Oat

open access text

Clinical Research and Trials

ISSN: 2059-0377

Review Article

COVID-19-Associated Pulmonary Embolism: Facts and

Fallacies

Alcibey Alvarado Gonzalez*

Internal Medicine and Neumology. Clinica de Diagnéstico Médico. San José, Costa Rica. Metropolitano Research Institute. San José, Costa Rica

Abstract

Covid-19 is associated with endothelial activation in the setting of a potent inflammatory reaction, immunological activation, and a hypercoagulable state. The result
of this thrombo-inflammatory and immune-thrombosis state is an excess in thrombotic events, in particular venous thromboembolism. In this scenario, pulmonary
embolism (PE) is associated with respiratory deterioration, increased risk of intensive care unit admission, prolonged hospital stays, and death. COVID-19-associated
PE clearly differs from the conventional non—COVID-19-associated PE. This has led to define the preponderant role of ‘iz situ” thrombosis in the pulmonary vessels,
frequently peripheral, silent, and therefore difficult to detect. The diagnostic value of D-dimers has been confusing, and the normal values are not known for certain.
The profitability of the predictive scales to assess pre-test probability, so widely used in conventional thromboembolism, have not been validated in thromboembolism
associated with Covid-19 and the extent of anticoagulant treatment in proven pulmonary thromboembolism is still a matter of controversy. Prophylactic anticoagulation
in patients with Covid-19 hospitalized in general wards and Intensive Care Units does not necessarily prevent thromboembolic events. Therefore, there are a series
of fallacies in diagnosis, prevention, and treatment that have been derived from extrapolating data and concepts from conventional pulmonary thromboembolism
to that associated with Covid-19. Furthermore, we briefly summarize the results from randomized controlled trials of the pathophysiology, epidemiology, diagnosis,

prevention, and treatment of Covid-19 associated PE.

Introduction

In December 2019, a novel pneumonia with a high potential
of transmissibility between humans was first reported [1,2]. The
Chinese Center for Disease Control and Prevention, along with other
related institutions, quickly identified the pathogen as a new type of
coronavirus. To ensure that the information is shared quickly across the
world, the first viral sequence was deposited into GenBank and made
public on 26 December 2019 (LR757995, LR757998). On 11 February
2020, the International Committee of Taxonomy of Viruses named
this virus severe acute respiratory syndrome (SARS)-CoV-2 based on
the phylogenetic relationship of the coronavirus that caused the SARS
outbreak in 2003. On the same day, WHO announced COVID-19
as the name of this novel disease caused by this virus following the
guidelines of the World Organization for Animal Health and the
Food and Agricultural Organization of the United Nations. At the
time of writing this article (mid-March/2023) there are >676 million
subjects globally with confirmed SARS-CoV-2 infection based on the
molecular assay (from more than 210 countries), with 6,88 million
of death with a lethality of 1.02% (Johns Hopkins University, USA)
[3]. The previously reported lethality of around 3.4 has been reduced
due to decreased mortality (prior vaccination and less lethal variants
and sub-lineages) and increased infections (more contagious variants
and sub-lineages). An unfavorable clinical evolution in patients with
COVID-19 has been associated with risk factors known to the medical
community and the public. There are basically three respiratory causes
of death: severe pneumonia, acute respiratory distress syndrome
(ARDS), and pulmonary thromboembolism (PE). This last entity
is the one addressed in this review. Although COVID-19 is mainly
associated with respiratory morbidity, patients with COVID-19 have
higher D-dimer levels and an increased risk of thromboembolic events,
especially venous thromboembolism (VTE), particularly in critically ill
patients [4,5].
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There are several potential hypotheses for the excess of
thromboembolic events in COVID-19. The cytokine storm may be
responsible for an imbalance in coagulation. These cytokines favor
the increased production of fibrinogen in the liver, which serves as a
substrate to produce fibrin, responsible for clot generation. There may
also be increased production of fibrinogen at the endothelial level
induced by IL-1 and TNF-a. This would favor “in situ” formation of
thrombi. But there is also a reduction in fibrinolysis (which exerts
control over thrombosis by undoing the thrombi formed). Plasminogen
is a substrate that generates plasmin, the enzyme that breaks or fractures
fibrin to break up clots. Plasminogen is activated by a plasminogen
activating factor, which can be inhibited by PAI-1 (fibrinogen
activator inhibitor 1) generated in the liver by cytokines, reducing
fibrinolysis. The final balance is a polarization of the coagulation/
fibrinolysis system towards thrombosis [6]. Direct invasion by the
vascular endothelial virus (rich in angiotensin convertase 2 [ACE-2])
generates intravascular membrane phospholipids and this initiates the
intrinsic coagulation pathway by activating factor XII (the origin of
this loop). But the severe alveolar inflammatory process produced by
the parenchymal invasion also generates inflammatory mediators that
favor the expression of tissue coagulation factor which, by activating
factor VII (the origin of this other loop), initiates the extrinsic pathway
[7]. The antiphospholipid antibodies that can be generated in Covid-19
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Figure 1. Rudolf Virchow MD

