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Background: Severe acute respiratory syndrome (SARS) coronavirus-2 may infect red blood cells (RBCs) and impact oxygenation. We aimed to evaluate the efficacy of RBC exchange as an adjunctive treatment for hypoxemia and the survival rate of patients with severe coronavirus disease 2019 (COVID-19).

Methods: In a randomized clinical trial, we divided sixty patients with severe COVID-19 into two groups. The intervention group received the standard treatment of severe COVID-19 with RBC exchange three to four times in 2 days. The control group only received the standard treatment. Our primary outcomes were improving hypoxemia in 7 days, recovery or discharge, and death in 28 days. We conducted Chi-square test, independent samples t-test, and Fisher’s exact test to analyze the results. The ethical committee of Aja University of Medical Sciences approved the study (IR.AJAUMS.REC.1399.054), and the Iranian clinical trial registration organization registered it (IRCT20160316027081N2).

Results: Twenty-nine men and thirty-one women with a mean age of 67.5 years entered the study. The frequency of hypertension and diabetes mellitus was 86.7 and 68.3%, respectively. The most common symptoms of severe COVID-19 were dyspnea (91.6%), cough (75%), and fever (66.6%). Our results showed that hypoxemia improved in 21 of the 30 patients (70%) in the intervention group and 10 of the 30 patients (33.3%) in the control group (P < 0.004). The recovery and discharge rates were 19 of 30 patients (63.3%) in the intervention group and 2 of 30 patients (6.7%) in the control group (P < 0.001).

Conclusion: The RBC exchange improved the oxygenation and survival rate in patients with severe COVID-19.

Keywords: RBCs exchange, COVID-19, hypoxemia, survival rate (SR), adjunctive treatment


INTRODUCTION

Efforts to find an effective treatment for severe COVID-19 have continued and mainly focused on anti-inflammatory or anticoagulation drugs. Receptors of SARS coronavirus-2 are distributed in many cells such as type 2 pneumocytes, cardiac myocytes, and intestinal epithelial cells (1). New findings also showed that the virus targets RBCs (2). Lymphopenia is the most common hematological finding in COVID-19, but hypercytokinemia and coagulopathy are two life-threatening events in severe cases of the disease (3). Several studies tried to control cytokine storms by hemofiltration or plasma replacement in severe COVID-19 (4, 5), but little data are available about RBC replacement’s efficacy in this situation. Despite normal count, deformed RBCs cannot respond to hypoxic hemoglobin levels (6). A cytokine storm leads to oxidation and fragmentation of ankyrin and spectrin in RBCs’ membrane, incomplete metabolism of lipids in saturated fatty acids, and release of glycolytic enzymes into the cytosol and glycolysis. This process led to dysfunction of RBCs despite normal count (7). Sphingosine-1-phosphate is a hypoxemic-sensitive intracellular lipid that facilitates RBC glycolysis and oxygen releases (8). A study on 10 patients with COVID-19 showed that SARS coronavirus-2 did not affect RBC oxygenation (9). Some reports showed that RBC exchange in patients with severe COVID-19 might be lifesaving, including a 22-year-old male with severe COVID-19 pneumonia and cycle cell crisis (10) and a 78-year-old male with cardiac arrest and severe hypoxemia who recovered with this method (11). In a clinical trial, we aimed to evaluate the efficacy of RBC exchange in reducing hypoxemia and increasing the survival rate of patients with severe COVID-19.



METHODS


Study Design

This study was a randomized open-labeled phase 2 clinical trial to evaluate the efficacy of RBC exchange as an adjunctive treatment in patients with severe COVID-19 admitted to the intensive care unit at Be’sat Hospital in Tehran, Iran from 1 October 2020 to 20 January 2021.



