OBSERVATIONAL STUDY

Plasma Exchange in Patients With Severe
Coronavirus Disease 2019: A Single-Center

Experience

IMPORTANCE: Recent evidence suggests a multilevel inflammatory syndrome
as a driving factor in some of the most severely ill coronavirus disease 2019
patients with overlapping features to other hyperinflammatory or autoimmune dis-
eases. Therefore, plasma exchange is considered as potential therapy in these
patients.

OBIJECTIVES: We characterize the longitudinal therapeutic efficacy and safety
profile of plasma exchange in critically ill patients with clinical and laboratory evi-
dences of coronavirus disease 2019-related immunopathology.

DESIGN, SETTING, AND PARTICIPANTS: A retropsective case-control study
of critically ill coronavirus disease 2019 patients treated with plasma exchange at
Heidelberg University Hospital between March and December 2020. Plasma ex-
change—treated patients were compared with coronavirus disease 2019 patients
on standard therapy matched for age, gender, disease severity, and features of
hyperinflammatory syndrome.

MAIN OUTCOME AND MEASURES: Mortality rate and course of clinical and
laboratory parameters in response to plasma exchange were assessed in corona-
virus disease 2019 patients and in patients on standard care. A plasma volume of
50mL per kg body weight or a maximum of 4L was exchanged.

RESULTS: In total, 28 critically ill coronavirus disease 2019 patients were treated
with a median of three plasma exchange procedures per patient. No relevant com-
plications occurred during plasma exchange therapy. Inflammatory and biochemical
markers of end-organ damage and endothelial activation were significantly reduced
following plasma exchange together with normalization of body temperature,
improved pulmonary function, and reduced vasopressor demand. Most importantly,
these improvements were maintained after the last plasma exchange. In contrast, no
such effects were observed in the control group, although baseline clinical and labo-
ratory parameters were comparable. Kaplan-Meier analysis showed improved 30-day
survival in the plasma exchange group compared with the control group (67.9% vs
42.9%; p = 0.044). In a multivariable analysis, the hazard ratio for death was 0.27
(95% Cl, 0.11-0.68; p = 0.005) with plasma exchange versus standard care.

CONCLUSIONS AND RELEVANCE: Our data provide further evidence for
plasma exchange as a novel therapeutic strategy in a subset of critically ill coro-
navirus disease 2019 patients by potentially reversing the complex coronavirus
disease 2019 immunopathology. Randomized controlled trials are underway to
confirm these positive results.

KEY WORDS: coronavirus disease 2019; dysregulated immune response;
hyperinflammatory syndrome; plasma exchange; rescue therapy

hesevereacuterespiratory syndrome coronavirus type 2 (SARS-CoV-2)-
related pandemic is a heavy burden for healthcare providers and ICUs
around the globe. Resulting coronavirus disease 2019 (COVID-19)
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ranges from mild or even asymptomatic infection to
critical illness with acute respiratory distress syndrome
(ARDS), multiple organ failure, and death (1, 2). In
particular, the presence of acute kidney injury (AKI)
and the need for mechanical ventilation substan-
tially increase the risk for death with mortality rates
ranging from 50% to 67% (3-5). In these critically ill
patients, a dysregulated hyperinflammatory syndrome
that follows the initial phase of viral replication is dis-
cussed as a potential disease-exacerbating driver (6, 7).
Underlying mechanisms are thought to be a dysregu-
lated innate and adaptive immune response, formation
of (prothrombotic) autoantibodies, a hyperinflamma-
tory cytokine storm-like state, and an endothelial and
complement dysfunction with microcirculatory clot
formation (6, 8-11). Plasma exchange (PE) is discussed
as potential rescue therapy for severe COVID-19 since
it is removing inflammatory mediators, balancing the
hypercoagulable state, stabilizing endothelial mem-
branes, and potentially eliminating harmful autoanti-
bodies (11-13). Furthermore, PE has been proven safe
and beneficial to other hyperinflammatory conditions
such as sepsis, hemophagocytic lymphohistiocytosis,
and influenza (14-16).

In this context, we and others have recently re-
ported the first data on improved disease outcomes in
response to PE treatment, showing effective reduction
of inflammatory markers associated with reversal of
organ failure and the first evidence of improved sur-
vival (17-19). However, there exists still controversy
as to whether PE is associated only with an artificial
reduction of laboratory parameters (“treating the
numbers”) without any clinical relevance, but a pos-
sible impairment of the adaptive immune response by
removing protective immunoglobulins, or whether PE
is reversing the inflammatory syndrome with improve-
ment of clinical outcomes (12, 13, 20). To address these
valid objections, we have now analyzed the disease
courses and outcomes of all critically ill COVID-19
patients treated with PE at our center and compared
them with COVID-19 patients on standard care.

