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Abstract

Rationale: COVID-19 is a new, rapidly emerging zoonotic infectious disease. Addressing the cytokine storm and
coagulopathy associated with this disease can minimize its severity and complications. Therapeutic plasma exchange (TPE)
can be potentially used to remove these deleterious cytokines and procoagulant proteins.

Objective: This study aims to assess the effectiveness and safety of TPE as an adjunctive treatment for COVID-19 patients.

Research Design and Methodology: A systematic search of databases was conducted utilizing PubMed and Cochrane
databases to identify relevant literature until December 31, 2020. All publications were included if they use TPE in COVID-
19 patients. The exclusion was applied in publications written in language other than English, review papers, or on-going
clinical trials. No restrictions on age, sex, or clinical setting were applied. The eligible studies were reviewed in full text
independently by two authors. Methodological quality and risk of bias assessment were done. The findings from the
individual studies were summarized.

Results: A total of 21 studies were included. Overall risk of bias was high within and across the studies. All studies reported
marked improvement of clinical status and laboratory results after receiving the TPE. The use of TPE among COVID-19
patients resulted in no serious or life-threatening adverse events.

Conclusion: The available studies on the use of TPE for COVID-19 patients is still limited and evidence is of low certainty.
However, based on the available data, it has an encouraging result to be used as effective and safe adjunctive treatment in
COVID-19 patients.
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Introduction

The coronavirus disease 2019 (COVID-19) is a new,

December 31, 2020. In the Philippines, there are 472,532
cases with 9,230 deaths from the disease.?

rapidly emerging zoonotic infectious disease caused by
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2). The disease spread rapidly worldwide and
became a global threat. The World Health Organization
(WHO) declared COVID-19 outbreak as a public health
emergency of international concern last January 30,
2020, and was characterized as a pandemic on March 11,
2020." Since then, the outbreak resulted in more than 81
million cases and 1.7 million deaths worldwide as of
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The severity of illness varies in COVID-19, ranging from
asymptomatic to fulminant and fatal. Patients confirmed
to have COVID-19 are classified as having mild,
moderate, severe, or critical disease according to clinical
manifestations. Mild cases are those who have mild
clinical symptoms and no imaging findings of
pneumonia. Moderate cases have imaging findings of
pneumonia with respiratory symptoms or fever. Severe
cases have any of the following: respiratory distress,
respiratory rate of 30 counts per minute or PaO2/FiO2 <
300 mmHg. Patients are classified as critical once
presented with one of the following symptoms:
respiratory failure needing mechanical ventilation, acute
respiratory distress syndrome (ARDS), shock, other organ
dysfunction syndrome, and requirement of intensive care
unit admission.’
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Still, the pathogenesis of COVID-19 is not completely
understood. However, studies have shown that host
defense and the initiation of a cytokine cascade may play
an important role in the pathogenesis of the disease. This
host response to infection involves a complex interaction
of cytokine storm, inflammation, endothelial dysfunction,
and pathologic coagulation.* Furthermore, it can
progress to complications such as ARDS, respiratory
failure, shock, and even death.®

Aside from the cytokine storm effect of COVID-19,
coagulopathy contributes to the pathophysiology of the
disease. The associated coagulopathy is characterized by
mild thrombocytopenia, slight prolonged prothrombin
time, and elevated levels of D-dimer, fibrinogen, factor
VIII, and von Willebrand factor. The D-dimer level is
correlated with disease severity, risk of thrombosis, the
need for ventilatory support, and mortality.®

To date, dexamethasone and remdesivir have been
approved for the treatment of COVID-19 in certain
situations. Other empirical therapeutic options have
been used in the management of this disease. However,
the optimal and definite treatment strategy is not yet
determined.” Effective treatment to suppress the
inflammatory response, stop viral replication, and
remove cytokines is the key to reducing mortality.*

Description of the Intervention. Therapeutic plasma
exchange (TPE), also known as therapeutic
plasmapheresis, is a procedure in which a large volume
of plasma is removed from a patient and replaced with
some form of replacement fluid such as albumin or fresh
frozen plasma. TPE, through the bulk removal and
replacement of plasma, pathologic substances are
removed, such as cytokines, immune complexes, and
pathologic antibodies.® The primary factors in the
removal of substances in TPE include the volume of
distribution, half-life, and the potential for rebound of the
target to elevated levels in the vascular space after the
procedure.’

