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COVID-19 and Major Organ Thromboembolism:
Manifestations in Neurovascular and Cardiovascular Systems
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COVID-19, caused by the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), has been shown to cause multisystemic damage. We undertook a
systematic literature review and comprehensive analysis of a total of 55 articles on
arterial and venous thromboembolism in COVID-19 and articles on previous pan-
demics with respect to thromboembolism and compared the similarities and dif-
ferences between them. The presence of thrombosis in multiple organ systems
points to thromboembolism being an integral component in the pathogenesis of
this disease. Thromboembolism is likely to be the main player in the morbidity
and mortality of COVID -19 in which the pulmonary system is most severely
affected. We also hypothesize that D-dimer values could be used as an early
marker for prognostication of disease as it has been seen to be raised even in the
pre-symptomatic stage. This further strengthens the notion that thromboembo-
lism prevention is necessary. We also examined literature on the neurovascular
and cardiovascular systems, as the manifestation of thromboembolic phenomenon
in these two systems varied, suggesting different pathophysiology of damage.
Further research into the role of thromboembolism in COVID-19 is important to
advance the understanding of the virus, its effects and to tailor treatment accord-
ingly to prevent further casualties from this pandemic.
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Introduction

From its beginnings in late 2019 as a severe pneumonia
of an unknown etiology in Wuhan China1 to being
declared a pandemic by the WHO on 11 March 2020,
COVID-19 has caused life altering changes across geo-
graphical borders. The disease, caused by severe acute
respiratory syndrome coronavirus 2(SARS-CoV-2), has to
date been responsible for more than 800,000 deaths glob-
ally, economic upheaval and significant lifestyle changes.
When compared to the case fatality rates of previous
influenza pandemics, COVID-19 has a rate of 4%2 which
is higher than the 1918 Spanish flu and 2009 H1N1 flu
pandemic which had fatality rates of 2-3%3 and 0.01%4

respectively. Current evidence lists pneumonia, sepsis,
respiratory failure, and acute respiratory distress syn-
drome (ARDS) as the leading causes of morbidity and
death amongst hospitalized patients with COVID-19.5�7

However, more recently immune mediated thrombosis
has been a consistent finding in a significant number of
patients with COVID-19 and understanding its patho-
physiological mechanisms and impact on morbidity and
mortality in COVID-19 may open new avenues in disease
prognostication and management.8

Broadly, the pathogenesis of COVID-19 is through 2
mechanisms; direct invasion into tissue via angiotensin con-
verting enzyme-2 (ACE2) receptors and immune mediated
injury.9,10 ACE2 is a membrane-associated aminopeptidase
expressed in vascular endothelium, renal and cardiovascular
tissue, and epithelium of the small intestine and testes.11 A
region of the extracellular portion of the ACE2 receptor
interacts with high affinity to one of the 4 structural proteins
of SARS-CoV-2, the spike protein. This facilitates penetration
into the host cell where the virus then replicates, matures
and is subsequently released.12 Upon release of the virus, an
immune response is triggered leading to a cytokine storm
and immunothrombosis.13 The triggering of the immune
system in this manner is not unique to SARS-CoV-2 and has
been seen in many other viral infections such as severe influ-
enza caused by highly virulent subtypes, namely H1N1 and
H5N1, that are characterized by an over induction of the
proinflammatory cytokines TNF-, IL-1, IL-6, IL-8, and
monocyte chemotactic protein-1 (MCP-1).14�16 However
what stands out about COVID-19 is the prominence of its
thrombotic complications as a result of immunothrombosis
with a cumulative incidence as high as 31% in critically ill
COVID-19 patients,17,18 as compared to 5.9% (7 out of 119
patients) in the 2009 H1N1 pandemic as published in a
Canadian study.19 As immunothrombosis has been the pro-
posed cause of these thrombotic complications, this article
will focus on immunothrombosis in this ongoing pandemic.
Systematic literature review

We first formulated the research question: “How signif-
icant is thromboembolism in the morbidity and mortality
of COVID-19?” and focused on answering it. We also
focused on thromboembolism with regards to the neuro-
vascular and cardiovascular systems.
We proceeded to select and filter relevant articles from