MATERIAL AND METHODS
Study Design and Patient Population

All critically ill COVID-19 patients who gave their
written informed consent were included in a pro-
spective register study. The study was approved by
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the local Ethics Committee of the Medical Faculty of
Heidelberg (S148/2020). Severe COVID-19 cases were
considered for PE in the presence of the criteria of in-
vasive mechanical ventilation and ARDS, and/or vaso-
pressor-dependent circulatory shock, and clinical and
laboratory features of a COVID-19-associated immu-
nopathology with elevated p-dimers and ferritin lev-
els, and persistent and refractory fever greater than or
equal to 38.5°C without conclusive pathogenic evidence
and despite anti-infectious treatment. All COVID-19
patients treated with PE on the ICUs of Heidelberg
University Hospital between March and December
2020 were retrospectively evaluated for the present
analyses and compared with a control group of patients
with severe COVID-19 on standard care matched for
age, gender, disease severity (Sequential Organ Failure
Assessment [SOFA] score and extent of AKI), and fea-
tures of COVID-19-associated hyperinflammatory
syndrome. Two reasons led to patients in the control
group not being treated with PE. First, patients or their
legal representatives agreed to participate in the reg-
istry study but did not give consent for PE therapy.
Second, we first started PE treatments in patients who
already had a central venous catheter in place (need
for renal replacement therapy [RRT]), which caused
us to miss patients with a comparable disease severity
and symptom complex around that time. SARS-CoV-2
infection was detected by a positive nasopharyngeal
swab reverse transcription polymerase chain reaction.
Prophylactic antibiotic and antifungal therapies were
initiated in all patients according to the center’s stan-
dards and subsequently adjusted for current pathogen
evidence. PE was performed using a “Comtech” cen-
trifuge (Fresenius Medical Care AG & Co. KGaA, Bad
Homburg, Germany) and against fresh frozen plasma,
exchanging a plasma volume of 50mL/kg of body
weight or a maximum of 4,000 mL per treatment. The
“Comtech” is a continuous-flow centrifugation blood
cell separator with blood flow rates ranging from 45
to 55 mL/min, resulting in a plasma flow rate between
30 and 34 mL/min. The blood cells are separated from
the plasma by gravity based on the different densities
of the blood components. Regional citrate anticoagula-
tion was used as standard anticoagulation. Heparin was
used only (as add-on) in patients with a preexisting in-
dication for systematic anticoagulation. All PE proce-
dures were performed in accordance with the German
Medical Devices Act (“Medizinproduktegesetz”) and
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the corresponding “Conformité Européenne” certifi-
cate of the “Comtech” centrifuge.

Data Collection and Analysis

Patient characteristics and presented laboratory and
clinical parameters were obtained from medical
records. The individual laboratory parameters were
taken from daily routine blood results. Changes in lab-
oratory and clinical parameters related to PE treatment
were evaluated before the first, after the first, after
the third, and after the last PE procedure. To assess
PE-related long-term effects, the same parameters were
evaluated 3 and 5 days after the last PE. Observation
of laboratory and clinical parameters in the control
group was started when patients showed the same po-
tential indicators of a dysregulated COVID-19-related
immune response. In the control group, laboratory
and clinical parameters were observed for 7 consec-
utive days. All laboratory parameters were measured
in the accredited Central Laboratory of the Heidelberg
University Hospital.

Statistical Analysis

Statistical analyses were performed using SPSS
Statistics 25 (IBM, Armonk, NY) and Graph
Pad Prism 9 (GraphPad Software, La Jolla, CA).
Continuous variables are presented as median (inter-
quartile range); categorical data are presented as ab-
solute numbers (percentages). Mann-Whitney U test
was used for group comparisons. Categorical vari-
ables were analyzed using chi-square test. Kruskal-
Wallis test was used for multiple group comparisons.
Survival was evaluated by the Kaplan-Meier method.
Multivariable Cox regression models were performed
to determine the hazard ratios (HRs) and 95% Cls
of individual factors on death within 15 and 30 days
after ICU admission. Correlations were assessed by
using Spearman correlation analysis. Two-tailed
p values equal to or less than 0.05 were considered
statistically significant.

