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COLLECTIVE REVIEWS
Fibrinolysis Shutdown in COVID-19: Clinical
Manifestations, Molecular Mechanisms,

and Therapeutic Implications

Jonathan P Meizoso, MD, MSPH, Hunter B Moore, MD, PhD, Ernest E Moore, MD, FACS

The COVID-19 pandemic has introduced a global public health threat unparalleled in our history. The most severe cases are
marked by ARDS attributed to microvascular thrombosis. Hypercoagulability, resulting in a profoundly prothrombotic state,
is a distinct feature of COVID-19 and is accentuated by a high incidence of fibrinolysis shutdown. The aims of this review
were to describe the manifestations of fibrinolysis shutdown in COVID-19 and its associated outcomes, review the molecular
mechanisms of dysregulated fibrinolysis associated with COVID-19, and discuss potential implications and therapeutic tar-
gets for patients with severe COVID-19. (J Am Coll Surg 2021;232:995e1006. � 2021 by the American College of Sur-
geons. Published by Elsevier Inc. All rights reserved.)
The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) was discovered in a cluster of patients
with pneumonia of unknown origin in December 2019
in Wuhan, China.1 The SARS-CoV-2 virus was subse-
quently identified as the causative pathogen for
COVID-19, a clinical syndrome characterized initially
by fever, cough, and progression to ARDS.2 Severe disease
will develop in 5% to 16% of patients, who will require a
prolonged ICU stay,3,4 and 50% to 70% of those patients
will require mechanical ventilation.4,5 The overall mortal-
ity rate for COVID-19 is 1% to 5%; however, this inci-
dence increases to 22% to 64% in patients who
progress to ARDS.4-6

COVID-19 was declared a global pandemic by the
WHO in March 2020 and has rapidly become the largest
public health emergency in modern times.7 As of
February 18, 2021, there were 110 million confirmed
cases and 2.5 million confirmed deaths from COVID-
19 worldwide.8
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Shortly after the start of the COVID-19 pandemic, it
became increasingly clear that this disease was associated
with a frequent and oftentimes severe coagulopathy that
was augmented in nonsurvivors of the illness. In fact, in
the first large and comprehensive evaluation of coagula-
tion function in patients with COVID-19, Tang and col-
leagues9 found that 71% of nonsurvivors exhibited
disseminated intravascular coagulation (DIC), as defined
by the International Society on Thrombosis and Haemo-
stasis standards.10 However, it has also become apparent
that these patients exhibit a unique hypercoagulable
phenotype of DIC with a propensity toward thrombosis
rather than a bleeding diathesis.11-21 It is now apparent
that patients with COVID-19 rarely progress to a state
of overt DIC, as defined by the International Society on
Thrombosis and Haemostasis.22 Rather, the coagulopathy
associated with COVID-19 involves a different patho-
physiology. As a result, therapeutic anticoagulation has
been considered a potential component of the overall
management of patients with COVID-19; although this
strategy is clinically intuitive, groups like the International
Society on Thrombosis and Haemostasis DIC subcom-
mittee have issued pragmatic guidance on the subject,
given a lack of high-level evidence to support therapeutic
anticoagulation in all patients affected by COVID-19.23

Anticoagulation with heparin addresses only 1 compo-
nent of an otherwise very complex coagulation cascade.
Coagulation is a tightly balanced process with thrombotic
and fibrinolytic pathways constantly working against each
other to favor neither thrombosis nor hemorrhage during
normal physiologic conditions. The importance of the
balance of thrombosis and fibrinolysis has been appreci-
ated since the 1940s.24 This highly regulated and dynamic
system exhibits a maladaptive response in various disease
https://doi.org/10.1016/j.jamcollsurg.2021.02.019
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Abbreviations and Acronyms

DIC ¼ disseminated intravascular coagulation
INR ¼ international normalized ratio
LY30 ¼ lysis at 30 minutes
MCF ¼ maximum clot firmness
ML ¼ maximum lysis
PAI-1 ¼ plasminogen activator inhibitor 1
ROTEM ¼ rotational thromboelastometry
SARS-CoV-
2

