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Abstract 

Background 

The novel coronavirus SARS-CoV-2, responsible for the 2019-2020 global (COVID-19) 

pandemic, is a respiratory virus associated with the development of thromboembolic 

complications and respiratory failure in severe cases. Increased risk of pulmonary embolism 

and thrombosis has been identified in COVID-19 patients, alongside accompanying 

elevations in potential prognostic biomarkers, including D-dimer, IL-6 and cardiac specific 

troponins. Our aim was to provide a scoping review of the available literature regarding 

thrombosis risk, other cardiovascular implications, and their biomarkers in COVID-19 to 

highlight potential disease mechanisms.  

Methods 

Authors conducted a literature search in PubMed using MeSH headings “disseminated 
intravascular coagulation”, “pulmonary embolism”, “thromb*”, “stroke”, “myocardial infarction” 
and “acute lung injury”, as well as terms "COVID-19", "SARS-CoV-2", "2019 novel 

coronavirus" and "2019-nCoV" . 

Results and Conclusions 

COVID-19 disease is characterised by the interactions between hyperactive coagulation and 

complement systems – induced by hyper-inflammatory conditions, resulting in a pro-

thrombotic state and diffuse tissue injury. There are several promising prognostic markers of 

disease severity, with D-dimer the most significant. The presence of thrombocytopenia 

appears to be a key indicator of patient deterioration.  

Further research is required to understand the underlying pathophysiology in COVID-19 and 

its implications in disease progression and patient management. Randomised trials are 

urgently needed to determine the safety of proposed therapeutic anticoagulation with 

heparin and the role for anti-platelet agents, such as Ticagrelor, in patient management. 
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Introduction 

The novel coronavirus known as SARS-CoV-2, is a respiratory virus that presents with 

symptoms such as a non-productive cough (60-80%), fever (90%) and shortness of breath 

(19-40%)[1] and is responsible for the 2019-2020 global coronavirus disease (COVID-19) 

pandemic. Although most patients experience mild or no symptoms, severe disease is 

associated with thromboembolic complications and respiratory failure. There is an observed 

rise in the clinical manifestations of the disease 7 to 14 days after initial symptom onset [2]. 

Related coronaviruses SARS-CoV-1 and MERS-CoV, which were responsible for outbreaks 

in 2003 and 2012 respectively, are also associated with thrombotic complications, with a 

30% VTE incidence reported in critical SARS-CoV-1 cases [3]. Understanding the thrombotic 

manifestations of the virus is important for patient management and the underlying 

pathophysiology of SARS-CoV-2 infection.  

 

Method 

We conducted a literature search in PubMed using the cardiovascular MeSH headings 

“disseminated intravascular coagulation”, “pulmonary embolism”, “thromb*”, “stroke”, 
“myocardial infarction” and “acute lung injury” as well as the terms "COVID-19", "SARS-CoV-

2", "2019 novel coronavirus" and "2019-nCoV". Only studies published in English after 

January 1st 2019 were included. This search identified 195 papers. Due to the rapid 

publication rate of COVID-19 research, many of the articles were published pre-print. 

Following review, a total of 45 articles were selected. The main criteria for exclusion of 

papers were: 1) single case reports, and 2) reports on the management of non-COVID-19 

illness in the context of the pandemic. Further relevant papers were included after 

supplementary reading, the majority of which relate to the underlying mechanisms of the 

complement cascade and inflammatory response. 

 

Thrombotic complications and mechanisms 

There is substantial and mounting evidence for a significant risk of thrombosis in patients 

with COVID-19. A study in Dutch hospitals by Klok et al. found a 31% incidence of 

thromboembolic events in 184 COVID-19 ICU patients, despite low molecular weight heparin 

(LMWH) thromboprophylaxis [4]. Complications included pulmonary embolism (PE), deep-

vein thrombosis (DVT), ischaemic stroke, myocardial infarction and systemic arterial 

embolism. Acute PE made up as much as 81% of all complications observed (n=25) [4]. In 

COVID-19, venous thromboembolic (VTE) complications are more prevalent in ICU patients 

at 59% incidence (95% CI 42-72) compared to 9.2% on the ward (95% CI 2.6-21) and 

associated with increased mortality (Adjusted HR = 2.4, 95% CI = 1.02-5.5) [5]. Patients in 

ICU with SARS-CoV-2 are also more likely to develop VTE than non-COVID-19 ICU patients 

[6], which suggests that the underlying cause of VTE in COVID-19 is likely more than the 

immobility due to ICU treatment alone. SARS-CoV-2 patients with VTE are older and likely to 

demonstrate abnormal coagulation parameters, such as D-dimer and APTT [7].  

