University of Medical Sciences
after the approval of the study protocol by the Clinical
Research Ethics Committee (IR.SBMU.NRITLD.REC.1399.
011). We included 12 adult patients who required
mechanical ventilation and had a partial pressure of
arterial oxygen/fraction of inspired oxygen ratio
(PaO,/FiO2) under 150 with a confirmed diagnosis of
COVID-19 using reverse transcription polymerase chain
reaction RT-PCR. The initial blood sample was collected
immediately after the patient was admitted to the ICU and
prior to receiving any treatment.

Patients were divided into three groups (HP, CRRT,
and HP+CRRT) based on their initial kidney function,
glomerular filtration rate (GFR), and neutrophil gelatinase-
associated lipocalin (NGAL) as a specific biomarker of
acute kidney injury (AKI), diagnosed by an increase in the
serum creatinine (SCr) level of at least 0.3 mg/dL within 48
hours. Estimated GFR (eGFR) in the HP group was > 60
mL/min. In the setting of AKI, CRRT was performed. Two
patients were in the HP group, four patients were in the
CRRT group and six patients were in the HP+CRRT group.
All clinical data were recorded and standardized in a
spreadsheet by two critical care physicians who were

unaware of the purpose of this study.
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Medical care in ICU

All patients received conventional ICU care including
ventilator support, enteral or parenteral nutrition,
correction of water-electrolyte imbalances, intravascular
fluid replacement, and control of body temperature.
Patients received hydroxychloroquine sulfate 400 mg
twice-a-day on day 1 followed by 200 mg twice-a-day. To
prevent untoward pulmonary injury patients were started
on atazanavir and ritonavir once daily for 7-14 days.
Vancomycin (25 mg/kg loading dose, 15 mg/kg twice-a-
day), imipenem (500 mg every six hours) IV infusion
combined with azithromycin 500 mg daily for three days
were administered to treat the bacterial and atypical
pneumonia. Norepinephrine was administered in the
range of 0.5 to 2.5 mcg/kg/min IV infusion to improve
blood perfusion and cardiac function.

The therapeutic effect was assessed via blood indices
including arterial blood gas, PaO, and O; saturation,
hemodynamic parameters (central venous oxygen
saturation [ScvOs], oxygen delivery [DOs]), plasma levels
of three cytokines (interleukin-1 [IL1], interleukin-6 [IL6],
and interleukin-8 [IL8]), and kidney function (blood urea
nitrogen [BUN] and SCr). Acceptable treatment outcome
was defined as a marked improvement of ARDS severity
demonstrated by increase in PaO,/FiO, ratio, O:
saturation, DO, ScvO,, improvement of renal function,
and reduction of inflammatory cytokines, norepinephrine,
and ultimately improved mortality. The survival time was
calculated from the time of ICU admission to hospital
discharge.

Blood purification

HP and/or CRRT therapies were initiated to improve
O; saturation and reduce proinflammatory cytokine levels
(10,11).

Hemoperfusion (HP): Elevated IL-6 levels in ARDS
patients with normal kidney function suggested its role in
lethal lung injury. HP was carried out with a cutoff value

of 100 pg/mL (12) for IL-6, through femoral venous
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catheters at a blood flow rate of 100-300 mL/min. HP was
implemented over six hours per day and the number of HP
treatments was determined by the plasma levels of the IL-
1, IL-6 and IL-8 along with clinical assessment of the
patient. A fully automated dialysis machine and a HA380
membrane filter (Jafron Biomedical Co) were used for the
HP.

Continuous renal replacement therapy (CRRT): Among
patients with direct kidney involvement and a high level of
IL-6, the most important causative cytokine in ARDS, a
recombinant humanized anti-IL-6 monoclonal antibody,
tocilizumab (8 mg/kg, at a maximum dose of 800 mg per
infusion, with an intravenous drip time longer than 1 h)
was used to treat cytokine storm followed by continuous
venovenous hemofiltration (CVVH), whereas in the setting
of AKI, continuous venovenous hemodiafiltration
(CVVHDF) was performed. CRRT was performed with an
ultrafiltration rate of 50-200 cc/h for 24 h every other day.
A dedicated machine (PrismaFlex system) and filter
(ST150, Baxter) were used for the CRRT. The blood flow
rate was set at 50-250 mL/min, and the dialysis rate was
set at 25-35 mL/kg/h. Vascular access was obtained using
arrow double lumen hemodialysis (12 Fr x 20 c¢m) and
central venous catheters (CV-15122-F) in the femoral vein.

