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1 | BACKGROUND

The novel coronavirus SARS-CoV-2, which causes
COVID-19, surfaced in late 2019, and by mid-March 2020
it had been declared a formal pandemic producing a
worldwide crisis.1 The global death toll climbed to above
6000 by March 15, 2020, just a few days after a national
emergency was declared in the United States. As testing
increased, the crisis escalated, with health officials
around the world reporting more than 21,000 new cases
on March 19 alone. As of June, 2021 there are 176 million
reported cases worldwide and 3.8 million deaths globally,
with over 600,000 deaths in the United States alone
(Johns Hopkins University Website for COVID-19
https://coronavirus.jhu.edu/).

In addition to the devastating pulmonary
complications of COVID-19, the disease produces a relatively
common syndrome of multi-system derangements and dys-
function that appear separate from the profound respiratory
compromise. What have emerged as key components in the
pathogenesis and lethality of this syndrome are the cardiac
and vascular complications.2–4 Infection by SARS-CoV-2 can
lead to acute respiratory distress syndrome (ARDS), which is
associated with a robust cytokine storm, coagulation distur-
bances, and multi-organ failure (MOF).5 It can be hypothe-
sized that systemic vascular injury and inflammation caused
by the virus are major drivers behind the disease pathology
of SARS-CoV-2 infection, where patients develop ARDS and
subsequent MOF, reminiscent of what has been observed in
bacterial sepsis or massive hemorrhage.
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2 | ENDOTHELIOPATHY OF SARS-
COV-2

SARS-CoV-2 utilizes the angiotensin I converting enzyme
2 (ACE2) receptor, which binds to the virus' spike pro-
tein.5–7 The ACE2 receptor is widely expressed in the
lung alveolar type II cells, endothelial cells, cardiac cells,
as well as cells of the liver, kidney, and intestine.8, 9 The
capability of the virus to infect a wide range of tissues
and cell types is likely the cause of the systemic nature of
COVID-19, leading to diffuse endothelial compromise
and multiple organ failure.5 Recent characterization of
the virus by Gordon et al. found 29 viral proteins physi-
cally interacting with over 300 human proteins based on
studies utilizing affinity purification mass spectrometry.10

Many of these proteins and the open reading frames that
code for them are likely pathogenic, and some may be
directly injurious to the vascular endothelium.

In a recent correspondence by Varga et al. in Lancet,
tissue pathology from three infected patients demon-
strated involvement of the virus in vascular beds across
organs with clear evidence of endothelial cell infection,
inflammation, and apoptosis (Figure 1).11 Viral elements
were found within endothelial cells, with an accumula-
tion of inflammatory cells and prominent cell death, as
indicated by caspase 3 expression, in both endothelial
and inflammatory cells (Figure 1). Varga et al describe a
58-year-old patient with diabetes and arterial hyperten-
sion who developed multiple organ failure, gut ischemia,
and cardiac failure. Postmortem analysis of tissues identi-
fied prominent endothelial dysfunction and lymphocytic
infiltrates in the lung, heart, kidney, small intestine, and
liver. COVID-19 patients also frequently present with
thick and copious mucus secretions within the lung alve-
oli. The reason is unknown but has been speculated to be
reminiscent of what is found in patients with cystic

FIGURE 1 The Endotheliitis of COVID-19: (A, B) electron microscopy of kidney shows viral particles in endothelial cells of the

glomerular capillary loops. B marks the peritubular space consistent with capillary-containing viral particles. (C) Small bowel

resection specimen shows dominant mononuclear cell infiltrates within the intima along the lumen of many vessels. The inset of panel C

shows staining of caspase 3, consistent with apoptosis of endothelial cells and mononuclear cells. (D) Lung specimen stained showed

thickened lung septa, including vessel with mononuclear and neutrophilic infiltration; the lower inset shows an immunohistochemical

staining of caspase 3 on the same lung specimen from correspondence in Lancet (Varga et al. April 17, 2020)11
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fibrosis and may be due to neutrophil activation and neu-
trophil extracellular trap formation.12, 13

In another postmortem analysis study, Fox et al.
reported findings from four patients with COVID-19.14

All were African American and had a history of obesity
and medically treated hypertension. Three of the patients
had insulin-dependent type II diabetes and two had
known chronic kidney disease. In this study, gross exami-
nation of the lungs revealed edema with thick, white
mucus and diffuse thrombi within the vessels (small and
large). On histopathological analysis, a high degree of
inflammatory cell infiltration, thickened capillaries, nota-
ble fibrin deposition, and CD61 megakaryocyte infiltra-
tion within small vessels and alveolar capillaries were
found in all patients. These findings are consistent with
classic ARDS, supporting the premise that patients with -
pre-existing compromise of cardiovascular function are
prone to more severe disease and dying from COVID-
19.15 This may in part also explain the predisposition of
elderly patients to succumb to COVID-19 due to vascular
compromise secondary to processes such as diabetes, ath-
erosclerosis, and cardiac disease as they age. These find-
ings have led to the speculation that COVID-19 may be a
primary disease of the vascular endothelium, perhaps
more specifically the aged or injured vascular endothe-
lium (Figure 2).

3 | COAGULATION DEFECTS IN
COVID-19 PATIENTS

In addition to the direct effects of viral infection on the
endothelium in COVID-19 patients, it is possible that
endothelial injury and inflammation may be a major
driver of profound thromboses found in COVID-19
patients. Patients who are infected with COVID-19 develop
coagulation patterns that are similar, but also distinct in
many ways, to the disseminated intravascular
coagulopathy pattern frequently associated with severe
sepsis.15, 16 The COVID-19-related coagulopathy com-
monly manifests with a profound hyperthrombotic state,
venous thrombotic events, high blood fibrinogen levels,
high D-dimers (a sign of active fibrinolysis despite the
high fibrinogen levels), consumption of anti-thrombin III
(AT),16 and thrombocytopenia. High D-dimers and low
AT17 are correlated with increased mortality, and many of
these patients are currently being treated with therapeutic
anticoagulation or tissue plasminogen activator (TPA) to
prevent and lyse both micro- and macro-thrombi.18 How-
ever, the optimal timing and trigger for initiating anti-
coagulation and/or thrombolytic therapy remain highly
variable between institutions largely due to a lack of clini-
cal evidence on efficacy. Spiezia et al.15 recently

characterized the coagulation defects in COVID patients
by thromboelastography (rotational thromboelastometry
and thromboelastography [TEG]).15, 19 One can hypothe-
size that the significant systemic endothelial damage cau-
sed by the virus, compounded by unchecked
inflammation, could fuel these thrombotic consequences.