The main risk factors for venous thrombosis classically involve stasis, endothelial injury and 

a hypercoagulable state, together known as Virchow’s triad. A number of lifestyle and clinical 

factors, including immobility, obesity, dehydration, pregnancy, surgery and active cancer can 

contribute to Virchow’s triad-mediated venous thrombosis. Inflammation contributes to 

thrombosis through endothelial injury and perpetuating a hypercoagulable state via a 

reduction in fibrinolysis, stimulation of the tissue factor pathway and NETosis. The release of 
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neutrophil extracellular traps (NETs) from neutrophils occurs through a specialised 

mechanism (NETosis) involving the release of condensed chromatin and neutrophil granule 

contents, in response to inflammation. Complement activation is also thought to be heavily 

involved in thrombosis: C3a and membrane attack complex (C5b-9) are both involved in 

platelet activation and C5a increases plasma and cellular TF expression [8]. The interplay 

between inflammation, complement activation and the coagulation cascade is thought to be 

crucial to understanding the pathophysiology of COVID-19 and is responsible for triggering 

disseminated intravascular coagulation (DIC). 

In COVID-19, pulmonary micro-thrombosis in the lung alveoli distinct from pulmonary 

embolism has also been reported, with a study by Dohlnikoff et al. identifying fibrinous 

thrombi in the pulmonary arterioles in 8 out of 10 cases analysed with ultrasound-based 

autopsy techniques [9]. These intravascular pulmonary microthrombi have been linked to the 

development of hypoxemia in the early stages of adult respiratory distress syndrome (ARDS) 

in COVID-19 [10], which is likely due to a ventilation/perfusion mismatch created by changes 

in micro-circulatory blood flow and a subsequent increase in dead space. Primary pulmonary 

thrombosis could be underpinned by the proposed mechanisms of pulmonary angiotensin 

converting enzyme 2 (ACE2) mediated endothelial injury, potential cytokine storm and the 

development of a hypercoagulable state in COVID-19 (Figure 1.) [11, 12]. 

 

 

Figure 1. Proposed mechanisms of immunothrombosis in COVID-19 and the interactions of the 

inflammation and coagulation systems. Direct SARS-CoV-2 – platelet interaction results in high 

levels of platelet activation, promoting a pro-thrombotic state. Direct viral trauma and resultant 

inflammation leads to fibrinogen elevations through IL-6, leukocyte activation, NETosis, endothelial 

cell activation and inflammatory mediator release. Subsequent activation of both the tissue factor 

and contact activation pathways of the coagulation cascade further potentiates a hyper-coagulable 

state, which leads to the development of thromboembolic complications in patients. CRP = C-

Reactive Protein, IL-6 = Interleukin 6, IL-8 = Interleukin 8, TNF-α = Tumour necrosis factor α, TF = 
Tissue factor, FXII = coagulation factor XII, FXIIa = activated coagulation factor XII, FX = 

coagulation factor X, FXa = activated coagulation factor X 
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It appears that pulmonary thrombosis (PT) is not always preceded by DVT in COVID-19, and 

originates primarily from the lungs instead of embolising from the venous circulation [11-13]. 

In a recent study, DVT incidence in COVID-19 patients was just 1.6%, whilst PE was the 

most common pathological outcome [4]. However, it is important to note that no active DVT 

screening was done in unsuspected patients [4, 14], and a different study, which performed 

autopsies on 12 consecutive COVID-19 patients, found evidence of DVT in 7, despite it not 

being previously suspected [15]. Cattaneo et al. also support the concept of primary PT and 

comment on filling defects identified in pulmonary arterioles as partially occlusive, which is 

more frequently seen in PT than PE [13]. If PT is occurring in SARS-CoV-2 infection rather 

than PE, then diagnostic methods using DVT predictors such as the Wells pretest probability 

score may need to be adapted or replaced [11]. Van Nieuwkoop et al. also questioned 

whether the difference in pathophysiology between PE and PT would have implications for 

anticoagulant treatment [12].  

