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COVID-19 PNEUMONIA:
THE POINT OF VIEW OF VASCULAR SPECIALIST

Luca Costanzo!, Simona Antonina Grasso?, Francesco Paolo Palumbos3,
Giorgio Ardita?, Luigi Di Pino¢, Pier Luigi Antignani’, Leonardo Aluigi¢,
Enrico Arosio?, Giacomo Failla!

1 Angiology Unit, San Marco Hospital, Department of cardiovascular disease,
AOQU Policlinico “G. Rodolico-San Marco”, University of Catania, Catania, Italy;
2 Department of Anesthesia and Intensive Care, San Marco Hospital,
AOU Policlinico “G. Rodolico-San Marco”, Catania, Italy;
3Surgery Unit, Villa Fiorita Clinic, Prato, Italy;

4 Cardiology and Angiology, Department of cardiovascular disease, C.A.S.T.,
A.O.U. “Policlinico-Vittorio Emanuele”, University of Catania, Catania, Italy;
5Vascular center, Nuova Villa Claudia - Rome, Italy;
¢ Angiology, Care Unit Villalba, Bologna, Italy;
7University of Verona, Verona, Italy

The development of coagulopathy is emerging as one of the most significant poor prognostic features in
COVID-19 pneumopathy. Thromboembolic manifestations such as pulmonary embolism and disseminated
intravascular coagulation (DIC) have been reported and resulted in poor prognosis for the patient.
Starting from the evidence in the literature, the purpose of this paper is to analyze potential mechanism
involved in coagulation impairment following COVID-19 infection and identify possible vascular thera-
peutic strategies.

D-dimer, a protein product of fibrin degradation, has been found elevated in the most severe cases and
correlated to mortality. Potentially involved factors in the impairment of coagulation caused by viral infec-
tion include the dysrequlated inflammatory response, platelet and endothelial dysfunction with impaired
fibrinolysis. Heparin is an anticoagulant molecule that also showed anti-inflammatory properties and a
potential antiviral effect. A favorable outcome was highlighted with the use of LMWH in severe patients
with COVID-19 who meet the SIC criteria (sepsis-induced coagulopathy) or with markedly high D-dimer.
The use of low molecular weight heparin could prevent thromboembolic complications in COVID-19 pneu-
mopathy. However, the correct timing of prophylaxis according to the stage of COVID-19 disease and the
appropriate therapeutic dosage to use in severe cases need further researches.
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Introduction. Recent studies have shown that
coagulopathy can occur during COVID-19 dis-
ease. Thromboembolic manifestations such as pul-
monary embolism [1] and disseminated intravas-
cular coagulation (DIC) [2] have been reported and
resulted in poor prognosis for the patient.

Starting from the evidence in the literature,
the purpose of this paper is to analyze potential
mechanism involved in coagulation impairment
following COVID-19 infection and identify pos-
sible vascular therapeutic strategies.

The interactions between inflammation and
coagulation

A correlation between inflammation and co-
agulation has been widely demonstrated: inflame-

mation can lead to an altered coagulation, with a
consequent imbalance between the pro- and anti-
coagulant state [3]. Several inflammatory cyto-
kines such as IL-6, IL-8, and tumor necrosis fac-
tor-alpha (TNF-o)) promote a procoagulant state
through the expression of the tissue factor with a
mechanism that includes the activation of endo-
thelial cells, platelets and leukocytes [4]. Further-
more, an increased release of histones and nucle-
osomes (DNA + histones), elements toxic to the
endothelium, has been shown in sepsis and other
inflammatory conditions. In contrast, activated
protein C inactivates histones protecting the en-
dothelium [5]. In response to the infection, extra-
cellular DNA fibers extruded by neutrophils
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(Neutrophil Extracellular Traps, NETS) are pro-
duced to allow neutrophils to trap and destroy in-
vading microorganisms. NETSs stimulate the for-
mation and deposition of fibrin in order to trap
microorganisms and control infection [6]. NETSs
also cause platelet adhesion and the link with
deep vein thrombosis occurrence has been shown
in some experimental models [7].

D-dimer is an epitope resulting from the plas-
min degradation of cross-linked fibrin. D-dimer el-
evates in several conditions such as thrombosis,
DIC and inflammation [8]. Notably, D-Dimer can
promote the inflammatory cascade by activating
neutrophils and monocytes, inducing the secretion
of some inflammatory cytokines such as IL-6 [9].