More recently, Aid et al.20 showed that rhesus
macaques, similar to humans, infected with SARS-CoV-2
exhibited thrombosis, endothelial dysfunction, and endo-
thelial disruption. Histopathologic examination of sections
of lungs from both humans and rhesus macaques infected
with SARS-CoV-2 demonstrated endothelial disruption
and vascular thrombosis. Molecular pathway analysis of
disease progression in macaques revealed upregulation of
thrombosis, macrophages, platelet activation, and increase
in pro-inflammatory markers. This study showcases how
the interactions between inflammatory and thrombosis
pathways lead to SARS-CoV-2-induced vascular disease.
Taken together, these findings suggest that COVID-19 is a
systemic disease and the endothelium is emerging as a
critical platform in which a number of the clinically dele-
terious sequelae of the disease emerge. The endothelium
can be designated as an organ that communicates systemi-
cally and, arguably, would be among the most important
organs for controlling and maintaining systemic homeo-
stasis.21–24 It communicates throughout the organism and
is the platform on which coagulation, inflammation, gas
exchange, control of vascular integrity, and permeability
take place in both health and disease. This widespread
endothelial involvement of SARS-CoV-2 is likely a cause
of the disease, particularly in those patients with severe
systemic manifestations, and thus the endotheliopathy of
COVID-19 (EOC) may represent a prime target for thera-
peutic interventions.25

4 | THERAPEUTIC
INTERVENTIONS TO TREAT THE
ENDOTHELIOPATHY OF COVID-19

There is a valid rationale for utilization of therapies that
stabilize, protect, and repair the vascular endothelium in
COVID-19 patients. These strategies could potentially be
used in combination with antiviral approaches and other
targeted therapies that directly affect the virus to mitigate
outcomes.26–30 There are a number of clinical studies
being conducted to address the EOC, which is defined as
being composed of coagulation disturbances, inflamma-
tion, and vascular instability as therapeutic targets. Stud-
ies modulating thromboses utilizing thrombolytic
therapy such as TPA, enoxaparin, and heparin, for
instance, are being run in trials currently.31 Anti-
inflammatory therapies have also found a place in this
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disease as is noted with the recent findings on corticoste-
roids recently reported by Horby et al. from England,
which demonstrate approximately a 30% drop in mortal-
ity in critically ill, mechanically ventilated COVID-19
patients.32 The IL-6 antagonists that are currently in trials
(NCT04363502) can also directly impact the endothelium

because IL-6 is produced by endothelial cells and is also
highly activating to the endothelium; however, the
results of these trials are still unknown. It is possible that
addressing all or multiple parts of the EOC will be neces-
sary to effectively treat the consequences of SARS-CoV-2.
We have added some of these thoughts in this paper.

FIGURE 2 Plasma repairs the vascular endothelium damage to the endothelium by hemorrhagic shock, and crystalloid fluid

resuscitation results in the endotheliopathy of trauma, which results in vascular leak, tissue edema, inflammation and end organ injury. This

process is repaired by plasma- and platelet-based resuscitation86
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5 | COVID-19 CONVALESCENT
PLASMA

Another approach that hypothetically can mitigate the
EOC involves the utilization of COVID-19 convalescent
plasma (CCP) for patients who are acutely ill. In the early
stages of the pandemic, CCP was transfused into thou-
sands of COVID-19 patients. The approach of using conva-
lescent plasma has proven effective in the past for Ebola
patients and was the rationale behind testing CCP in
COVID patients.33 However, more recently, in a placebo-
controlled trial (NCT04383535), no significant clinical dif-
ferences or mortality differences were found between
patients who received 1 unit of CCP and those who
received placebo (normal saline).34 Limitations of this trial
were that patients were already severely ill and hypoxemic
when they received the CCP and they only received 1 unit,
which may not have been sufficient. It may be that earlier
treatment with CCP over an extended period could prove
beneficial. This has been more recently demonstrated in a
paper published by Libster et al.,35 where early administra-
tion of CCP in elderly patients who developed symptoms
within 72 h were treated with high-titer CCP. Early admin-
istration of high-titer CCP against SARS-CoV-2 to mildly
ill, infected seniors reduced COVID-19 progression. This
finding, however, leaves many questions unanswered,
such as what would the outcome be if it were compared to
standard non-CCP fresh frozen plasma (FFP).

Another unanswered question is: what would be the
result if the comparison group was low-titer CCP?
Answers to these questions will aid in teasing apart the
contributions of CCP versus FFP in treating SARS-CoV-2.
However, what is clear is that the beneficial effect
appears to be one that occurs with early administration
of CCP and does not address the treatment of critically ill
patients with high mortality rates. We hypothesize that
early administration of CCP with neutralizing antibodies
addresses the viral infection; however, once the EOC or
pathophysiology of the disease has advanced, we hypoth-
esize that these endpoints cannot be addressed by neu-
tralizing antibodies to the virus. One can compare
stopping the virus to stopping hemorrhage in trauma,
which is the inciting event, but once the disease is
advanced and secondary sequelae have begun, as they do
in hemorrhagic shock patients, the damage has already
begun to the vasculature and organs, and hence stopping
hemorrhage alone is not enough to prevent the endo-
theliopathy of trauma (EOT).

The only way to truly know the contribution of the
plasma from the anti-SARS-CoV-2 neutralizing anti-
bodies is to isolate the neutralizing antibodies from the
plasma and compare the isolated antibodies to standard
plasma in preclinical or clinical studies. This would likely

not be a high-yield experiment especially since neutraliz-
ing antibody cocktails (i.e., from Regeneron and Eli Lilly)
are indeed being developed and in use by Emergency Use
Authorization for COVID-19. We do not doubt that the
CCP antibodies may be of clinical benefit, but we do pose
the question of whether the plasma part of CCP may be
contributing as well to the noted beneficial effects. CCP
is not the current standard of care in multiple hospitals
and is rapidly being replaced by drugs such as IL-6 inhib-
itors and remdesivir.

Although CCP has not proven to be effective in
treating advanced severe cases of COVID-19, what has
emerged from trials with CCP is that plasma transfusion
in these critically ill COVID-19 patients does not appear
to be deleterious or harmful and to lead to increased
thromboses, which has been a concern considering the
hyperthrombotic state of COVID-19 patients. In a
5000-patient trial of those receiving CCP, increased
thrombotic events were not found to be present in the
CCP-treated group within the first 4 h of transfusion.36

The goal of the trial was to assess the safety of CCP but
not efficacy. The overall frequency of serious adverse
events (SAEs) within 4 h following the transfusion of
CCP was less than 1% and the 7-day mortality rate was
14.9%. The rate of SAEs definitely related to transfusion
of CCP was objectively low (n = 2), hence supporting the
safety of plasma transfusion in COVID-19 patients receiv-
ing 1–2 units.36 These data support the safety of plasma
transfusions in COVID-19 patients.

6 | THE RATIONALE FOR
UTILIZING PLASMA TRANSFUSION
TO TREAT THE
ENDOTHELIOPATHY OF SARS-
CoV-2 INFECTION IN COVID-19
PATIENTS: LESSONS LEARNED
FROM TREATING BLEEDING
TRAUMA PATIENTS

Distinctly different from CCP is standard donor plasma
or FFP, which has the potential to be effective in COVID-
19 patients based on its benefits in preclinical and clinical
models of endothelial dysfunction, inflammation, and
aberrant coagulation in trauma and hemorrhagic shock
patients (Figure 2).37 The clinical presentation of the end-
otheliopathy that occurs in severely injured trauma
patients is reminiscent of COVID-19 patients. While CCP
is currently limited due to the small available donor pool,
standard plasma is immediately and widely available for
the treatment of a pandemic level of patients.