SARS-CoV-2 is able to potentiate a hyper-coagulable state via activation of the contact and 

tissue factor pathways [16, 17]. Direct viral myocardial and microvascular injury causes 

subendothelium and collagen exposure, contributing to platelet activation and possible 

contact pathway activation which could be hypothesised to follow polyphosphate release in 

platelet degranulation. Endothelial trauma causes tissue factor (TF) exposure in the sub-

endothelium, activating the tissue factor pathway via the cleavage of FVII to FVIIa. ACE-2-

SARS-CoV-2 interactions may also dysregulate the kallikrein/kinin system, further 

contributing to contact pathway activation [12].  

Inflammation due to SARS-CoV-2 involves primary vessel inflammation, possible sepsis and 

a secondary reaction to tissue damage caused by the virus [7], and includes the generation 

of inflammatory mediators such as C-Reactive protein (CRP), Interleukin 6 (IL-6), Interleukin-

8 (IL-8) and tumour necrosis factor α (TNF-α) [2][18]. Inflammatory mediator release results 

in increased TF expression [19], while IL-6 is a key regulator of fibrinogen transcription [20]. 

Increased IL-6 levels are associated with increased plasma fibrinogen levels [20], which is 

congruent with the drastic rise in plasma fibrinogen observed in COVID-19 patients [17].  

‘Cytokine storm’ is a term used to describe the acute overproduction of pro-inflammatory 

cytokines by innate immune cells observed in certain inflammatory infections. A cytokine 

storm is typically associated with concurrent serum ferritin rises and haemodynamic 

instability, leading to vascular damage, multi-organ failure and acute lung injury [21], all of 

which have been previously identified in COVID-19 [18, 21, 22]. The existence of a cytokine 

storm picture in COVID-19 has been contested, with those arguing that it should be 

described as a hypo-inflammatory vasculopathy instead [23], however accumulating 

evidence indicates convincing clinical parallels between severe COVID-19, markedly raised 

cytokines  (IL-6, IL-10, IL-2R, IL-8, TNF-α) and broader signs of organ failure and cell 

damage [18, 21]. There is also evidence of platelet cytokine release contributing to plasma 

cytokine levels [24]. 

SARS-CoV-2 – platelet interactions result in platelet activation and degranulation in COVID-

19, further potentiating the pro-thrombotic vascular milieu [25]. Polyphosphate release from 

activated platelet dense granules drives intrinsic pathway activation via the activation of FXII 

[26]. Coagulation activity results in the conversion of fibrinogen to fibrin via thrombin 

generation and subsequent fibrin polymerisation. Furthermore, platelet uptake of SARS-

CoV-2 is highly suspected, yet there is no evidence of ACE2 expression on activated 

platelets in COVID-19 patients [25]. Despite this, mRNA from the SARS-CoV-2 N1 gene has 

been detected in patient platelet samples [25], indicating a possible alternative mechanism 

of viral uptake. Other viruses, such as influenza, are known to be endocytosed by platelets, 
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resulting in TLR7 mediated C3 release and NETosis [27]. SARS-CoV-2 RNA is thought to 

interact with platelets via TLR7 and TLR9 in a similar way to activate leukocytes and 

stimulate inflammatory cytokine release [16]. Another recent study indicated sialoglycan 

binding as a possible explanation for influenza virus platelet uptake and subsequent 

thrombocytopenia in virulent strains [28]. Interestingly, there is also recent evidence of 

sialoglycan-spike glycoprotein interaction mediated entry for other coronaviruses, such as 

SARS-CoV-1 [29, 30], as well as SARS-CoV-2. [30]  Future studies targeting this 

mechanism of cell entry may be needed to investigate its role in COVID-19 disease. 