Famous German pathologist (1821-1902). Classic pulmonary thromboembolism (PTE) has
been associated with many diseases. Clot formation is a consequence of hypercoagulability,
blood stasis, and damage to the endothelium of blood vessels, a set of changes known as
the Virchow triad.

will damage the platelet phospholipids, producing thrombocytopenia
but activating factor XII and therefore coagulation via the intrinsic
pathway. Besides the production of neutrophil extracellular traps
(NETs) may lead to heightened platelet activation and aggregation, and
stimulate coagulation, which clinically manifests as thromboembolic
events [8]. Angiotensin II stimulates the production of PAI-1, reducing
fibrinolysis. Normally this effect is controlled by ACE-2, which degrades
angiotensin II to angiotensin 1-7, which does not have this effect, but
as in Covid-19, ACE-2 is glycosylated by the S protein of the SARS-
CoV2 being internalized, its expression is reduced. This decreases
the control over angiotensin II which can generate PAI-1 [9]. Deep
hypoxia induces a prothrombotic state as it activates HIF (Hypoxia-
Inducible Factor), which underregulates natural anticoagulants.
Immobility, inflammation, and baseline comorbidities that increase
the risk of thrombosis are among other potential reasons for the excess
risk of thrombosis in COVID-19 [10]. Added to this is the clinical and
pathophysiological associations of thrombosis with some vaccines used
for preventing COVID-19.

For the purposes of this monograph, we will use the term COVID-
19-associated PE to refer to said association and establish similarities, but
above all differences, with conventional PE. For example, conventional
PE is classically associated with deep vein thrombosis (DVT), whereas
in COVID-19-associated PE, a significant percentage of cases have
thrombosis “in situ” in the lungs, which begins in the periphery,
in segmental and/or subsegmental vessels, silently, progressively,
and difficult to diagnose. Between 66-90% of peripheral locations
of thrombi are reported in different series (occult thrombosis), and
between 56-77% of patients do not have deep vein thrombosis and there
are series that only document it between 3-12 %. This means two facts.
The globally actual incidence of COVID-19 associated PE is unknown
and PE may occur as a silent, hemodynamically stable disease, at least
initially [11-14].
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Pathophysiology

More than a century ago, a German physician and scientist Rudolf
Virchow proposed that blood clots in the leg could travel to the lung
and cause pulmonary embolism (PE), because he discovered at autopsy
that the emboli in the lung and the leg usually coexisted. He also
performed an experiment showing that foreign bodies in deep veins
can be found in pulmonary arteries (Figure 1) [15]. Therefore, he
coined the terms “PE” and “DVT” [16]. From then on, embolus from
peripheral venous system, such as lower extremities and pelvis, has
been deemed the predominant cause of pulmonary artery obstruction.
However, from the contemporary perspective, Dr. Virchow’s proposal
might be biased and excluded the possibility of “de novo” thrombosis
in pulmonary vessels. Based on Virchow’s proposal, PE and DVT are
disparate manifestations of the same disease, both belonging to VTE
[17] (Figure 2). In recent years, multiple lines of evidence have indicated
the possibility of generating “de novo” thrombus in pulmonary arteries
without DVT in lower extremities [18]. Therefore, to distinguish from
the PE associated with DVT, It has been proposed the term “in situ
pulmonary artery thrombosis” (in situ PAT) to describe the pathology
of “de novo “ thrombosis in proximal (main, lobar, and segmental
arteries), distal (segmental, mid-segmental, and sub-segmental arteries,
down to small pulmonary arteries of 2-5 mm in diameter), and micro
(microvasculature of 0.1-0.5 mm in diameter) pulmonary arteries [19].
Other terms are PIC (pulmonary intravascular coagulation) and TIRAC
(thrombotic immune response associated with Covid-19).

