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The versatile heparin in COVID-19
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Coagulopathy in coronavirus infection has been shown to be asso-
ciated with high mortality with high D-dimers being a particularly
important marker for the coagulopathy.1 In the latest paper from
the same group, the use of anticoagulant therapy with heparin was
shown to decrease mortality as well.? This is especially so in pa-
tients (a) who have met the sepsis induced coagulopathy (SIC) cri-
teria = 4 (40.0% versus 64.2%, P = 0.029) compared to those with
SIC score < 4 (29.0% versus 22.6%, P = 0.419) or (b) with markedly
elevated D-dimer (greater than six-fold at the upper limit of normal).
In those with such marked elevation of D-dimer, approximately 20%
reduction in mortality with heparin was found (32.8% versus 52.4%,
P = 0.017).2% In this paper, however, only 99/449 patients had re-
ceived the prophylactic heparin. The authors explain this small num-
ber by the fact that consideration of anticoagulant therapy was only
made after pulmonary micro-thrombi were noted at lung dissection
from a critically ill patient, although this did assist the authors to ret-
rospectively analyze the difference in outcomes between patients
with and without receiving anticoagulant. So, how does this paper
impact the current management of COVID-19 patients? Low molec-
ular weight heparin (LMWH) at prophylactic dose should be consid-
ered in patients with markedly elevated D-dimers or high SIC score.
Anecdotal reports from lItaly suggest an increased risk of venous
thromboembolism in patients admitted to hospitals with COVID-19.
Clearly, prophylactic LMWH would benefit these patients. But may
there be other benefits with LMWH in patients with COVID-19?
Severe lung inflammation and impaired pulmonary gas exchange
in COVID-19 has been suggested to be due to upregulation of pro-in-
flammatory cytokines.* It may be argued that the marked elevation
in D-dimers may also be due to this intense inflammation stimulating
intrinsic fibrinolysis in the lungs and spilling into the blood.> Based
on the immuno-thrombosis model, which highlights a bidirectional
relationship between the immune system and thrombin genera-
tion, blocking thrombin by heparin may dampen the inflammatory
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response.® However, one of the better known non-anticoagulant
properties of heparin, its anti-inflammatory function, may also be
relevant in this setting. Several publications have demonstrated this
non-anticoagulant property and some of the described mechanisms
include binding to inflammatory cytokines, inhibiting neutrophil che-
motaxis and leukocyte migration, neutralizing the positively charged
peptide complement factor C5a, and sequestering acute phase pro-
teins.”° A systematic review concluded that in the clinical environ-
ment, heparin can decrease the level of inflammatory biomarkers
but urged the need for more data from larger studies.**

Acute respiratory distress syndrome (ARDS) is one of the com-
monest complications of COVID-19 infection. Activation of the
coagulation system has been shown to be relevant in the patho-
genesis of ARDS. Ozoline et al demonstrated that median plasma
concentrations of tissue factor and plasminogen activator inhibi-
tor-1 were significantly higher at day seven in patients with ARDS,
as compared to non-ARDS.Y? The mechanisms contributing to this
lung coagulopathy are localized tissue factor-mediated thrombin
generation, and depression of bronchoalveolar plasminogen acti-
vator-mediated fibrinolysis, mediated by the PAI-1 increase. 1213
Treatment with heparin may thus be helpful in mitigating this pul-
monary coagulopathy. A meta-analysis noted that adjunctive treat-
ment with LMWH within the initial 7-day onset of ARDS reduces
the risk of 7-day mortality by 48% and the risk of 28-day mortal-
ity by 37% in addition to significantly improving PaO2/FiO2 ratio
(the improvement is particularly important in the subgroup receiv-
ing high-dose LMWH of > 5000 units/d).* The possible need for a
higher dose was also noted in a study of critically ill patients with
sepsis who “failed” thromboprophylaxis.!®> Of the 42/355 (12.5%)
patients who developed a venous thromboembolism, ARDS was the
significant risk factor.’® In this context, because the coagulopathy
in ARDS may have commenced in the lungs (and in many cases, is
limited to it), nebulized anticoagulation would seem a reasonable
strategy. However, despite animal trials, this approach has not yet
found clinical utility.*
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The ubiquitous cell, the vascular endothelium, is often affected by
pathogenic invasion with the resulting endothelial dysfunction lead-
ing to organ failure. In addition to the pathogen, histones released
from damaged cells can also cause endothelial injury.l” Heparin can
antagonize histones and thus “protect” the endothelium.'®? This
protective function can be extended to the endothelial tight junc-
tions as demonstrated in a sepsis model, in which unfractionated
heparin could decrease lung edema and vascular leakage following
lipopolysaccharide-induced injury.?® Another mechanism is through
its effects on histone methylation and the mitogen-activated protein
kinase (MAPK) and nuclear factor kappa-light-chain enhancer of acti-
vated B cells (NF-xB) signal pathways.21 Thus, heparin can impact the
microcirculatory dysfunction and possibly decrease organ damage.

Endothelial dysfunction is well known to contribute to cardiac ef-
fects, another increasingly recognized complication of COVID.* Heparin
may also be helpful in microvascular dysfunction in cardiac failure be-
cause it has been postulated that ischemic hypoxia in the subendocar-
dial layer can make it lose its natural anticoagulant properties.?? A paper
published several years ago has also shown that heparin can reduce
myocardial inflammation and decrease collagen deposition in an animal
model of (chronic) myo':arditis.23 These cardiac benefits of heparin are
worth noting (and investigating) while treating COVID patients.

Anticoagulant
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Another intriguing concept is the antiviral role of heparin, which
has been studied in experimental models. The polyanionic nature of
heparin allows it to bind to several proteins and thus act as an ef-
fective inhibitor of viral attachment.?* For example, in the case of
herpes simplex virus infections, heparin competes with the virus
for host cell surface glycoproteins to limit infection and in Zika virus
infection, it prevents virus-induced cell death of human neural pro-
genitor cells.?#2 In an Italian study, the use of heparin at a concen-
tration of 100 pg/mL halved the infection in experimental vero cells
injected with sputum from a patient with SARS-associated CoV strain
pneumonia.?® A very recent online paper has used surface plasmon
resonance and circular dichroism and showed that the SARS-CoV-2
Spike S1 protein receptor binding domain interacts with heparin.27
But the clinical benefits in any of these viral infections are yet to be
determined.

In summary, there are several ways heparin can prove benefi-
cial in patients with COVID-19 (Figure 1). In this respect, the correct
dose of LMWH is a matter of immediate interest as a drug can only
be effective if administered in an effective dose. Although a prophy-
lactic dose may be adequate in most patients, it would be important
to consider a higher dose in individuals with high body mass index.

Other matters worthy of investigation are
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FIGURE 1 Possible impact of heparin in COVID-19



COMMENTARY

1022 | j.u.l

Should we consider a higher than prophylactic dose of LMWH
in those with extremely high D-dimers (eg, six to eight fold) at
admission?

Should an increase in dose of LMWH be considered in patients
who may need higher levels of ventilation (oxygen requirements)
or develop ARDS?

Should in vitro studies of anti-inflammatory functions, endothelial
protection, and viral inhibition with heparin be considered inde-

pendently of anticoagulant properties in the COVID scenario?

We are still learning how to adequately manage COVID but

the increasing experience shared by extremely dedicated and self-

less health-care professionals is sure to make us triumph over this

pandemic.
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