RESULTS

Patient Characteristics

A total of 28 patients with severe COVID-19 were
treated with PE in our ICUs and compared with 21
critically ill COVID-19 patients on standard therapy.

Critical Care Explorations

Patient characteristics are described in Table 1. In both
groups, patients showed the typical comorbidities as-
sociated with severe courses of COVID-19 such as hy-
pertension, diabetes, coronary heart disease, chronic
kidney disease (CKD), and obesity. Except for CKD,
preexisting kidney failure, and peripheral vascular di-
sease in the PE group, underlying comorbidities, SOFA
score, and vasopressor demand were comparable be-
tween both groups. All patients were mechanically
ventilated and suffered from multiple organ failure at
baseline. Twenty-seven of 28 patients (96.4%) received
corticosteroids in the PE group and 19 of 21 patients
(90.5%) in the control group. Remdesivir was given in
nine patients (32.1%) in the PE group and two patients
(9.5%) in the control group. Tocilizumab was admin-
istered in one patient (3.6%) in the PE group and three
patients (14.3%) in the control group. According to
the center standard, all patients with ARDS were em-
pirically treated with piperacillin-tazobactam and
received a prophylactic antifungal therapy with caspo-
fungin. Anti-infective therapy was adjusted according
to microbiological evidence.

Plasma Exchange and Therapy-Associated
Complications

In total, 98 PE procedures were performed in 28
patients, corresponding to an average of 3.0 proce-
dures (2.0-5.0) per patient. Overall, PE treatments
were well tolerated. Therapy-associated complications
were mainly mild reductions of ionized calcium lev-
els, which were immediately corrected throughout
the PE procedure. No serious complications such as
anaphylactic shock, cardiac arrhythmias, transfusion
reactions, or bleeding occurred in treated patients. PE
therapy-related information is summarized in Table 2.

Disease Courses in Patients on Standard
Care Versus Patients With Additional Plasma
Exchange

At baseline, patients in both groups showed typical
laboratory and clinical signs of a severe systemic in-
flammatory immune response such as elevated levels
of C-reactive protein (CRP), leukocytes and ferritin,
refractory fever, and vasopressor-dependent circu-
latory shock. The time between ICU admission and
first PE treatment or start of observation was compa-
rable with 6.0 and 5.0 days (Table 1), respectively. The

www.ccejournal.org 3



Nusshag et al

TABLE 1.
Patient Characteristics and Outcome

COVID-19 COVID-19
Patients PE Patients Control
Baseline Characteristics Group (n = 28) Group (n =21)
Age (yr) 66.0 (57.3-72.8) 66.0 (69.5-77.5) > 0.9999
Male gender, n (%) 22 (78.6) 14 (66.7) 0.350
BMI (kg/m?) 31.3 (256.7-39.5) 29.4 (27.3-33.3) 0.976
Underlying comorbidity, n (%)
Obesity (BMI > 30kg/m?) 16 (57.1) 9 (42.9) 0.458
Diabetes 12 (42.9) 7 (88.3) 0.498
Hypertension 20 (71.4) 16 (76.2) 0.709
Congestive heart failure 2 (7.1) 2 (9.5) 0.763
Coronary heart disease 12 (42.8) 5 (23.8) 0.166
Peripheral vascular disease 5 (17.9) 0 (0.0) 0.041
Chronic kidney disease 11 (39.3) 2 (9.5) 0.020
Preexisting kidney failure 6 (21.4) 2 (9.5) < 0.0001
Chronic obstructive pulmonary disease 1 (3.4) 0 (0.0) 0.382
Cancer 3(10.7) 2 (9.5) 0.892
Sequential Organ Failure Assessment score before start of PE or 13.5(12.0-15.8) 12.0 (10.0-14.0) 0.122
observation, value (range)
Time between ICU admission and start of PE or observation, d (range) 6.0 (1.3-9.0) 0 (2.5-7.0) 0.665
Vasopressors before start of PE or observation, n (%) 20 (71.4) 14 (66.7) 0.720
Invasive mechanical ventilation, n (%) 28 (100) 21 (100) > 0.9999
Acute kidney injury, n (%) 20 (71.4) 16 (76.2) 0.513
KDIGO stage 0 2 (7.1) 3 (14.3) 0.513
KDIGO stage 1 0 (0) 1 (4.8) 0.276
KDIGO stage 2 2 (7.1) 2 (9.5) 0.877
KDIGO stage 3 18 (67.9) 13 (61.9) 0.470
Renal replacement therapy, n (%) 20 (71.4) 12 (57.1) 0.299
Length of ICU stay (days) 26 (14.5-54.0) 18 (9.5-33.5) 0.031