PubMed and Web of Science databases using the key-
words “COVID”, ‘SARSCoV2’, ‘Coronavirus’, ‘Arterial
thromboembolism’, ‘Venous thromboembolism’, ‘H1N1’
and ‘Spanish Flu’. More than 300 papers were published
between 2000�2020 with these keywords and these
papers were collected and screened based on their rele-
vance to our research question resulting in 55 articles
being deemed suitable for our review.
We thoroughly reviewed these 55 articles looking at

arterial and venous thromboembolism in COVID-19 and
previous pandemics comparing the similarities and differ-
ences between them with a more selective look at the neu-
rovascular and cardiovascular systems.
Immunothombosis

Immunothrombosis occurs following the cytokine
storm brought on by triggers such as infection. It is a pro-
cess from which thrombi form as a result of interaction
between the innate immune effector systems (such as
monocyte/macrophages and neutrophils and the comple-
ment system), platelets and coagulation factors.13 Dissem-
inated intravascular coagulation (DIC) is considered an
advanced stage of immuno-thrombosis, where the
immune system is no longer able to restrict intrinsic asso-
ciated molecular patterns and immuno-thrombosis
becomes overwhelming. In this stage, thrombosis is detri-
mental because it can cause multiple organ failure.20 The
diagnosis of DIC is established by the identification of lab-
oratory abnormalities. Prothrombin time (PT), activated
partial thromboplastin time (aPTT), platelet count, fibrin-
ogen concentration, fibrin degradation product (FDP) and
D-dimer measurements have been the classical assays
used in the recognition, diagnosis and monitoring of DIC
and forms part of the International Society of Thrombosis
and Hemostasis (ISTH) scoring system for DIC.21 Among
these laboratory investigations, elevation in fibrin marker
(D-dimers and FDP) confers the highest points in the diag-
nostic algorithm for DIC proposed by ISTH. D-dimer,
which is degraded cross-linked fibrin, has been found to
be elevated in patients with COVID-19 especially at
higher levels of disease severity, however data regarding
FDP levels in these patients have not been explored.22
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When compared to DIC of other etiologies such as
malignancies or sepsis, low platelet count and prolonged
PT are rarely seen in COVID related coagulopathy. Mar-
tin-Rojas et al demonstrated a very low percentage (5.3%)
of patients with COVID-19 that met the ISTH criteria for
DIC. This has resulted in the coining of a new term, pul-
monary intravascular coagulopathy, which suggests pul-
monary specific inflammation, vasculopathy and
thrombosis which differs from classical DIC. Further stud-
ies are required to establish the exact type of coagulop-
athy in COVID-19 as more evidence seems to indicate
that it is a distinct entity.23

The brief pathophysiology of D-dimer formation and
immuno-thrombosis with haemorrhage seen in DIC is
depicted in Fig. 1.
Elevated D-dimer levels have been found to be a poor

prognostic factor and have been associated with a reduced
chance of survival among patients with COVID-19. Two
recent studies by Ning T et al 22 and Guan et al 6 from China
had found markedly elevated D-dimer levels amongst their
COVID-19 mortalities with median D-dimer values of those
that succumbed to the disease being at least 3 times higher
than those who did not. In another a retrospective study
from China in April 2020, Litao Zhang et al showed that a
D-Dimer level on admission greater than 2.0 mg/mL could
Fig. 1. The blue background (A) illustrates an outline of the coagulation cascade wit
plasmin activation which strikes a haemostatic balance between clotting and bleedin
radation products and D-dimer, which is seen early in COVID-19. The pink backg
results in excessive thrombosis followed by haemorrhage known as disseminated intr
predict in-hospital mortality in COVID-19 patients, which is
lower than previously recommended D-Dimer values of 3
to 4 times the upper limit of normal for COVID patients.
This study also found that 12 of the 13 patients in the non-
survivors group had D-dimer levels > than 2.0 mg/mL, but
interestingly more than 50% (7 out of 12) of them had no
severe symptoms on admission.24