¼ severe acute respiratory syndrome
coronavirus 2

TAFI ¼ thrombin activatable fibrinolysis inhibitor
TEG ¼ thrombelastography
tPA ¼ tissue plasminogen activator
VTE ¼ venous thromboembolism
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states, promoting either excessive thrombosis, a bleeding
diathesis, or a combination of both. The fibrinolytic
pathway is an integral component of this response and
has been shown to become profoundly dysregulated in a
variety of pathologic conditions, including trauma25-28

and sepsis.29 Fibrinolysis shutdown, a relative hypofibri-
nolytic state induced by or acting as a marker of severe
disease, is associated with poor outcomes, including
ARDS, multisystem organ failure, and mortality.25-29

Viscoelastic testing, using thrombelastography (TEG)
and rotational thromboelastometry (ROTEM), is a
whole-blood assay superior to conventional coagulation
tests (eg prothrombin time, aPTT, and international
normalized ratio) that provides a global assessment of
coagulation function, including the cellular participants,
in addition to both the intrinsic and extrinsic pathways.
Recently, fibrinolysis shutdown has been identified in
COVID-19 patients using both TEG and ROTEM and
has been associated with poor outcomes, including venous
thromboembolism (VTE) and other thrombotic events.30-
43 Therefore, our objectives were to describe the manifes-
tations of fibrinolysis shutdown in COVID-19 and its
associated outcomes, review the molecular mechanisms
of dysregulated fibrinolysis associated with COVID-19,
and discuss potential implications and therapeutic targets
for patients with severe COVID-19.

THROMBOTIC AND BLEEDING COMPLICA-
TIONS IN COVID-19-ASSOCIATED FIBRINO-
LYSIS SHUTDOWN
Thrombotic complications are now recognized as leading
causes of morbidity and mortality in COVID-19. These
include VTE, ischemic stroke, MI, acute limb ischemia,
and other macro- and microthrombotic complications,
such as multiple organ failure. Between 30% and 80%
of ICU patients with COVID-19 experience a thrombotic
complication at some point during their disease course.44-
47 VTE is the most common thrombotic complication in
patients with COVID-19, occurring in 15% to 85% of
patients.12 A meta-analysis of 6 studies including 678 pa-
tients identified 5 risk factors for the development of VTE
in patients with COVID-19.13 These include age, ICU
admission, leukocytosis, lymphopenia, and elevated D-
dimer. D-dimer, a marker of fibrinolysis and fibrin depo-
sition, is consistently elevated in patients with severe
COVID-19 and is a predictor of poor outcomes.9,47,48

Although D-dimer has been associated with fibrinolysis,
D-dimers are a biomarker of clot formation and, in a pa-
tient with COVID-19, can represent unbridled clot for-
mation.49-51 In fact, D-dimer levels in the first 7 days of
disease and the rate of change of D-dimer levels have
been shown to reliably predict VTE.52 Other thrombotic
complications, including stroke and cerebral venous sinus
thrombosis,14,15 MI,16-18 acute limb ischemia,19 acute kid-
ney injury,20 and ischemic colitis,21 have been reported in
patients with COVID-19. Mechanistically, the markedly
elevated levels of D-dimer in patients with fibrinolysis
shutdown might represent local thrombosis in the micro-
vasculature (eg pulmonary and renal) that are not consis-
tently captured on whole-blood assays. Inconsistencies in
timing of sample measurements and within-patient vari-
ability in coagulation profiles make interpretation of these
data even more complex.
Several groups have now studied the hypercoagulable

state in patients with COVID-19 using viscoelastic
testing, including both ROTEM and TEG. In a retro-
spective study of 40 ICU patients, Pavoni and colleagues32

identified decreased clot formation times and high clot
strength (maximum clot firmness [MCF]) on ROTEM
in the majority of their patients. Maximum lysis (ML)
at 60 minutes was also decreased significantly, indicating
fibrinolysis shutdown. A second study by this group
comparing 20 COVID-19 ICU patients with 25 non-
COVID ICU patients with pneumonia confirmed
decreased clot formation times and increased MCF at
ICU admission in patients with COVID-19, and persis-
tent hypercoagulability at ICU day 5 and day 10.31

Deceased patients with COVID-19 had significantly
lower ML at 60 minutes at all time points. In addition,
among the 4 patients meeting criteria for fibrinolysis shut-
down at ICU day 10, three patients died of pulmonary
embolism and 1 patient died of multisystem organ fail-
ure,31 suggesting an association between fibrinolysis shut-
down and thrombotic complications. In a retrospective
study of 52 patients using TEG, Salem and colleagues41

reported a 31% incidence of hypercoagulability, as
defined by maximum amplitude and a-angle. Lysis at
30 minutes (LY30) was exceedingly low in all patients
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with COVID-19, with a median LY30 of 0%, and was
significantly lower in patients who experienced throm-
botic complications.41