BMI = body mass index, COVID-19 = coronavirus disease 2019, KDIGO = Kidney Disease Improving Global Outcomes, n = number,
PE = plasma exchange.
Results are given as number (percentage) or median (interquartile range). Bold values are statistically significant for p < 0.05.

clinical and laboratory parameters measured were com-  prognostic marker in COVID-19 and an indicator of
parable at the time of PE initiation or start of observa-  ongoing coagulation and endothelial activation, were
tion in the respective groups (Supplemental Fig. S1, elevated along with the lactate dehydrogenase (LDH)
http://links.lww.com/CCX/A760). All patients suf- and troponin T (TnT) levels in both groups (Fig. 14;
fered from ARDS, which was associated with a  Supplemental Fig. S2, http://linksIww.com/CCX/
reduced Pao /F10, ratio (Fig. 14; Supplemental Fig. S1,  A760). Upon PE initiation, serum levels of CRP, ferritin,
http://links.lww.com/CCX/A760). D-dimers, a  LDH, and p-dimers were significantly reduced over time,
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TABLE 2.

Plasma Exchange and Associated
Complications

Values
PE-Related Parameters Recorded
Total number of PE treatments (n) 98
Number of PE procedures per patient (1) 3.0 (2.0-5.0)

Treatment-free days between PE procedures 1.0 (0.0-2.0)
Exchanged plasma volume per treatment (L) 3.6 (3.2-3.9)

(
PE treatments with reported complications, 85 (86.7)
n (%)

Anaphylactic reactions 0 (0)
Transfusion reactions 0 (0)
Hypotension 0 (0)
Hypocalcemia 85 (86.7)

Min. ionized serum calcium (mmol/L) 1.06 (1.01-1.12)
Cardiac arrhythmia 0 (0)
Bleeding 0 (0)

n = number, PE = plasma exchange.
Results are given as number (percentage) or median (interquartile
range).

whereas leukocyte count and TnT levels were not signif-
icantly affected (Fig. 1A; Supplemental Fig. S2, http://
links.Iww.com/CCX/A760). Remarkably, the observed
laboratory changes in the PE group were accompanied
by clinical improvement in the form of significantly
reduced vasopressor demand and body temperature,
and improved pulmonary function with an increased
Pao_/F10, ratio. These significant laboratory and clin-
ical improvements persisted several days beyond the
last PE procedure, as shown in Figure 1A. Accordingly,
CRP, LDH, and p-dimers levels after the last PE cor-
related negatively with future Pao,/F10, levels, demon-
strating an association between improvement of these
biomarkers by PE treatment and subsequent pulmonary
improvement (Supplemental Table S1, http://links.Iww.
com/CCX/A760). A comparable pattern was observed
for vasopressor demand after the last PE and future Pao,/
F10, ratio at days 3 and 5 after the last PE (Supplemental
Table S1, http://links.lww.com/CCX/A760). In contrast,
the same biochemical and clinical parameters did not
significantly improve over 7 days compared to base-
line in the control group (Supplemental Fig. S2, http://
links.lww.com/CCX/A760). Only an improvement in
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body temperature and CRP level was observed in the
controls; the latter, however, did not reach statistical sig-
nificance. Furthermore, direct comparison of labora-
tory and clinical parameters between the PE and control
groups showed significant improvement in CRP, LDH,
ferritin, p-dimers, temperature, and Pao_/F1o, after the
last PE compared with the same time-matched parame-
ters in the control group (Fig. 1B; Supplemental Fig. S3,
http://links.lww.com/CCX/A760). These improvements
persisted after the last PE and compared with controls
for LDH, p-dimers, body temperature, and Pao /F10,,
once again indicating an improved condition of the pa-
tient in response to PE compared with controls. We also
observed a trend toward reduced vasopressor require-
ments compared with controls 3 and 5 days after the
last PE, barely missing statistical significance (Fig. 1B;
Supplemental Fig. S3, http://links.lww.com/CCX/A760).