While previous studies on SARS infection have shown
alterations in platelet counts and isolated prolonged acti-
vated partial thromboplastin time, D-dimer levels were
not significantly elevated.25 In another study in Hong
Kong, there was no significant association between D-
dimer levels and ICU admission or deaths in 138 patients
with SARS, although raised D-dimer was detected in
nearly half of the patients.26 These findings, when exam-
ined in comparison to COVID-19 cases suggest that the
value of D-Dimer as a prognostic tool may be unique to
the SARS-CoV2 virus and not all coronavirus infections.
Thus, D-dimer level could potentially be an early and

helpful marker to improve the management of COVID-19
and point clinicians to the possibility of silent thrombosis
occurring in the pre-symptomatic stage which might dic-
tate the natural history, progression and severity of the
disease in a manner that has not been seen in previous
coronavirus infections.
h its end result of thrombus formation and counter-regulatory fibrinolysis via
g. Note that the thrombus/cross-linked fibrin breakdown results in fibrin deg-
round (B) illustrates the dysregulation of thrombosis and fibrinolysis which
avascular coagulation.
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Venous thromboembolism in COVID-19

Venous thromboembolism (VTE) refers to the forma-
tion of a thrombus within the venous system and consists
of 2 clinical entities; pulmonary embolism (PE) and deep
vein thrombosis (DVT).
A retrospective review of 100 COVID-19 patients who

underwent contrast enhanced CT scans of the chest, 23%
of patients had radiological evidence of pulmonary embo-
lism.27 In another study looking at thrombotic complica-
tions of critically ill COVID-19 patients, the cumulative
incidence of thrombotic complications was as high as
31%, even though all patients were on standard thrombo-
prophylaxis, with 25 out of 31 of these thrombotic events
being pulmonary embolisms.17 A larger Dutch study of
184 critically ill COVID-19 patients demonstrated that 65
patients (35%) developed pulmonary embolism. In the
same study, 41 patients succumbed to their illness in ICU
and most of the patients who died had not been referred
for imaging tests to diagnose thrombotic complications
which indicates that the rate of pulmonary embolism
might be higher.18

Extensive histopathological studies of the pulmonary
system of COVID-19 patients have given us a better
understanding of the pathophysiology of COVID-19
pneumonia in comparison to other coronavirus infections.
The main cause of mortality in COVID-19, which is
ARDS, shows typical diffuse alveolar damage (DAD)
with lymphocytic infiltrates, protein exudates and hyaline
membrane formation as seen in SARS28, MERS29 as well
as COVID-19 infections. However, there was a significant
increase in microthrombi in the alveolar capillaries of
COVID-19 patients.30�32 In the post mortem of 21
COVID-19 patients, pulmonary histopathological findings
revealed characteristic DADs however, 5 out of 11
patients who had immunohistochemistry for fibrin per-
formed, revealed microthrombi in the alveolar capillaries
and 4 of the total 21 patients had peripheral and promi-
nent central pulmonary embolism.32 In another post mor-
tem study of 5 COVID-19 patients, typical ARDS features
with DAD were not seen even though histopathological
evidence of microthrombi was present in all patients.33

The most striking difference between the pulmonary
findings of COVID-19 and other coronavirus infections
seems to be the prevalence of thrombosis in the imaging
tests and histopathological examination be it in the form
of microthrombi or large vessel pulmonary embolism,
which demonstrates a more extensive prothrombotic pro-
cess. This could prompt the notion that microthrombosis
in the lungs, as part of the primary immunothrombosis
mechanism, might precede a cytokine storm and worsen
direct damage by the virus to lung tissues rather than
microthrombi being the late response to direct damage
and hypercytokinemia as previously thought.
The other component of VTE is deep vein thrombosis