The rate of adverse events during therapeutic apheresis
is 4-5%, with the risk being slightly higher for the first
procedure. Adverse events may be related to vascular
access, replacement fluid, or the apheresis procedure
itself. The most common adverse event is citrate toxicity
which may manifest as hypocalcemia, paresthesia,
nausea, vomiting, twitching, seizures, and cardiac
arrhythmias.’®  Other  adverse events include
hypotension, hypovolemia, volume overload, and
electrolyte imbalances."

How the Intervention Might Work. It has been described
that the cytokine storm plays an important role in the
pathogenesis of COVID-19. Multiple studies showed that
severely ill COVID-19 patients tend to have higher levels
of proinflammatory cytokines, especially interleukin 6, as
well as neutrophils, procalcitonin, CRP, and other
inflammatory indices than mild to moderate cases.'?

A previous study done by Patel et al. reported on the
possible role of TPE in attenuating cytokines and
inflammatory mediators in children with hemodynamic

Vol 59 No. 4

compromise and ARDS related to 2009 H1N1 influenza.
After three daily TPE sessions, there was reduction in
vasopressor requirements and improvement in
PaO2/FiOz2 ratio of the patients.”

A non-randomized prospective study by Knaup et al.
investigated the role of TPE in patients with early septic
shock. The study showed rapid hemodynamic
improvement and reduced inflammatory cytokines after
the TPE sessions.’ Given the application of TPE in
conditions with elevated cytokines, TPE seems to be an
attractive strategy to solve also this problem in COVID-19
patients.

Along with the cytokine storm, COVID-19-associated
coagulopathy  and disseminated intravascular
coagulation are common and are associated with severe
illness.’® TPE could potentially remove these activated
procoagulant proteins  while replacing  natural
anticoagulants using donor plasma.

Why it is Important to Do This Review. There is a clear and
urgent need for more evidence regarding the
pathophysiology and management of COVID-19.
Despite the current treatment options, there is still a high
mortality rate for these patients. Addressing the cytokine
storm and coagulopathy can minimize the severity and
complications of the disease. TPE can potentially be used
to remove these deleterious cytokines and procoagulant
proteins. Thus, it is important to have an extensive review
on the available literature regarding the effectiveness
and safety of TPE for COVID-19 patients.

Objective

This review aims to assess the effectiveness and safety of
TPE as an adjunctive treatment for COVID-19 patients.

Methods

Study Design. This review was conducted following the
PRISMA-P (Preferred Reporting Items for Systematic
Review and Meta-Analysis Protocols) 2015 checklist and
Cochrane Methodology.'

Criteria for Considering Studies for This Review:

Types of Studies: To assess the effectiveness and safety
of TPE for COVID-19 patients, the authors included all
available published studies. Unfortunately, there are no
currently available randomized controlled trials (RCTs) or
prospective controlled non-randomized studies of
interventions regarding this topic, as such studies may
provide strong evidence for experimental therapies in a
controlled setting.

Types of Participants. The included participants in this
review are confirmed COVID-19 patients of any severity
classification. There are no age, gender or ethnicity
restrictions.

Types of Interventions. The authors included the use of
TPE as the intervention for this review. There is no
restriction regarding the machine principle used,
replacement fluid used in the TPE, number of TPE
sessions or other treatment received. The authors also
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included comparison of TPE as an adjunctive treatment
with a control group.

Types of Outcome Measures. The primary outcome of
this study was the improvement of clinical status and
laboratory results of COVID-19 patients after receiving
the TPE sessions. The secondary outcomes included are
the incidence of mortality and adverse events related to
the use of TPE.

Search Methods for Identification of Studies. The authors
carry out weekly searches for completed studies until
December 31, 2020.

Electronic Searches. A systematic search of the
databases was conducted utilizing the PubMed and
Cochrane Library to identify relevant published literature
to address the research objective. The search terms used
were “therapeutic-plasma-exchange” OR “therapeutic-
plasmapheresis” AND “COVID-19” OR “coronavirus-
disease-2019". The Cochrane Library was also searched
to check for any previously registered reviews with the
same research objective.

Searching other Resources. Bibliographies of relevant
studies identified were searched for additional material
and authors.