Outcomes in Patients on Standard Care and
Patients With Additional Plasma Exchange

AKT severity and frequency of RRT were comparable be-
tween both groups. Two (7.1%) and nine (32.1%) patients
in the PE group and eight (38.1%) and 12 (57.1%) in the
control group had died by days 15 and 30, respectively,
after ICU admission. Asaresultofthe higher mortality, the
length of ICU stay was significantly shorter in the control
group. Kaplan-Meier analysis revealed a survival benefit
within 15 and 30 days after ICU admission for patients
treated with PE compared with standard care (Fig. 2).
Univariable HR for death within 15 or 30 days after ICU
admission in the PE group was 0.16 (95% CI, 0.03-0.74;
p =0.019) and 0.41 (95% CI, 0.16-0.97; p = 0.044), re-
spectively. Even after adjustment for gender, age, and di-
sease severity (SOFA score), risk for death was lower in
PE-treated patients than in patients receiving standard
care (Table 3).

DISCUSSION

Here, we report critically ill patients with severe
COVID-19 in whom PE was considered as add-on
therapy in cases with clinical and laboratory evidences
of dysregulated immune response syndrome. Patients
treated with PE were compared with COVID-19
patients on standard care with similar clinical and lab-
oratory features. Inflammatory markers such as CRP
and ferritin, as well as indicators of end-organ damage
and endothelial activation, more specifically LDH and
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Figure 1. Longitudinal analysis of laboratory and clinical parameters. Course of laboratory and clinical parameters in relation to plasma
exchange procedures (A) and time-matched comparison of parameters between patients treated with plasma exchange and controls
on standard care (B). Results are given as median and 95% Cl. Kruskal-Walllis test was used for statistical analyses. Not significant:

p>0.05,*p < 0.05, *p < 0.01, **

exchange.
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p <0.001, " p <0.0001. CRP = C-reactive protein, LDH =

lactate dehydrogenase, PE = plasma
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D-dimers, were significantly reduced during PE. At the
same time, these laboratory changes were accompanied
by striking clinical improvement with normalization of
body temperature, improved pulmonary function, and
a reduced vasopressor demand. Improved levels of CRP
and LDH persisted for several days after the last PE,
along with persistent normalization of body temper-
ature, reduction in vasopressor demand, and reduced
F10,/Pao, ratio. Furthermore, reduced CRP, LDH, and
D-dimer levels after the last PE correlated highly with
future improvement of pulmonary function 3 and 5
days after the last PE. Most importantly, no relevant
complications occurred during PE procedures. At the
same time, relevant clinical and laboratory parameters
did not improve within a 7-day observation period
compared to a control cohort matched for age, sex, and
disease severity. Furthermore, PE treatment resulted in
a survival benefit within 15 and 30 days after ICU ad-
mission compared with standard treatment, and risk for
death was significantly lower in PE-treated patients even
after adjustment for age, gender, and disease severity.

In summary, these observations suggest a beneficial
and persistent effect of PE on COVID-19 pathomecha-
nisms in critically ill patients, which seems to go beyond
a mere artificial reduction of laboratory parameters, as
speculated by some authors (20).

Great efforts have been made in numerous clinical
trials to develop new therapeutic strategies to improve
outcomes in patients with severe COVID-19 (5). They
include specific antiviral therapy in the form of rem-
desivir, nonspecific immunomodulatory, or immu-
nosuppressive therapies such as hydroxychloroquine,
corticosteroids, and specific cytokine blockade such
as tocilizumab. Although corticosteroids or treatment
with remdesivir or the combination of remdesivir and
baricitinib has revealed some beneficial effects by re-
ducing the risk of death in ARDS patients or short-
ening the median time to recovery, other therapeutics
have provided inconsistent results or were potentially
related to adverse events as with hydroxychloroquine
(5, 21). Meanwhile, mortality rates in mechanically
ventilated patients remain as high as 50-67%, and
the chances for death are further aggravated by the
presence of severe AKI (HR, 9.8; 95% CI, 5.5-17.7;
p < 0.001), highlighting the need for new therapeutic
strategies for severe COVID-19 cases (22-25). In this
context, there is increasing evidence that intensivists are
dealing with a complex immunopathology rather than
a classical viral disease (6, 7). The observed inflamma-
tory syndrome shares overlapping features with other
hyperinflammatory or autoimmune diseases such as
viral-induced hemophagocytic lymphohistiocytosis,
thrombotic microangiopathies, and antiphospholipid

