
and analyzing data and information from
patients with rare or ultrarare diseases in
registries. A prospective global patient
registry (CADENCE) for patients with CAD
was just launched to further advance the
understanding of the clinical presentation,
natural history, and effective treatment of
this unique disease.9
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COVID-19 coagulopathy,
thrombosis, and bleeding
Noel C. Chan and Jeffrey I. Weitz | McMaster University

In this issue of Blood, Al-Samkari et al expand our understanding of throm-
bosis and bleeding risks and their predictors in hospitalized patients with
coronavirus disease 2019 (COVID-19).1

COVID-19, which is caused by severe
acute respiratory syndrome coronarvirus
2 (SARS-CoV-2), has spread across the

globe. Although most patients recover
within 1 to 3 weeks, COVID-19 has
already caused .100 000 deaths in the
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United States alone. SARS-CoV-2 enters
cells by binding to the angiotensin-
converting enzyme 2 receptor, which is
expressed on respiratory epithelial cells
and other cell types, including endo-
thelial cells. Unchecked viral replication
induces a florid host response charac-
terized by dysregulation of inflammation
and coagulation. Dysregulation of coag-
ulation produces a coagulopathy associ-
ated with hypercoagulability as evidenced
by venous and arterial thrombosis and
multiorgan dysfunction (see figure). Up to
20% of affected patients require hospi-
talization, and the mortality rate in such
patients is high.

The coagulopathy associated with COVID-
19 is characterized by mild thrombocy-
topenia, slight prolongation of the
prothrombin time, high levels of D-dimer,
and elevated levels of fibrinogen, factor
VIII, and von Willebrand factor. The levels
of D-dimer, a breakdown product of cross-
linked fibrin, correlate with disease se-
verity and predict the risk of thrombosis,
the need for ventilatory support, and
mortality.

Considerable evidence indicates that
COVID-19 is associated with a hyperco-
agulable state. Thus, despite anticoagu-
lant thromboprophylaxis, studies from

The Netherlands, France, and Italy have
reported rates of venous thromboem-
bolism (VTE) and arterial thrombosis
ranging from 15% to 30% in critically ill
patients with COVID-19 and;7% in those
admitted to medical wards.2-4 Clotting of
access catheters, dialysis membranes, and
extracorporeal circuits has also been re-
ported. Furthermore, in patients dying
from COVID-19, autopsy studies reveal
unsuspected deep vein thrombosis and
multiple thrombi in the vessels of the
lungs, kidneys, and other organs.5 These
findings have prompted some clinicians
to use treatment doses of heparin or low-
molecular-weight heparin instead of
prophylactic doses in critically ill COVID-
19 patients.

Despite the wealth of clinical information,
there are problems with the studies
available to date. These include their
mainly retrospective design, short follow-
up, and diagnostic bias because some
studies screened for VTE or included
suspectedbut unconfirmedevents,whereas
others did not. Furthermore, interpreta-
tion is complicated because (a) the criteria
for hospitalization of patients with COVID-
19 and for admission to intensive care
units vary, (b) treatments have evolved
over time, and (c) differences in comor-
bidities and care settings may influence

the rates of thrombosis. Therefore, more
data are needed.

To add to our knowledge base, Al-
Samkari et al report the results of a
multicenter retrospective study that in-
cluded 400 hospitalized patients diag-
nosed with COVID-19 between 1 March
and 5 April 2020 at 5 Partners Healthcare
institutions in Massachusetts. Rates of
thrombosis, bleeding, andmortality were
captured, and the prognostic value of
markers of inflammation (C-reactive pro-
tein, erythrocyte sedimentation rate, fer-
ritin, and procalcitonin) and coagulation
(D-dimer, fibrinogen, prothrombin time,
activated partial thromboplastin time, and
platelet count) measured at presentation
was examined.

