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Abstract. Therapeutic plasma exchange (TPE) has been 
proposed as a rescue therapy in critically ill COVID‑19 
patients. The aim of the present study was to determine whether 
combining TPE with convalescent plasma (CVP) transfusion 
early in the intensive care unit (ICU) stay improves survival 
among this heterogeneous population. The primary endpoint 
was survival at 30 days. Secondary endpoints included 
assessing the evolution of biomarkers, such as the partial 
pressure of arterial oxygen to fractional inspired oxygen ratio, 
and C reactive protein (CRP), lactate dehydrogenase (LDH) 
and ferritin levels at the 7‑day follow‑up. This single centre, 
prospective, non‑randomized controlled trial was conducted 
in an 8‑bed COVID‑19 ICU and included patients with severe 
COVID‑19 pneumonia requiring intensive care treatment. A 
total of 19 patients were treated by performing TPE followed 
by CVP transfusion, in addition to standard treatment, while 

for another 19 patients, only standard treatment according to 
hospital protocols was used. TPE was initiated during the first 
24 h after ICU admission, followed immediately by transfusion 
of CVP. Survival at 30 days was 47.37% in the TPE CVP group 
and 26.32% in the control group (P=0.002). Patients in the TPE 
CVP group also showed better oxygenation and a reduction in 
inflammation, with decreased CRP, LDH and ferritin levels 
compared with those in the control group. Overall, the study 
indicated that early initiation of TPE followed by CVP trans‑
fusion may be a valid rescue therapy in severe and critically 
ill COVID‑19 patients, with a statistically significant survival 
benefit, improved oxygenation and a reduction in inflammatory 
markers. The trial was registered in the ClinicalTrials.gov data‑
base (trial registration number: NCT04973488) on July 22, 2021 
(retrospectively registered).

Introduction

Globally, as of June 7, 2021, there have been 173,005,553 
confirmed cases of COVID‑19, including 3,727,605 associ‑
ated deaths, reported to the World Health Organization 
(https://covid19.who.int). Even though mass vaccination started 
early in December 2020 and nearly 2 billion vaccine doses 
have been administered across the world (1), (https://covid19.
who.int), we are standing on the verge of the fourth wave of the 
COVID‑19 pandemic.

From the pathophysiological point of view, in later 
stages of the infection when viral replication accelerates, 
epithelial‑endothelial barrier integrity is compromised. 
The severe acute respiratory syndrome coronavirus 2 
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(SARS‑CoV‑2) virus infects epithelial cells and, in addition, 
infects pulmonary capillary endothelial cells, emphasizing 
the inflammatory response, and triggering an influx of 
monocytes and neutrophils (2). The interstitial mononuclear 
inflammatory infiltrates and edema that develop appear as 
ground‑glass opacities on computed tomography imaging. 
Early phase acute respiratory distress syndrome (ARDS) sets 
in, as pulmonary edema fills the alveolar spaces, with hyaline 
membrane formation (3).

COVID‑19 has proved to be one of the most challenging 
diseases mankind has ever faced, with an extremely intricate 
symptom pattern ranging from a dysregulated host response 
to infection, which causes severe inflammation and cytokine 
storms, to ARDS, coagulopathy, multi‑organ failure and ulti‑
mately death (2,4). Siddiqi and Mehra (5) proposed dividing 
the evolution of the disease into three stages: Stage I (early 
infection); stage II (moderate), pulmonary involvement (IIa) 
without hypoxia and (IIb) with hypoxia; and stage III (severe), 
systemic hyperinflammation. Stage I occurs at the inoculation 
and early stages of the disease. Most people present with mild, 
non‑specific symptoms such as fever, dry cough and malaise. 
During stage II of the disease, a viral pneumonia develops, 
possibly with hypoxia. If hypoxia occurs, it is likely that 
patients will progress to requiring mechanical ventilation. 
Stage III is an extrapulmonary systemic hyperinflammation 
syndrome, where systemic inflammation markers are elevated. 
COVID‑19 infection results in a decrease in helper, suppressor 
and regulatory T cell counts (5). The ‘Guidelines for the 
Diagnosis and Treatment of Novel Coronavirus (2019‑nCoV) 
Infection by the [Chinese] National Health Commission (Trial 
Version 5)’ clinically distinguishes four levels of severity: 
Mild, common, severe and critical (6).

