The European Research Journal 2021;7(2):209-217 Review

Pulmonary Diseases

DOI: 10.18621/eurj.830973
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ABSTRACT

It has been observed that patients with COVID-19 infection may develop acute pulmonary embolism, acute
myocardial infarction, limb thrombosis, and venous and/or arterial thrombosis, including central nervous
system. Thrombosis formation in COVID-19 patients can be explained by the virchow triad. Severe Acute
Respiratory Syndrome-Coronavirus-2 (SARS-CoV-2) can directly attack vascular endothelial cells, causing
excessive activation of the immune system and cytokine storm, causing thrombosis. Increased prothrombotic
factors such as antiphospholipid antibodies, elevated factor VIII, high fibrinogen, circulating prothrombotic
microparticles, neutrophil extracellular traps have been reported in COVID-19 infection. It has been argued
that complement-mediated endothelial damage, increase in pro-inflammatory cytokines such as interleukin
(IL)-1, IL-6, IL-8 and interferon-y may be the cause of thrombosis. Autopsies of patients with COVID-19
revealed that the causes of death were pneumonia and pulmonary embolism. When monitoring COVID-19
patients, platelet, prothrombin time (PT) and activated partial thromboplastin time (aPTT), fibrinogen and D-
dimer monitoring should be initiated every 1-2 days, especially in critically ill patients. High D-dimer levels
are associated with high mortality; may indicate infection/sepsis, cytokine storm, and impending organ failure.
Disseminated intravascular coagulation (DIC) may be seen in COVID-19 patients, but unlike DIC, fibrinogen
is usually high. Clotting times and platelet counts are usually normal. Therefore, it is appropriate to use sepsis-
induced coagulopathy (SIC) criteria in the follow-up of COVID-19 patients. Infected areas related to pulmonary
embolism can be seen as radiological appearance. Some patients may have enlarged subsegmental pulmonary
vessels. Treatment of the underlying disease is the most important treatment for all coagulopathies. Patients
with venous thromboembolism, inpatient medical, surgical, and COVID-19 therapy should receive
anticoagulant therapy unless there is a contraindication to anticoagulation (for example, active bleeding or
severe bleeding within the previous 24 to 48 hours).
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oronavirus disease-19 (COVID-19) caused by
Severe Acute Respiratory Syndrome-Coron-
avirus-2 (SARS-CoV-2) is a potentially fatal disease.
Many mechanisms can be involved in mortality. One

of them is disseminated intravascular coagulation
(DIC) caused by coagulopathy caused by SARS-CoV-

2 [1-3]. This condition has been called thromboinflam-
mation or COVID-19-associated coagulopathy by
some experts [4, 5].

There are few studies on the state of hypercoagu-
lability caused by COVID-19. Experience comes
mostly from research on SARS, Middle East respira-
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tory syndrome (MERS), and the influenza virus. Stud-
ies have shown that severe COVID-19 patients are
usually complicated with coagulopathy and most of
the deaths have DIC [1]. It has been observed that pa-
tients with COVID-19 infection may develop venous
and/or arterial thrombosis, including acute pulmonary
embolism (PE), acute myocardial infarction, extremity
thrombosis, and central nervous system [6].

PHYSIOPATHOLOGY

It has been suggested that the pathophysiology of
akut PE is different from classical pulmonary throm-
boembolism and that thrombosis occurs locally in the
lung vessels due to a local inflammatory process in-
stead of the classical embolism from another part of
the body [7]. Since the pathophysiology of thrombotic
disease is different, it may be questioned whether the
akut PE standard therapy (prophylactic or therapeutic)
with low-molecular-weight heparin (LMWH), direct
oral anticoagulants or vitamin K antagonist is suffi-
cient. Thrombosis formation in COVID-19 patients
can be explained by the virchow triad. SARS-CoV-2
protein, which causes viral pneumonia and inflamma-
tory storm (cytokine storm) and DIC, infects human
cells through angiotensin-converting enzyme 2
(ACE2). ACE2 is found in alveolar epithelial cells, ar-
terial endothelial cells, small intestine epithelial cells,
and immune tissues [8]. SARS-CoV-2 can activate the
coagulation system by directly attacking vascular en-
dothelial cells. SARS-CoV-2 can also activate the nat-
ural immune system after it enters the body.
Overactivation of the immune system can cause cy-
tokine storms, damage the microvascular system, ac-
tivate the coagulation system while inhibiting
fibrinolysis and anticoagulation systems. The RAAS
pathway is activated by binding the virus to ACE2 and
causing a decrease in enzyme expression. RAAS acti-
vation; With thrombocyte adhesion and aggregation,
there is a theoretical risk of pulmonary embolism, pul-
monary hypertension and fibrosis. It is known that the
coagulation pathway can be activated by the contact
system and the kallikrein/kinin system (KKS) [9].
Since KKS SARS-CoV-2 is dysregulated by the bind-
ing of type II pneumocytes to the ACE2 receptor, this
may be a reasonable mechanism for the stated inter-
action between COVID-19 and pulmonary vessel