Combined hemoperfusion and continuous renal
replacement therapy (HP+CRRT): In this group, patients
underwent CRRT plus HP using a HA380 membrane filter,
which was changed routinely after 6 hours over the course
of 24 hours of CCRT due to the saturation of the adsorptive
sites in the aseptic technique step.

During each blood purifying technique, continuous
infusion of heparin (ranging from 5 to 20 units/kg/h) was
used to prevent clotting. Therapeutic level was defined as
an activated partial thromboplastin time (aPTT) ranging
between 15 and 20 times the normal.

Data collection
For every patient, sequential (sepsis-related) organ

failure assessment (SOFA) score, and acute physiology and
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chronic health evaluation II (APACHE II) score were
calculated on the day of ICU admission. Serum NGAL
levels were measured using a commercially available
ELISA kit (Antibody Shop, Gentofte, Denmark). Ethylene
diamine tetra acetic acid (EDTA) blood samples were
collected in sterile (endotoxin-free) tubes before and after
the therapeutic techniques. Samples destined for cytokine
detection were placed in ice and transported immediately
to the laboratory. The plasma was separated by
centrifugation (2000 xg for 10 min) at 4 °C and stored in
300 pL aliquots at -70 °C wuntil analysis. Serum
concentrations of IL-1, IL-6, and IL-8 were measured by
ELISA using Quantikine kits. The minimum detectable
concentration of all cytokines with the R&D kits was less
than 10 pg/mL. The operating procedure provided by the
manufacturer was strictly followed. Pulse contour cardiac
output (PiCCO) was used to detect ScvO; and DO; through
a central venous catheter and an arterial line. Measuring
DO, is dependent upon hemoglobin/hematocrit, cardiac
output, and saturation of the individual hemoglobin
molecules. The obtained blood samples were analyzed
with an automatic biochemical analyzer for the
measurement of acute phase reactants (procalcitonin [PCT]
and ferritin], kidney function (BUN, SCr), and blood gas
factors (PaO,, O, sat) at the same time as cytokine level
determination.
Data analysis

Results were presented as mean * standard deviation.
A P < 0.05 was considered statistically significant.
Categorical variables were analyzed using the chi-squared
test. Other indices were analyzed using ANOVA. To assess
the relationship between the therapeutic techniques and
the mortality rate, multivariate Cox regression survival
curves with the Cox proportional hazard model were
generated. The primary dependent variable was mortality.
The treatment outcome was recorded as categorical
variables (1: Better; 0: Worse or death). Multivariate
adjustment was made separately for age, sex, ICU length of
stay, time of the first treatment and number of treatments,

SOFA and APACHE II scores, ferritin, PCT, arterial blood

gas indices, hemodynamic parameters, and renal function

tests.

RESULTS

Table 1 summarizes demographics and baseline
characteristics of the patients. At baseline, there was no
significant difference (All Ps > 0.05) in age, sex, SOFA and
APACHE 1I scores, ferritin, PCT, and time of the first
treatment between the three groups. A significant
difference was seen the mean SCr and BUN levels at
baseline (Ps = 0.010 and 0.035, respectively). Changes in the
biochemical and hemodynamic parameters, cytokine
levels, and blood gas factors are summarized in table 2
showing before and after treatment measurements. With
progression of hypoxemia, multi-organ damage became a
serious concern. There were significant differences in the
mean BUN, O; sat (at a 0.10 level), and norepinephrine
dosage (at a 0.05 level) among the three groups over the
study period. The CRRT group had the best result in
clearing BUN and the HP+CRRT group showed the best
outcome on the improvement in O, saturation and
reduction of norepinephrine dosage.