syndrome (6, 8, 15, 26). A

cytokine storm-like state

Days after ICU admission

100 A pPE with dysregulated innate
immune response and en-
Ctrl dothelial and complement
S dysfunctions together with
= a thrombogenic milieu
@ with formation of micro-
S circulatory clots dominates
> 50 . i
= the clinical picture and
QO
IS 15 days: leads to ARDS and mul-
o Log-rank p = 0.007 . .
a Univariable Hazard Ratio 0.16 (95% CI 0.03-0.74); p=0.019 tiple organ failure (6, 8-10).
Theoretically, PE provides
30 days:
Log-rgnk p = 0.037 benefits to all of these patho-
Univariable Hazard Ratio 0.41 (95% Cl 0.16-0.97); p=0.044 genic levels by restoring de-
¢ . . . . . . ficient blood components,
0 5 10 15 20 25 30

eliminating harmful (auto)
antibodies and inflam-

Figure 2. Kaplan-Meier curves for survival at days 15 and 30 after ICU admission in the plasma
exchange and control group. Bold values are statistically significant for p < 0.05. Ctrl = control

group, PE = plasma exchange group.
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matory mediators, and
counteracting exuberant re-
lease of coagulation factors
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TABLE 3.

Multivariable Cox Regression Analysis for Death in Patients With Severe Coronavirus
Disease 2019 Treated With Plasma Exchange Versus Control Group

Multivariable Model
15-d Mortality

Variables

HR (95% ClI)

Multivariable Model
30-d Mortality

HR (95% ClI)

Plasma exchange treatment 0.09 (0.02-0.44) 0.003 0.27 (0.11-0.68) 0.005
Male gender 6.37 (0.74-54.49) 0.091 1.99 (0.70-5.66) 0.198
Age > 70 yr 1.75 (0.48-6.38) 0.091 1.46 (0.60-3.55) 0.405
Sequential Organ Failure Assessment score 1.43 (1.02-2.01) 0.040 1.26 (1.04-1.52) 0.016

HR = hazard ratio.
Bold values are statistically significant for p < 0.05.

and endothelial activation markers (12). The complexity
of these deregulated processes is obvious from the ex-
ample of COVID-19-related coagulopathy. A very di-
verse set of pathogenic drivers has been identified in this
context including a potential deficiency of antithrombin
and disintegrin and metalloproteinase with a throm-
bospondin type 1 motif, member 13 (ADAMTS-13),
increased levels of von Willebrand factor multimer and
factor VIII, and formation of prothrombotic antibod-
ies (anti-ADAMTS-13, antiphospholipid) (8, 27-30).
Thus, the overall multidimensional nature of COVID-
19-related immunopathology may further explain why
single-target therapies such as tocilizumab are less effec-
tive in COVID-19 compared with that, for example,
in cytokine release syndrome after chimeric antigen
receptor-T cell therapy with specified pathogenesis and
significantly higher interleukin (IL)-6 levels (31-33).
In addition, it is noteworthy that little is known about
chemokines that regulate the distribution and activity of
effector immune cell populations in COVID-19 patients
(34). The demonstrated elevation of immunosuppressive
cytokines in these patients, such as IL-10, may therefore
be a rationale for opposing therapeutic approaches that
restore immune cell paralysis rather than hampering the
innate and adaptive immune systems through cytokine
blockade or removal (34). Among others, this immu-
nosuppressive state in COVID-19 patients is associated
with decreased lymphocyte count and impaired type 1
interferon response (6, 34). Since autoantibodies against
type I interferons have recently been detected in patients
with life-threatening COVID-19, PE could also be a ra-
tional therapeutic approach under these circumstances

8 www.ccejournal.org

by eliminating anti-interferon antibodies and immuno-
suppressive cytokines (11). In line with this, Faqihi et al
(35) recently reported improved lymphocyte numbers
in response to PE. However, their findings may be lim-
ited by the fact that they studied lymphocyte counts only
in survivors and within a disproportionately large time
period (days 2 vs 35 after ICU admission). This excludes
patients with the potentially lowest lymphocyte counts
from their analysis and leaves room for other underlying
mechanisms besides PE to influence lymphocyte popu-
lation. In contrast to the study by Faqihi et al (35), we
could not demonstrate a clear increase of lymphocytes
around the time when PE was applied (Supplemental
Figs. S2 and S3, http://links.Iww.com/CCX/A760).