thrombosis [10]. Prothrombotic factors such as circu-
lating antiphospholipid antibodies and elevated factor
VIII, high fibrinogen, circulating prothrombotic mi-
croparticles, neutrophil extracellular traps (NETs)
have been reported in patients with severe COVID-19
[11,12].

Antiphospholipid antibodies that can prolong ac-
tivated partial thromboplastin time are common in
viral infections. However, it is usually temporary and
does not always mean that the risk of thrombosis in-
creases [13, 14]. The induction of antiphospholipid
syndrome (APS) by viral infection can be explained
by a series of endothelial damage, platelet activation
and thrombosis formation mediated by antiphospho-
lipid antibodies. APS can present as catastrophic APS
in many patients. Catastrophic APS and DIC are clin-
ically similar and differential diagnosis can be diffi-
cult.. APS  manifests itself with  more
hypercoagulability tendency. Diagnosis depends
mainly on the measurement of antiphospholipid anti-
bodies.

Interleukin (IL)-6 is an important factor involved
in the cytokine storm induced by SARS-CoV-2. IL-6
stimulates the liver to produce more thrombopoetin
and fibrinogen [15]. Complement-mediated endothe-
lial damage may also contribute to hypercoagulability
[16]. Most cases of sepsis COVID-19 pneumonia meet
the Sepsis Third International Consensus Criteria (sep-
sis-3) [17]. Besides endothelial damage with comple-
ment activation seen in sepsis, inflammatory and
microthrombotic pathway activation predisposes to
thrombosis and leads to DIC. The dysfunction of en-
dothelial cells induced by infection results in excessive
thrombin production and inhibition of fibrinolysis.
This causes hypercoagulability in the infected patient,
such as COVID-19 [18, 19]. Complement activation
not only causes direct endothelial damage, but also in-
volves leukocytes with the formation of C3a and C5a,
which are responsible for the local release of pro-in-
flammatory cytokines such as interleukin IL-1, IL-6,
IL-8 and interferon [20]. The resulting excessive host
immune response lymphocytes, resident macrophages,
monocytes and neutrophils cause strong pro-inflam-
matory response, causing severe collateral tissue dam-
age, excessive vascular endothelial and alveolar
epithelial cell damage. In addition, they cause mi-
crovascular thrombosis [21, 22]. In the late stages of
acute respiratory distress syndrome (ARDS), the pro-
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gression of endothelial damage with microvascular
thrombosis may spread from the lung and affect the
microvascular bed of the kidneys, brain, and other
vital organs [23]. This progressive state may involve
alveolar macrophage, complement activation lectin,
the brain and other vital organs, and may contribute to
multiple organ failure. This condition is called En-
dothelial Thromboinflammatory Syndrome. In addi-
tion, this excessive inflammatory response causes
progressive worsening of ventilation / perfusion im-
balances, loss of hypoxic vasoconstriction reflexes,
and microvascular pulmonary thrombosis, in addition
to the functional effects of ARDS pathogenesis [24].
In addition, hypoxia observed in severe cases of
COVID-19 not only increases blood viscosity, but also
stimulates thrombosis through a signaling pathway de-
pendent on hypoxia-induced transcription factors
(HIF) [25].