Although some findings are confirma-
tory, the authors provide observations
that challenge previous data or provide
new information. Consistent with prior
reports, this study confirms that COVID-
19 is associated with an inflammatory
state and a coagulopathy that are asso-
ciated with high rates of venous and ar-
terial thrombosis, progression to critical
illness, and mortality. Of the 400 hospi-
talized patients, 144 patients (36%) be-
came critically ill, 38 patients (9.5%) had
confirmed or suspected venous or arterial
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Potential mechanism linking dysregulated inflammation and coagulation with thrombosis. SARS-CoV-2 infects respiratory epithelial cells by binding to the angiotensin-
converting enzyme 2 (ACE-2) receptor. Shed virus elicits an inflammatory response, which can be maladaptive in some cases leading to a cytokine storm mediated by
proinflammatory cytokines such as interleukin 1b (IL-1b), IL-2, IL-6, tumor necrosis factor (TNF), and granulocyte-macrophage colony-stimulating factor (GM-CSF). Proin-
flammatory cytokines and SARS-CoV-2 infection of the endothelium contribute to hypercoagulability by upregulation of procoagulants such as tissue factor (TF), P-selectin,
factor VIII (FVIII), fibrinogen, and von Willebrand factor (vWF); downregulation of anticoagulants such as thrombomodulin (TM) and endothelial protein C receptor (EPCR); and
modulation of fibrinolysis by increased expression of type 1 plasminogen activator inhibitor, and leukocyte recruitment. Finally, the hypoxia and immobility in hospitalized
patients with COVID-19 are potent triggers of thrombosis. Illustration created with BioRender.com.
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thrombotic events, and 19 patients (4.8%)
had documented VTE despite routine
anticoagulant thromboprophylaxis. Al-
though many of the markers of inflam-
mation and coagulation correlated with
clinical outcomes, D-dimer emerged as
the most useful. Thus, D-dimer levels over
2500 ng/mL, levels over 5 times higher
than the upper limit of normal, were as-
sociated with sevenfold, twofold, and
15-fold increases in the risk of throm-
bosis, progression to critical illness, and
mortality, respectively.

What are the new findings? First, the
7.6% rate of VTE in critically ill COVID-19
patients in this study is lower than what
has previously been reported and is more
in line with the rate of VTE found in
critically ill patients without COVID-19.6

Second, with anticoagulant thrombo-
prophylaxis, the authors report a rate of
major bleeding of 5.6% in critically ill
patients with COVID-19 and identify a
baseline platelet count below 1503 109/L
and D-dimer levels over 2500 ng/mL as
independent predictors of a threefold in-
crease in the risk of major bleeding.

The strengths of this study include
the relatively large sample size and the
comprehensive reporting of clinical out-
comes. However, like many previous
studies in patients with COVID-19, there
are limitations, including the retrospec-
tive design as well as the potential for
bias in case ascertainment and under-
estimation of VTE rates because of the
inability to image all critically ill patients
with suspected events.

The triggers responsible for COVID-
19–associated coagulopathy remain elusive.
Potential triggers include cytokine-induced
overexpression of tissue factor, endothe-
lial dysfunction with loss of its antith-
rombotic phenotype, stasis, and hypoxia
(see figure). This study confirms the cor-
relation between markers of inflammation
and coagulation and supports the concept
that inflammation is a major driver of the
hypercoagulable state. An inflammation-
driven hypercoagulable state has also
been reported in critically ill patients with
viral pneumonia caused by H1N1 or
SARS-CoV-1.7 The VTE rate in such pa-
tients ranged from 5% to 25%, which is
similar to the rates observed in patients
with COVID-19.8-10 Although intensified
anticoagulation regimens may reduce the
risk of a thrombotic event, the results of
this study raise the possibility that they

may increase major bleeding rates to
unacceptable levels in critically ill patients.
As the world waits for the second wave of
COVID-19, randomized trials comparing
anticoagulation dosing strategies are
urgently needed. Fortunately, several such
trials are under way.
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Too much TMAO
and GVHD
Eiko Hayase and Robert R. Jenq | The University of Texas MD Anderson Cancer
Center

In this issue of Blood, Wu and colleagues1 report that trimethylamineN-oxide
(TMAO), an intestinal microbiome-dependent metabolite, worsens graft-
versus-host disease (GVHD). They further found that TMAO induces M1
polarization of bonemarrow–derivedmacrophages via the nucleotide-binding
oligomerization domain–like receptor protein 3 (NLRP3). TMAO is produced
by hepatic processing of intestinal bacteria–derived trimethylamine (TMA)
following metabolism of certain dietary nutrients, including choline, lecithin,
L-carnitine, and g-butyrobetaine.

GVHD is an alloreactive, donor T-cell–
mediated inflammatory disease that oc-
curs often after allogeneic hematopoietic
stem cell transplantation (allo-HSCT) and
can involve the skin, liver, and gastroin-
testinal tract. The success of allo-HSCT
continues to be significantly limited by
GVHD, even though the field has seen
improvements in both prevention and

clinical management. Targeting intestinal
bacteria may be a promising novel ap-
proach to further improve allo-HSCT
clinical outcomes. A disrupted intestinal
microbiome, also knownasdysbiosis, occurs
frequently in allo-HSCT recipients and can
manifest as loss of obligately anaerobic
commensal bacteria, expansion of patho-
genic bacteria, and reduced microbiome
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