These findings have been corroborated by other groups
as well. Collett and colleagues34 identified elevated clot
amplitude at 10 minutes and MCF in at least 1 ROTEM
pathway, with negligible ML, in all patients with
COVID-19.34 In a prospective observational study of 19
ICU patients, Ibañez and colleagues35 identified increased
MCF and decreased clot lysis in patients with COVID-
19. One study so far identified hypercoagulability in pa-
tients with COVID-19 based on elevated MCF and
shorter clot formation times; however, they found no dif-
ference in ML.53 The addition of exogenous tissue plas-
minogen activator (tPA) to viscoelastic tests has been
shown to aid in identifying patients in fibrinolysis shut-
down, and insensitivity to exogenous tPA is associated
with a 5-fold higher mortality in trauma patients.54 To
date, 3 studies using exogenous tPA in ROTEM samples
have demonstrated a lack of sensitivity to tPA among pa-
tients with COVID-19.33,36 Finally, it appears that these
hypercoagulable changes are persistent despite therapeutic
anticoagulation. Tsantes and colleagues38 found signifi-
cantly higher amplitude at 10 minutes and MCF with
lower lysis index at 60 minutes in patients with
COVID-19 admitted to the ICU on therapeutic anticoa-
gulation compared with ICU patients without COVID-
19, non-ICU patients with COVID-19, and healthy
controls. Blasi and colleagues39 demonstrated similar re-
sults, including significantly elevated MCF and clot lysis
time, in a cohort of 23 ICU patients with COVID-19
compared with healthy controls.
To date, 2 studies have focused specifically on the eval-

uation of fibrinolysis shutdown in patients with COVID-
19. Using an EXTEM ML < 3.5% on ROTEM as the
definition for fibrinolysis shutdown, Creel-Bulos and col-
leagues40 identified a 44% incidence of shutdown in a
cohort of 25 ICU patients with COVID-19. Fibrinolysis
shutdown was associated with a 73% incidence of throm-
botic complications, including 7 deep vein thromboses, 3
pulmonary emboli, and 1 MI. Our group identified a
57% incidence of complete fibrinolysis shutdown with
LY30 of 0% on TEG in 44 critically ill patients with
COVID-19.30 Complete fibrinolysis shutdown predicted
VTE with an area under the receiver operator character-
istic curve of 0.742. In addition, D-dimer of � 2,600
ng/mL predicted the need for dialysis and the combina-
tion of D-dimer � 2,600 ng/mL and LY30 0% was asso-
ciated with a 50% incidence of VTE. In patients with 0%
lysis and D-dimer � 2,600 ng/mL, the rates of requiring
hemodialysis and thrombotic stroke were 80% and 30%,
respectively.30 These findings were recently corroborated
in a cohort of 40 ICU patients with COVID-19 using
ROTEM, where combining ML with D-dimer levels pre-
dicted VTE risk with high sensitivity and specificity.55

Taken together, the available viscoelastic testing evidence
provides compelling support for the existence of fibrino-
lysis shutdown in patients with COVID-19 and its asso-
ciation with thrombotic complications.
Despite the presence of fibrinolysis shutdown in a sig-

nificant proportion of patients with COVID-19, bleeding
complications, including hemorrhagic stroke56 and gastro-
intestinal bleeding,57 are not uncommon and deserve spe-
cial consideration. A systematic review and meta-analysis
of hospitalized patients with COVID-19 reported a
7.8% overall pooled incidence of bleeding with 3.9%
comprising major bleeding complications.58 Patients on
intermediate- or high-dose anticoagulation had the high-
est pooled incidence of bleeding complications at
21.4%.58 Others have reported similar findings. In a
multicenter retrospective review of 400 patients with
COVID-19, including 144 ICU patients, Al-Samkari
and colleagues59 reported a 2.3% incidence of major
bleeding in patients receiving unfractionated heparin or
low-molecular-weight heparin at prophylactic doses. In
addition to higher bleeding complications, therapeutic
anticoagulation has also been shown to increase in-
hospital mortality.60 However, because these patients
were transitioned to therapeutic anticoagulation based
on markers such as elevation in D-dimer, the argument
could be made that the use of therapeutic anticoagulation
and the subsequent higher observed mortality might be a
marker of increased disease severity rather than a direct ef-
fect of therapeutic anticoagulation. Other large studies
have found the use of anticoagulation to be associated
with lower rates of mortality and intubation while main-
taining similar rates of bleeding complications.61