Coagulation and viral infection

In several viral infections, a reduced platelet
function as well as reduced platelets production
or destruction has been documented phenome-
non. Thrombocytopenia often occurs in both
hemorrhagic and non-hemorrhagic viral infec-
tions. In most cases, thrombocytopenia is caused
by autoimmune antibodies against platelets.
Other mechanisms include increased platelet ad-
hesion and activation resulting in platelet con-
sumption and bone marrow infection that directly
affects megakaryocytes and thus platelet produc-
tion [3]. In SARS-CoV infection, thrombocytope-
nia caused by autoantibodies, presence of high
levels of von Willebrand factor in the blood [10]
and activation of the coagulation cascade with fi-
nal generation of fibrin have been described [11].
Fibrin clots in the alveoli are an important feature
of SARS-CoV infection in humans and mice. The
goal of this coagulation response is probably to
protect the host by sealing the alveoli, preventing
edema and alveolar hemorrhages, but limiting the
exchange of oxygen [12].

Markers of impaired coagulation in viral in-
fection

A procoagulative state can be evidenced
through an increase in the levels of coagulation
proteins. Increased levels of fibrinogen, D-dimer,
thrombin-antithrombin complexes and / or plas-
min-alpha-2-antiplasmin complexes and thrombo-
modulin have been found in respiratory tract infec-
tions, influenza and SARS-CoV infection. Further-
more, an increase in the levels of the plasminogen-
1 activator inhibitor, suggestive of impaired fibri-
nolysis, was also reported [3]. Recently, Tang and

collaborators reported in 15 (71.4 %) deaths for
COVID-19 alterations in laboratory parameters
that fulfil the diagnostic criteria of the International
Society on Thrombosis and Haemostasis for DIC
[2]. In particular, in the final stage of disease, the
authors found high levels of D-dimer and products
of the degradation of fibrinogen.

Viral infection and coagulopathy

Either bleeding or thrombosis phenomena
have been described as complication in several vi-
ral infections. An exaggerated response to the in-
fection may even lead to intravascular coagula-
tion disseminated with the formation of microvas-
cular thrombi in various organs [13]. Respiratory
tract infections increase the risk of deep vein
thrombosis and pulmonary embolism. In the
HAN1 flu epidemic (swine flu), both thrombotic
and hemorrhagic complications such as deep vein
thrombosis, pulmonary embolism and pulmonary
hemorrhage with hemoptysis, hematemesis, pete-
chial rash, and a case of diffuse petechial cerebral
hemorrhage have been reported [3]. The occur-
rence of disseminated intravascular coagulation,
pulmonary hemorrhage and thrombocytopenia
has been reported in avian influenza (H5N1) in
several patients [14]. In the SARS infection in-
duced by a coronavirus, the clinical picture re-
lated to coagulation consisted of vascular endo-
thelial damage in small and medium-sized pulmo-
nary vessels, disseminated intravascular coagula-
tion, deep vein thrombosis and pulmonary throm-
boembolism [11].

Recently, Tang and collaborator reported a
consumption coagulopathy in advanced stage of
Covid-19 pneumopathy. Development of DIC re-
sults when monocytes and endothelial cells are
activated to the point of cytokine release follow-
ing injury, with expression of tissue factor and se-
cretion of von Willebrand factor. Final result is
circulation of free thrombin that can activate
platelets and stimulate fibrinolysis [2].

Rationale for the use of heparins in Covid-19
infection

Heparins are anticoagulant drugs currently
used for the prophylaxis and therapy of venous
thromboembolism and are classified according to
their molecular weight [15]. Heparin indirectly
exerts its anticoagulant properties by binding re-
versibly antithrombin 111 (AT) amplifying its sub-
sequent inhibitory effect on activated factor X and
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thrombin (factor Xa) [16, 17]. Only UFH contain-
ing at least 18 saccharide sequences can influence
the action of AT on thrombin; however, UFH
fragments of any length containing a unique pen-
tasaccharide sequence can inhibit the action of
factor Xa. This feature has been exploited by
pharmacological research for realization of low
molecular weight heparins (LMWH) [18].