It is of interest to note that in the early months of the
pandemic, neutralizing antibody was not being assessed
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in CCP, and thousands of patients actually received stan-
dard plasma without neutralizing antibodies. Fifteen to
twenty percent of CCP units were negative for neutraliz-
ing or binding antibodies to SARS-CoV-2 (unpublished
data, UCSF). This data is further supported in a paper
published by Klein et al.,38 where CCP from 126 patients
was studied and 20% of them were found to not have
neutralizing titers of antibodies. This study also revealed
that being male, advanced age, and hospitalized resulted
in increased neutralizing titers. This data suggests that a
number of patients treated with CCP were actually
receiving the equivalent of FFP, without any noted
increase in complications. These studies do not demon-
strate the efficacy of neutralizing antibody positive or
negative plasma, which, based upon our knowledge of
the benefits of FFP in trauma, may due to the quantities
administered and the timing during the course of the dis-
ease when they were administered. In trauma patients,
hemorrhage accounts for the majority of preventable
deaths in both military and civilian casualties.37, 39–41 In
the acute care of bleeding trauma patients, goals for
resuscitation and blood product transfusion have been
defined by landmark retrospective and prospective stud-
ies in which whole blood or balanced ratios of red blood
cells, plasma, and platelets improved survival and out-
comes.37, 40, 42 Early administration of high ratios of FFP
and platelets has also been shown to improve survival
and reduce total blood component therapy require-
ments.37, 40, 42, 43 Plasma has the capacity to attenuate
hemorrhage as well as mitigate many of the secondary
vascular and inflammatory consequences of hemorrhage
by decreasing MOF and subsequent death.44, 4537, 46–49

Multiple observational studies suggest a decrease in
ARDS, acute kidney injury (AKI), and MOF with
increased use of plasma versus crystalloid as a primary
resuscitation fluid.40, 50, 51

Currently there are numerous clinical trials under way
comparing the feasibility, safety, and efficacy of CCP versus
FFP in early- and late-stage COVID-19 patients
(NCT04589949, NCT04442191, NCT04392414,
NCT04359810, NCT04421404, NCT04391101). FFP is the
control arm for CCP. These trials, most of which are Phase
II randomized trials, will provide further important infor-
mation on the potential therapeutic benefits of standard
donor FFP in COVID-19.

7 | PLASMA AND THE
ENDOTHELIOPATHY OF TRAUMA

Traditionally, the therapeutic transfusion of plasma has
been to correct coagulation, replace blood lost, and
achieve hemostasis in bleeding patients by replacing

consumed, depleted, or diluted coagulation proteins.
However, other potent non-hemostatic effects on the
endothelium and inflammation have been described.
Endothelial cells are one of the first cell types to come
into contact with transfused plasma. FFP transfusion has
been shown to attenuate vascular endothelial permeabil-
ity and inflammation both in in vitro and in vivo mouse
models of hemorrhagic shock (HS) and injury.52–58

Plasma-based resuscitation been shown to decrease tissue
edema and end-organ injury.55, 57–60 In rodent models of
EOT, plasma has been shown to mitigate ARDS and
AKI.57 In swine, plasma resuscitation has been shown to
decrease blood–brain barrier permeability, cerebral
edema, and neuro-inflammation after severe hemorrhage
and traumatic brain injury.44, 45, 61, 62 The triad of endo-
thelial instability, immune dysfunction, and aberrant
coagulation is known as the endotheliopathy of trauma
or EOT, and they are all targets of plasma-based resusci-
tation.37, 59, 63, 64 Mechanistically, plasma has been
proven to repair the endothelial glycocalyx, which serves
as an effective barrier to leukocyte–endothelial and
platelet–endothelial cell adhesion, by providing steric
hindrance between receptor and ligand.65–67 The pres-
ence of SARS-CoV-2 viral elements within endothelial
cells may cause disruption of the endothelial glycocalyx,
which can lead to vascular compromise. Outside of
clotting factors, hundreds of proteins have been identified
in plasma, many of which have important biological
functions and may be possible mediators of plasma's miti-
gation of EOT and preservation of the endothelial glyc-
ocalyx. Plasma-derived products such as prothombin
complex concentrate have been shown to inhibit vascular
permeability in vivo in a mouse model of HS and
injury.68 Cryoprecipitate, which is also prepared from
plasma and contains high levels of fibrinogen, is com-
monly administered in patients with hemorrhagic shock
and trauma, and may also have endothelial protective
effects similar to FFP.65 The precise proteins in plasma
and plasma-derived products that are responsible for mit-
igating endotheliopathy remain uncertain and warrant
further investigation.

Concern over transfusion-related acute lung injury
(TRALI) and other transfusion-related complications is
often discussed in utilizing increased amounts of plasma;
however, most authorities now describe its occurrence in
less than 1 in 40,000 transfusions.69 Evaluating the risk
versus benefit is important when confronted with a lack
of clear therapeutic interventions during this pandemic.
The beneficial effects of plasma may be due in part due
to its direct effects on the endothelium and also to its nor-
malizing effects on inflammatory processes (both cellular
and humoral) that induce blood–organ barrier permeabil-
ity, tissue edema, and thrombosis.
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8 | ADDRESSING CONCERNS OF
TREATING HYPERCOAGULABLE
COVID-19 PATIENTS WITH PLASMA

Given the thromboembolic complications observed in
COVID-19 patients, reservations concerning the thera-
peutic use of plasma, classically considered to be a pro-
coagulant, are understandable. However, research on
trauma and hemorrhagic shock has challenged our
understanding of the way in which plasma supports
coagulation in patients with acquired coagulopathies.
Plasma contains a balanced mixed of both pro- and
anti-coagulant factors, and thus may represent an ideal
solution for restoring homeostasis rather than being
considered a purely pro-coagulant agent. Severely ill
COVID patients have been reported to suffer from
shock with an incidence as high as 67%.70 Some of these
patients may be hypocoagulable; however, most of them
are hypercoagulable by TEG analysis. TEG parameters
in COVID-19 patients typically show decreased K values
as well as increased alpha angle and maximal ampli-
tude.19, 71 Platelet counts are typically normal or
increased, prothrombin time and activated partial
thromboplastin time have been found to be close to nor-
mal, fibrinogen is increased, and D-dimers are dramati-
cally increased. COVID-19 patients exhibit pathologic
thrombosis resulting in tissue ischemia or infarction
and organ failure. Acutely bleeding trauma patients also
have periods of hypercoagulability, and hence the
coagulopathy of COVID and the coagulopathy of severe
hemorrhage present with patients that cycle between
periods of being hyper and hypocoagulable.72 In
trauma, plasma normalizes coagulation. In terms of sep-
sis, there is preclinical data suggesting benefits of
plasma in organ failure73, 74 and there are currently tri-
als being run testing plasma as a resuscitation fluid in
sepsis. Similar to COVID-19 patients, patients with
severe injuries and hemorrhage present with pro-
nounced hypercoagulability initially with systemic,
uninhibited thrombin generation,75, 76 which is associ-
ated with a later risk of thromboembolic complica-
tions.77 Through animal models of trauma and HS,
which recapitulate this hypercoagulable phenotype, we
have learned that resuscitation with plasma normalizes
this aberrant activation of the coagulation system by
reducing thrombin generation in an AT-dependent
manner. In vitro models in human trauma patient
plasma reiterate these findings78, 79 and have further
shown that in patients with profound hyp-
ercoagulability, plasma treatment reduces thrombin
generation, whereas in hypocoagulable patients, plasma
enhances thrombin generation.78 Taken together, these
findings demonstrate that plasma is neither specifically

pro- nor anti-coagulant. It provides balance to an other-
wise imbalanced hemostatic system. In short, it is the
ideal fluid to restore coagulation homeostasis.