(DVT), which on its own carries lower mortality
compared to pulmonary embolism but significant mor-
bidity and is not to be overlooked. Cui et al studied a
cohort of 81 patients with COVID-19 pneumonia, all of
whom received adequate thromboprophylaxis, and found
that 25% of patients developed lower extremity DVT. A
total of 8 patients with lower limb DVT died but it was
not elaborated upon how many were due to a pulmonary
embolism secondary to DVT.34 A cross-sectional study of
2 hospitals in Wuhan, China revealed an extremely high
rate of DVT where 41 out of 48 patients (85.4%) admitted
into the intensive care unit for COVID-19 developed
lower extremity DVT and all but one patient was on low
molecular weight heparin prophylaxis.35 The incidence of
DVT in COVID-19 patients compared to the critically ill
patients without COVID-19, is significantly different with
2 studies in Thailand and Tehran showing an incidence
on 3.6%36 and 3.5%37 respectively. The incidence of DVT
in severe ARDS patients with possible H1N1 viral pneu-
monia were 9/71(12.6%) for lower extremities and 10/71
(14.1%) for upper extremities.38 This demonstrates an
increased rate on DVT in COVID patients compared to
other critically ill patients and also reinforces the need to
reassess the prophylactic anticoagulation dosage or the
use of both chemoprophylaxis and mechanical prophy-
laxis concurrently.
Neurovascular disease (NVD)

COVID-19 has not spared the central and peripheral
nervous system with case reports of cerebrovascular dis-
ease39, acute necrotizing haemorrhagic encephalopathy40,
transverse myelitis41 and Guillain Barre syndrome.42 Not
surprisingly, patients with COVID-19 who have NVD
resulting from thrombosis have shown significantly ele-
vated D-dimer and CRP levels which indicates a hyperco-
agulable state and an increased inflammatory response.
This was shown in a retrospective study of 221 patients
with COVID-19, of which 13 (5.9%) patients developed a
new onset of NVD which included ischaemic strokes,
intracranial haemorrhage and cerebral venous thrombo-
sis. Among the 13 patients, 11 of them developed ischae-
mic strokes with 5 large vessel occlusions, 3 small to
medium vessel occlusions and 3 cardioembolic strokes.
Of these 13 NVD patients, 5 patients died resulting in a
high mortality rate of 38.5%. Other significant risk factors,
excluding raised D-dimer and CRP, that were associated
with a high mortality rate for these patients with NVD,
were comorbidities, age and increased severity of
COVID-19 infection.39 Beyrouti et al reported on 6
COVID-19 patients with ischaemic stroke. All patients
had large vessel occlusions (LVO) and 5 out of 6 patients
had very high D-dimer levels of >7000 mg/L (median
level reported in COVID-19 is 900 mg/L). The D-dimer
for the 6th patient was 1080 mg/L after intravenous
thrombolysis which was still above the median level.
Interestingly, 2 patients developed LVO despite being on



COVID-19 AND THROMBOEMBOLISM 5
therapeutic anticoagulation and one patient developed
stroke during the pre-symptomatic phase.43 These find-
ings lend further weight to the presumption that throm-
bosis is the main perpetrator of morbidity at any stage of
the COVID-19 infection, including the pre-symptomatic
stage, and can be devastating as patients were reported to
have developed LVO ischaemic stroke despite therapeutic
anticoagulation.
Cardiovascular disease

When it comes to cardiac injury, there seems to be a dis-
cord from the other organs affected in this disease, where
the culprit seems to possibly be from a non-thrombotic ori-
gin. SARS- CoV-2 infects host cells through ACE2 receptors
which are highly expressed in the cardiac tissue causing
acute myocardial injury and chronic damage to the cardio-
vascular system.44 This is also the same pathogenicity seen
in MERSCoV infections.45 The most common cardiac abnor-
mality is in its biomarkers, with an elevation of high sensi-
tivity Troponin I (hsTI) which is directly proportional to
disease severity and death.46,47 Kang Y et al describes 3
likely mechanisms of myocardial injury: acute coronary syn-
drome due to plaque rupture or thrombosis (type I myocar-
dial infarction (MI) or supply-demand mismatch (type II
MI), myocardial injury due to DIC, and non-ischaemic
injury (myocarditis, stress-induced cardiomyopathy, or
cytokine release syndrome).47