Data Collection and Analysis

Selection of Studies. Two of the authors independently
screened the results of the search strategies for the
eligibility by reading the abstracts. After which, the two
authors assessed independently the full-text articles of
selected studies. Discrepancies were resolved through
discussion and by consulting the third author to reach a
final decision.
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FIGURE 1. Prisma flowchart of the study selection process.

274

Therapeutic Plasma Exchange for COVID-19

Inclusion and Exclusion Criteria. The study selection
process was conducted following the PRISMA criteria.
After the removal of duplications, articles were screened
based on the inclusion and exclusion criteria. All
publications were included if they involved the use of TPE
in COVID-19 patients. The exclusion was applied in
publications written in a language other than English,
review papers, or on-going clinical trials. Excluded in this
review are studies involving patients with other
coronavirus disease or influenza. There were no
restrictions on age, sex, or clinical setting.

Data Extraction and Management. The eligible studies
were reviewed in full-text independently by two of the
authors. Methodological quality and risk of bias
assessment were done for each included study. The data
extracted from the included studies were article title,
name of the author(s), date and place of publication,
study design, methodological features (randomization,
allocation concealment, blinding measures), study
population, participant characteristics, descriptions of
the interventions, comparability of groups, and outcomes
(improvement of clinical status, improvement of
laboratory results, mortality and adverse events). The
data obtained were summarized using Microsoft Excel.
All data were compared for consistency. If the review
authors were unable to reach a consensus, the third
review author is consulted.

Assessment of Risk of Bias in Included Studies

Controlled non-randomized studies of interventions. For
the included studies with retrospective cohort design,
two review authors independently assessed the eligible
studies for methodological quality and risk of bias using
the ROBINS-I (Risk Of Bias In Non-randomized Studies -
of Interventions).” It comprises the following domains of
bias: bias due to confounding, bias in selection of
participants into the study, bias in classification of
interventions, bias due to deviations from intended
interventions, bias due to missing data, bias in
measurement of outcomes and bias in selection of the
reported result. The two review authors resolved any
disagreements regarding quality assessments by
discussion, and in case of discrepancies, the third review
author was consulted until consensus could be reached.

Non-controlled non-randomized studies of interventions.
Two of the authors independently performed a
methodological quality and risk of bias assessment of the
eligible studies using the Risk of bias assessment criteria
for observational studies tool provided by Cochrane
Childhood Cancer.” Disagreements were resolved by
consensus and by consulting the third author.

Data Synthesis and Assessment of Heterogeneity. Meta-
analysis was not appropriate for the eligible controlled
non-randomized studies of intervention because of the
critical risk of bias. Instead, results are reported
narratively in tables.
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Intervention

TPE, FFP as replacement fluid

TPE, FFP as replacement fluid
TPE, FFP as replacement fluid

TPE, albumin as replacement fluid

TPE, albumin as replacement fluid
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TPE, FFP and albumin as replacement fluids

TPE, FFP as replacement fluid
TPE, FFP as replacement fluid

TPE, FFP and albumin as replacement fluids

TPE, FFP as replacement fluid
TPE, FFP as replacement fluid
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TPE, FFP as replacement fluid
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TPE, FFP as replacement fluid
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Abbreviations: FFP: Fresh Frozen Plasma; PSM: Propensity Score Matching; TPE: Therapeutic Plasma Exchange

For the non-controlled non-
randomized studies of
interventions, meta-analysis is not
appropriate to interpret the data
as there is no control group,
hence outcomes of each included
study are reported within tables
as well.

Assessment of the Certainty of the
Evidence. The authors used the
GRADE (Grading of
Recommendations, Assessment,
Development and Evaluations)
tool to assess the certainty of the
evidence." GRADE identified its
five categories: risk of bias,
imprecision, inconsistency,
indirectness, and publication
bias. The certainty of evidence for
non-randomized studies will start
from low-certainty evidence.

Results
Description of Studies

Results of the Search. The
literature search yielded 130
articles from PubMed and 10
from the Cochrane library. After
removing duplicates, 42 studies
were screened based on their
tittes and  abstracts.  After
reviewing the articles, 21
publications were excluded as 16
were review articles, 4 were
ongoing clinical trials, and 1
article was non-English. A total of
21 studies from the selection
process were included in this
study as illustrated in Figure 1.
Full-text copies of the included
studies were obtained for a more
detailed examination.