Evidence suggests that NETosis is increased in COVID-19, especially in severe disease 

[31]. NETs effectively trap viruses, fungi and bacteria, whilst concentrating anti-microbial 

factors [32] Despite being an important part of the immune response, NET formation also 

interacts with the inflammatory and coagulation cascades, contributing to acute lung injury 

and platelet, endothelial cell and FXII activation [32, 33]. NETs further increase the 

resistance of clots to fibrinolysis [34, 35]. Further research is needed to determine the role of 

NET formation in COVID-19, especially due to the strong links between NET formation and 

respiratory conditions such as Acute Respiratory Distress Syndrome (ARDS) [32]. NETosis 

is one of the key mechanisms that connects inflammatory mediator release, platelet and 

endothelium activation, clot formation and resistance to fibrinolysis (Figure 1).  

The balance between thrombus deposition and thrombolysis is delicately maintained by 

tissue-type plasminogen activator (tPA), urinary-type plasminogen activator (uPA) and their 

inhibitor plasminogen activator inhibitor-1 (PAI-1). Impaired tPA and uPA fibrinolytic function 

could further perpetuate a pro-thrombotic state in COVID-19 patients, whilst an increase in 

spontaneous fibrinolytic activity, could cause a rare, but significant, bleeding profile [36]. 

Evidence for both thrombosis and bleeding has been found in COVID-19 [36], and the 

presence of fibrinolytic hyperactivity is supported by significant rises in D-dimer [37]. Pro-

inflammatory cytokine release may trigger endothelial cell activation and the release of PAI-1 

and tPA [36]. It has been hypothesised that PAI-1 dominates tPA in COVID-19 to reduce 

thrombolysis, supported by thromboelastography data indicating a reduction in COVID-19 

patient clot lysis [36, 37]. 

Disseminated intravascular coagulation is a potentially lethal mechanism in COVID-19 that 

leads to fibrinolysis derangement and multi-organ dysfunction [38]. Clinical signs of an overt 

DIC include thrombocytopenia, prolonged PT, elevated D-dimer and increased fibrin 

degradation products [38]. Sepsis-induced coagulopathy (SIC) is a term used to identify 

early DIC, where platelet count and prothrombin time are still significantly deranged in a 

patient with confirmed sepsis [38]. The pathophysiology behind DIC in sepsis is widely 

accepted as involving a combination of different mechanisms, including endothelial cell 

activation, platelet activation, leukocyte activation and fibrin deposition, resulting in diffuse 

inflammation and coagulopathy. Overall DIC incidence has previously been reported as 

2.2% in hospitalised COVID-19 patients [39]. However, there is an emerging disparity 

between surviving and non-surviving cohorts, with 71.4% of non-survivors meeting 

International Society of Thrombosis and Haemostasis (ISTH) DIC criteria compared with just 

0.6% of the survivors [40]: suggesting that DIC may be a critical sign of patient deterioration.  

One discussion point with systemic DIC as an underlying process in COVID-19 is the 

apparent lack of bleeding in patients [41, 42]. Based on this, Marongiu et al. proposed 

localised pulmonary intravascular coagulation as an alternative process in COVID-19 [42]; 

However, there has been some debate about the contradictory concept of a localised DIC 

[43]. Others have also proposed a pulmonary intravascular coagulation mechanism, 
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stemming from the type II pneumocyte/endothelial cell ACE2 receptor interaction with SARS-

CoV-2 [44]. 

It has also been suggested that the phenotype of COVID-19 microthrombus formation aligns 

more closely with complement-mediated thrombotic microangiopathy than either sepsis-

induced coagulopathy or DIC [45]. This is supported by the additional presence of anaemia, 

LDH elevation and renal dysfunction in severe cases [15, 45]. SARS-CoV-2 is hypothesised 

to cause microvascular dysfunction via ACE2 receptor interactions and to activate Mannan-

binding lectin serine protease 2 (MASP-2) in the lectin pathway of complement activation, 

which are two different candidate mechanisms behind complement involvement in COVID-

19 disease [45]. In vitro studies have suggested that MASP-1 and MASP-2 can cleave 

prothrombin to form thrombin and activate both fibrinogen and FXIII [8][46-48]. Future 

studies are needed to specifically address the role of MASPs in COVID-19 related disease 

mechanisms. 