Recently, a multiple platform randomized controlled trial
spanning 4 continents investigating the effect of therapeu-
tic anticoagulation in patients with COVID-19 sus-
pended enrollment in critically ill patients for futility
and likely increased bleeding complications in this sub-
group (ClinicalTrials.gov Identifier: NCT04505774).62

This underscores the necessity of thoroughly studying
an intervention for benefit, as well as potential risks,
even during a pandemic, as treatments that might seem
intuitive can in fact be harmful. These diametrically con-
flicting results emphasize the necessity for monitoring the
coagulation status of hospitalized COVID-19 patients.
Bleeding complications in patients with fibrinolysis

shutdown have been well-described in other popula-
tions.63 Trauma patients in fibrinolysis shutdown with
elevated D-dimers have been reported to require more
transfusions than patients with low D-dimers.64-66 As

http://ClinicalTrials.gov
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with trauma- and sepsis-induced coagulopathy, the coa-
gulopathy caused by COVID-19 is likely multifactorial,
has primary and secondary components, and is affected
by timing of infection and resuscitation.67 Although the
particular mechanisms behind COVID-19-associated
coagulopathy are currently poorly understood, they likely
involve many of the same features common to other well-
described coagulopathies. A potential mechanism that has
not received as much attention in COVID-19 could be
related to hyperfibrinogenemia from an acute-phase
response, which demonstrates a step-wise increase in pro-
longed clotting time with reptilase.68 Animal viral disease
associated with hyperfibrinogenemia has also been associ-
ated with mucosal bleeding and respiratory disease.69

Fibrin formation has a feedback mechanism to reduce
thrombin generation.70 In addition, when thrombin is
bound to fibrin its activity is modified.71 More recently,
it has also been proposed that thrombin can be trapped
by fibrin networks,72 and other fibrinogen-binding mole-
cules can impair thrombin generation.73 This interaction
Figure 1. Schematic of fibrinolysis shutdown mechanisms in COVID-19
severely disrupted in COVID-19. Infection with severe acute respiratory s
enzyme 2 (ACE-2) receptor on endothelial cells results in activation o
thrombin generation. Endothelial injury leads to exposure of tissue facto
the end result of platelet- and fibrin-rich thrombus on the endothelial surf
of cytokines (ie “cytokine storm”) as a result of alveolar macrophage and
on alveolar epithelial cells. Normally, endothelial fibrin accumulation i
fibrinolytic agents tissue plasminogen activator (tPA) and urokinase; ho
plasminogen activator inhibitor 1 (PAI-1) and thrombin activatable fibrin
is further complicated by the local environment in which
cellular factors and the geographic location for thrombin
generation can promote bleeding vs clotting.74 Therefore,
it is not surprising that patients can manifest with a mixed
phenotype of clotting and bleeding at the same time when
the coagulation and fibrinolytic systems have been pushed
to extremes. Understanding the local environment driving
intracranial bleeding and mucosal bleeding in COVID-19
compared with micro- and macrovascular thrombosis is
an important future area of research.
THROMBOSIS AND FIBRINOLYSIS: MOLECU-
LAR MECHANISMS IN COVID-19
The tightly regulated balance between thrombosis and
fibrinolysis is clearly disrupted in COVID-19. This coag-
ulation dysregulation is intimately associated with the
host immune response to viral infection. Recent proteo-
mic work has shown a considerable dysregulation in coag-
ulation factor function and increased antifibrinolytic
. The normal homeostasis between coagulation and fibrinolysis is
yndrome coronavirus 2 (SARS-CoV-2) via the angiotensin converting
f the endothelium, which in turn augments platelet activation and
r and von Willebrand factor, initiating the coagulation cascade, with
ace. These mechanisms are further accentuated by a massive influx
neutrophil activation secondary to viral invasion via ACE-2 receptors
s prevented from progressing to microvascular thrombosis via the
wever, infection with SARS-CoV-2 results in overwhelming levels of
olysis inhibitor (TAFI) with the net result of fibrinolysis shutdown.
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activity as a function of elevated interleukin-6 levels.75 A
comprehensive review of the crosstalk between inflamma-
tion and coagulation is outside the scope of this review
(see Whyte and colleagues37). In this section, we focus
on mechanisms of fibrinolytic dysfunction in COVID-
19 (Fig. 1).
ARDS is one of the most dramatic and devastating com-

plications of COVID-19. It is well-known that ARDS
from other causes is associated with a local hypercoagulable
state within the lungs, leading to abnormal fibrin deposi-
tion and microthrombi development as an end result.76-79