VTE is known to be a common respiratory and/or cardiovascular
complication in hospitalized patients with viral infections. Hospitalized
patients with HIV, hepatitis C, Chikungunya, Zika, Varicella-Zoster,
HIN1 and Covid-19 have an associated prothrombotic condition.
Ebola-Marburg infection has been associated with PE and disseminated
intravascular coagulation (DIC) [20]. Inflammation and immune
response go hand in hand in human physiology and pathology. Vast to
review the profound interrelationship of both processes in the innate
immune response and the adaptive immune response [21].

Proximal Pulmonary Thromboembolism

DVT

Figure 2. Classic Pulmonary Thromboembolism

Illustration demonstrating large-vessel occlusion and it’s anterograde consequence:
pulmonary embolism.
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Figure 3. In situ immunothrombosis

Illustration demonstrating microvascular “in situ” immunothrombosis resulting from direct
vascular and endothelial injury. NET = neutrophil extracellular trap.

The pathogenesis of COVID-19-associated PE is still not
completely understood but encompasses the effects of thrombo-
inflammation and immune-thrombosis at the alveolus, pulmonary
interstitium, and pulmonary microvasculature level [22] (Figure
3). But it is obvious that under the mechanisms described in the
introduction to produce thrombosis “in situ” underlie three highly
interrelated phenomena, namely, the direct invasion of the virus in the
microvascular environment, the cytokine storm, and the inflammatory
process. Severe inflammation leads to a hypercoagulable state, platelet
activation, and endothelial dysfunction, already initiated by direct
virus invasion. It should be remembered that ACE-2 is found not only
in type II pneumocytes but also that the endothelium is abundant in
the expression of said receptor [23]. CoV-2 interacts with the type
IT pneumocytes through several membrane proteins, including the
membrane-bound ACE-2. This interaction can lead to a pneumocyte
activation, production of thrombo-inflammatory cytokines which have
cross-communication with immune cells, so the immune-thrombi will
be formed, in addition to fibrin, by immune cells such as monocytes,
neutrophils, T and B lymphocytes, and platelets. At the same time,
invasion by the endothelial virus will produce endotheliosis not only
in the lung, but also in the heart, liver, and kidneys, amplifying the
production of micro-thrombosis [24]. These inflammatory cytokines
also activate platelets. Having no nucleus, the health of platelets depends
on their mitochondria. Being dysfunctional, these mitochondria in
Covid-19 undergo apoptosis, inducing clot formation 50 times faster
than normal platelets, increasing thrombus formation [25]. Cardiolipin
is as mitochondrial phospholipid that participates in maintaining
the integrity of the membranes of these organelles. In patients with
coagulopathy and thrombocytopenia in Covid-19, IgA anticardiolipin
antibodies are detected in the serum [26]. Cytokines also favor the
formation of NETs that are extracellular traps for neutrophils that also
favor thrombosis "in situ". The hypercoagulable state of patients with
Covid-19 is characterized by increased D-dimers, thrombocytopenia
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(usually not severe), mild elevation of PT and TPT, increased fibrinogen,
thrombin and Leyden factor V and factor VIII of the coagulation. This
profile is different from that of DIC and sepsis-induced coagulopathy,
suggesting different mechanisms of coagulopathy genesis [27].
Although “in situ” thrombosis can be a specific mechanism in patients
with COVID-19, both “in situ” thrombosis and embolic events can
contribute to the overall COVID-19-associated PE pathogenesis This is
why VTE is fundamentally an acute complication of Covid-19. The risk
of VTE in non-hospitalized COVID-19 patients is not known.