 

Other cardiovascular complications 

Another key cardiovascular complication reported in COVID-19 is acute cardiac injury, which 

has been observed in 7-28% of hospitalised patients and is associated with an increased 

risk of severe disease and death [1]. Interestingly, there is an apparent delay between initial 

symptom onset and the development of myocardial damage [49]. Acute cardiac injury may 

be due to virus-mediated lysis of cardiomyocytes, which is also observed in other viral 

infections, or as a consequence of SARS-CoV-2 binding ACE2 receptors in the heart [50, 

51]. ACE2 receptors are widely expressed in tissues such as lung epithelium, myocardium, 

kidneys and vascular endothelium [1]. ACE2 cleaves angiotensin II into the vasodilator 

angiotensin I, opposing the action of ACE1 that produces the vasoconstrictor angiotensin II 

in the Renin-Angiotensin-Aldosterone system (RAAS) [1]. SARS-CoV-2 binding to ACE2 

receptors reduces the activity of ACE2 and may dampen the cardioprotective effects of the 

enzyme [50, 52].  

Myocarditis has been suspected in multiple COVID-19 cases, but the true incidence is 

unknown as the required histology tests are often incomplete [53]. However, recent work by 

Wenzel et al. has identified SARS-CoV-2 in endomyocardial biopsies of 2 patients with 

previous COVID-19 infection and suspected myocarditis [54]. The interplay between 

inflammation and myocardial injury is thought to be responsible for the suspected 

myocarditis in COVID-19 [55], and both could individually contribute to the observed pro-

coagulative state via immunothrombosis (Figure 1). Inflammation resulting in substantial 

cytokine release can also result in atherosclerotic plaque instability and subsequent arterial 

thrombus formation [50, 51, 56]. Cytokines increase inflammatory cell migration and plaque 

infiltration, contributing to atherosclerosis and plaque instability [56]. Atherosclerotic plaque 

rupture can lead to coronary thrombosis and acute myocardial infarction [51]. COVID-19 

Patients with underlying risk factors for atherosclerosis, such as hypertension and diabetes 

are much more likely to develop disease requiring ICU admission (2-fold and 3-fold 

increased risk respectively) and more likely to reach fatal endpoint (6% and 7.3% vs 2.3%) 

[51].  

 

Cardiovascular/inflammatory biomarkers in COVID-19 

Several haemostatic and inflammatory biomarkers have been explored in COVID-19 patients 

for possible monitoring of patients and their treatment, including D-Dimer, established 
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clotting tests (Prothrombin time (PT) and Activated Partial Prothrombin Time (APTT)), full 

blood counts and inflammatory markers (Figure 2). Currently, guidance from the ISTH 

recommends the use of D-dimer levels, PT and platelet count in all COVID-19 patients, with 

D-dimer considered the most important [57]. PAI-1 and tPA levels have been observed to 

mirror rises in other, potentially stronger, prognostic biomarkers such as D-dimer and platelet 

count, demonstrating the significance of the fibrinolytic system in the mechanisms underlying 

COVID-19 [36]. It has been suggested that tPA and PAI-1 elevation could be associated with 

increased mortality and poorer lung function in patients [36]. However, many of the studies 

investigating prognostic biomarkers in COVID-19 have thus far not included tPA or PAI-1 

measurements.  

Further work is required to determine the role of predictive markers in mild and moderate 

disease as the majority of current research is conducted in severe patients admitted to 

hospital, and often intensive care.  

 

 

 

 

 

 

 

 

D-dimer 

D-dimer is a marker of cross-linked fibrin formation and breakdown with a high (negative) 

predictive value for PE. In patients without underlying VTE, a normal D-dimer level of <0.5 

μg/ml would be expected. In a study by Helms et al. of 150 COVID-19 ICU patients with 

ARDS, using the same reference range, >95% had elevated D-dimer levels [41]. D-dimer 

has been proposed as an important prognostic marker for mortality in COVID-19 disease [6, 

58, 59]. Patients with raised D-dimer levels are much more likely to have significant 

underlying disease, such as diabetes and hypertension [59], which predisposes to worse 