9 | PLASMA IN NON-BLEEDING
PATIENTS

Secondary to the findings on plasma's beneficial effects in
trauma, there is equipoise to consider its use in other
medical conditions such as sepsis that are also character-
ized by damage to the endothelial glycocalyx and vascu-
lar permeability. Fluid resuscitation is one of the
mainstays in the acute management of sepsis; however,
the optimal fluid to use is unclear. Chang et al. conducted
a rat sepsis study74, 80 in which FFP significantly
increased 48-h survival, improved the post-resuscitation
PO2 to FiO2 ratio, and reduced the pulmonary edema.
Compared to crystalloid fluids, plasma resuscitation
increased 48-h survival, attenuated markers for inflam-
mation, decreased endothelial injury, and decreased cate-
cholamines. Crystalloid fluids have been shown to be
hyperinflammatory and detrimental in critically ill
patients.37 An ongoing single-center, randomized clinical
trial (NCT04580563) is addressing whether plasma is
superior to crystalloid resuscitation in sepsis, albeit in
non-COVID patients.80–82

10 | CASE STUDIES
DEMONSTRATING THE
FEASIBILITY OF TRANSFUSING
PLASMA IN COVID-19 PATIENTS

These two cases are presented purely for the sake of proof of
concept, to demonstrate the feasibility of administering
plasma in severely ill COVID patients. Although there are
risks associated with plasma transfusion (i.e., contamination,
TRALI, TACO-transfusion-related cardiac overload), our
team and the IRB at Elmhurst felt that the benefits out-
weighed the risks early in the pandemic when few other
treatment options were available. It is also important to note
that these cases are not a call for the immediate initiation of
a clinical trial of standard plasma in COVID-19. We believe
that further preclinical data is warranted in rodent and possi-
bly primate models of COVID-19 to better study the mecha-
nism of action and gain insight into the safety and efficacy of
plasma in COVID-19.

In these cases, the plasma transfusion was specifically
administered as an adjunct to standard of care over a
period of 12 h. The reason for the infusion over 12 h was
secondary to a concern of volume overload in patients
who could develop compromised renal function. The
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12-h infusion was approved by the hospital IRB so as to
not put the two patients at risk. Although there is a large
body of translational and clinical research demonstrating
the numerous benefits of plasma transfusion, there are
multiple questions remaining regarding the optimal
timing, dosing, and duration of therapy in bleeding
patients. We present here two representative case exam-
ples of COVID-19 patients who were treated with normal
donor plasma (FFP) along with other routine intensive
care unit (ICU) supportive therapies.

Patients were selected based on the presence of ARDS
without evidence of any other organ failure. These two
cases were reviewed and received a waiver from the Elm-
hurst Hospital Center IRB. The waiver was based on the
premise that FFP has indeed been tested in non-bleeding,
critically ill coagulopathic patients and shown endothe-
lial and inflammatory benefits.83 It is these previously
published findings on FFP in bleeding and non-bleeding
patients in shock that spurred the attending physicians,
who were familiar with the data on FFP use in trauma,
to utilize FFP to treat EOC.

10.1 | Case 1

A 72-year-old female with a history of hypothyroidism,
hypertension, and depression residing at a nursing home
was sent to the emergency room after a ground-level fall.
Although no significant traumatic injuries were noted,
the patient was found to be hyponatremic (sodium of
124) and was admitted to the medicine service. A test for
SARS-CoV-2 infection was sent on admission and was
positive. The patient developed hypoxia on hospital day
3 and was managed with noninvasive supplemental oxy-
gen therapy until developing acute respiratory failure on
hospital day 10. Chest X-rays obtained both immediately
following intubation and in subsequent days showed dif-
fuse bilateral infiltrates consistent with ARDS. The
patient was intubated and transferred to the ICU.
The patient had no available next of kin, therefore two
physician consents were obtained, and she was treated
with a 12-h course of 50 cc/h of FFP on ICU day 1. D-
dimer values, both prior to and following intubation,
remained around 400–500. Throughout her hospital
course, PT/INR (prothrombin time/international normal-
ized ratio) and PTT (partial thromboplastin time)
remained normal. In the days following intubation, the
patient required minimal ventilator settings (40% FiO2

with a PEEP of 8; P/F ratios of >200) but required seda-
tion and frequent suctioning of secretions to maintain O2

saturations above 88. Her creatinine did not rise, no
arrhythmias were noted, and her ventilator settings did
not escalate over the following 2 days. She was extubated

on ICU day 3 without complication. The patient did not
develop renal or other organ failure, and no evidence of
thrombotic or deleterious consequences of the plasma
transfusion were found.

10.2 | Case 2

A 75-year-old male with a history of mild asthma (pre-
scribed an as-needed albuterol inhaler) and a distant his-
tory of colorectal cancer in the 1970s was admitted from
the emergency room to the medicine service for shortness
of breath and presumed COVID-19 (later confirmed).
The patient was managed with noninvasive supplemental
oxygen therapy for 1 week until developing acute respira-
tory failure on hospital day 8, at which point he was
intubated and transferred to the ICU. Chest X-rays
obtained both immediately following intubation and in
subsequent days showed diffuse bilateral infiltrates con-
sistent with ARDS. On ICU day 1, after obtaining tele-
phone consent, the patient was treated with a 12-h
course of 50 cc/h of FFP. At the time of his transfer to
the ICU, D-dimers was trending downward from a maxi-
mum of over 40,000 on hospital admission to approxi-
mately 5300 just prior to intubation and to 3800 the
morning after intubation. Following FFP administration,
PT/INR and PTT remained normal, and the patient's D-
dimer levels continued to decline over several days to
approximately 500. On ICU day 4, his sputum cultures
grew enterococcus, for which he was treated with
cefepime. At ICU/ventilator day 13, the patient remained
intubated, on moderate ventilatory settings (60% FiO2

with a PEEP of 8; P/F ratios of 100–200). The patient
demonstrated no sign of renal injury, arrhythmias, or
end-organ damage. He showed no evidence of thrombotic
or deleterious consequences of the plasma transfusion.

To reiteratem the goal of including and briefly
describing the two case reports was as proof of concept
for feasibility of administering FFP to COVID-19 patients.
Our hypothesis that FFP could be beneficial therapeuti-
cally was based on our knowledge of its efficacy in
trauma in mitigating the EOT. Essentially, this was
repurposing of a “drug,” as many of the therapies that
have been tested for COVID-19 were at the early stages of
the pandemic. At that time, in the height of the pandemic
at Elmhurst hospital, there were 160 intubated patients
in the ICU. The mortality for these intubated patients
was approximately 95% and the availability of alternative
therapies aside from hydroxychloroquine was limited
and was the only alternative treatment being used with
limited success as reported by the physicians attending to
these patients. This is why the IRB granted permission to
transfuse FFP into these two patients, based on the
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premise that FFP had been shown to mitigate multiple
endpoints that were similar in trauma patients and
COVID-19 patients—specifically inflammation, coagula-
tion, and vascular dysfunction. So in these two patients,
an FDA-approved product (FFP) was administered, in an
attempt to improve the EOC and outcomes in those two
patients who had a 95% chance of dying in that ICU. As
mentioned above, efficacy and safety cannot be assessed
in these two cases. IND-enabling preclinical work could
help support a much larger clinical to truly understand
the therapeutic potential of FFP in COVID-19.