The use of PE in COVID-19, however, remains
highly controversial, and one of the most legitimate
objections is that functional immune response may
be attenuated by removing protective antibodies (20).
We therefore initiated PE rather “late” in the presence
of ARDS and COVID-19-related immune response
syndrome despite standard care. Interestingly, how-
ever, large randomized controlled trials (RCTs) have
recently failed to show any improvements in survival
or other prespecified outcomes in ventilated patients
by administration of convalescent plasma containing
large amounts of anti-SARS-CoV-2 antibody. This may
indicate a dominant role of COVID-19-related immu-
nopathology as the main disease-exacerbating driver,
which cannot be sufficiently influenced by antibodies
directed against SARS-CoV-2 at this disease stage (36).
The latter observation also weakens the claim for the
use of convalescent plasma for PE therapy.
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Based on our longitudinal data, we now strengthen
the concept of PE as therapeutic approach in a large co-
hort of critically ill COVID-19 patients by showing ben-
eficial effects on survival and that laboratory and clinical
improvements persist beyond the last PE treatment.
Most importantly, we have shown that PE is a safe proce-
dure in ventilated COVID-19 patients with evidence of
hyperinflammatory syndrome. Taken together, our data
suggest that pathogenic immunological drivers are more
likely to be disrupted by PE than antibody-mediated
immune responses in critically ill COVID-19 patients.
This also contradicts an earlier criticism that PE reduces
only inflammatory mediators and levels of LDH, and
D-dimers based on their molecular weight, implying an
artificial reduction rather than a true improvement in the
patient’s condition. In addition, our results are in agree-
ment with a smaller retrospective study by Gucyetmez
et al (19), in which the authors demonstrated a benefi-
cial effect of PE by showing reduced mortality rates in
patients with D-dimers greater than or equal to 2mg/L
(16.7%) on PE therapy when compared with patients
with p-dimers greater than or equal to 2mg/L without
PE (45.7%). Despite the higher disease severity in our
cohort, our data further support this idea of improved
survival via PE by showing a 30-day mortality rate of
only 32.1% in PE-treated patients compared with 57.1%
under standard care. Finally, another large study showed
a trend toward improved survival with the use of PE in
critically ill COVID-19 patients with features of a hyper-
inflammatory syndrome but did not reach statistical sig-
nificance (35). The study differed from ours, however, in
an earlier PE start in patients with lower disease severity
(SOFA score and RRT) and the absence of clinical crite-
ria such as fever for PE initiation.

Nonetheless, based on current evidence, PE cannot
be recommended as standard therapeutic approach in
critically ill patients but may represent a therapeutic
alternative in the most severe COVID-19 cases with
ARDS, kidney failure, and features of hyperinflam-
matory syndrome. In addition, though our data show
beneficial effects of PE on the disease course in a subset
of critically ill COVID-19 patients, it is still unclear
whether PE therapy may impair the functionality of
antiviral immune response by eliminating protective
antibodies in earlier disease phases.

Some limitations of our study must be noted.
Remdesivir was used to a greater extent in the PE
group than in the control group and, therefore, may

Critical Care Explorations

be partially responsible for the observed differences
in outcomes. However, we consider this very unlikely,
as no comparable effect was shown in the numerous
RCTs on remdesivir, and the only study that included
a relevant number of ventilated patients could not find
any beneficial therapeutic effect compared to the pla-
cebo group (37). The main limitation of our presented
analyses is the retrospective nature and sample size. The
latter, however, can be explained by the fact that PE in-
dication was made only in a specific subset of critically
ill COVID-19 patients, and restrictive criteria for PE in-
itiation were used. Finally, the sample size did not allow
meaningful use of methodological approaches (e.g.,
propensity score matching) to control for confound-
ing by indication, and other unmeasured confounders
may have influenced the observed results. Nevertheless,
it is worth noting that outcomes were superior in the
PE group compared with the control group, despite the
tendency for greater disease severity in the PE group.

To address the limitations mentioned above and to
further evaluate the efficacy and safety of PE as a novel
therapeutic strategy for severe COVID-19 cases with
features of dysregulated immune response, we recently
initiated an RCT, the “RescuE pLAsma eXchange in
Severe COVID-19 trial” (NCT04685655).

CONCLUSIONS

In conclusion, our data suggest PE once more as a
promising and safe therapeutic approach for a subset of
patients with severe COVID-19 courses by reversing the
multilevel inflammatory syndrome. Further research is
urgently needed to improve our understanding of on-
going pathomechanisms in these patients.
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