^ Figure 2. Proposed mechanisms behind the changes in prognostic biomarkers observed in 

COVID-19. Increased fibrin network turnover results in clotting factor consumption and prolonged 

standard clotting tests (PT and APTT), as well as raised D-dimer and fibrin degradation products as 

a result of plasmin activity. Inflammatory markers CRP and IL-6, as well as myocardial damage 

markers CTnT and CTnI, are elevated in COVID-19. Thrombocytopenia results from a combination 

of increased activation, reduced production and increased destruction due to the direct effects of 

SARS-CoV-2 viral interactions and the development of DIC/SIC in severe disease. PT = 

Prothrombin Time, APTT = Activated Partial Thromboplastin Time, IL-6 = Interleukin 6, CRP = C-

Reactive Protein, CTnT = Cardiac Specific Troponin T, CTnI = Cardiac Specific Troponin I, DIC = 

Disseminated Intravascular Coagulation, SIC = Sepsis-Induced Coagulopathy  
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outcome. D-dimer elevation supports the mechanism of increased fibrin network turnover as 

a result of tissue injury and inflammation. It has also been suggested that D-dimer levels 

could be a useful tool for monitoring anticoagulant response, as D-dimer levels decrease 

following successful treatment [7]. An association between D-dimer values >1 μg/ml and 

increased in-hospital mortality (Adjusted HR = 18.4, 95% CI = 2.6-128.6) was reported in a 

study of 199 patients [58]. Another report found a similar link but with D-dimer levels >2 

μg/ml in a study of 343 patients [59]. It has been suggested that 2 μg/ml, which is a fourfold 

increase from the 0.5 μg/ml reference range upper limit, could be used as a D-dimer cut off 

level for pre-empting mortality (sensitivity 92.3%, specificity 83.3%) [59], however further 

studies are needed to confirm this and establish reliable cut-off values. An important current 

limitation is the use of different D-dimer assay kits with different sensitivity and specificity in 

different studies, which explains the variability of the findings. International standardisation 

studies are required to address this limitation. 

Thrombocytopenia 

Thrombocytopenia (platelet count < 140 x10^9/L) is the result of changes in the rate of 

platelet consumption, destruction or production. Virus associated thrombocytopenia is 

common, and multiple viruses interfere with haematopoiesis in the bone marrow, including 

SARS-CoV-1 [60]. An increase in platelet consumption is also expected in COVID-19 due to 

intravascular pulmonary microthrombus formation [10], endothelial damage and platelet 

hyper-reactivity, characterised by an increase in platelet-monocyte, platelet-neutrophil and 

platelet-T-cell interactions [25]. A retrospective study in Wuhan, China, identified a reduced 

platelet count in 20.7% of consecutive COVID-19 patients (n=1476) admitted during the 

pandemic [60]. However, COVID-19 associated thrombocytopenia rarely results in a 

bleeding phenotype, with only 2.7% of patients experiencing haemorrhagic complications 

[41]. Platelet counts < 50 x109/L are rarely seen in COVID-19 disease [10]. 

Thrombocytopenia is also part of the classical DIC presentation seen in COVID-19 along 

with elevated fibrin degradation products, D-dimer and prolonged clotting tests. 

Platelet counts show promise as a prognostic marker in COVID-19, with thrombocytopenia 

being associated with over a five-fold increased risk of severe disease [61]. There is also a 

disparity between survivors and non-survivors, with very low platelet counts being 

associated with increased mortality [10, 60, 61]. One retrospective study (n=1476) reported 

in-hospital mortality rates of 92.1%, 61.2%, 17.5% and 4.7% in patients with platelet counts 

of <50, 50-100, 100-150 and >150 x109/L respectively [60]. Based on these findings, 

monitoring platelet count in COVID-19 disease may play an important role in patient 

management. 

Inflammatory markers 

COVID-19 triggers a pro-inflammatory state in many patients as a result of direct viral tissue 

injury and the immune responses against the virus. These changes are thought to occur in 

the majority of patients, including those classed as mild or moderate [62]. Observed changes 

include a rise in inflammatory markers such as C-reactive protein (CRP), fibrinogen, ferritin, 

Interleukins 2, 6 and 7 (IL-2, IL-6 and IL-7) and Tumour necrosis factor α (TNF-α) [2, 49, 62, 

63]. Inflammatory marker elevation coincides with the surge in clinical symptoms that is 

observed 7 to 14 days after initial onset [2].  