Study Characteristics. In the 21
articles included, all were
published from March 2020 to
December 2020. A total of 139
COVID-19 patients received TPE
and 77 COVID-19 patients did not
receive TPE. The characteristics
and outcomes of the studies
included in this review are
summarized in Table 1. The
included studies varied in the

following characteristics: study
design, study country,
participants, sample size,

replacement fluid used in TPE,
number of TPE sessions, the
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Table Ill. Risk of Bias Summary for Controlled Non-randomized

Studies of Interventions
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Study Outcomes. All of the included studies
reported results regarding the improvement
of clinical status and mortality after TPE

Publication Risk of Bias Domains sessions. Majority of the studies reported the

D1 | D2 | D3 | D4 | DS | D6 | D7 | Overall trend of the laboratory results after the TPE
Gucyetmez 2020 2 2 2 1 4 12 | 4 4 sessions.>20-222439 However, the controlled
Khamis 2020 3 2 2 4 4 2 4 4 non-randomized studies of interventions
Kamran 2020 2 2 2 4 4 2 4 4

failed to report the trend of laboratory results

Legend: D1: Bias due to confounding
D2: Bias in selection of participants into the study
D3: Bias in classification of interventions
D4: Bias due to deviations from intended interventions
D5: Bias due to missing data
Dé: Bias in measurement of outcomes
D7: Bias in selection of the reported result
Risk of Bias: 1: low; 2: moderate; 3: serious; 4: critical

Table IV. Risk of Bias Summary for Non-controlled

Non-randomized Studies of Interventions

O
B

Publication | D1 | D2

D5 | D6 | D7 | Overall

Shi 2020 3

Tian 2020

Ma 20202

Lin 2020

NG NG [N NS PN
alalalal—a

Keith 2020

W | WWlWw[—=|w
N INININ| ==
W [ WWwWWw|—=|—

Altmayer
2020

Fagihi 2020

Hua 2020

Ragab
2020

N[N
N
N

N[N

Adeli 2020

Zhang 2020

N
_
—_
w

wwwwwwwwwwwwg
W | Ww| W [(Ww| W [Wwlwlw|w
—_
-
W | Ww| W [(Ww]| W |[Wwlw|lw

W [ WWwWl W |[wW|—=
—

Morath
2020

Fernandez

2020

w
—
w
—_
—
—_

Keith 2020 2 2 3 3 1 1 2

Alharthy
2020

Hashemian

2020 2 3 3 3 1 1 2 3

Truong
2020 3 2 3 3 1 1 2 3

Gluck 2020 2 1 3 3 1 1 1 3

Legend: D1: Representative study group
D2: Complete follow-up assessment
D3: Blinded outcome assessor
D4: Adjustment important confounders
D5: Well defined study group
Dé: Well defined follow-up
D7: Well defined outcome

Risk of Bias: 1: low; 2: unclear; 3: high

Timing of TPE. The timing of TPE differs across and within
the studies. The earliest day the TPE was initiated was on
day 6 of illness?* and the farthest date was on day 57 of
illness.?

Other Treatment Modalities Received. Aside from the
TPE, there are different treatment modalities given to
their subjects as listed in the Table 2. These include but
not limited to: antibiotics, antimalarials, antivirals,
anticoagulants, corticosteroids, immunomodulatory
agents, and respiratory support.>20-37
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for their control group.”2? Nine out of the 19
studies described the adverse events of
TPE.>20212631.3336.3839 |t was unclear whether
the other participants experienced any
adverse events since it was not reported in
other studies.

Risk of Bias in Included Studies

Risk of Bias in Controlled Non-randomized
Studies of Interventions. The methodological
quality and risk of bias for three studies®?
were assessed using the ROBINS-I tool."”

Overall Bias. Overall, the authors judged the
risk of bias within and across the studies to be
critical. The full judgment for the studies is
presented in Table 3.

Bias due to Confounding. The authors rated
the risk of bias due to confounding to be
moderate for the two studies®”* and serious
for the third study.?® Gucyetmez 2020 and
Kamran 2020 applied propensity score
matching on their TPE group and non-TPE
group. Khamis 2020 did not adjust for any
confounding factors.

Bias in Selection of Participants into the Study.
The authors judged the risk of bias in selection
of participants to be moderate for all studies.
All studies indicated their inclusion criteria in
their methodology.

Bias in Classification of Interventions. The
authors rated the risk of bias in classification of
interventions to be low for the study by
Gucyetmez® and critical for the two remaining
studies®3? because the control group in these
studies were assigned retrospectively.
Knowledge of the outcomes at the time of
selection of the control group may have
influence their results.