Epidemiology

The reported incidence of COVID-19-associated PE varies
significantly among the studies and meta-analyses [28,29]. This
variability is due to multiple reasons. First, the sample size and
methodology of the included individual studies differ significantly.
Second, the modality for diagnosis is highly varied. Third, the clinical
status of the patients has been strongly correlated with the PE incidence.
ICU patients had a higher risk of PE than non-ICU hospitalized
patients; whereas non-hospitalized patients have a lower risk compared
with hospitalized patients with COVID-19. Fourth, the concomitant
anti-inflammatory and prophylactic antithrombotic therapy may affect
the incidence [30]. Fifth, the incidence of PE with the new variants such
as delta (B.1.617.2) and omicron (B.1.1.529) and their sub-lineages and
the impact that vaccination has had on Covid-19 associated PE are not
known. Some studies suggest that the incidence is declining with new
variants and vaccination [31-33]. The incidence of COVID-19-associated
PE was reported in 13.6 to 16.7% of critically ill patients and 2.2 to 8.3%
of hospitalized patients who were not admitted directly to the intensive
care unit (ICU), but the numbers vary greatly with the various reports.
There are works that report 24.7% in patients in the ICU and 10% in
hospitalized in rooms [34-37]. There is greater uncertainty regarding
the PE rates in outpatients and patients post-discharge with COVID-19
because of limited data. A meta-analysis assessing post-discharge rates
of PE estimated an incidence of 1.5% (95% CI: 0.5-4.0%) at a mean of 68
days of follow-up [38]. However, data from placebo arms in randomized
controlled trials (RCTs) of outpatients with COVID-19 have found
rates of PE at approximately 1% up to 30 days of follow-up [39,40]. But
the risk results in this group of outpatients are highly controversial. A
study carried out with the National Registries in Sweden suggests that
the risk extends up to 70 days for DV'T and 110 days for PE, but in male
patients, with severe Covid-19, admitted to the hospital and/or ICU
and between 50-70 years of age of age [22]. Other reports suggest that
the "persistent hypercoagulable state" can last from 2 weeks to 12 weeks
[41,42]. An epidemiological report using data from the US Department
of Veteran Affairs provides some evidence that the one-year risk and
burden of CVD (coagulation vascular disorders) in survivors of acute
Covid-19 is substantial [43]. But there are also studies that conclude
that in post-discharge patients from a hospital due to Covid-19, the risk
of PE is not increased, compared to the post-discharge risk for other
diseases [44]. This risk appears to be related to the severity of Covid.
In patients with mild Covid-19, reports suggest that there is no clear
relationship between viral infection and VTE. In a large network of
studies from 5 European countries, the incidence at 90 days-term is
0.2-0.8%. It is also not clear that late-onset cases of PE are necessarily
related to the virus. There may be undetermined factors such as occult
cancer in older patients, prolonged bed rest due to chronic fatigue (risk
factor for conventional PE), or obesity and undetected thrombophilia
in young people [45]. What is clear from this varied information is that
the actual incidence of Covid-19 associated PE is not known and that
the risk is greater the greater the severity of Covid. In a patient with
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mild, ambulatory Covid-19, or in a post-discharge patient who did not
have PE during his hospital admission, the persistence of a chronic
hypercoagulable state that predisposes to VTE is not convincing or is
at most, debatable. A very recent publication supports this statement
[46]. Results from other recently completed trials will provide further
clarity on this topic.

Diagnosis
Generalities

In Covid-19, most PEs occur in patients admitted to the ICU or in
wards, and usually in the first 15-30 days and, it can occur aggressively
despite prophylactic (still widespread) and therapeutic anticoagulation
[47]. If the diagnosis in conventional PE is not easy, it is even less so
in Covid-19. The diagnostic suspicion is strictly clinical and there is
no systemic screening test for diagnosis. The clinical findings of PE
are not specific. Dyspnea, cough, chest pain, tachycardia, hemoptysis
(rare), and hypoxemia can be caused by pneumonia, which is itself
much more common than PE in Covid-19 (is what the doctor usually
thinks first). Acute dried cough in the inflammatory process (66-70%
of patients) occurs due to invasion of the sensory vagal pathways,
which conduct stimuli to the brainstem (nucleus of the solitary tract
and spinal trigeminal nucleus). In addition, the virus infects the glial
cells of the vagus and other cranial nerves (dysgeusia and anosmia). The
released neuropeptides initiate the reflex. Virus interaction with dorsal
root ganglion neurons explains pain and dyspnea in inflammation
(nociceptive receptors). The virus has been found in CSF orchestrating
brain inflammation and providing a central basis for hypersensitivity.
That is, there is central and peripheral inflammatory hypersensitivity
without the need to invoke PE from the outset to explain the symptoms
[48].