11 | IS CCP THE SAME AS FFP,
ASIDE FROM THE PRESENCE OF
ANTI-SARS-CoV-2 ANTIBODIES?

One point that is worthy of further investigation, from a
transfusion standpoint, is whether CCP is the same at
the proteomic and molecular level as FFP, aside from
the presence of SARS-CoV-2 neutralizing antibodies.
We hypothesize that CCP is distinctly different in its
proteomic makeup from FFP. There are likely multiple
plasma protein differences that have yet to be character-
ized. In our past studies, in preclinical models of hemor-
rhagic shock and trauma, it became clear that the
beneficial effects of plasma in shock are due to the pres-
ence of a number of circulating proteins and peptides
that are not clotting factors or related to the clotting cas-
cade.63, 84 Whether these vasculo-protective proteins
exist in the same concentrations in CCP is still
unknown and warrants further investigation. Generally
speaking, in sick individuals, plasma from sick patients
such as patients who are in shock contain inflammatory
factors for months after the initial insult.85 It will be
interesting, from the perspective of donor plasma, to
study whether patients who have had COVID-19 are
suitable donors. Proof of this being a potential concern
is evident from a condition known as persistent inflam-
mation, immunosuppression, and catabolism syn-
drome.85 The plasma from previously critically ill
patients was shown to contain harmful mediators due
to a low-grade, chronic inflammatory state that persists
for years.85 It is possible that this plasma is not suitable
for transfusion and has been associated with infections
in sepsis. This has yet to be elucidated in COVID
patients and, considering that there are indeed reports
of a “cytokine storm” and long-term consequences of
the disease (i.e., COVID-19 long haulers), the ex-
COVID-19 patients' “normal” plasma could potentially
be unsuitable for transfusion months or even years
later. Further investigation is warranted, and multiple
groups are indeed working in this area.

12 | CONCLUSION

Early study of the pathologic effects of the SARS-CoV-2
virus reveal profound hypercoagulability and an endo-
theliopathy resulting in secondary organ failure likely
due to microthrombi and endothelial dysfunction. CCP
trials have demonstrated some efficacy when transfused
early in the disease process; however, CCP has not
proven beneficial in improving clinical outcomes in
severely ill COVID-19 patients. What is clear from the
studies with CCP, albeit with limited transfusion of an
average of 1 to 2 units, is that there was no deleterious
effect of plasma treatment such as increased thrombotic
events, which was a primary concern. Logistically, nor-
mal donor plasma is readily available in significant sup-
ply. Logistics could be enhanced by some of the newer
dried plasma products and plasma-derived products that
are currently under development. Based on our under-
standing of plasma-based resuscitation in trauma, we
hypothesize that transfusion of plasma to at-risk COVID-
19 patients, over extended periods of time (days), could
be clinically beneficial in preventing the EOC and the
secondary consequences of EOC, which include organ
failure. Strengthening our paper in terms of the feasibility
of transfusing FFP in critically ill patients is the presenta-
tion of two case reports from Elmhurst hospital in
New York. This hospital treated high numbers of
COVID-19 patients in April 2020 with resulting high
mortality. These two patients were administered FFP for
12 h (not CCP), and the data suggest that FFP transfusion
was feasible. These two patients were transfused during
the early stages of the pandemic, and the death rate at
that time in intubated ICU patients was as high as 95%,
with the majority of the patients exhibiting systemic end-
organ failure. The numerous prospective, randomized,
controlled trials that are under way comparing CCP to
FFP in COVID-19 patients will provide important infor-
mation on FFP transfusion. This paper advocates for fur-
ther preclinical work to elucidate the mechanisms of
action followed by clinical investigation into the use
of normal donor plasma (FFP) to treat COVID-19
patients and mitigate EOC.

CONFLICT OF INTEREST
SPati has a contract for a research project with CSL Beh-
ring Inc. JBH is a co-founder and on the Board of Direc-
tors of Decisio Health, on the Board of Directors of
QinFlow and Zibrio, a Co-inventor of the Junctional
Emergency Tourniquet Tool, and an adviser to Arsenal
Medical, Cellphire, Spectrum, and PotentiaMetrics. MAS
is a consultant to Velico Medical Inc. Dr. Martin has
none to report. JCC has funding from and is an adviser to
Grifols. RK has none to report. AC is an active duty

S344 PATI ET AL.



officer in the US Army and has no conflicts of interest to
declare. EF has none to report. RS has none to report.
CW is a co-founder of Decisio Health and receives
funding through his institution from Grifols. AT and MB
have disclosed no conflicts of interest.

AUTHOR CONTRIBUTIONS
Shibani Pati: Contributed to the intellectual thoughts;
writing of the manuscript. Erin Fennern: Contributed
to the intellectual thoughts; writing of the manuscript;
involved in collecting; presenting the data for the two
case reports. John B. Holcomb: Contributed to the intel-
lectual thoughts; writing of the manuscript. Mark Barry:
Contributed to the intellectual thoughts; writing of the
manuscript. Alpa Trivedi: Contributed to the intellec-
tual thoughts; writing of the manuscript. Andrew P.
Cap: Contributed to the intellectual thoughts; writing of
the manuscript. Matthew J. Martin: Contributed to
the intellectual thoughts; writing of the manuscript.
Charles Wade: Contributed to the intellectual thoughts;
writing of the manuscript. Rosemary Kozar: Contrib-
uted to the intellectual thoughts; writing of the manu-
script. Jessica C. Cardenas: Contributed to the
intellectual thoughts; writing of the manuscript. Renee
Spiegel: Contributed to the intellectual thoughts; writing
of the manuscript; involved in collecting; presenting the
data for the two case reports. Joseph F. Rappold: Con-
tributed to the intellectual thoughts; writing of the manu-
script. Martin A. Schreiber: Contributed to the
intellectual thoughts; writing of the manuscript.

ORCID
Shibani Pati https://orcid.org/0000-0001-8554-4450
Erin Fennern https://orcid.org/0000-0002-7501-3354
John B. Holcomb https://orcid.org/0000-0001-8312-
9157
Charles Wade https://orcid.org/0000-0003-0055-5885

REFERENCES
1. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. A novel

coronavirus from patients with pneumonia in China, 2019. N
Engl J Med. 2020;382:727–33.

2. Chen L, Li X, Chen M, Feng Y, Xiong C. The ace2 expression
in human heart indicates new potential mechanism of heart
injury among patients infected with sars-cov-2. Cardiovasc Res.
2020;116:1097–100.

3. Alvarado-Moreno JA, Majluf-Cruz A. Covid-19 and dysfunc-
tional endothelium: the mexican scenario. Arch Med Res.
2020;51:587–8.

4. Ackermann M, Verleden SE, Kuehnel M, Haverich A, Welte T,
Laenger F, et al. Pulmonary vascular endothelialitis, thrombosis,
and angiogenesis in covid-19. N Engl J Med. 2020;383:120–8.