COVID-19 AUTOPSY CASES

Autopsy studies of patients with COVID-19 re-
vealed that the common causes of death were pneu-
monia and PE [16, 26]. In another recently published
autopsy study, vascular congestion and edema in the
alveolar septum, mononuclear and lymphocyte infil-
tration, thrombus in small vessels and capillaries, vas-
cular endothelial and intimal damage in the
cardiovascular system, and microthrombus in the liver
portal region have been demonstrated, which causes
COVID-19 to thrombosis in many organs. show that
it can cause [27, 28]. In 18 postmortem patients with
COVID-19, all cases with deep vein thrombosis
(DVT) were reported to have bilateral leg involvement
and none of them were suspected before they died.
These patients were older, obese male patients with
diabetes mellitus and/or cardiovascular disease.

LABORATORY

While monitoring COVID-19 patients, platelet,
prothrombin time (PT) and activated partial thrombo-
plastin time (aPTT), Fibrinogen and D-dimer moni-
toring should be initiated every 1-2 days with
diagnosis in critically ill patients. Table 1 and Table 2
show the laboratory parameters to be monitored in

COVID-19 infection [29].

In a study, it was observed that acute extremity is-
chemia can develop in patients with COVID-19, es-
pecially when D-dimer levels are high [30]. High
D-dimer levels at admission are associated with high
mortality; may be a marker of infection/sepsis, cy-
tokine storm and impending organ failure [31]. There-
fore, hospital admission of patients with significantly
higher D-dimer levels should be considered even in
the absence of other signs of violence [32]. Schisto-
cytes can be seen in peripheral smears of patients with
COVID-19 infection. Increases in lactate dehydroge-
nase, ferritin, C-reactive protein, D-dimer and Inter-
leukin seen in COVID-19 disease indicate that the
disease is pro-inflammatory and prone to hypercoag-
ulability [3]. Other diagnostic tests commonly per-
formed in patients are prothrombin time and platelet
count. Thrombocytopenia is generally considered an
indicator of sepsis mortality. An increase in thrombo-
cytopenia greater than five times has been associated
with an increased risk of severe COVID-19 disease.
In addition to the platelet count, PT and D-dimer lev-
els, it may be useful to determine the serum fibrinogen
level as recommended in the DIC guidelines of the In-
ternational Society for Thrombosis and Hemostasis
(ISTH). The significant increase in D-dimer, fibrin
degradation products in patients in the state of is-
chemia supported the prediction that multiple mi-
crothrombosis occurs in the body. Experience with
monitoring PT, D-dimer, platelet count, and fibrinogen
levels for septic coagulopathy suggests that it can be
helpful in determining the prognosis in patients with
hospitalized COVID-19. If these parameters deterio-
rate, more aggressive critical care support may be re-
quired [33-35]. Coagulopathy in COVID-19 patients

Table 1. Laboratory values

Test Result Comment

Platelets <100.000/uL Sepsis, high mortality
< 150.000//uL Severe illness

PT >3 sec increase  Intensive care patient

aPTT > 5 sec increase

Fibrinogen < 150 mg/mn High mortality

D-dimer x4 increase High risk patient

PT = prothrombin time, aPTT = activated partial

thromboplastin time
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Table 2. Evaluation of coagulopathy in COVID-19 infection

Respiratory Failure

Organ Failure

COVID-19 Infection
Fibrinogen, D-Dimer
(partial increase)

D-Dimer, PT (severe

DIC

PLT - decrease,
PT - severe increase

pre-DIC

increase)

DIC = disseminated intravascular coagulation, PT = prothrombin time

emerges on an average of 7 days. Decreased an-
tithrombin-3 levels have been observed in patients, but
this is very rare and routine monitoring is not recom-
mended. Plasma tissue factor and plasminogen activa-
tor inhibitor-1 was found to be higher in patients with
ARDS than in patients with no development [36]. The
hypercoagulant status associated with COVID-19
meets the DIC criteria published by ISTH in 2009
(Table 3) [29, 33]. However, the most important clin-
ical finding in COVID-19 is thrombosis, and the most
important finding in acute decompensated DIC is
bleeding. There are many laboratory findings similar
to COVID-19 DIC. D-Dimer is significantly in-
creased, mild thrombocytopenia may be seen. How-
ever, other coagulation parameters in COVID-19 are
different from DIC. Unlike DIC in many COVID-19
patients, fibrinogen is usually elevated and clotting
times and platelet counts are generally normal. PT and
aPTT are normal or slightly prolonged in patients with