Fondaparinux, a synthetic analogue of the
pentasaccharide sequence, has longer half-life
than LMWH and does not interact with platelets
[19]. Fondaparinux binds reversibly to AT to pro-
duce an irreversible conformational change that
enhances its reactivity with factor Xa. This results
in inhibion and depletion of factor Xa which in
turn inhibits thrombin generation in the coagulat-
ing signal transduction pathway. Notably, this
molecule is characterized by therapeutic coverage
in the 24-h and non-interference with platelets.
Currently, is indicated for the prophylaxis and
treatment of venous thromboembolism [20].

Heparin also exhibits anti-inflammatory
properties [21]. Although still to be fully clarified,
some of the proposed mechanisms include bind-
ing with inflammatory cytokines, inhibition of
neutrophil chemotaxis and leukocyte migration,
neutralization of complement factor C5a and se-
questration of acute phase proteins such as P-se-
lectin and L-selectin and induction to cell apopto-
sis through TNF-a and NF-xB pathways [22, 23].
The ubiquitous endothelial cell is often affected
by pathogenic invasion with consequent dysfunc-
tion. In addition, histones released from damaged
cells may also be responsible for endothelial in-
jury [5]. Heparin can antagonize histones and thus
"protect” the endothelium [24, 25]. Another
mechanism is through its effects on histone meth-
ylation and on the MAPK and NF-«B signal path-
ways [26]. Therefore, heparin can protect from
microcirculatory dysfunction and possibly de-
crease organ damage.

Another interesting concept is the potential
antiviral role of heparin, which has been studied
in experimental models. The polyanionic nature
of heparin allows it to bind to different proteins
and therefore act as an effective inhibitor of viral
adhesion [27]. For example, in the case of herpes
simplex virus infections, heparin competes with
the host cell surface glycoprotein virus to limit in-
fection and in Zika virus infection prevents cell vi-

rus-induced cell death human neural progenitors
[27, 28]. Furthermore, the use of heparin at a con-
centration of 100 mcg/mL halved the infection in
experimental cells contaminated with sputum from
a patient with SARS-CoV pneumonia [29].

In a recent work, surface plasmon resonance
and circular dichroism have been used and it has
been shown that the binding domain of the Spike
S1 SARS-CoV-2 protein receptor interacts with
the heparin [30].

Finally, in the recent report by Tang and col-
laborators, a favorable outcome was highlighted
with the use of LMWH in severe patients with
COVID-19 who meet the SIC criteria (sepsis-in-
duced coagulopathy) or with markedly high D-di-
mer [31, 32]. Of 99 patients treated with heparin
for at least 7 days, in almost all patients (n=94) a
dosage of 40/60 mg die of enoxaparin subcutane-
ously was used while in 5 patients unfractionated
heparin was administered (10000-15000 U/day).

Considerations and possible therapeutic im-
plications

The growing evidence puts the emphasis on
an involvement of the coagulation system due to
inflammation in COVID-19 pneumopathy. Alt-
hough the data are still numerically insufficient to
establish what the appropriate therapeutic regi-
men may be, the addition of heparin can have a
favorable impact in COVID-19 infection disease
progression. The reported data show that in most
cases the infection has an asymptomatic course.
The use of heparin is probably unnecessary in this
population. However, in case of the onset and per-
sistence of respiratory symptoms, even in patients
in isolation at home, it is considered useful to start
a prophylaxis with low molecular weight heparin
(LMWH) or with Fondaparinux if renal function
is preserved (creatinine clearance >50 ml/min).
Should the patient develop a progressive worsen-
ing of respiratory symptoms in association with
the increase in coagulation markers, therapy with
LMWH should be carried out at therapeutic / sub-
therapeutic doses taking into account clinical
characteristics and hemorrhagic risk of patient. In
advanced states, as powerful intravascular gener-
ation of thrombin occurs, unfractionated heparin
could have a role. Furthermore, in these patients,
careful monitoring of the coagulation parameters
is necessary due to the possible evolution in DIC
in the end stage of the disease [2].
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ITHEBMOHM/JI 11PV1 COVID-19:
B3I O COCYONCTOI'O XPYPTA