5. Perlman S, Netland J. Coronaviruses post-sars: update on repli-
cation and pathogenesis. Nat Rev Microbiol. 2009;7:439–50.

6. Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y, et al. Early
transmission dynamics in Wuhan, China, of novel coronavirus-
infected pneumonia. N Engl J Med. 2020;382:1199–207.

7. Holshue ML, DeBolt C, Lindquist S, Lofy KH, Wiesman J,
Bruce H, et al. Washington State-nCo VCIT. First case of 2019 novel
coronavirus in the United States. N Engl J Med. 2020;382:929–36.

8. Ferrario CM, Jessup J, Chappell MC, Averill DB,
Brosnihan KB, Tallant EA, et al. Effect of angiotensin-
converting enzyme inhibition and angiotensin ii receptor
blockers on cardiac angiotensin-converting enzyme 2. Circula-
tion. 2005;111:2605–10.

9. Ferrario CM, Jessup J, Gallagher PE, Averill DB,
Brosnihan KB, Ann Tallant E, et al. Effects of renin-
angiotensin system blockade on renal angiotensin-(1-7) for-
ming enzymes and receptors. Kidney Int. 2005;68:2189–96.

10. Gordon DE, Jang GM, Bouhaddou M, Xu J, Obernier K,
White KM, et al. A sars-cov-2 protein interaction map reveals
targets for drug repurposing. Nature. 2020;583:459–68.

11. Varga Z, Flammer AJ, Steiger P, Haberecker M, Andermatt R,
Zinkernagel AS, et al. Endothelial cell infection and
endotheliitis in covid-19. Lancet. 2020;395:1417–8.

12. Zuo Y, Yalavarthi S, Shi H, Gockman K, Zuo M, Madison JA,
et al. Neutrophil extracellular traps in covid-19. JCI Insight. 2020;
e138999:1–11.

13. Barnes BJ, Adrover JM, Baxter-Stoltzfus A, Borczuk A, Cools-
Lartigue J, Crawford JM, et al. Targeting potential drivers of
covid-19: neutrophil extracellular traps. J Exp Med. 2020;217:
1–7.

14. Fox SE, Akmatbekov A, Harbert JL, Li G, Quincy Brown J,
Vander Heide RS. Pulmonary and cardiac pathology in african
american patients with covid-19: an autopsy series from New
Orleans. Lancet Respir Med. 2020;8:681–6.

15. Spiezia L, Boscolo A, Poletto F, Cerruti L, Tiberio I,
Campello E, et al. Covid-19-related severe hypercoagulability
in patients admitted to intensive care unit for acute respiratory
failure. Thromb Haemost. 2020;120:1474–7.

16. Han H, Yang L, Liu R, Liu F, Wu KL, Li J, et al. Prominent
changes in blood coagulation of patients with sars-cov-2 infec-
tion. Clin Chem Lab Med. 2020;58:1116–20.

17. Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parame-
ters are associated with poor prognosis in patients with novel
coronavirus pneumonia. J Thromb Haemost. 2020;18:844–7.

18. Zhang L, Yan X, Fan Q, Liu H, Liu X, Liu Z, et al. D-dimer
levels on admission to predict in-hospital mortality in patients
with covid-19. J Thromb Haemost. 2020;18:1324–9.

19. Panigada M, Bottino N, Tagliabue P, Grasselli G,
Novembrino C, Chantarangkul V, et al. Hypercoagulability of
covid-19 patients in intensive care unit: a report
of thromboelastography findings and other parameters of
hemostasis. J Thromb Haemost. 2020;18:1738–42.

20. Aid M, Busman-Sahay K, Vidal SJ, Maliga Z, Bondoc S,
Starke C, et al. Vascular disease and thrombosis in sars-cov-
2-infected rhesus macaques. Cell. 2020;183:1354–66.e1313.

21. Aird WC. Endothelium as a therapeutic target in sepsis. Curr
Drug Targets. 2007;8:501–7.

22. Aird WC. Phenotypic heterogeneity of the endothelium:
ii. Representative vascular beds. Circ Res. 2007;100:174–90.

23. Aird WC. Endothelium in health and disease. Pharmacol Rep.
2008;60:139–43.

PATI ET AL. S345

https://orcid.org/0000-0001-8554-4450
https://orcid.org/0000-0001-8554-4450
https://orcid.org/0000-0002-7501-3354
https://orcid.org/0000-0002-7501-3354
https://orcid.org/0000-0001-8312-9157
https://orcid.org/0000-0001-8312-9157
https://orcid.org/0000-0001-8312-9157
https://orcid.org/0000-0003-0055-5885
https://orcid.org/0000-0003-0055-5885


24. Aird WC. Endothelium as an organ system. Crit Care Med.
2004;32:S271–9.

25. Varga Z. Endotheliitis in covid-19. Pathologe. 2020;(Supp. 2):
99–102.

26. Jaffe S. Regulators split on antimalarials for covid-19. Lancet.
2020;395:1179.

27. Russell CD, Millar JE, Baillie JK. Clinical evidence does not
support corticosteroid treatment for 2019-ncov lung injury.
Lancet. 2020;395:473–5.

28. Shang L, Zhao J, Hu Y, Du R, Cao B. On the use of corticoste-
roids for 2019-ncov pneumonia. Lancet. 2020;395:683–4.

29. Atluri S, Manchikanti L, Hirsch JA. Expanded umbilical cord
mesenchymal stem cells (uc-mscs) as a therapeutic strategy in
managing critically ill covid-19 patients: the case for compas-
sionate use. Pain Physician. 2020;23:E71–83.

30. Leng Z, Zhu R, Hou W, Feng Y, Yang Y, Han Q, et al. Transplan-
tation of ace2-mesenchymal stem cells improves the outcome of
patients with covid-19 pneumonia. Aging Dis. 2020;11:216–28.

31. Whyte CS, Morrow GB, Mitchell JL, Chowdary P, Mutch NJ.
Fibrinolytic abnormalities in acute respiratory distress syn-
drome (ards) and versatility of thrombolytic drugs to treat
covid-19. J Thromb Haemost. 2020;18:1548–55.

32. Group RC, Horby P, Lim WS, Emberson JR, Mafham M,
Bell JL, et al. Dexamethasone in hospitalized patients with
covid-19 - preliminary report. N Engl J Med. 2020;384:693–704.

33. Dean CL, Hooper JW, Dye JM, Zak SE, Koepsell SA, Corash L,
et al. Characterization of ebola convalescent plasma donor
immune response and psoralen treated plasma in the United
States. Transfusion. 2020;60(5):1024–31.

34. Simonovich VA, Burgos Pratx LD, Scibona P, Beruto MV,
Vallone MG, Vazquez C, et al. A randomized trial of convales-
cent plasma in covid-19 severe pneumonia. N Engl J Med.
2020;384(7):619–29.

35. Libster R, Perez Marc G, Wappner D, Coviello S, Bianchi A,
Braem V, et al. Early high-titer plasma therapy to prevent
severe covid-19 in older adults. N Engl J Med. 2021;384:
610–8.

36. Joyner MJ, Wright RS, Fairweather D, Senefeld JW, Bruno KA,
Klassen SA, et al. Early safety indicators of covid-19 convales-
cent plasma in 5000 patients. J Clin Invest. 2020;130:4791–7.