Table 3. ISTH DIC criteria

Variable Value Score

Thrombocyte x 109/L > 100 0
50-100 1
<50 2
D-Dimer (ng/mL) <400 0
400-4000 2
> 4000 3
Prolonged PT <3sn 0
3-6 sn 1
> 6 sn 2
Fibrinogen g/L >1 0
<1 1

A score of > 5 suggests DIC. DIC = disseminated

intravascular coagulation, ISTH = International Society for
Thrombosis and Hemostasis, PT = prothrombin time

COVID-19 infection, normal or increased platelet
count, increased fibrinogen, increased D-Dimer val-
ues, Factor VIII activity increased, VWF antigen
greatly increased, antithrombin and free protein S low
protein C was found to be slightly increased. It sug-
gests that the consumption of coagulation factors does
not occur in COVID-19 [11]. In contrast, acutely de-
compensated DIC is associated with low fibrinogen
due to consumption of coagulation factors. In one of
the large series in which thromboembolic events were
reported, none of the patients developed DIC [6].
Typically, bleeding is predominant in acute de-
compensated DIC. Thrombosis is predominant in
chronic compensated DIC. Sometimes both situations
can happen together. Therefore, the development of
hypercoagulable in patients with COVID-19 is more
similar to compensated DIC. However, in COVID-19,
the platelet count and aPTT are usually normal. DIC
definition of ISTH scoring system is based on labora-
tory findings and is designed for use only in patients
with an underlying condition known to be associated
with DIC [33]. A score of 5 or more indicates that DIC
is possible. Despite this, DIC is diagnosed clinically.
There is no gold standard or specific test in the diag-
nosis of DIC [33]. ISTH proposed a new category of
sepsis-associated DIC, called sepsis-induced coagu-
lopathy (SIC), which defines a stage earlier than DIC
(Table 4) [29, 37]. Since the decrease in platelet count
and PT prolongation are associated with increased

Table 4. Sepsis induced coagulopathy (SIC)
criteria

Score 0 1 2
PT <1.2 >1.3 >1.4
Thrombocyte x 109/L > 150 <150 <100
Total 0 1 >2

Note:> 4 points makes SIC think. PT = prothrombin time
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mortality, and hypofibrinogenemia is not common in
sepsis, ISTH has previously confirmed the usefulness
of this simple score, as it has developed SIC criteria
to guide anticoagulant therapy [35]. In a study con-
ducted by Tang et al. [38], it was shown that routine
prophylactic use of heparin in patients with SIC score
>4 and D-Dimer > 3.0 mg/L decreased mortality.

RADIOLOGY

In patients with COVID-19 infection, atypical
findings were observed along with typical findings
such as peripheral ground glass, consolidation in tho-
rax CT [39, 40]. Infected areas related to PE can be
seen in thorax CT. In some patients, enlarged subseg-
mental pulmonary vessels can be seen [41, 42]. Dual
energy CT imaging can be used to detect lung perfu-
sion defects. Although PE has not been observed in
many COVID-19 infections, striking perfusion abnor-
malities that have not been previously identified have
been recorded [39].

In patients with COVID-19 pneumonia, increased
perfusion in the areas of lung opacity and proximal
lung areas and decreased perfusion in the peripheral
lung areas were observed. This may be due to the rel-
ative insufficiency of physiological hypoxic pul-
monary vasoconstriction and pulmonary vascular
dilatation due to excessive activation of inflammation.
Perfusion abnormalities suggest an intrapulmonary
shunt towards regions where gas exchange is impaired

with pulmonary vascular dilatation. As a result, venti-
lation-perfusion mismatch worsens and hypoxia de-
velops.

TREATMENT

Treatment Indications

The most important treatment for all coagu-
lopathies is the treatment of the underlying condition.
Patients with VTE, inpatient medical, surgical, and
COVID-19 therapy should receive anticoagulant ther-
apy unless there is a contraindication to anticoagula-
tion (active bleeding or severe bleeding within the
previous 24 to 48 hours). All patients with COVID-19
should receive thromboprophylaxis, especially in the
intensive care unit. Even in the absence of VTE, it
would be appropriate to use moderate or therapeutic
dose anticoagulation in severely ill patients. Some
people without VTE should also receive prolonged
thromboprophylaxis after discharge from the hospital.
People with other risk factors such as immobilization,
surgery, or trauma should use prophylactic anticoagu-
lation after discharge. The risk of bleeding needs to be
included in the decision-making process. In patients
with COVID-19 who do not require hospitalization,
thromboprophylaxis treatment may also be appropri-
ate, especially for those with previous VTE or other
thrombotic risk factors such as recent surgery, trauma
or immobilization. It will be more correct for the cli-
nician to make this decision. There is no study ad-