While the global medical community has worked around 
the clock to find the best treatment for this disease, few 
therapeutic options (corticosteroids: Dexamethasone, high 
level of recommendation and rating of evidence; remdesivir, 
baricitinib, tociliziumab, tofacitinib and sarilumab, lower level 
of recommendation and rating of evidence) have proved to be 
successful so far (4,7).

The aim of the present study was to determine whether 
combining therapeutic plasma exchange (TPE) (a specific ther‑
apeutic apheresis procedure with the goal of the rapid removal 
of the patient's plasma and its ‘exchange’ with a replacement 
solution) with convalescent plasma (CVP) transfusion (CVP 
therapy uses blood from people who have recovered from an 
illness to help others recover) early in the intensive care unit 
(ICU) stay improves survival among severe and critically ill 
COVID‑19 patients, and to evaluate the effects of this combined 
treatment on patient outcomes and on other parameters, such 
as the partial pressure of arterial oxygen to fractional inspired 
oxygen (FiO2) ratio (P/F ratio), and C reactive protein (CRP), 
lactate dehydrogenase (LDH) and ferritin levels.

Patients and methods

Study design, setting and population. A total of 38 Caucasian 
patients were included in the present single centre non‑random‑
ized controlled trial. The patients were admitted to the ICU of 
the ‘Dr Teodor Andrei’ Municipal Hospital (Lugoj, Romania), 
a tertiary care hospital, subordinated to ‘Pius Brinzeu’ 

Emergency Clinical County Hospital (Timisoara, Romania), 
between August 8, 2020, and January 9, 2021. All patients 
included in the study were adults (>18 years) who presented with 
acute respiratory failure and ARDS, and had positive reverse 
transcriptase‑polymerase chain reaction (RT‑PCR) test results 
for SARS‑CoV‑2 virus upon hospital admission. ARDS was 
defined as acute‑onset hypoxemia (P/F ratio <300) with >50% 
bilateral pulmonary opacities on chest imaging within 24‑48 h 
that were not fully explained by congestive heart failure and that 
required ICU treatment and monitoring (8). Exclusion criteria 
were represented by any of the following: Pregnancy, patients 
with suspected or confirmed pulmonary embolisms and patients 
with terminal disease. Patients enrolled in the study were 
divided equally, non‑randomized, into two groups as follows: 
A treatment group administered sequential TPE and CVP 
transfusion in addition to the standard treatment for COVID‑19, 
and a control group administered only standard treatment for 
COVID‑19 (antiretrovirals, corticosteroids, anticoagulants and 
antibiotics if deemed necessary) according to hospital protocols.

All patients provided written informed consent immedi‑
ately after admission into the ICU regarding all the procedures 
performed during hospitalization, including the treatment 
scheme applied in the present study and the use of the resulting 
data in scientific research publications, with the assurance 
that they would remain anonymous. In cases where obtaining 
informed consent from the patients was not possible due to 
their critical medical condition, a legal representative was 
informed and provided written consent. The trial was approved 
by the Ethics Committee of ‘Pius Brinzeu’ Emergency Clinical 
County Hospital Timisoara (approval no. 91/03.08.2020).

Study protocol. The blood type of the patients was determined 
immediately upon being admitted to the ICU. In the treatment 
group, a dual lumen, 14 French, dialysis catheter was used for 
vascular access, by placing it in the femoral vein under echo‑
graphic guidance. A single TPE session was performed on the 
Infomed HF 440 machine (Infomed SA), with a plasma/blood 
separation ratio of 20%, using 40 ml/kg fresh frozen plasma 
as the substitute. The circuit was anticoagulated with unfrac‑
tioned heparin during the procedure. Upon completion of 
the TPE session, each patient from the treatment group was 
transfused with 500 ml of ABO compatible CVP. Patients 
were carefully monitored during both the TPE session and 
the CVP transfusion, and also after the procedures, in order to 
treat emerging complications.