One of the first reviews on myocardial injury manifesting
with increased hsTI in COVID-19 patients was a cohort of 41
COVID-19 pneumonia patients of which 13 patients ended
up in intensive care. Among the 13 patients, 4 (31%) of them
had elevated hsTI above the 99th percentile. Of the 13
patients in ICU, there was a high mortality rate of 5 deaths
(38%) and an odds ratio of severe disease or death with tro-
ponin elevation of 12.0 [1.2�121.8].48 Two other larger stud-
ies from China also observed significantly elevated hsTI
among patients with severe disease and non-survivors with
odds ratio of 80.1 [10.3�620.4]49 and 15.1 [6.7�34.1].50

Patients with elevated hsTI also had significantly elevated D-
dimer, high-sensitivity C-reactive protein, procalcitonin,
globulin and other biomarkers of cardiac injury (N-terminal
pro�brain natriuretic peptide, myoglobin, creatine kina-
se�myocardial band test) having p<0.001 compared to the
normal hsTI arm which indicates a diffuse inflammatory
process.50 Serial hsTI was able to prognosticate the disease
progression as non-survivors had a higher level of hsTI ele-
vation which showed a steady rise until death while tropo-
nin levels for survivors remained unchanged.46

Based on available studies to date, we are able to confi-
dently correlate a high hsTI with severe disease and
death; although the question remains as to how many of
these are purely due to thrombosis (Type I MI) and not a
supply demand mismatch (Type II MI). A study from
Lombardy reviewed a cohort of 28 patients with STEMI
where 24 patients (85.7%) had STEMI as the first clinical
manifestation of COVID-19 (no COVID-19 testing was
done at the time of coronary angiography) and the
remaining 4 patients suffered from STEMI during hospi-
talization for COVID-19. Twenty-two patients (78.6%)
presented with typical chest pain with or without dys-
pnoea, 6 patients (21.4%) had dyspnoea without chest
pain. Out of the 28 patients, 17 (60.7%) had evidence of
obstruction requiring revascularization and 11 patients
(39.3%) did not have obstructive coronary artery dis-
ease.51 Bangalore S et al published a case series of
COVID-19 patients with STEMI from 6 hospitals in New
York. They identified 18 patients with COVID-19 who
had ST-segment elevation indicating potential acute myo-
cardial infarction and 9 patients underwent coronary
angiogram. Six out of nine patients (67%) had obstructive
disease.52 These two studies demonstrate that despite
patients having STEMI, either as a possible first presenta-
tion of COVID-19 or developing STEMI after the diagno-
sis of COVID-19, a significant number of patients did not
have evidence of coronary obstruction which leads us to
believe that coronary thrombosis might not be the main
etiology of cardiac damage in this devastating disease.
Till date, the mechanism by which COVID-19 inflicts

myocardial damage is not fully understood although it
appears to be due to myocardial injury rather than thrombo-
sis. Oudit et al showed that 35% of the patients with SARS
infection had the SARS-CoV genome detected in the heart.
This indicates that there's direct damage of cardiomyocytes
by the virus.53 Because SARS-COV and SARS-CoV-2 are
highly homologous in genome, they may share the same
mechanism of myocardial injury and opposed to a throm-
botic damage from coronary occlusion.50
Treatment

Thus far, the mainstay of therapy for COVID-19 has been
immunomodulation by early detection of cytokine storms
and initiation of immunomodulatory therapy, the details of
which are beyond the scope of this article. However as dis-
cussed, the prominence of thrombotic complications necessi-
tates that attention also be focused on thrombolysis and
anticoagulation. There has been, and will always be, a risk
versus benefit consideration into anticoagulation therapy for
treatment of thromboembolic disease, and an even bigger
debate for prevention of thromboembolism. These consider-
ations have been carried forward into the management of
thromboembolic disease in COVID-19.
The CHEST guideline and expert panel report recommend

the use of low molecular weight heparin (LMWH) or fonda-
parinux in acutely ill and critically ill patients as thrombopro-
phylaxis with standard dose preventive anticoagulation in
the absence of contraindications. Unfractionated heparin
(UFH) is not the preferred option as it would increase staff
exposure due to its bidaily administration compared to the
once daily dosage of LMWH. It is also not recommended to
extend preventive therapy upon discharge.