Table 5. Anticoagulant therapy in COVID-19 patients

1. High suspicion of acute thromboembolism- AMI, acute massive PE, DVT in extremity, arterial
thrombosis- Thrombolytic therapy, anticoagulant should be given in therapeutic dose.

2. High suspicion of acute thromboembolism- AMI, acute massive PE, DVT in extremity, no arterial
thrombosis- anticoagulant should be given at therapeutic dose.

3. Suspected acute thromboembolism can be low-anticoagulant therapy, patient-anticoagulant therapy
continued or short-acting parenteral drugs can be switched.

4. Low suspicion of acute thromboembolism - patient not receiving anticoagulant treatment - being treated
in hospital intensive care unit - anticoagulant (prophylactic, at therapeutic dose).

5. Low suspicion of acute thromboembolism - patient not receiving anticoagulant therapy - receiving
treatment in hospital ward - prophylactic LMWH, Unfractionated heparin, fondaparinux.

6. Low suspicion of acute thromboembolism - patient not receiving anticoagulant treatment - not receiving
hospital treatment - prophylactic anticoagulation should be given if the risky group.

AMI = acute myocardial infarction, DVT = deep venous thrombolism, LMWH = low molecular weight heparin, PE =

pulmonary embolism

213



Eur Res J 2021;7(2):209-217

COVID-19 and hypercoagulability

Table 6. Coagulopathy treatment in COVID-19 patients

1. Thrombosis prophylaxis in patients with 1st D-dimer < 1000 ng/ml
a- CrCl > 30 ml/min, BMI < 40 kg/m*: Enoxaparin 40 mg/day.
BMI > 40 kg/m*: Enoxaparin 40 mg 2x1 SC, BMI < 40 kg/m?: Enoxaparin 40 mg/day SC
b- CrCl < 30 ml/min: Standard heparin 5000 U SC 2x1 or 3x1 or Dose reduced low molecular

weight heparin is recommended.

2. D-Dimer > 1000 ng/ml or patients with severe illness

Enoxaparin: 0.5 mg/kg SC every 12 hours.

a- CrCl <30 ml/min: Standard heparin 5000 U SC 2x1 or 3x1 or dose reduced low molecular

weight heparin recommended.

3. Patients with a previous history of atrial thrombosis or venous thrombosis
(No change if taking more than 90 days, heparin in therapeutic dose is recommended if taking it for less

than 90 days).

BMI = body mass index, CrCl = creatinine clearance, SC = subcutaneous

dressing thromboprophylaxis for patients in this cate-
gory with COVID-19. Anticoagulant treatment in
COVID-19 patients is summarized in Table 5 and
Table 6 [43]. LMWH is the basis of treatment. How-
ever, heparin treatment should be avoided in cases
where there are contraindications such as active bleed-
ing, thrombocytopenia, HIT and heparin-induced al-
lergy. In these cases, an alternative agent such as
fondaparinux can be used.

Treatment Time

The duration of heparin prophylaxis should be de-
cided based on the patient's thrombosis risk, mobiliza-
tion, and returning of inflammation markers to normal
levels. Individuals with documented VTE should re-
ceive anticoagulation therapy for at least three months.
Among the post-discharge prophylaxis options, there
are studies suggesting the use of 10 mg rivaroxaban
daily for 31-39 days [4].

Treatment Success

In evaluating the effectiveness of heparin therapy,
aPTT, ACT, AntiFXa, AT-3 and platelet levels should
be monitored. A significantly better prognosis was ob-
served with LMWH and anticoagulant therapy in
COVID-19 patients [44]. In a retrospective study of
449 individuals with severe COVID-19, enoxaparin
(40-60 mg once a day) was found to be associated with
improved survival, especially in those with high D-
Dimer [38]. In addition to its anticoagulant effect, it is
thought that heparin binds inflammatory cytokines, in-

hibits neutrophil chemotaxis and leukocyte migration,
neutralizes positively charged peptide C5a and se-
questers acute phase proteins [2, 44, 45].