Patients from the treatment and control groups received 
standard treatment for COVID‑19 according to hospital 
protocols, consisting of corticosteroids, antiretrovirals, anti‑
coagulants and antibiotics if deemed necessary. Patients from 
both groups were anticoagulated with subcutaneous nadropa‑
rine (Fraxiparine; Aspen Pharma Trading) in therapeutic 
dosage, once every 12 h, adjusted according to bodyweight 
(≤70 kg: 3,800 Anti‑Xa IU; >70 kg: 5,700 Anti‑Xa IU). Patients 
from the treatment and control groups received corticoste‑
roids in the form of 16 mg dexamethasone (Dexamethason; 
Krka) divided into 2 doses, daily. Antiretrovirals used were 
lopinavir/ritonavir (Kaletra; Hetero Labs, Ltd.), 300 mg b.i.d. 
and remdesivir (Veklury; Gilead Sciences), 200 mg loading 
dose, then 100 mg o.d. for 5 days. Antimalarial drugs were 
also used, in the form of hydroxychloroquine (Plaquenil; 
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Sanofi‑Aventis), 400 mg b.i.d. loading dose, then 200 mg 
b.i.d. Upon clinical (fever, chills, sweats or aspect/quantity 
of bronchial secretions) and paraclinical (leucocytosis, CRP 
or cultures) findings of infection, empiric antibiotics were 
started, consisting of piperacilin/tazobactam (Fresenius 
Kabi) 4.5 g q.i.d., until de‑escalation following culture 
results was possible. Patients were intensively monitored, 
and daily clinical and laboratory data were collected during 
the ICU stay. Outcomes monitored were survival at 30 days, 
oxygenation (P/F ratio) (normal ratio >300) and inflamma‑
tory markers [CRP (normal range 0‑5 mg/l), LDH (normal 
range 135‑225 U/l) and ferritin (normal range 30‑400 µg/l)] 
at the 7‑day follow‑up, as assessed using ASTRUP analyses 
and blood tests.

Statistical analysis. Statistical data were analysed using 
GraphPad Prism 8 (GraphPad Software, Inc.) and IBM 
SPSS Statistics 20 (IBM Corp.). The category variables are 
characterized by value and percentage. Continuous variables 

are presented as mean (± standard deviation) and median 
(interquartile range). Data distribution testing was performed 
using the Shapiro‑Wilk test. The numerical variables were 
compared with the t‑test for independent samples or the 
Mann‑Whitney U test, depending on the type of distribution 
of the variables. The χ2 test (or Fisher's exact test) was used 
for the nominal variables. The Kaplan‑Meyer method with 
the log‑rank (Mantel‑Cox) test was applied to evaluate the 
primary endpoint. Cox regression was utilized to determine 
hazard ratio of the treatment group. All statistical tests were 
calculated with 2 tails and P<0.05 was considered to indicate 
a statistically significant difference.

Results

Baseline characteristics of patients in the treatment and 
control groups. The present study cohort of 38 patients 
included 24 (63.16%) males and 14 (36.84%) females, with 
a median age of 63 years (range, 51‑70 years). The patients 

Table I. Baseline characteristics of patients in the treatment and control groups.

Characteristic Treatment group Control group P‑value

Age   0.271
  Mean (± SD), years 58.74 (±7.76) 62 (±12) 
  Median (IQR) 57 (13) 68 (21) 
Sex, n (%)   0.737
  Male 13 (68.42) 11 (57.89) 
  Female 6 (31.58) 8 (42.11) 
BMI    0.034
  Mean (± SD), kg/m² 29.75 (±5.02) 27.16 (±6.92) 
  Median (IQR) 29.20 (9.30) 24.70 (4.80) 
Comorbidities, n (%)   0.547
  Yes 18 (94.74) 17 (89.47) 
  No 1 (5.26) 2 (10.53) 
Symptoms onset   0.385
to treatment   
  Mean (± SD), days 7.68 (±2.49) 8.58 (±2.14) 
  Median (IQR) 8.00 (5.00) 8.00 (2.00) 
Severity of the  
disease, n (%)   0.743
  Severe 12 (63.16) 10 (52.63) 
  Critical 7 (36.84) 9 (47.37) 
APACHE II   0.339
  Mean (± SD) 5.74 (±3.16) 7.58 (±6.48) 
  Median (IQR) 5.00 (3.00) 6.00 (5.00) 
Antiviral drug, n (%)   0.406
  Lopinavir/ritonavira   6 (31.58) 10 (52.63)
  and HCQb 
  Lopinavir/ritonavira 5 (26.32) 4 (21.05) 
  Remdesivirc 8 (42.11) 5 (26.32) 