The median ICU length of stay was not different
(P=0.737) between the three groups (7.5%2.1, 7.0£1.4, and
8.0+2.2 days for HP, CRRT, and HP+CRRT groups,
respectively). The three groups were also similar in the
number of interventions they received (1.5 + 0.7, 2.0 + 0.0,
and 3.0 £ 1.1 for HP, CRRT, and HP+CRRT groups,
respectively). As shown in figure 1, CRRT and HP+CRRT
groups were superior to HP in improving patients' PaO,,
O; sat, ScvO,, and DO;. Patients in the HP+CRRT group
demonstrated a marked improvement in IL-6 and IL-8
levels.

The overall mortality was 66.6% (8 out of 12 patients).
Mortality rates were 50% in the HP group (n=2), 100% in
the CRRT group (n=4), and 50% in the HP+CRRT group
(n=6). The HP+CRRT group had the best overall primary
and secondary outcomes. The Cox proportional hazards

model for overall survival is shown in figure 2.
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Table 1. Demographic and baseline characteristics of the studies patients.
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HP (n=2) CRRT (n=4) HP+CRRT (n=6) P value

Age, years 54.5+23.3 43.0x48 542124 0.721
Sex 0.509

Female 0 (0%) 2 (50%) 1(16%)

Male 2 (100%) 2 (50%) 5 (84%)
SOFA score 13.0+£0.0 133110 128+ 1.0 0.786
APACHE Il score 35.0+0.0 333+22 325+25 0.434
Serum ferritin, pg/L 725.0 £106.1 1112.5 +278.0 960.8 +218.2 0.207
Procalcitonin, ng/mL 04x00 06+0.2 05+0.2 0.470
ICU length of stay, days 75+21 70+14 80+22 0.737
Time to first treatment, hours 325+120 33.8+6.8 29.0+£11.9 0.774
Number of treatments 15+0.7 20+0.0 30+11 0.097
Survival, n 1 out of 2 0 out of 4 3 out of 6 0.269

Continuous variables are presented as means + standard deviation. HP, hemoperfusion; CRRT, continuous renal replacement therapy; SOFA, sequential organ failure
assessment; APACHE |1, acute physiology and chronic health evaluation II; ICU, intensive care unit.

Table 2. Laboratory findings before and after treatment.

HP (n=2) CRRT (n=4) HP+CRRT (n=6) P value
Blood Urea Nitrogen, mg/dI 0.062
Before 700£7.1 131.3+333 97.0+184
After 45.0+21.2 76.0+£13.4 822+43
Creatinine, mg/d| 0.384
Before 16+ 70, 3
After * 17+0.2 +0.6
IL-1, pg/ml 0.194
Before 75.0+14.1 700+7.6 58.3+9.3
After 405+6.4 445+56 358+4.2
IL-6, pg/ml 0.527
Before 2450919 228.8+23.9 248.0+57.8
After 160.0 £ 70.7 164.0 £29.5 1538+ 314
IL-8, pg/MI 0.741
Before 7425+ 10.6 830.0+125.7 805.2+72.3
After 383.0+60.8 489.0 £57.0 431.0+55.9
Partial pressure of oxygen, mmHg 0.516
Before 465+2.1 445+33 53.0+10.9
After 715+49 66.3+10.3 86.0 £20.5
0; saturation (%) 0.073
Before 78057 80.0+3.9 77.0+54
After 91.0+28 92327 94.2+5.0
Oxygen delivery (mL/min) 0.485
Before 425.0+35.4 500.0 + 40.8 500.0 +54.8
After 825.0+176.8 750.0 £40.8 841.7+128.1
Central venous oxygen saturation (%) 0.369
Before 450+7.1 46.3+25 475+42
After 62.5+10.6 613+25 69.2+74
Norepinephrine (mcg/kg/min) 0.022
Before 25+0.1 2401 25%0.0
Adter 15+15 26+03 1008

Continuous variables are presented as means + standard deviation. HP, hemoperfusion; CRRT, continuous renal replacement therapy; IL, interleukin.
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Figure 1. Laboratory parameters at baseline and after treatment in each study group. There was no difference (All Ps > 0.05) in the HP group. In the CRRT group, only
norepinephrine dose did not show a significant difference (Ps > 0.05). In the HP+CRRT group, all parameters, except BUN, showed a significant increase after treatment
(All Ps < 0.05).
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Figure 2. Overall survival using Cox proportional model.