Fig. 2. This figure illustrates the different mechanisms postulated for myocardial injury in COVID-19.56
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As for the treatment of pulmonary embolism or DVT,
LMWH or intravenous UFH is recommended with pref-
erence towards LMWH to limit staff exposure and avoid
the potential for heparin pseudo-resistance. Upon dis-
charge, direct oral anticoagulants (DOAC) or vitamin K
antagonists (VKA) are both acceptable long term treat-
ment options with a minimum of 3 months therapy.
Antiplatelet therapy is not recommended as thrombo-
prophylaxis in COVID-19.54

Thrombolytic therapy in COVID-19 for PE is only rec-
ommended in patients with objectively confirmed acute
PE with hemodynamic instability and/or cardiopulmo-
nary deterioration.
In the management of NVD, particularly acute ischaemic

stroke, there are no specific clinical guidelines established in
the handling of COVID-19 positive patients who are eligible
for thrombolysis. Management of hemodynamic status
must always balance the risk and benefits of such treatment
in COVID positive cases. A single case report in a Filipino
patient with COVID-19 who was administered intravenous
thrombolysis for an acute ischaemic stroke with a National
Institutes of Health Stroke Scale (NIHSS) score of 4 showed
fluctuations in motor power over the course of admission
but her neurological deficit did not show any major
improvement and neither did she develop bleeding compli-
cations. There is no established guidelines for secondary pre-
vention with antiplatelet therapy in COVID-19 patients with
ischaemic stroke however the Consensus for Prevention
and Management of COVID-19 for Neurologists recom-
mends preventive anticoagulation for ischaemic stroke
patients with a high D-dimer level due to the high possibil-
ity of cardioembolic etiology of stroke.55

In regard to COVID-19 and myocardial injury, there is
no specific targeted therapy to prevent or reduce the risk
of myocardial injury and supportive care is the mainstay
of treatment at this moment. As patients with underlying
cardiovascular disease are at a higher risk of morbidity
and mortality from COVID-19, early stratification of
patients is vital for close monitoring and anticipation of
complications in this group of individuals.48,50 There has
been a debate on whether angiotensin converting enzyme
inhibitors(ACE-i) or angiotensin receptor blockers(ARB)
are beneficial or detrimental for patients with COVID-19
as ACE2 expression is increased with ACE-i and ARB
which is a target for COVID-19 but there is no significance
in outcomes and larger clinical trials are required.50
Conclusion

The role of thrombosis in the disease process of COVID-19,
as highlighted in this article, appears to be the main player in
directly contributing to the morbidity and mortality of
infected patients. Elevated D-dimer levels in the pre-symp-
tomatic stage of COVID-19 infections further emphasizes the
likelihood of ongoing silent thrombosis, thus consideration of
early treatment of elevated D-Dimer levels even in the
absence of clinical symptoms needs to be explored.
While manifestation of VTE and arterial thrombosis in the

neurovascular system is recognized, interestingly, the car-
diovascular system seems to be damaged from direct
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invasion of the virus into the myocardium rather than by
direct occlusion of the main coronary vessels by thrombi.
This suggests the existence of varied mechanisms of injury
in different organs and thus further understanding of these
differences in pathophysiology could be essential for the
development of future targeted therapy to a specific organ.
In patients with severe disease, extensive research is

still required to ascertain optimal chemo/mechanical
thromboprophylaxis regimens. Consideration of extended
thromboprophylaxis after discharge to reduce morbidity
and mortality while striking a balance between preven-
tion of thrombosis and development of haemorrhagic
complications must also be undertaken.
As we endeavor to understand more about this disease

and its devastating complications, better treatment
options will continue to emerge and in due course reduce
the morbidity and mortality of this pandemic that has
profoundly affected us in one way or another.
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