A retrospective cohort study in Wuhan, China, found that non-surviving patients had higher 

IL-6 levels than survivors (11.0 pg/mL vs 6.3 pg/mL, p < 0.0001) throughout the duration of 

illness. IL-6 levels also rose further as patient condition deteriorated [58]. IL-6 levels are 

considered useful in distinguishing different severities/profiles of COVID-19 disease [64]. 
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The findings of this retrospective study [58] contradict another smaller retrospective study 

[63], which showed that IL-6 levels decreased during ICU admission. Interestingly, one study 

speculated that IL-6 elevation is a possible protective factor in COVID-19 and may be used 

as a possible explanation for the apparent decrease in ischaemic stroke presentations to 

A&E departments in Italy [62]. 

CRP is also elevated in the majority (60.7%) of hospitalised COVID-19 patients [65]. CRP is 

more likely to be elevated in severe disease than in mild or moderate disease (81.5% vs 

56.4%, p < 0.001) and patients with elevated levels were more likely to experience 

composite endpoints (ICU admission, mechanical ventilation or death)(91.1% vs 58.8%, p < 

0.001) [2, 65]. Furthermore, CRP levels have been linked with elevated cardiac troponins 

(see below) and myocardial injury [2].  

Finally, serum ferritin could also be considered as a potential prognostic inflammatory 

marker in COVID-19, as well as a marker of cellular damage. Serum ferritin elevation on 

admission has been shown to be significantly associated with ICU admission and in-hospital 

mortality, following adjustment for demographics (p=0.007, n=131)[22]. 

Clotting tests 

Coagulopathy can be identified with clotting tests that measure the basic functions of the 

clotting cascade, such as the PT and APTT. Multiple studies have reported prolonged PT (> 

3 seconds) and APTT ( > 5 seconds) in patients in ICU with COVID-19 [4, 66, 67], 

supporting the presence of a hyper-coagulable state. There is more debate over the 

usefulness of PT and APTT as prognostic markers than for D-dimer levels, as the PT and 

APTT are less specific, and the degree of change in these tests due to hypercoagulability is 

relatively small. A study by Cui et al. [7] found that PT and APTT were not significantly 

higher in COVID-19 VTE patients compared to non-VTE patients, whilst Roncon et al. [67] 

suggested that PT and APTT can be used to predict thrombotic complications. The debate 

seems to be centred more on their use as prognostic markers rather than their ability to 

identify the presence of coagulopathy in COVID-19.  

Interestingly, the PT has been shown to increase from ICU admission baseline to day 10, 

whilst APTT was higher on admission and slowly decreased across the same period [63]. A 

clear advantage of the PT and APTT is their relatively high degree of standardisation and 

wider availability in general hospital laboratory settings, unlike some of the other biomarkers 

(e.g. D-dimer and IL-6).  

Cardiac specific troponins 

Troponins T (cTnT) and I (cTnI) are highly sensitive cardiac-specific markers of myocardial 

damage that are released into the blood following heart trauma or infection. Troponin 

elevation is traditionally associated with myocardial infarction, myocarditis and acute PE 

resulting in myocardial ischaemia. Initial retrospective papers suggested troponin is 

consistently elevated in patients with COVID-19 and could be considered a marker of poor 

prognosis, with elevation more frequent observed in ICU patients and non-survivors [50, 53, 

58, 68]. However, a recent prospective study suggests that troponin levels on admission are 

not significantly correlated with ICU admission or in-hospital mortality after adjustment for 

sex, age, ethnicity, co-morbidities and symptom duration [22].  