Similar pathologic findings have since been described in
deceased patients with COVID-19 and ARDS.80-83 This
hypercoagulable state is mediated, at least in part, by tissue
injury and inflammation resulting in increased levels of tis-
sue factor production by alveolar macrophages and epithe-
lial cells,84 leading to thrombin generation and fibrin
deposition.37 Another significant mechanism contributing
to hypercoagulability in COVID-19 is endothelialitis.85-89

Postmortem analyses have demonstrated that SARS-
CoV-2 infects vascular endothelial cells directly, likely via
the angiotensin converting enzyme 2 receptor, resulting
in the presence of viral inclusion bodies in the lungs, liver,
kidneys, and small intestine.90,91 Endothelial invasion by
SARS-CoV-2 leads to disruption of the normal protective
endothelial glycocalyx, as evidenced by increased shedding
of glycocalyx proteins and decreases in the anticoagulant
heparanase-2, resulting in a transition from the normally
anticoagulant state during homeostasis to a relative pro-
thrombotic state.85,92,93 In patients with COVID-19,
plasmin might actually potentiate this hypercoagulable
state by increasing the virulence of the virus,94 resulting
in more immune-mediated tissue injury and higher levels
of circulating tissue factor and thrombin generation. Clin-
ical studies have corroborated these findings. Bouck and
colleagues95 described increased thrombin generation po-
tential and endogenous plasmin potential in patients
with COVID-19 compared with those with sepsis from
other causes. A separate study measured thrombin genera-
tion potential and anti-Xa levels in 48 ICU patients with
COVID-19 on anticoagulation and found thrombin gen-
eration potential within the reference range, despite
elevated anti-Xa levels.33 As the authors point out, this sug-
gests either a hypercoagulable state not affected by heparin
therapy or heparin resistance; however, they measured anti-
thrombin levels as well and these were within the reference
range, indicating that a hypercoagulable state despite anti-
coagulation was more likely. High median evoked
thrombin potential values have been described in patients
with COVID-19 up to 1 week after ICU admission.49

The local hypercoagulable state in the pulmonary alveoli
in ARDS is further exacerbated by an impaired fibrinolytic
response primarily mediated by overexpression of plasmin-
ogen activator inhibitor 1 (PAI-1) from endothelial cells and
activated platelets.93,96,97 We believe these mechanisms lead
to a state of fibrinolysis shutdown in these patients, which,
coupled with increased thrombin generation, lead to poor
outcomes, including ARDS and other markers of microvas-
cular thrombosis in other patient populations.25-28 Although
PAI-1 is likely the most potent antifibrinolytic mediator,
data from patients with interstitial lung disease have also
identified elevated thrombin activatable fibrinolysis inhibi-
tor (TAFI) and protein C inhibitor (also known as PAI-3)
levels in the alveolar space.37,98 These findings were also
noted during the related SARS-CoV epidemic in 2002.37

Markedly elevated PAI-1 levels have now been reported in
patients with COVID-19 as well, with some reports
describing levels up to 4-fold higher in patients with
COVID-19 compared with controls.39,49 This elevation in
PAI-1 levels in COVID-19 can be exacerbated by elevated
levels of circulating angiotensin II. It is now known that
the SARS-CoV-2 virus infects via the angiotensin convert-
ing enzyme 2 receptor, resulting in elevated levels of circu-
lating angiotensin II, given saturation of its endogenous
receptor. These elevated levels of angiotensin II can subse-
quently increase stimulation of PAI-1 production by endo-
thelial cells.37,99,100 In addition to higher PAI-1 levels,
Nougier and colleagues33 found markedly elevated circu-
lating tPA and TAFI levels in patients with COVID-19.
Despite elevated tPA, these patients were hypofibrinolytic,
suggesting that the higher levels of PAI-1 and TAFI likely
overwhelm the capabilities of tPA, leading to microvascular
fibrin deposition.
In summary, it is clear that the hypercoagulable state seen