aKaletra (Hetero Labs, Ltd.); bPlaquenil (Sanofi‑Aventis); and cVeklury (Gilead Sciences). BMI, body mass index; APACHE II, severity‑of‑disease 
intensive care unit scoring system; HCQ, hydroxychloroquine; SD, standard deviation; IQR, interquartile range.
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were mainly overweight [median body mass index (BMI), 
26 kg/m2 (range, 24.15‑32.83 kg/m2)] and 35 (92.11%) of 
them had comorbidities (mostly arterial hypertension, type 
2 diabetes mellitus, chronic kidney disease and obesity). 
According to the clinical and radiological correlations 
mentioned in the COVID‑19 guidelines (6,9), 22 (57.89%) 
patients had a severe form of the disease while 16 (42.11%) 
were considered critical. Considering the proposal made by 
Siddiqi and Mehra (5) to divide patients according to the 
evolution of the disease, patients from the present study 
were classified as stage IIb (22 patients) and stage III 
(16 patients). Time interval from symptom onset to treat‑
ment was a median of 8 days (range, 6.75‑9.00 days) for the 
entire study group.

A total of 19 (50.00%) of the 38 patients enrolled in the 
study received TPE and subsequent transfusion of CVP, in 
addition to the standard treatment, while 19 patients (50.00%) 
received only standard treatment. Baseline characteristics 

were balanced between the treatment group and the control 
group. There were no significant differences with regard to 
age, sex, comorbidities, time from symptom onset to treatment, 
severity of disease, APACHE II score (10) and antiviral drug 
use between the groups, except for BMI, which was higher in 
the treatment group (Table I).

Primary and secondary outcomes. Since all patients admitted 
to the ICU presented with acute respiratory failure, they 
received 1 h of high‑flow nasal oxygen, 30 l/min (FiO2=100%), 
combined with a non‑rebreathing mask, 15 l/min, and then had 
a median P/F ratio of 61.50 (range, 54.00‑71.25).

At day 30, 9 (47.37%) patients in the treatment group 
and only 5 (26.32%) patients in the control group had 
survived. The distribution of survival between the 2 groups 
was statistically significant (log rank test: P=0.002) (Fig. 1). 
Using the Cox regression analysis of outcome, the treatment 
showed a statistically significant positive effect on survival 

Figure 1. Kaplan Meyer curves for survival in the treatment and control groups. The Kaplan‑Meyer method with the log‑rank (Mantel‑Cox) test was used to 
evaluate the primary endpoint. Cox regression was used to determine the hazard ratio of the treatment group. CI, confidence interval.

Table II. Secondary objectives assessed at day 7.

Objective Treatment groupa Control groupa P‑value

P/F ratio 141.88±37.19 109.61±39.25 0.052
CRP, mg/l 46.17±60.89 144.00±115.3 0.014
LDH, U/l 375.11±127.41 548.41±218.03 0.012
Ferritin, µg/l 1,563.23±1,206.05 1,586.27±1,356.42 0.962

Data are presented as mean ± standard deviation. aSurviving patients. P/F, partial pressure of arterial oxygen to fractional inspired oxygen; CRP, 
C reactive protein; LDH, lactate dehydrogenase.
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(hazard ratio, 0.39; 95% confidence interval, 0.16‑0.91; 
P=0.007).

The variation in parameters representing the secondary 
endpoints [oxygenation (P/F ratio), and CRP, LDH and 
ferritin levels at day 7] between the two groups is presented 
in Table II. The CRP and LDH values exhibited a statisti‑
cally significant decrease in the treatment group compared 
with those in the control group, while the P/F ratio increased 
markedly right on the verge of being statistically signifi‑
cant (P=0.052). Although patients in the treatment group 

presented with higher ferritin levels at admission, survival 
time at 30 days was better than that in the control group, 
where ferritin levels were constant throughout the 7‑day 
monitoring period. The variation in ferritin levels between 
the 2 groups was not statistically significant (P=0.962). An 
overall improvement of the assessed parameters in favour of 
the treatment group is also illustrated in Fig. 2.