37. Holcomb JB, Pati S. Optimal trauma resuscitation with plasma
as the primary resuscitative fluid: the surgeon's perspective.
Hematology Am Soc Hematol Educ Program. 2013;2013:656–9.

38. Klein SL, Pekosz A, Park HS, Ursin RL, Shapiro JR, Benner SE,
et al. Sex, age, and hospitalization drive antibody responses in
a covid-19 convalescent plasma donor population. J Clin
Invest. 2020;130:6141–50.

39. Eastridge BJ, Mabry RL, Seguin P, Cantrell J, Tops T, Uribe P,
et al. Death on the battlefield (2001-2011): implications for the
future of combat casualty care. J Trauma Acute Care Surg.
2012;73:S431–7.

40. Holcomb JB, Fox EE, Wade CE. Mortality and ratio of blood
products used in patients with severe trauma–reply. JAMA.
2015;313:2078–9.

41. Kelly JF, Ritenour AE, McLaughlin DF, Bagg KA,
Apodaca AN, Mallak CT, et al. Injury severity and causes of
death from operation iraqi freedom and operation enduring
freedom: 2003–2004 versus 2006. J Trauma. 2008;64:S21–6.

42. Holcomb JB, Fox EE, Wade CE. The prospective observational
multicenter major trauma transfusion (prommtt) study.
J Trauma Acute Care Surg. 2013;75:S1–2.

43. Holcomb JB, Tilley BC, Baraniuk S, Fox EE, Wade CE,
Podbielski JM, et al. Transfusion of plasma, platelets, and red
blood cells in a 1:1:1 vs a 1:1:2 ratio and mortality in patients
with severe trauma: the proppr randomized clinical trial.
JAMA. 2015;313:471–82.

44. Imam AM, Jin G, Sillesen M, Duggan M, Jepsen CH,
Hwabejire JO, et al. Early treatment with lyophilized plasma
protects the brain in a large animal model of combined trau-
matic brain injury and hemorrhagic shock. J Trauma Acute
Care Surg. 2013;75:976–83.

45. Imam AM, Jin G, Duggan M, Sillesen M, Hwabejire JO,
Jepsen CH, et al. Synergistic effects of fresh frozen plasma and
valproic acid treatment in a combined model of traumatic
brain injury and hemorrhagic shock. Surgery. 2013;154:388–96.

46. Borgman MA, Spinella PC, Perkins JG, Grathwohl KW,
Repine T, Beekley AC, et al. The ratio of blood products trans-
fused affects mortality in patients receiving massive transfu-
sions at a combat support hospital. J Trauma. 2007;63:805–13.

47. Holcomb JB, Wade CE, Michalek JE, Chisholm GB,
Zarzabal LA, Schreiber MA, et al. Increased plasma and platelet
to red blood cell ratios improves outcome in 466 massively trans-
fused civilian trauma patients. Ann Surg. 2008;248:447–58.

48. Holcomb JB, Zarzabal LA, Michalek JE, Kozar RA,
Spinella PC, Perkins JG, et al. Increased platelet:Rbc ratios are
associated with improved survival after massive transfusion.
J Trauma. 2011;71:S318–28.

49. Zink KA, Sambasivan CN, Holcomb JB, Chisholm G,
Schreiber MA. A high ratio of plasma and platelets to packed
red blood cells in the first 6 hours of massive transfusion
improves outcomes in a large multicenter study. Am J Surg.
2009;197:565–70. discussion 570.

50. Hendrickson CM, Howard BM, Kornblith LZ, Conroy AS,
Nelson MF, Zhuo H, et al. The acute respiratory distress syn-
drome following isolated severe traumatic brain injury.
J Trauma Acute Care Surg. 2016;80:989–97.

51. Shah CV, Localio AR, Lanken PN, Kahn JM, Bellamy S,
Gallop R, et al. The impact of development of acute lung injury
on hospital mortality in critically ill trauma patients. Crit Care
Med. 2008;36:2309–15.

52. Kozar RA, Pati S. Syndecan-1 restitution by plasma after hem-
orrhagic shock. J Trauma Acute Care Surg. 2015;78:S83–6.

53. Kozar RA, Peng Z, Zhang R, Holcomb JB, Pati S, Park P, et al.
Plasma restoration of endothelial glycocalyx in a rodent model
of hemorrhagic shock. Anesth Analg. 2011;112:1289–95.

54. Pati S, Matijevic N, Doursout MF, Ko T, Cao Y, Deng X, et al.
Protective effects of fresh frozen plasma on vascular endothe-
lial permeability, coagulation, and resuscitation after hemor-
rhagic shock are time dependent and diminish between days
0 and 5 after thaw. J Trauma. 2010;69(Suppl 1):S55–63.

55. Pati S, Peng Z, Wataha K, Miyazawa B, Potter DR, Kozar RA.
Lyophilized plasma attenuates vascular permeability, inflam-
mation and lung injury in hemorrhagic shock. PLoS One. 2018;
13:e0192363.

56. Peng Z, Pati S, Potter D, Brown R, Holcomb JB, Grill R, et al.
Fresh frozen plasma lessens pulmonary endothelial inflamma-
tion and hyperpermeability after hemorrhagic shock and is
associated with loss of syndecan 1. Shock. 2013;40:195–202.

57. Potter DR, Baimukanova G, Keating SM, Deng X, Chu JA,
Gibb SL, et al. Fresh frozen plasma and spray-dried plasma miti-
gate pulmonary vascular permeability and inflammation in hem-
orrhagic shock. J Trauma Acute Care Surg. 2015;78:S7–S17.

S346 PATI ET AL.



58. Spinella PC, Frazier E, Pidcoke HF, Dietzen DJ, Pati S,
Gorkun O, et al. All plasma products are not created equal:
characterizing differences between plasma products. J Trauma
Acute Care Surg. 2015;78:S18–25.

59. Pusateri AE, Given MB, Schreiber MA, Spinella PC, Pati S,
Kozar RA, et al. Dried plasma: state of the science and recent
developments. Transfusion. 2016;56(Suppl 2):S128–39.

60. Wataha K, Menge T, Deng X, Shah A, Bode A, Holcomb JB,
et al. Spray-dried plasma and fresh frozen plasma modulate
permeability and inflammation in vitro in vascular endothelial
cells. Transfusion. 2013;53(Suppl 1):80S–90S.

61. Jin G, DeMoya MA, Duggan M, Knightly T, Mejaddam AY,
Hwabejire J, et al. Traumatic brain injury and hemorrhagic
shock: evaluation of different resuscitation strategies in a large
animal model of combined insults. Shock. 2012;38:49–56.

62. Sillesen M, Jin G, Oklu R, Albadawi H, Imam AM, Jepsen CH,
et al. Fresh-frozen plasma resuscitation after traumatic brain
injury and shock attenuates extracellular nucleosome levels
and deoxyribonuclease 1 depletion. Surgery. 2013;154:197–205.

63. Pati S, Potter DR, Baikamunova G, Farrell DH, Holcomb JB,
Schreiber MA. Modulating the endotheliopathy of trauma: factor con-
centrate vs. fresh frozen plasma. J Trauma Acute Care Surg. 2016;80
(4):576–84.

