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Abstract

Background: Cytokine storm has been widely known to contribute to
the development of the critical condition in patients with coronavirus
disease 2019 (COVID-19), and studies had been conducted to assess
the potential aspect of cytokine storm elimination by performing
therapeutic plasma exchange (TPE). However, contradictory findings
were observed. The objective of this study was to assess the
association between TPE and the reduction of mortality of critically ill
COVID-19 patients.

Methods: A meta-analysis was conducted by collecting data from
PubMed, Scopus, and Web of Science. Data on the mortality rate of
critically ill COVID-19 patients treated with TPE plus standard of care
and that of patients treated with standard of care alone were analyzed
using a Z test.

Results: We included a total of four papers assessing the association
between TPE and the risk of mortality among critically ill COVID-19
patients. Our findings suggested that critically ill COVID-19 patients
treated with TPE had lower risk of mortality compared to those
without TPE treatment.

Conclusion: Our study has identified the potential benefits of TPE in
reducing the risk of mortality among critically ill COVID-19 patients.
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Introduction 24

Since first reported in December 2019," coronavirus disease 2019 (COVID-19) has become an unresolved global
pandemic. The challenge of the pandemic management at the present time might be due to the fact that a number of
mutations have occurred makmme virus more transmissible and causing critical illness.” The World Health Organi-
zation (W@) has established a living guideline on drugs for the management of C{_Im)-l‘}" and updated it periodically.
However, the treatment of critically ill COVID-19 patients remains a serious issue.” Patients critically ill with COVID-19
have been widely reported to have a poor prognosis, and theory reveals that cytokine storm might underlie this
mechanism. In a cytokine storm excessive accumulation of pro-inflammatory cytokines might be responsible for the
poor prognosis of COVID-19 patients. No study has found an effective treatment for the management of a cytokine storm
in patients critically ill with COVID-19. Therefore, an investigation into the treatment that acts to remove these pro-
inflammatory cytokines, for example, using therapeutic plasma exchange (TPE) may be required.

Since first introduced in 1952, TPE has been shown to provide an excellent outcome in patients with multiple myeloma
to control hyperviscosity.” Moreover, the implementation of this therapeutic treatment has also been reported in an
Escherichia coli outbreak,” a Shigella infection,” infectious loxicosisﬁlnd septic shock with multiple organ failure’; and
aluced risk of mortality was revealed. In the case of COVID-19, the US Food and Drug Administration (FDA) has
posited that TPE may have a role as a rescue therapy in critically ill patients with C@EID-19."" However, insufficient
evidence has resulted in indecision in applying TPE for the management of critically ill COVID-19 patients. To date, TPE
pEYbeen studied in Oman,'’ Turkey, ” Pakistan,'” and Saudi Arabia.”* However, contradictory findings exist. Therefore,
our study aimed to assess the potential of TPE in reducing mortality of critically ill COVID-19 patients using a meta-
analysis approach. The findings might add new insight and clarify the true potency of TPE for treating patients critically
ill with COVID-19.

Methods

Study design

From March to August 2021, a meta-analysis following the protocols of the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA)'” was conducted to evaluate the effectiveness of TPE in reducing the mortality
rate of critical COVID-19 patients. The PRISMA checklist in our present study is presented as extended data in
Figshare.'” The major databases including PubMed, Scopus, and Web of Science were used to search for potential
articles.

Eligibility criteria

Inclusion and exclusion criteria were defined to assess relevant articles. The inclusion criteria of the study were
(1) observational or randomized controlled trial studies, (2) having adequate information to calculate the potential
association and effect estimates, and (3) applying a well-defined methodological approach to establish a COVID-19
diagnosis. All case reports, case series, letters to the editor, reviews, and commentaries, as well as studies with pre-post
test comparison, and poor-quality methodology assessed with the Newcastle-Ottawa scale (NOS) were excluded.

Search strategy and data extraction

The source databases used in our study were PubMed, Scopus, and Web of Science. We restricted the searching period
up to 28 July 2021, and the language was English only. The Medical Subject l-?ngs were: (“COVID-19" or “SARS-
CoV-2")and (“plasma exchange” or “therapeutic plasma exchange” or “TPE”). The reference lists of all potential related
articles w o assessed o retrieve additional relevant articles. Data extraction was performed for all included papers,
includin g:em:me of the first author; (2) year of publication; (3) country of origin; (4) sample size of cases and controls,
(5) TPE, and (6) mortality rate between groups.