Participants and Intervention

Our participants were patients over 18 years old with severe COVID-19. The inclusion criteria were positive polymerase chain reaction for SARS coronavirus-2 infection, presence of at least three severity disease indexes including baseline respiratory rate above thirty per minute or oxygen saturation level less than 80% on room air, decreased level of consciousness, pulmonary ground glass opacity of over 50% in computed tomography, and presence of at least one underlying disease such as diabetes, hypertension, ischemic heart disease, chronic lung disease, or obesity with a body mass index of more than 25 kg/m2. The exclusion criteria included myocardial infarction, pulmonary thromboembolism, intubation, severe transfusion-related adverse events, baseline hemoglobin level of less than 7 mg/dl, and incomplete treatment due to ceased consent. All of the patients entered the study before intubation and mechanical ventilation.



Study Protocol

After assessing eligibility and randomizing with the permuted block randomization method, we explained the study protocol to the patients or their first-degree relatives to participate by their decision. In the intervention group, we prescribed the standard treatment protocol for severe COVID-19 based on the “Eighth Edition of COVID-19 Diagnosis and Treatment” announced by the Iranian Ministry of Health (12), including interferon β-1b or β-1a, dexamethasone, and prophylactic anticoagulants, concurrent with RBC exchange. In the control group, we only prescribed the standard treatment protocol. For RBC exchange, we phlebotomized 400–500 cc of whole blood equal to 200–250 cc of peripheral RBC. Then we transfused the same volume of packed RBCs after isogroup and crossmatch testing and crystalloid liquids such as sodium chloride 0.9%. We repeated this process three to four episodes in 2 days as needed (Table 1).


TABLE 1. Technique of red blood cell (RBC) exchange in the intervention group.
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We assessed vital signs, transfusion-related adverse events, and O2-saturation daily and monitored laboratory changes every other day. We finally analyzed the data with SPSS software version 26 (IBM Corporation) by chi-square test, independent samples t-test, and Fischer exact test at a significant level of 95%.



Outcome Measures

The primary outcomes in our study were permanent increase in oxygen saturation of more than 10% from the baseline in 7 days, recovery and discharge of the patients, and death during the first 28 days after admission.



Ethical Issues

The ethical committee of Aja University of Medical Sciences, Tehran, Iran, approved this study with the approval code IR.AJAUMS.REC.1399.054 on 6 June 2020. We registered this study in the Iranian clinical trials organization with the registration code IRCT20160316027081N2.




RESULTS

We divided the 60 patients into two groups consisting of thirty patients in each arm by the permuted block randomization method (Figure 1). Among the patients, 29 were men, and 31 were women. The mean age of the patients was 67.3 + 12 years (24–90 years), and the mean body mass index (BMI) was 25.5 ± 3 (20–31), consisting of 25.8 ± 2.9 in the male and 25.2 ± 3.1 in the female patients (P = 0.47). The mean hemoglobin level was 12.9 ± 1.6 g/dl in the men and 11.7 ± 1.5 g/dl in the women (P = 0.008). The frequency of preexisting diseases was 52 of 60 (86.7%) for hypertension, 41 of 60 (68.3%) for diabetes mellitus, 25 of 60 (45%) for ischemic heart disease, and 11 of 60 (18.3%) for chronic pulmonary disease. Figure 2 compares the patients’ symptoms on admission, and Table 2 compares the demographic characteristics, preexisting diseases, clinical symptoms, laboratory findings, and primary outcomes between the two groups. The most common symptoms of the patients were shortness of breath (91.6%), cough (75%), and fever (66.6%). We did not find any transfusion-related adverse event during the study. On the 7th day of admission, the mean hemoglobin level was not different between the two groups (11.2 ± 1.7 mg/dl in the intervention group and 10.7 ± 1.8 g/dl in the control group, P = 0.253).
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FIGURE 1. Flow diagram of the study.
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FIGURE 2. Percentage of symptoms at the time of admission in the two groups.



TABLE 2. Main data between the two groups (* statistically significant at P < 0.05).
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As shown in Table 1, the mean SpO2 on the 3rd and 7th days of admission was significantly improved in the intervention group by t-test (P < 0.001, Figure 3). Furthermore, the survival rate on the 7th day of admission was 19 of the 30 patients (63.3%) in the intervention group compared to the 2 of the 30 patients (6.7%) in the control group, and was statistically different by Fischer exact test (P < 0.001, risk ratio = 24.18). All the survivors were still alive after 28 days.
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FIGURE 3. Comparison of the mean trend of oxygen saturation on the 1st, 3rd, and 7th days of admission in the two groups.