Implications for anti-coagulation 

Due to the increased risk of venous thromboembolism in patients with COVID-19 disease, it 

is currently recommended that all hospitalised patients are given routine heparin 
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thromboprophylaxis if there are no additional bleeding risks [57, 64]. It has also been 

proposed that prophylactic dose may need to be increased as the risk of VTE remains high 

in patients on standard prophylactic doses [4, 69]. One study that actively screened for VTE 

in 26 consecutive COVID-19 ICU patients found that VTE incidence was significantly higher 

in patients on prophylactic anticoagulation compared to those on therapeutic anticoagulation 

(100% vs 56%, p=0.03) [70]. Furthermore, therapeutic heparin doses may have the 

additional benefit of counteracting the resistance to treatment that occurs in patients with 

drastically raised fibrinogen levels [71]. Further randomised control trials are urgently needed 

to rectify the absence of reliable, large scale datasets and to understand the consequences 

of therapeutic vs prophylactic heparin dosage to guide prescription and modify guidelines.  

Although the ISTH guidance recommends LMWH prophylaxis [57], a report by Barrett et al. 

[71] recommends the use of therapeutic unfractionated heparin in patients. Reasons for this 

include an increased risk of renal failure following ARDS (for which UFH is preferred) and 

the existence of the UFH protamine sulphate antidote [71]. In response, Thachil et al. [72], 

referred to the practical merits of LMWH vs UFH and that fibrinogen elevation in COVID-19 

would affect UFH more. Guidelines by Zhai et al. recommend low molecular weight heparin 

(LMWH) as first-line therapy and unfractionated heparin (UH) in patients with creatinine 

clearance <30mL/min [73]. Both UFH and LWMH may provide additional benefits in COVID-

19 due to their secondary anti-inflammatory effects [74].  

As previously stated, ISTH guidance recommends that all hospitalised COVID-19 patients 

should be given thromboprophylaxis, even if non-critical [57]; However, a recent study found 

that heparin therapy only improved mortality in patients who met SIC criteria (40.0% vs 

64.2%, p = 0.029) or had a markedly increased (>3.0 μg/mL) D-dimer (32.8% vs 52.4%, p = 

0.017) [75]. It should be stressed that further research is required [12]. This would avoid 

unnecessary anti-coagulation and its associated side-effects, such as heparin-induced 

thrombocytopenia [76].  

Ticagrelor, which inhibits platelet ADP receptor P2Y12  to block platelet activation and 

aggregation, has been proposed as alternative thromboprophylaxis [77]. Ticagrelor has been 

shown to reduce lung injury acquired in pneumonia [77] and prevent SIC/DIC development 

by reducing inflammatory mediator levels (IL-6, TNF-α, IL-8) and limiting NETosis [76]. Acute 

lung injury, inflammation and SIC are all key parts of COVID-19 pathophysiology. 

Randomised control trials are required to determine the efficacy of Ticagrelor in COVID-19. 

Ticagrelor therapy is currently only available for oral administration, making it unsuitable for 

mechanically ventilated patients. A similar P2Y12 inhibitor, Cangrelor, has recently been 

licensed as an IV alternative, however, there are no research papers or clinical trials 

documenting its efficacy in COVID-19 cohorts.  

All anti-coagulants have associated risks of bleeding, which should be weighed against the 

clinical anti-thrombotic benefit. This risk should be considered on a patient-by-patient basis, 

taking into account potential coagulopathies and renal insufficiency. 

 

Concluding remarks 

The interplay between the inflammatory, coagulation and complement systems in COVID-19 

requires further research, to establish their mechanistic contributions to the pathophysiology 

of the disease in further detail. Understanding the balance of these systems is vital for the 

establishment of optimal management and treatment strategies, particularly in the case of 

pulmonary micro-thrombosis vs pulmonary embolism and DIC/SIC vs complement-mediated 

microthrombus formation. Randomised control trials are urgently needed to determine the 
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safety of proposed therapeutic heparin anticoagulation and the role for anti-platelets, such as 

Ticagrelor, in patient management.  

With further data in these key areas of research and trials, we should be able to substantially 

improve the treatment and prevention of COVID-19 related thrombosis and other 

cardiovascular complications in the near future. With the number of positive cases increasing 

worldwide, and in view of the development of secondary and further future outbreaks in 

many places across the globe, this research endeavour is going to become increasingly 

important, particularly in the current absence of an effective vaccine to prevent COVID-19.   
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