Assessment of the methodology quality

Allincluded articles were assessed for their quality using NOS for observational studies' " and the Jada-modified scale for
RCTs.' The article quality was interpreted as low, moderate, and high. Low quality articles were excluded from our
study . The assessment was performed by two independent authors (M1, HAM), and when a discrepancy was observed an
assessment by a senior researcher (JKF) was conducted.

Outcome measure

The main outcome of the study was all causes of mortality am ritical COVID-19 patients treated with and without
TPE. The diagnosis of COVID-19 was established by using RT- of SARS-CoV-2RNA fro or oropharyngeal
swab samples, and critical COVID-19 patients were defined by following the guideline (requires life sustaining
treatment, acute respiratory distress syndrome, sepsis, or septic shock).™"”
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Statistical analysis

The calculation of potential publication bias, heterogeneity among studies, and the association between the use of
TPE and the risk of mortality among patients with D-19 were assessed using an Egger test, a Q test, and a Z test;
respectively. The Egger test with a p-value more than (.05 indicated the presence of potential publication bias. Moreover,
the heterogeneity among studies was considered when the p-value of a Q test indicated less than 0.10. The pooled
association was calculated using test, where the p-value of less than 0.05 indicates a significant association. The
estimated effect was presented as an odds ratio with 95% confidence interval (OR 95% CI). The cumulative calculation
was presented as a forest plot. An R package software (R Studioversion <. 1.1, MA, USA, (RRID:SCR_000432) was used

to perform the analyses.

Results

Studies selection

We identified a total of 255 papers. Among them, four papers were excluded due to duplication and additional 227 papers
due to irrelevant context. There were 24 papers in total included for full-text assessment. Then, 20 of the 24 papers were

=
= Records identified from Pubmed, SR;zzr;ﬁigr?moved before
o S . . L
O copus, and web of science: z
= Databases (n = 255) » auBllf;)ate records removed
c i Al =
% Registers (n =0) Irrelevant studies (n = 227)
——
Records screened Records excluded
(n=24) (n=18)
Reports sought for retrieval Reports not retrieved
2| |9 (n=0)
=
)
: }
)
(7]
Reports assessed for eligibility
(n=6) —®
Reports excluded:
Insufficient data (n = 2)
Low quality (n = 0)
o
2 - -
'g Studies included in review
S (n=4)
£
——

P%ure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart of article
selection in our meta-analysis.

Page 5 of 14




F1000Research 2021, 10:1280 Last updated: 14 JAN 2022

gle 1. Baseline characteristics of articles included in our study.

Study and year Country Study design Quality TPE Control
Total Mortality Total Mortality

Khamis et al., Oman Cohort High 11 1 20 9
2020" Retrospective
Gucyetmezet al.,  Turkey Cohort Moderate 12 1 12 7
2020'¢ Retrospective
Kamran et al., Pakistan Cohort High 45 4 45 18
2020 Retrospective
Fagihietal, 2020 SaudiArabia  RCT High 43 9 44 15

Source OR (95% CI)

Khamis et al., 2020 0.08 [0.00; 1.52] i

Kamran et al., 2020 0.16 [0.05; 0.50] —a—

Fagqihi et al., 2020 0.18 [0.07; 0.45] —.—

Gucyermez et al., 2020 0.27 [0.07; 1.01] ——

Keith et al., 2020 0.37 [0.15; 0.90] ——.—

Total 0.22[0.13; 0.39] -

Heterogeneity: 4> = 2.30 (P = .68), I* = 0% ' ' ' ' I '

Test for overall effect: t, = -7.45 (P = .002) 0.01 0.1 051 2 10 100

Mortality rate

Figure 2. Forest plot of mortality rate between therapeutic plasma exchange vs control (OR: 0.2097; 95% CI:
0.0516, 0.852; p-value: 0.0382; pHet: 0.2065; pE: 02153).

further excluded since 18 were reviews and case reports and two papers had insufficient data. Four papers were included
in the final analysis.” ~ " The article selection PRISMA flowchart is presented in Figure | and the baseline characteristics
are described in Table 1.

TPE treatment and COVID-19 mortality rate

A total of 111 COVID-19 patients treated with TPE and 121 COVID-19 patients without TPE, retrieved from three
retrospective cohort studies and one RCT, were included in our analysis. Our results found that COVID-19 patients
treated with TPE had reduced mortality rate compared to COVID- 19 patients without TPE treatment (OR: 0.21; 95% CI:
0.05, 0.85) (Figure 2).

Heterogeneity and potency of bias across the studies

QOur analysis revealed the absence of the evidence of heterogeneity. Therefore, we applied a fixed-effect model to
assess the correlation. For the potency of bias assessment across the studies, our analysis using an Egger test found no
publication bias.