Treatment Failure

The prevalence of venous thromboembolism
(VTE) is increasing, especially in critically ill individ-
uals, despite prophylactic anticoagulation. The study
by Klok et al. [6] showed that the use of LMWH pro-
phylactic at low doses did not prevent thrombotic
complications. In addition, it has been shown that the
cumulative incidence of thrombotic complications in
COVID-19 patients admitted to the intensive care unit
is extremely high (> 30%) [6]. Despite the use of pro-
phylactic anticoagulation, VTE, DVT and APE can be
seen in one third of patients in the intensive care unit
with COVID-19. In a study conducted, it was ob-
served that DVT developed in 14% of 184 patients
who received standard dose thromboprophylaxis in the
intensive care unit due to COVID-19 infection [6].
Some experts have recommended more aggressive
thromboprophylaxis dosage for the risk of VTE [43].

Plasminogen Activator (tPA)

Tissue plasminogen activator (tPA) is appropriate
unless there is contraindication in cases of extremity-
threatening DVT, massive APE, acute stroke and acute
myocardial infarction.

Dipyridamole
Dipyridamole use may have anti-inflammatory,
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antiaggregant and possible antiviral efficacy. How-
ever, there is no definitive recommendation for
COVID-19 disease. Thrombosis prophylaxis should
be administered to all COVID-19 patients and antiag-
gregant patients should be administered to those ap-
proved by the physician [36].

Mechanical Thrombosis Prophylaxis

In patients for whom pharmacological prophylaxis
is contraindicated, mechanical thrombosis prophylaxis
with intermittent pneumatic compression devices or
compression stockings is recommended. Mechanical
prophylaxis can be applied in addition to standard
pharmacological prophylaxis in immobile patients.

Bleeding

Bleeding is less common in patients with COVID-
19. However, it may occur especially in patients re-
ceiving anticoagulation or due to trauma. The bleeding
approach is similar to people without COVID-19.
Withdrawal of anticoagulant therapy may include spe-
cific treatments such as transfusions or factor replace-
ment for thrombocytopenia or hypofibrinogenemia.
Antifibrinolytic agents (tranexamic acid, epsilon
aminocaproic acid) are generally not used in patients
with DIC due to the concern that they may disrupt the
balance against thrombosis. Fibrinogen is frequently
increased in COVID-19. If there is no bleeding attrib-
utable to hypofibrinogenemia or dysfibrinogenemia
(fibrinogen activity level < 150-200 mg/dL), fibrino-
gen supplementation is not required. Platelet suspen-
sion in a patient with major bleeding coagulopathy or
DIC if the platelet count is <50x109/L; If PT and / or
aPTT prolongation, INR > 1.8, fresh frozen plasma
and fibrinogen concentrate or cryoprecipitate can be
replaced if fibrinogen level is < 1.5 g/L. Protein com-
plex concentrate is not recommended as recombinant
FVIIa is unknown.

CONCLUSION

Coronavirus disease-19 (COVID-19) is a poten-
tially fatal disease. SARS-COV2 can cause DIC. In
addition, COVID-19 infection can also cause venous
and / or arterial thrombosis, including APE, AMI, limb
thrombosis, and central nervous system. When moni-
toring COVID-19 patients, platelet, PT and aPTT, fib-

rinogen and D-dimer monitoring should be initiated
every 1-2 days, especially in critically ill patients.
High D-Dimer levels are associated with high mortal-
ity; may be a marker of infection / sepsis, cytokine
storm, and impending organ failure. DIC can be seen
in COVID-19 patients. However, unlike DIC, fibrino-
gen is usually high. Clotting times and platelet counts
are usually normal. Therefore, it is appropriate to use
SIC criteria in the follow-up of COVID-19 patients.
Treatment of the underlying disease is the most im-
portant treatment for all coagulopathies. A signifi-
cantly better prognosis was observed in patients
treated with LMWH anticoagulants. Bleeding is less
common than clotting in patients with COVID-19.
However, it may occur in patients receiving anticoag-
ulation or due to trauma. The bleeding approach is
similar to people without COVID-19.
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