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Abstract

The 2019 coronavirus disease (COVID-19) presents with a large variety of clinical manifestations
ranging from asymptomatic carrier state to severe respiratory distress, multiple organ dysfunction
and death. While it was initially considered primarily a respiratory illness, rapidly accumulating data
suggests that COVID-19 results in a unique, profoundly prothrombotic milieu leading to both arterial and
venous thrombosis. Consistently, elevated D-dimer level has emerged as an independent risk factor for
poor outcomes, including death. The pathophysiology underlying the hyper-coagulation state is poorly
understood. However, a growing body of data suggests that the initial events occur in the lung. A severe
inflammatory response, originating in the alveoli, triggers a dysfunctional cascade of inflammatory
thrombosis in the pulmonary vasculature, leading to a state of local coagulopathy. This is followed by
a generalized hyper-coagulation state that results in and microvascular thrombosis. Of concern, is the
observation that anticoagulation may be inadequate in many circumstances, highlighting the need for
alternative or additional therapies. Numerous ongoing studies investigating the pathophysiology of
the COVID-19 associated coagulopathy may provide mechanistic insights that can direct appropriate
interventional strategies.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS COV2) caused Coronavirus
disease 2019 (COVID-19), which was first recorded in Wuhan, China in December 2019 [1,2].
COVID-19 is primarily a respiratory infection, but it can also affect multiple organ systems
including cardiac, neurological, gastrointestinal, and renal systems [3,4]. Viremia and cytokine
storm are common in COVID-19 especially in immune-compromised patients, and that may
activate the coagulation cascade which causes thrombotic complications and coagulopathies
including cardiac thrombosis and disseminated intravascular coagulopathy [5].

D-dimer is a fibrin degradation product, which is used as a biomarker for thrombotic
disorders. It is considered normal with values less than 0.5pg/mL, and the level of D-dimer
rises in severe community-acquired pneumonia, it is also used as an initial screening test
to diagnose patients who have signs, or symptoms suggestive of venous thromboembolism
[6]. D-dimer is detectable in patients with Deep Venous Thrombosis (DVT), as it is a marker
of endogenous fibrinolysis. Following the outbreak of the COVID-19 pandemic, D-dimer has
been identified as a potential indicator for its prognosis in COVID-19 patients [7].

Cytokine Storm in COVID-19

Cytokine release plays a vital role in the immune pathology against a virus, but over-
expressions of immune mediators may cause severe damage to the human organ systems.
Patients suffering from COVID-19 have been diagnosed with overexpression of monocyte
chemo-attractant protein (MCP-1), IFN-y, IP-10, and IL-1(. These pro-inflammatory cytokines
may cause activation of responses from the T-helper type 1 cells (Th1). COVID-19 patients
have also shown high levels of cytokines secreted by Th2 cells like IL-10 and IL-4.
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These two cytokines are involved in inhibition of the
inflammatory response. Furthermore, the levels of IL-6 and IL-2 R,
obtained from serum, depict a positive correlation with the disease
severity, which means they are highest in patients who are critically
ill and lowest in ordinary patients. Another study on patients in
Wuhan, China, compared the COVID-19 patients from the general
wards and the Intensive Care Units (ICUs). The latter were
reported to exhibit increased levels of serum IP-10, macrophage
inflammatory protein-14A, granulocyte colony-stimulating factor
and TNF-a. The above studies act as evidence of the positive
correlation between the ‘cytokine storm’and COVID-19 progression
[8]. The mechanism of cytokine storm syndrome depends on the
imbalance of pro-inflammatory and anti-inflammatory process
and the interaction of specific cells and cytokines, resulting in
immune regulation disorder. Cytokines can be markedly increased
in patients with cytokine storm syndrome, which differ according
to the heterogeneity of the disease. A previous study found that
H5N1 infected patients had higher levels of interferon-gamma-
induced protein-10 (IP-10), Monocyte Chemo-Attractant Protein
1 (MCP-1) and IL-8 than patients with seasonal HIN1 influenza.
Moreover, it was confirmed that cytokines play an important role
in the pathogenesis of severe CoV infection. Spleen and lymph
node atrophy are observed in patients with COVID-19, while
lymphadenopathy and splenomegaly are more common in other
cytokine storm syndrome related diseases [9].

D-dimer and COVID-19

Thromboembolism of COVID-19 patients is the fatal sequelae
of hyper-coagulation and fibrinolytic abnormalities. Pulmonary
embolism and Deep Vein Thrombosis (DVT) can cause respiratory
failure in severely ill patients with COVID-19. After death pathology
shows that small fibrinous thrombi in small pulmonary arterioles
are very common. Activation of the coagulation cascade is further
supported by endothelial tumefaction, pulmonary megakaryocytes
in the capillaries, and endotheliosis. Elevated D-dimer is an
indicator of the activation of the fibrinolysis system and removal
of clots or extravascular collections of fibrins by plasmin [10].
Increased D-dimer level has not consistently been observed by
all COVID-19 clinical studies, although it is a broadly applied
biomarker for prognosis and outcomes of anti-thrombosis. There is
strong positive association of elevated D-dimer on admission with
mortality, indicating the prognostic value of an elevated D-dimer
for the high risk of death. There is positive correlation between
D-dimer and days from onset to admission, the need for ventilation
and the days are taken for PCR test reversion to negative. Data shows
that prompt admission and clearance of the SARS-CoV-2 virus may
alleviate the severity and reduce fatal events by preventing hyper-
fibrinolysis and inflammation.

D-dimer and other clinical variables’ associations indicate
either a relationship that could be cause-effect or indirect. Few
D-dimer-associated variables have been confirmed as prognostic
biomarkers for developing fatal events and in-hospital mortality.

Extremely elevated plasma D-dimer seems to be the consequence
of hyper-fibrinolysis predominately in the pulmonary capillaries
and other organs. And a dynamic increase in the D-dimer level may
be associated with thromboembolism and higher fatality, while we
infer that a continuous decline by daily testing will generally lead
to recovery. D -dimer was positively associated with the severity of
lung injury, the days from the onset to admission, onset to dyspnea,
time is taken to be PCR negative, and overall mortality.

Finally, the variables were significantly associated with
D-dimer were respiratory rate, systolic pressure, dyspnea, serum
K*, neutrophils, globulin, CRP, ferritin, blood glucose, total bilirubin,
mortality, ventilation, sepsis, and acute cardiac injury [11]. The
coagulopathy and abnormal results in coagulation tests have
become common features reported in patients with COVID-19
from the very early days of the emergence of the new coronavirus
strain. COVID-19-dependent coagulopathy gained attention when
PT, aPTT, fibrinogen, and D-dimer tests were recommended by
researchers to evaluate the proper homeostasis of the system
associated with the prognosis of patients. The prophylactic use of
anticoagulants was proven to be effective in lowering the mortality
rate and highlighted the role of the coagulation system in COVID-19.
The link between thrombosis and COVID-19 as an inflammatory
disease has been investigated [12].

Conclusion

The alterations in the hemostatic balance in COVID-19 patients
are strongly disturbed and contribute to a high prothrombotic
status. The high rate of venous thromboembolism in COVID-19
patients goes along with derangements in coagulation laboratory
parameters. Hemostasis testing has an important role in diagnosed
COVID-19 patients. Elevated D-dimer levels were found to be a
crucial laboratory marker in the risk assessment of thrombosis in
COVID-19 patients.
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