Discussion

QOur study identified that TPE treatment n critically ill COVID-19 patients reduced the mortality rate. To date, our study
is the first meta-analysis to report on the use of TPE for the management of COVID-19. In our analyses, we included
four studies from Oman,'’ Turkey,'” Pakistan,” and Saudi Arabia'’; and all reports revealed similar findings in which
TPE treatment reduced mortality among patients with COVID-19. TPE has been applied and proved to reduce the risk of
mortality in the management of several infectious diseases, such as Escherichia coli O157:H7-associated hemolytic
uremic syndrome,”" Shigella infection,” infectious toxicosis,” HIV infection,”" peripheral HIV neuropathy,” Kaposi's
sarcoma,”’ disseminated cryptococcosis,” and septic shock with multiple organ failure.” Moreover, in the case of the
Escherichia coli 0157 outbreak in 1996, TPE proved beneficial in the reduction of mortality.” Therefore, as suggested in
our study, TPE might possess potential benefits in COVID-19 treatment.

The precise mechanism of how TPE benefits COVID-19 patients remains debatable. In critical COVID-19 patients,
the excessive accumulation of cytokines may occur, and this can lead to a fatal outcome. Previous studies have revealed
that @83 levels of pro-inflammatory cytokines/chemokines including interleukin-2 (IL-2), interleukin-6 (IL-6), granulo-
cyte colony stimulating factor (GCSF), IFN-y inducible protein 10, monocyte chemoattractant protein 1 (MCP-1),
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macrophage inflammatory protein 1A, tumor necrosis factor-o (TNF-u) were observed to be higher in patients critically
ill with COVID-19 compared to those with mild-moderate disease.” " TPE is a therapeutic procedure principally acting
to remove (through double filtration) molecules of 60-140 nm insize.” The molecule size of pro-inflammatory cy tokines/
chemokines is 80-220 nm.”" Therefore, the elimination of pro-inflammatory cytokines/chemokines, proven to affect
those critically ill with COVID-19 might provide benefits to improve the prognosis of COVID-19 patients. Moreover, a
previous study also reported that TPE played an important role in eliminating toxic substances by suppressing the
cytokine release syndrome.”” Tt was also suggested that TPE plays a crucial role in restoring normal substances that may
be deficient in the plasma,” leading to stabilization and restoratiofgf endothelial membranes.”* Another possibility is
when fresh frozen plasma was used in fluid replacement; TPE was associated with the improvement of coagulopathy in
COVID-19 pzllienls_“” Previous evidence suggests that TPE might play an important role in maintaining the balance
between anti and pro-inflammatory cytokines in the plasma, and might rectify the prognosis in patients with COVID-19,
as reported in our study.

@lhe best of our knowledge, our study is the first meta-analysis reporting the benefit of TPE in reducing the mortality
rate of critically ill COVID-19 patients. We found that COVID-19 patients treated with had alower risk of mortality
compared to those without TPE treatment. Since COVID-19 guidelines suggest that the use of TPE for patients with
COVID-19 should be carefully implemented as the evidence of TPE efficacy was only limited to a case report,” our
current findings might strengthen the evidence that the use of TPE is effective in reducing the risk of mortality among
patients with COVID-19. However, inreal-world implementation, special settings such as appropriate condition, target of
treatment, potential complications, and particular case or comorbidity should be investigated.

Since this is the initial evidence onge potential efficacy of TPE for the management of COVID-19, several limitations
should be highlighted. First, we did not include any potential confounding factors such as comorbidity, the levels of
proinflammatory cytokines, and onset of disease ¢ to describe the association between TPE and the risk of mortality
rate. Second, a limited number of investigations on the use of TPE in COVID-19 management resulted in our study
including only a limited number of articles. Therefore, further investigation involving a larger sample size is required.
Third, the clinical setting on the use of TPE might differ among studies, and therefore, this variation might also govern the
potency of bias. Fourth, among the included studies, we obtained only one randomized control trial (RCT) and three
observational studies. Further meta-analyses involving only RCT studies might provide better levels of evidence.

Conclusion
The data suggests that the use of TPE for the management of critically ill COVID-19 patients could reduce the mortality
rate. The application of TPE for the management of COVID-19 should be considered in well-equipped hospitals.

gata availability
Underlying data
All data underlying the results are available as part of the article and no additional source data are required.

Reporting guidelines 9
Figshare: PRISMA checklist for ‘the association belwelherapeulic plasma exchange and the risk of mortality among
patients with critically ill COVID-19: a meta-analysis. https://doi.org/10.6084/m9 figshare. 16622572.v1""

Data are available under the terms of the Creative Commons Attribution 4.0 International license (CC-BY 4.0).
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