in patients with COVID-19 is multifactorial and complex.
Increased thrombin generation potential mediated by virus-
induced tissue injury and expression of tissue factor leads to
profound hypercoagulability, which is exacerbated by a sig-
nificant state of fibrinolysis shutdown, mediated by overex-
pression of PAI-1 and TAFI. This overexpression
overwhelms the local capabilities of tPA and urokinase,
despite elevated circulating tPA levels and increased plasmin
generation potential.37,93,95 The balance between coagulation
and fibrinolysis is lost in patients with COVID-19. Howev-
er, knowledge of these mechanisms allows for the develop-
ment of treatment strategies targeted at this maladaptive
response to potentially improve patient outcomes.
THERAPEUTIC IMPLICATIONS OF FIBRINOLYSIS
SHUTDOWN IN COVID-19
As stated previously, there are several potential therapeutic tar-
gets within the coagulation system in patients with COVID-
19. In fact, there are currentlymore than 50 studies evaluating
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various anticoagulant and antifibrinolytic strategies listed on
ClinicalTrials.gov. We believe that a regimen with promise is
an antifibrinolytic strategy, given the available evidenceoffibri-
nolysis shutdown in this patient population. The use of antifi-
brinolytics for ARDS is not a new concept. In fact, Hardaway
and colleagues101 reported on the use of streptokinase in pa-
tients with severe ARDS in 2001. In this phase I clinical trial,
they found dramatic improvements in oxygen requirements
in patients with severe ARDS without significant bleeding
events. Although these findings are promising, the results
should be interpreted with caution, given the modest sample
size of only 20 patients in amixed cohort of trauma and sepsis,
which explains why the use of antifibrinolytic agents is not
currently standard of care in themanagement ofARDS.How-
ever, there havebeen several experimentalmodels that also sug-
gest a benefit of fibrinolytic therapy in ARDS.102

The use of tPA has since been proposed for patients
with severe ARDS from COVID-19.103 We believe the
potential benefit in patients with COVID-19 will result
from modifying the profound hypercoagulable/hypofibri-
nolytic response. To date, preliminary results show
improvement in PaO2/FiO2 ratios, although these re-
sponses have been transient in some, suggesting the po-
tential need for re-dosing, higher dosing, or the
addition of anticoagulant therapy in addition to
tPA.11,104-106 The study protocol107 has since been modified
to include some of these changes and is currently under-
way. We expect the results to be available in early 2021
(ClinicalTrials.gov Identifier: NCT04357730). Although
a significant impact on patient outcomes might be ex-
pected108 based on preliminary data, it is again critical
to rigorously study these interventions in large random-
ized trials before implementing them in the clinical realm
to ensure benefit and, more importantly, no harm.
Several other potential therapies targeting fibrinolysis

and endothelial dysfunction in patients with COVID-19
have been proposed or are currently underway. A complete
analysis of the merits of each of these therapies is outside
the scope of this review; however, suggested interventions
include combination atorvastatin, L-arginine, folic acid,
nicorandil, and nebivolol for endothelial dysfunction
(ClinicalTrials.gov Identifier: NCT04631536); tranexamic
acid (ClinicalTrials.gov Identifiers: NCT04550338,
NCT04338074, NCT04338126, and NCT04390217);
tissue factor inhibitors (ClinicalTrials.gov Identifier:
NCT04655586); and tenectaplase (ClinicalTrials.gov
Identifiers: NCT04505592 and NCT04558125).
CONCLUSIONS
The COVID-19 pandemic has arguably become the
largest public health threat in recent history with
profound morbidity and mortality. In addition to severe
ARDS, COVID-19 is associated with multiple other hy-
percoagulable events, including VTE, stroke, MI, and
multisystem organ failure. Clinical data have demon-
strated a significant hypercoagulable state with fibrinolysis
shutdown as a central component, mediated by elevated
circulating levels of antifibrinolytic factors like PAI-1
and TAFI. Therapeutic strategies leveraging these find-
ings, including the use of fibrinolytic agents, are currently
being investigated and show promise for improving pa-
tient outcomes.
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INTRODUCTION: “ENDOTHELIITIS”-INDUCED
IMMUNOTHROMBOSIS CAUSED BY
SARS-CoV-2 INFECTION
In this issue, in the review by Meizoso and colleagues,1 the
authors provide a pathophysiologic tour de force of the
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