DISCUSSION

Our study was one of the first to evaluate the effect of RBC exchange on the survival rate of patients with COVID-19. As in most studies, our subjects were old, with a mean age of 67 years, and most had preexisting conditions. Severe COVID-19 occurred in 13–24% of all cases with SARS coronavirus-2 infection. The mortality rate of COVID-19 is estimated at 1% in the general population and more than 40% in severe diseases. Many patients with severe COVID-19 still die despite receiving complex treatments, including antivirals, anticoagulants, and corticosteroids (13, 14). Therefore, we still need new complementary treatments to reduce mortality.

Recently, more attention has been paid to RBC’s function in COVID-19. SARS coronavirus-2 attaches to different blood cells such as WBCs and RBCs and stimulates coagulation and inflammatory cascades (15). One study showed that the serum of patients with COVID-19 could agglutinate RBCs (16). Another study on 20 patients with COVID-19 found that the most common RBC changes were polychromasia, basophilic stippling, autoagglutination, and schistocytes, which are compatible with microangiopathy (17). Also, COVID-19 reduced RBCs’ membrane elasticity and deformed them, which predisposes them to microthrombosis (18). SARS coronavirus-2 directly affects peripheral RBCs or bone marrow erythroblasts or indirectly destroys RBCs because of hemolytic anemia and coagulopathy. These lead to increase in number of old RBCs in circulation and delays in clearance. A study on 280 recovered and 86 deceased patients with COVID-19 showed that red cell distribution width was significantly higher in deceased patients (81.4% vs. 41.8%, P < 0.001) (19). Scientists also hypothesized that SARS coronavirus-2 destroyed the RBC membrane, decreased vasodilation and oxygen delivery in tissues, and contributed to persistent symptoms such as fatigue in recovered patients (20). Early administration of erythropoietin or blood transfusion is recommended to treat hypoxemia in patients with COVID-19 (21). Also, initial treatment with dexamethasone and euthyroid cells results in downregulation of ACE-2 and TMPRSS2 in RBCs and decreases infection with the virus (22).

The mean time for the onset of symptoms to admission in our patients was 6 days, and we expected many of our patients to pass the viral phase of the disease and develop a cytokine storm. We phlebotomized whole blood and substituted it with packed RBCs and crystalloid liquids. We think that this procedure replaced infected RBCs with fresh ones and removed hyperimmune plasma containing pathogenic cytokines. However, we did not explicitly examine old RBCs and did not measure specific cytokines before and after the intervention. Numerous studies have shown that plasmapheresis leads to recovery in patients with severe COVID-19 and cytokine storms (23, 24). However, there is still no FDA-approved guideline in this case. In our study, RBC exchange improved oxygenation and reduced the mortality rate in patients with severe COVID-19 pneumonia. Historically, replacement an infected or non-functional organ has been widely performed in some advanced diseases such as liver cirrhosis, heart failure, and chronic renal failure. RBC exchange is also a type of organ transplant widely conducted in kernicterus (25), severe falciparum malaria in the form of black water fever (26), sepsis and septic shock (27), sickle cell crisis (28–30), and methemoglobinemia (31). We suggest that RBC exchange can be conducted as adjunctive treatment in patients with severe COVID-19 pneumonia.



CONCLUSION

RBC exchange is a new therapeutic approach as adjunctive treatment in some patients with severe COVID-19. This treatment helps oxygenation by physical removal of non-functional RBCs and substitutes them with new RBCs. We suggest for other scientists to try this treatment for better evaluation and consistency.


Limitations

Our limitations consisted of lack of hematologic laboratory examination of phlebotomized RBCs, inequality of male to female ratio in the two groups, unavailability of some information such as inflammatory biomarkers like IL-6 and ferritin, cardiac ejection fraction ratio, and pulmonary CT-angiogram in all the patients.
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