Bias due to Deviations from Intended

Interventions. The authors judged the risk of

bias due to deviations from intended
intervention to be low for all studies because all
participants received the intended intervention.

Bias due to Missing Data. The authors rated the risk of
bias due to missing data to be critical for all studies. All
studies did not state the cause of mortality in either the
intervention group or control group. Kamran 2020 did
not report the trend of laboratory results of their
participants after receiving the TPE. Gucyetmez 2020 did
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PSI Score
Decreased

SOFA
Score
Decreased
Decreased
Decreased
Decreased
Decreased
Decreased

APACHE I
Decreased
Decreased

Renal
Function
Improved
Improved
Improved

Circulatory
Status
Vasopressor
Requirement
Decreased
Decreased
Decreased
Decreased
Decreased
Decreased

PaO2/FiO2
Improved
Improved
Improved
Improved
Improved
Improved
Improved
Improved
Abbreviations: APACHE II: Acute Physiologic Assessment and Chronic Health Evaluation Il; PSI: Pneumonia Severity Index; SOFA Score: Sequential Organ Failure Assessment

Respiratory Status

Oxygen
Requirement
Decreased
Decreased
Decreased
Decreased
Decreased
Decreased
Decreased
Decreased
Decreased
Decreased
Decreased
Decreased
Decreased
Decreased
Decreased
Decreased
Decreased
Decreased
Decreased
Decreased
Decreased

Symptoms
Improved
Improved
Improved
Improved
Improved
Improved
Improved
Improved
Improved
Improved
Improved
Improved

Author(s)

Gucyetmez, et al.
Kamran, et al.

Hashemian, et al.
Khamis, et al.

Shi, et al.

Tian, et al.

Ma, et al.

Lin, et al.
Keith, et al.
Altmayer, et al.
Faqihi, et al.
Hua, et al.
Ragab, et al.
Adeli, et al.
Zhang, et al.
Morath, et al.
Fernandez, et al.
Keith, et al.
Alharthy, et al.
Truong, et al.
Gluck, et al.

Record
6
7
9
10
11
12
13
14
15
16
17
18
19
20
21

No.

Table V. Improvement in Clinical Status after Therapeutic Plasma Exchange

not report the incidence of adverse
event related to the TPE.

Bias in Measurement of Outcomes.
The authors judged the risk of bias
in measurement of outcomes to be
moderate for all the studies. All
studies were performed
retrospectively, and  outcome
assessors were not blinded to the
intervention.

Bias in Selection of the Reported
Results. The authors rated the risk
of bias in selection of the reported
results to be critical for all studies
because all studies were performed
retrospectively, and the selection of
all reported results are likely

biased.

Risk of Bias in Non-controlled Non-
randomized Studies of
Interventions. The included case
reports and case series are
evaluated using the Risk of bias
assessment criteria for
observational studies tool provided
by Cochrane Childhood Cancer.®

Overall Judgement. In addition to
the high risk of bias due to the non-
randomization and non-controlled
study design, the authors rated the
overall risk of bias within and across
the studies to be high. The full
judgement of the studies is
presented in Table IV.

Selection Bias. The authors rated
the risk of selection bias to be high
on all studies except for Tian 2020
and Faqihi 2020 which was rated to
be low because it was their first
critical case of COVID-19.212¢6

Attrition Bias. The authors rated the
risk of attrition bias to be low for the
seven studies because they
assessed and reported
improvements and adverse events
for all participants.>2021.263133.36 The
risk of attrition bias was unclear for
the other eleven studies because it
was not stated whether they have
assessed the incidence of adverse
events or whether they have

selectively reported outcomes.?*
25,27-30,32,34,35

Blinding (Performance bias and
Detection bias). All studies were
unblinded and therefore at high
risk of performance and detection
bias.
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Chest
xray