Complications of the treatment. Complications related to 
the studied treatment were minimal, with 1 (5.26%) patient 

Table III. Mechanical ventilation duration and length of stay.

Parameter Treatment group Control group P‑value

ICU LOS, days   0.001
  Mean (± SD) 16.84 (±7.25) 8.58 (±6.13) 
  Median (IQR) 17.00 (12.00) 7.00 (8.00) 
IMV duration, days   0.172
  Mean (± SD) 7.10 (±7.33) 2.32 (±3.99) 
  Median (IQR) 5.00 (13.00) 1.00 (16.00) 
NIV duration, days   0.665
  Mean (± SD) 3.11 (±4.03) 2.68 (±2.73) 
  Median (IQR) 1.00 (6.00) 2.00 (2.00) 

ICU LOS, intensive care unit length of stay; IMV LOS, invasive mechanical ventilation duration; NIV LOS, non‑invasive ventilation duration; 
SD, standard deviation; IQR, interquartile range.

Figure 2. Graphic analyses of the secondary endpoints. (A) P/F ratio, and concentrations of (B) CRP, (C) LDH and (D) ferritin were analysed at admission 
and at the 7‑day follow‑up in the treatment and control groups. P/F, partial pressure of arterial oxygen to fractional inspired oxygen; CRP, c reactive protein; 
LDH, lactate dehydrogenase.
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in the treatment group presenting with transient hypotension 
(systolic blood pressure <90 mmHg) after the transfusion 
of CVP, which responded to crystalloid bolus. One of the 
ICU‑related complications in the cohort was superinfection. 
In total, 14 (73.68%) patients in the treatment group and 10 
(52.63%) patients in the control group acquired an infection 
during their stay.

Particularities. Mean ICU length of stay (LOS) was 16.84 
(±7.25) days in the treatment group vs. 8.58 (±6.13) days in the 
control group (P=0.001) (Table III). The reason behind some 
of the unusual results when comparing the treatment group 
and the control group, such as that for ICU LOS, invasive 
mechanical ventilation duration and non‑invasive ventilation 
duration (Table III) was the fact that 7 (36.84%) patients in 
the control group had died by day 7 (thus markedly decreasing 
ICU LOS, invasive mechanical ventilation duration and 
non‑invasive ventilation duration).

Discussion

Numerous studies regarding both CVP transfusion and TPE 
in COVID‑19 were available at the time of patient enrolment 
in the present study, yet none were available that combined the 
two methods (11‑16).

After reviewing the available literature, Balagholi et al (17) 
concluded that immunopathogenesis and coagulopathy 
induced by SARS‑CoV2 in susceptible patients lead to cyto‑
kine storms and aberrant coagulation responses, which can 
lead to high mortality due to the occurrence of ARDS and 
multi‑organ dysfunction. The main factor in the success of 
TPE is starting the procedure in the early stage of inflamma‑
tion, in which there is a high concentration of inflammatory 
cytokines, in order to reduce their burden and abnormal 
coagulation agents. Khamis et al (14) demonstrated similar 
findings in a case series in which the early use of TPE was 
associated with lower 28‑day mortality rate, and improved 
laboratory and ventilator parameters were observed in the 
TPE group when compared with those in the control group. 
Another study also found superior survival rates following 
the early use of TPE (18).

Liu et al (19) found that CVP recipients were more likely 
to remain at the same level or show improvements in their 
supplemental oxygen requirements by post‑transfusion day 14 
compared with control patients. Plasma recipients also showed 
improved survival rate when compared with control patients. 
In a large cohort of patients with COVID‑19 who received 
CVP in Wuhan, it was shown that CVP transfused even 
2 weeks after the onset of symptoms [compared with a median 
of 8 days (range, 6.75‑9.00 days) in the present cohort] could 
improve the symptoms and level of mortality in patients with 
severe or critical cases of COVID‑19 (20).

The improved outcomes concerning survival, oxygenation 
and inflammation in the present treatment group are in line 
with the results of these aforementioned studies. However, 
it is difficult to decide whether the combined effect of these 
therapies shows superiority over the single use of each one 
of them.