DISCUSSION

Acute lung injury and ARDS in COVID-19 patients
have a higher mortality rate than what is observed in other
diseases. To date, the management of ARDS in COVID-19
patient remains supportive, while no effective therapeutics,
including antivirals or vaccines, is shown to improve
mortality. In previous studies, COVID-19 patients have
received antimicrobial agents, antiviral, antimalarial, and
corticosteroid therapy with variable dosage depending on
disease severity, however, no effective outcomes is
observed (13-15). Hence, our study was designed to
evaluate the blood purification therapies using HP, CRRT,
and their combination on inflammatory mediator
elimination from plasma and improvement of survival.
Significant elevation in plasma inflammatory cytokines
and chemokines was seen in severe COVID-19 patients,
associated with higher mortality rates in moderate-to-
severe ARDS. HP, CRRT, and HP+CRRT techniques were
designed to remove cytokines and other Ccirculating
inflammatory mediators from the bloodstream.

An earlier study has demonstrated that increased
plasma level of cytokines was associated with extensive
lung inflammation in COVID-19 pneumonia (16). IL-1 is
the most important cytokine in the early stage of ARDS,
associated with increasing pro-inflammatory chemokines
leading to edema; and the therapeutic target could be
achieved by removing it (17). Also, higher plasma levels of
IL-6 and IL-8 in bronchoalveolar lavage fluid are associated

with a higher mortality rate (18). We noted that patients
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with ARDS had higher levels of IL1, IL6, and IL8, probably
leading to an activated systemic inflammatory response.
Moreover, patients requiring ICU admission had higher
concentrations of proinflammatory mediators than those
not requiring ICU admission, suggesting that the cytokine
storm might play a crucial role in the severity of the
disease (19).

The initial concentration of IL1, IL6, and IL8 was
elevated and could be used as an index for assessing the
blood purifying techniques and hypoxemia prognosis.
Therefore, in this study, we divided patients into three
groups (HP, CRRT, and HP+CRRT), and the measured
cytokines were evaluated to compare the efficacy of each
techniques. Data from Italy and China showed
extracorporeal organ support therapies, including
hemoperfusion, could remove plasma inflammatory
cytokines, broadly used in clinical settings to support
hemodynamic and organ function recovery (11,19). HP and
CRRT achieved high solute clearance rates across a semi-
permeable membrane and they could eliminate
inflammatory mediators from the bloodstream (9).

Although it is still controversial whether HP or CRRT is
beneficial in viral pneumonia, CRRT is reported to have a
positive effect on the reduction of the mortality risk in
COVID-19 patients requiring IMV, (10) while other studies
found that CRRT is a risk factor for mortality in COVID-19
(20). To compare the efficacy of HP and CRRT, we set up
groups based on the GFR cutoff, and further divided
patients into three groups for comparing plasma cytokine
levels, blood gas factors, hemodynamic parameters, BUN,
SCr, and the mortality rate. There was no significant
differences in the overall survival during ICU stay among
the three groups (P > 0.05).

Our study has several limitations. First, the sample size
of this study was not large. Second, this was a single-center
study. Although potentially more patients could be
involved in such a study, resource limitation is the main
factor limiting this investigation to only one center. Third,
patient data was only available until time of discharge
which was included in the analysis. This study lacked

long-term data.
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CONCLUSION

The best clinical outcome in COVID-19 patients was
observed in the HP+CRRT group which not only had a
comparatively better survival rate but also demonstrated
better improvement in plasma cytokine levels, blood gas
factors, and hemodynamic parameters. Role of HP+CRRT
needs to be investigated in larger and preferably

randomized studies.
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