JIyka Kocrarno!, Cumona AnroHnHa I'pacco?, @panuecko ITaosxo ITaxym603,
Moxopmxuo Apantal, JIynaxu v ITnno?, Isep Jlynmxu AHTMHBAHMS,
JIeonapmo Amyumxn®, DHpUKO Apo3no’, [Ihkakomo ®arial

1 Otnenenue arrvosnoruyt 6ompHMITE CaH-MapKo, oTIenreHme cepaeuHO-COCYAVCTBIX 3a00IIeBaHMIA,
noymkmHuKa Pogonmko-Can-Mapko, Karanuiickii yausepcurert, r. Katanmws, Vtaymss;
20rnerneHne aHeCTe3UM Y MHTEHCUBHO Teparmv OopHMITE CaH-Mapko,
nommxHuKa Pogoiiko-Can-Mapko, 1. Katanms, Vtamns;

3 OnepanmoHHOe oTHe/IeHVe KIVMHUKY Brwuia @uopura, 1. [IpaTo, Utamnsg;

4 Kapamorornst v aHrosIorsl, OT/aeIeHne CEPIeYHO-COCYAVCTBIX 3a00IIeBaH,
HoMKIVHMKa Burropmo DManyane, Katanuiickun yausepcurert, r. Katanws, Vrammsg;

5 Cocyauctem tenTp, Hyosa Bivia Kitayana, r. Puwm, Vitamms;

6 Aurmostorus, MenummHckoe oTrnerteHme BrouianOa, r. bomouss, Vtamis;

7 YausepcureT Beponsl, . Bepona, Mrams

O0num us naubosee HebAdONPUAMHBIX NpOeHOCTIUtecKUX npusHaxo8 nnebmonamuu npu COVID-19 s6-
asemcsa pasbumue koazysonamuu. Y nayuenmob ¢ COVID-19 nabaodasucs npusHaxu mpomoosmbosuu,
Hanpumep mpombosmbosua seeouroi apmepuu u JIBC-cunopom, umo Heeamubro ckasvibaioct Ha 300po-
Bve nayuenma.

Leavto uccaedoBarus A6aaemca aHaiu3 NOMEHYUAALHO20 MeXAHUsMA Hapyulenus cBepmuiBanus kpobu
y nayuenmob, nepenecuiux COVID-19, u onpedeseruie Bo3smoxHbix mepanebmuneckux cmparieeu.
Buito obHapykero, umo y nayuenmob ¢ maxeaoi popmoti 3abosebanus ypoberv D-Oumepa, beakoBoeo
npodykma pacnada pubpuna, nobviuier u Hanpamyo 63aumocbasan co cmepmuocmeio. K hakmopam, 6au-
AOWUM HA HApYUlenue Koayasyuu, Gvis6annotl BupycHotl ungexyueil, omHocamea neynpabasemoiii Goc-
nasumeAbHbiil npoyecc, MpoMooYUmMapHas u IH00MeAUarsHas OUChyHKYyUA ¢ Hapyuienuem Gubpuno-
AU3A.

Tenapum, ABAAACy NPAMbIM AHMUKOAZYAAHINOM, makxe obaadaem npomubobocnasumensvimiu c6ou-
cmbamu u Bvipaxkertvim npomuBoBupycHuim sgpgpexmom. baaeonpuammpii ucxod nabatodasca npu uc-
104b308anuY HUSKOMOAEKYASAPHO20 2enapuna Y msxeavix nayuenmo c COVID-19 c koaeysonamueil, Bvi-
36annoi cencucom, uau Bvicokum ypobrem D-Oumepa.

Vcnoav3obaniie HUSKOMOAEKYAAPHO0 2eNAPUHA MOXKern npedomBpamums mpombosmbosuteckue 0CA0K-
Henus nHebmonamuu Yy nayuenmob ¢ COVID-19. Tem He menee mouoe Bpems npogpurakmuku 8 3a6u-
cumocmu om cmaduu 3aboreBanus COVID-19 u coombemcmByiowyan mepanebmuueckasn 003upobia, Ko-
mopas mosxern ObimMb UCHO0Ab30BAHA B MAKEAbIX CAYHAAX, MpedYIom 0aIbHeIUUX UCCAC00BAHUIL.

KaroueBoie cro8a: COVID-19, nnebmonus, mpombos, xoaeysonamus, D-Oumep, HUSKOMOAEKYAAPHDLIL
eenapu.
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