The present study results are similar to those obtained 
in the study by Jaiswal et al (21), which was the first study 

on the sequential use of TPE and CVP transfusion in which 
inflammation was decreased and oxygenation improved. After 
applying the TPE plus CVP treatment to the present study 
group, 3 (15.79%) patients improved without the need for esca‑
lation to non‑invasive mechanical ventilation and 4 (21.05%) 
were able to be weaned off non‑invasive mechanical ventila‑
tion. A total of 7 (36.84%) patients in the treatment group 
were, thus, prevented from escalating to invasive mechanical 
ventilation. A further 2 (10.53%) patients requiring invasive 
mechanical ventilation were liberated from the machines, 
and subsequently improved and were discharged. In total, 
9 patients (47.37%) in the treatment group had survived at the 
end of the study period.

Certain issues have been raised about the use of TPE; 
more specifically that the ‘artificial’ reduction of plasma 
levels of inflammatory mediators via the use of TPE is 
not necessarily consistent with the status improvement of 
the patient, and that the removal of immunoglobulins and 
complement components C3 and C4 has the potential of 
diluting or attenuating the adaptive response of the patient 
to infection (22). Honore et al (23) discussed the possibility 
that the exchange of plasma may also replace consumed 
protective factors that are critical to maintain microcircu‑
latory flow (e.g., ADAMTS‑13 and protein C) and prevent 
vascular leaks (e.g., angiopoietin‑1), and that specific IgG 
and IgA antibodies can be detected in the waste bag plasma 
while the circulating number of antibodies are reduced. 
Fresh frozen plasma as a replacement fluid for TPE may 
help in modulating the circulating inflammatory cytokines 
and hypercoagulable state by replacing the ADAMTS‑13 
enzyme (23).

In a recent study, Focosi et al (24) emphasised that neutral‑
izing antibodies correlate with the severity of disease. Also, 
SARS‑COV‑2 replication may still be driving the pathology 
in advanced stages of the disease. In a screening for autoanti‑
bodies against 2,770 secreted proteins (the ‘exoproteome’), it 
was concluded that patients with COVID‑19 exhibit marked 
increases in autoantibody reactivity compared with unin‑
fected controls, with a high prevalence of autoantibodies 
against immunomodulatory proteins, including cytokines, 
chemokines, complement components and cell surface 
proteins (25).

The key in controlling dysregulated inflammation in severe 
forms of COVID‑19 in patients requiring ICU monitoring and 
therapy may be the early initiation of TPE and transfusion of 
CVP in order to improve oxygenation, reduce inflammation, 
prevent cytokine storms, and eliminate viral load and autoan‑
tibodies, which increase in the later more severe stages of the 
infection (2,26), as well as to shift the antigen‑antibody ratio 
in favour of the latter (27).

Median duration from symptom onset to TPE and 
CVP transfusion in the present study was 8 days (range, 
6.75‑9.00 days). Antibody titre of the CVP transfused 
ranged from 1:80 to 1:160, values considered acceptable 
at the time the trial started, if high titre units were not 
available (https://www.uptodate.com/contents/covid‑19‑con‑
valescent‑plasma‑and‑hyperimmune‑globulin).

A major advantage of this study is that it was controlled; 
it is also the first study performed on COVID‑19 patients 
in Romania and the second in the world that evaluates TPE 
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followed by CVP transfusion, a unique approach (21), in 
severe and critically ill COVID‑19 patients. All in all, it can be 
concluded that the early initiation of TPE followed by transfu‑
sion of CVP in severe and critical ICU patients reduces the 
risk of progression of the disease and ultimately, reduces the 
risk of negative outcomes.

Limitations of the study include the small number of patients 
enrolled, the non‑randomized nature of the study and the low 
neutralizing antibody titre ratio of the CVP (1:80‑1:160). Last 
but not least, the use of corticosteroids and different antiviral 
agents may have interfered with the outcome.

The present study showed that the early use of TPE followed 
by transfusion of CVP resulted in improved survival rates and 
a reduction in inflammation in a small number of severe and 
critical COVID‑19 patients treated in the ICU. More research 
consisting of large randomized controlled trials should be 
conducted to further explore this innovative treatment.
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