PLT

NC

NC

PCT | WBC | ANC | ALC

LDH

IL-6

Ferritin

Fibrinogen

D-
dimer

CRP

Creatinine

CK

NC

AST | BUN

!
IL-6: Interleukin-6; LDH: Lactate Dehydrogenase; NC: No Change in values after TPE; PCT: Procalcitonin; PLT: Platelet Count; WBC: White Blood Cell Count; |:

decreased in values after TPE session; 1: increased in values after TPE session

ALT

Author(s)
Shi, et al.
Tian, et al.
Ma, et al.
Altmayer, et al.
Fagihi, et al.
Hua, et al.
Ragab, et al.
Adeli, et al.
Zhang, et al.
Morath, et al.
Fernandez, et al.
Keith, et al.
Alharthy, et al.
Hashemian, et al.
Truong, et al.
Gluck, et al.
Gucyetmez, et al.
Khamis, et al.
Abbreviations: ALC: Absolute Lymphocyte Count; ALT: Alanine Transaminase; ANC: Absolute Neutrophil Count; AST: Aspartate Transaminase; BUN: Blood Urea Nitrogen; CK: Creatine Kinase; Crea:

Record
10
11
12
13
14
15
16
17
18
19
20

No.

Table VI. Trends of Laboratory Results after Therapeutic Plasma Exchange

Creatinine; CRP: C-Reactive Protein;

Sy, Julian and Mesina

Confounders. The authors rated the risk of confounding
to be high for all studies because none of the studies
adjusted for confounding factors.

Reporting Bias. The authors rated the risk of reporting
bias in terms of well-defined study group and follow-up
to be low for all studies because the population were well
described and monitored appropriately in each study.

All the included studies have assessed and reported
improvement in the clinical status and laboratory results
and mortality. However, only seven studies reported the
incidence of adverse events for their participants, hence,
the authors rated the risk of reporting bias in terms of
well-defined outcomes in these studies to be
low.>2021.26313336 The risk of reporting bias in terms of
well-defined outcomes was high for the other eleven
studies because it was not stated whether they have
assessed the incidence of adverse events or whether they
have selectively reported outcomes, 222527-30.32,3435

Effects of Interventions

Improvement of Clinical Status. The improvement of
clinical status of patients who have received TPE is
summarized in Table V. All studies reported marked
improvement of the clinical status of their patients after
receiving the TPE sessions. All studies noted respiratory
improvement by either the increasing PaO2/FiOz ratio of
the patient or weaning from respiratory support. Some
also reported improvement in their blood pressure and
circulatory status,?92426.27.3031 resolution of symptoms,>2%
262831 and decrease in Sequential Organ Failure
Assessment (SOFA)?431333538 and  Acute Physiologic
Assessment and Chronic Health Evaluation Il (APACHE II)
scores.?’3" The improvement of the clinical status was
noted at different intervals after the procedure, some had
an immediate response, while other studies have noted
after completing the prescribed number of TPE sessions.

Improvement of Laboratory Results. Most included
studies concluded a significant reduction in inflammatory
markers following the TPE sessions. The measured
inflammatory markers vary among the studies as
summarized in Table 6, but majority measured
interleukin-6, CRP, LDH, D-dimer, and ferritin levels.
Some studies also noted the resolution of radiographic
findings on chest CT scans after the TPE
sessions,52021.26.27,29

Mortality. Twenty participants (14.39%) for the TPE group
died. Six of the mortalities were accounted for their
critical condition and severe ARDS.>3%3> While the rest
did not state the cause of death.32:3437:39

The three studies with the control group compared the
mortality rates of patients on TPE group and control
group.’’% Gucyetmez showed that the mortality rate was
significantly lower in the TPE group (8.3%) than the non-
TPE group (58.3%) (p = 0.009).3” Khamis concluded that
patients on TPE had a significantly lower 14 days (0 versus
35%; p = 0.033) and 28 days (0 versus 35%; p = 0.033)
mortality compared to patients not on TPE.3® While,
Kamran showed a significantly superior overall survival in
TPE group (91.1%) as compared to PS-matched controls
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(62.2%) (p <0.001).3 For the non-TPE group, an overall
mortality rate of 42.86% among the three studies.

Adverse Events. Only nine of the 21 studies reported the
incidence of adverse events after receiving TPE. Six of the
studies had no adverse events noted.>2021263336 Qne
patient had an episode of hypotension which resolved
after normal saline bolus and hydrocortisone and did not
recur with subsequent procedures®; 1 patient had a
femoral artery puncture and 1 had femoral artery
thrombophlebitis with DVT, which were both managed
optimally®?; 1 had an FFP transfusion reaction during the
TPE session, hence the discontinuation of the
intervention.?!