64. Jenkins DH, Rappold JF, Badloe JF, Berseus O, Blackbourne L,
Brohi KH, et al. Thor position paper on remote damage control
resuscitation: definitions, current practice and knowledge gaps.
Shock. 2014;41:3–12.

65. Wu F, Chipman A, Pati S, Miyasawa B, Corash L, Kozar RA.
Resuscitative strategies to modulate the endotheliopathy of
trauma: from cell to patient. Shock. 2020;53:575–84.

66. Rahbar E, Cardenas JC, Baimukanova G, Usadi B, Bruhn R, Pati S,
et al. Endothelial glycocalyx shedding and vascular permeability in
severely injured trauma patients. J Transl Med. 2015;13:117.

67. Lipowsky HH. The endothelial glycocalyx as a barrier to leuko-
cyte adhesion and its mediation by extracellular proteases. Ann
Biomed Eng. 2012;40:840–8.

68. Pati S, Potter DR, Baimukanova G, Farrel DH, Holcomb JB,
Schreiber MA. Modulating the endotheliopathy of trauma: fac-
tor concentrate versus fresh frozen plasma. J Trauma Acute
Care Surg. 2016;80:576–84.

69. Meyer DE, Reynolds JW, Hobbs R, Bai Y, Hartwell B,
Pommerening MJ, et al. The incidence of transfusion-related
acute lung injury at a large, urban tertiary medical center: a
decade's experience. Anesth Analg. 2018;127:444–9.

70. Fox S, Vashisht R, Siuba M, Dugar S. Evaluation and manage-
ment of shock in patients with covid-19. Cleve Clin J Med. 2020.
https://doi.org/10.3949/ccjm.87a.ccc052.

71. Peyvandi F, Artoni A, Novembrino C, Aliberti S, Panigada M,
Boscarino M, et al. Hemostatic alterations in covid-19.
Haematologica. 2020;106(5):1472–5.

72. Duque P, Mora L, Levy JH, Schochl H. Pathophysiological
response to trauma-induced coagulopathy: a comprehensive
review. Anesth Analg. 2020;130:654–64.

73. Chang R, Holcomb JB. Choice of fluid therapy in the initial
management of sepsis, severe sepsis, and septic shock. Shock.
2016;46:17–26.

74. Chang R, Holcomb JB, Johansson PI, Pati S, Schreiber MA,
Wade CE. Plasma resuscitation improved survival in a cecal liga-
tion and puncture rat model of sepsis. Shock. 2018;49:53–61.

75. Cardenas JC, Rahbar E, Pommerening MJ, Baer LA,
Matijevic N, Cotton BA, et al. Measuring thrombin generation
as a tool for predicting hemostatic potential and transfusion
requirements following trauma. J Trauma Acute Care Surg.
2014;77:839–45.

76. McCully BH, Connelly CR, Fair KA, Holcomb JB, Fox EE,
Wade CE, et al. Onset of coagulation function recovery is del-
ayed in severely injured trauma patients with venous thrombo-
embolism. J Am Coll Surg. 2017;225:42–51.

77. Park MS, Spears GM, Bailey KR, Xue A, Ferrara MJ, Headlee A,
et al. Thrombin generation profiles as predictors of symptomatic
venous thromboembolism after trauma: a prospective cohort
study. J Trauma Acute Care Surg. 2017;83:381–7.

78. Cardenas JC, Cap AP, Swartz MD, Huby Mdel P, Baer LA,
Matijevic N, et al. Plasma resuscitation promotes coagulation
homeostasis following shock-induced hypercoagulability.
Shock. 2016;45:166–73.

79. Cardenas JC, Wang YW, Karri JV, Vincent S, Cap AP,
Cotton BA, et al. Supplementation with antithrombin iii
ex vivo optimizes enoxaparin responses in critically injured
patients. Thromb Res. 2020;187:131–8.

80. Frankel HL, Magee GA, Ivatury RR. Why is sepsis resuscitation
not more like trauma resuscitation? Should it be? J Trauma
Acute Care Surg. 2015;79:669–77.

81. Wei S, Kao LS, Wang HE, Chang R, Podbielski J, Holcomb JB,
et al. Protocol for a pilot randomized controlled trial comparing
plasma with balanced crystalloid resuscitation in surgical and
trauma patients with septic shock. Trauma Surg Acute Care
Open. 2018;3:e000220.

82. Gurney JM, Kozar RA, Cancio LC. Plasma for burn shock
resuscitation: is it time to go back to the future? Transfusion.
2019;59:1578–86.

83. Straat M, Muller MC, Meijers JC, Arbous MS, Spoelstra-de
Man AM, Beurskens CJ, et al. Effect of transfusion of fresh fro-
zen plasma on parameters of endothelial condition and inflam-
matory status in non-bleeding critically ill patients: a prospective
substudy of a randomized trial. Crit Care. 2015;19:163.

84. Deng X, Cao Y, Huby MP, Duan C, Baer L, Peng Z, et al.
Adiponectin in fresh frozen plasma contributes to restoration
of vascular barrier function after hemorrhagic shock. Shock.
2016;45:50–4.

85. Hawkins RB, Raymond SL, Stortz JA, Horiguchi H,
Brakenridge SC, Gardner A, et al. Chronic critical illness and
the persistent inflammation, immunosuppression, and catabo-
lism syndrome. Front Immunol. 2018;9:1511.

86. Watson JJ, Pati S, Schreiber MA. Plasma transfusion: history,
current realities, and novel improvements. Shock. 2016;46:
468–79.

How to cite this article: Pati S, Fennern E,
Holcomb JB, et al. Treating the endotheliopathy of
SARS-CoV-2 infection with plasma: Lessons
learned from optimized trauma resuscitation with
blood products. Transfusion. 2021;61:S336–S347.
https://doi.org/10.1111/trf.16452

PATI ET AL. S347

https://doi.org/10.3949/ccjm.87a.ccc052
https://doi.org/10.1111/trf.16452

	Treating the endotheliopathy of SARS-CoV-2 infection with plasma: Lessons learned from optimized trauma resuscitation with ...
	1  BACKGROUND
	2  ENDOTHELIOPATHY OF SARS-COV-2
	3  COAGULATION DEFECTS IN COVID-19 PATIENTS
	4  THERAPEUTIC INTERVENTIONS TO TREAT THE ENDOTHELIOPATHY OF COVID-19
	5  COVID-19 CONVALESCENT PLASMA
	6  THE RATIONALE FOR UTILIZING PLASMA TRANSFUSION TO TREAT THE ENDOTHELIOPATHY OF SARS-CoV-2 INFECTION IN COVID-19 PATIENTS...
	7  PLASMA AND THE ENDOTHELIOPATHY OF TRAUMA
	8  ADDRESSING CONCERNS OF TREATING HYPERCOAGULABLE COVID-19 PATIENTS WITH PLASMA
	9  PLASMA IN NON-BLEEDING PATIENTS
	10  CASE STUDIES DEMONSTRATING THE FEASIBILITY OF TRANSFUSING PLASMA IN COVID-19 PATIENTS
	10.1  Case 1
	10.2  Case 2

	11  IS CCP THE SAME AS FFP, ASIDE FROM THE PRESENCE OF ANTI-SARS-CoV-2 ANTIBODIES?
	12  CONCLUSION
	  CONFLICT OF INTEREST
	  AUTHOR CONTRIBUTIONS
	REFERENCES