Discussion

Summary of Main Results. This review integrates the
results from the 21 studies to assess the effectiveness and
safety of TPE as an adjunctive treatment for COVID-19
patients. These studies evaluated 216 participants, of
whom 139 patients received TPE as an adjunct treatment
modality, and 116 of which were classified under
critically-ill COVID-19. In each study, their participants
had also received other treatment modalities, including
but not limited to antibiotics, antivirals, corticosteroids,
antimalarials,  anticoagulants, immunomodulatory
agents, and respiratory support.

Risk of Bias. The overall risk of bias for all included studies
both controlled and non-controlled non-randomized
studies of interventions was high within and across the
studies.

Certainty of the Evidence. It is important to consider that
the outcome measures are heterogenous with wide
variation in reporting across the included studies.

All the three included controlled non-randomized
studies of interventions are at critical risk of bias. The
certainty of evidence in the outcomes was further
reduced because the results mostly included potential
benefit of TPE and incomplete. The included non-
controlled non-randomized studies of interventions have
very low certainty of evidence due to the high risk of bias.

Effectiveness of TPE in COVID-19. Multiple reports are
correlating clinical manifestations of COVID-19 with
hypercytokinemia and coagulopathy. Severe pneumonia
caused by COVID-19 is associated with massive
pulmonary infiltrates and elevated proinflammatory
cytokines.’ Given the potential contribution of different
cytokines to the pathogenesis of COVID-19, the
applicability of TPE to reduce these deleterious cytokines
is being investigated.

In this review, the effectiveness of TPE in COVID-19
cannot be completely ascertained whether the
improvement of clinical status and laboratory results
were mainly due to the TPE or due to the natural course
of the disease or the effect of the other treatment
modality being given. Even with the presence of high risk
of bias, all included studies had encouraging results
showing marked improvement of the clinical status and
laboratory results after the intervention.

280

Safety of TPE in COVID-19. Although not statistically
analyzed, the mortality rate was lower in the intervention
group (14.39%) than the control group (42.86%).
However, the cause of death of these participants were
unclear or been attributed to the disease severity. It is
difficult to ascertain whether these mortalities are due to
the intervention or due to the critical condition of the
participants. The mortality rate of the non-TPE group of
42.86% is comparative to the study by Chadda, wherein
the mortality rate of critically ill COVID-19 patients was at
42%.49

Since the target population is mostly critically ill COVID-
19 patients, the safety of TPE is important to assess in ICU
patients. A study of ICU patients who received TPE for
different indications found that life-threatening adverse
events were seen in 2.16% of all procedures in ICU
patients and concluded that TPE is a safe procedure for
this subset of patients.’® As evident in this review, there
were few mild to moderate adverse events related to the
use of TPE that were given proper attention and
management. The use of TPE among the included
COVID-19 patients resulted in no serious or life-
threatening adverse events such as shock, pulmonary
embolism, DIC, hypotension requiring vasopressors, or
death.

Conclusions

Implications for Practice. The currently available studies
on the effectiveness and safety of TPE for COVID-19
patients is still limited and evidence is of low certainty.
There are heterogeneous variables among these studies
that must be accounted for to establish the direct
causality of improvement and safety of the TPE
procedure. However, due to the marked clinical and
laboratory improvement, few adverse events, and lower
mortality rate associated with TPE, it has an encouraging
result to be used as an effective and safe adjunctive
treatment in COVID-19 patients based on this limited
data available. These conclusions are subject to change
as more quality evidences become available.

Implications for Research. Our results may enhance the
understanding of COVID 19 and hopefully identify a
definitive treatment for the disease. TPE shows some
potential in the management of the disease, but more
thorough investigations and randomized controlled trials
must be designed to provide good-quality evidence on
this treatment approach. The evidence should ideally be
from RCTs with an appropriate control arm and blinding
methods to decrease the risk of bias. There are several
on-going clinical trials, and we await their results.

Limitations

There are several limitations of this systematic review to
consider against the interpretation of its findings. There
are limited available studies regarding this topic.
Furthermore, most available studies are case reports and
case series and no RCTs yet available. Most studies are
uncontrolled and unblinded. Included studies have
critical or high risk of bias. Comparability of these results
is limited due to the heterogeneity in the population
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characteristics, the number of TPE sessions, replacement
fluids used, other treatment modalities given, and clinical

parameter and

laboratory tests measured; hence,

statistical analysis is constrained, and meta-analysis was
not feasible.
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