Therefore, the clinical findings of PE overlap with those of
pulmonary inflammation. There are several clinical scenarios that
can suggest the diagnosis. The most obvious would be a patient with
the described symptoms and hypoxemia with a normal chest X-ray.
If there is no picture of pneumonia that explains the findings, the
suspicion of PE is mandatory [49]. Another scenario would be that of a
patient with symptoms of covid-19 pneumonia and "disproportionate”
hypoxemia, not attributable only to lung inflammation. Again, PE
should be thought of as a mechanism superimposed on pneumonia
[50]. The same happens in “lack of clinical improvement in ventilated
patients” or in the patient with covid-19 pneumonia who develops right
heart failure [51]. Another clinical scenario that suggests pulmonary
thromboembolism in a patient with Covid-19 is a rapid deterioration
in lung function, heart function, neurological function, and loss of
perfusion (blood supply) to an extremity [52].

The profile of a patient with Covid-1-associated PE is generally a male
patient, between 60-70 years of age, with obesity and immobilization,
with cardiovascular and/or metabolic risk factors Covid-19-associated.
A history of deep vein thrombosis and other risk factors associated with
conventional PE is rare. Poor outcomes are associated with ICU, need
for mechanical ventilation, long hospital stays, and right ventricular
dysfunction [53]. On the other hand, conventional PE happens more in
women aged 60 to 70 years, with a history of VTE and lower extremity
disease or with a history of malignancy, postoperative status, late in
pregnancy or the puerperium, or with a history of contraceptive use.
The higher frequency in men has been associated with the protective
effect that estrogens have on the integrity and immunity of the vascular
endothelium (higher T cells) in women. It appears for this reason
that the cytokine storm is more dramatic in the male gender (low T

Clin Res Trials, 2023 doi: 10.15761/CRT.1000374

cells and more expression of ACE-2). In addition, men accumulate
more risk factors and comorbidities for PE than women due to their
lifestyle [54]. Another significant difference between both types of
PE is the fact that in contrast to conventional PE, more patients with
COVID-19-associated PE developed PE despite receiving standard-
intensity thromboprophylaxis. In a Spanish study that included patients
treated in emergency departments before hospitalization, COVID-19-
associated PE had a higher incidence when compared with conventional
PE (310 vs. 35 per 100,000 person-years), representing an almost
ninefold increase in risk [44]. Remarkably, these rates may reflect the
studied sample incidence rather than the actual disease incidence in the
overall population [55]. At the intra-hospital level, Covid-19 associated
PE is responsible for 16.0% of all causes of death and 18.2% of ICU
admissions. This contrasts with conventional PE which is responsible
for 6.5% of all causes of death and 11.4% of ICU admissions. Another
aspect that establishes differences between both types of PEs is that
in conventional PE between 2.5-4% can evolve to CTEPH (chronic
thromboembolic pulmonary hypertension). In Covid-19-associated PE
the relationship with CTEPH and long-Covid-19 is unknown [56]. For
these reasons, some authors have proposed that COVID-19-associated
PE exhibits a different disease phenotype than conventional PE [57].
There is no clear a rapid diagnostic strategy that allows differentiating
between classic PE and immune thrombosis. The probabilities of the
other two vascular complications of Covid-1 9 associated PE, which
are chronic thromboembolic disease and pulmonary hypertension
secondary to diffuse interstitial lung disease produced by SARS-CoV-2,
are not known [58,59].

D-dimers

In its purest conception, D-dimers are not a test of coagulation but
of fibrinolysis (is a fragment of the fibrillar protein). When fibrin is
degraded, D-dimers are released. Fibrin has molecules with D and E
domains. The D are in the central part of the fibrin mesh (cross-linked
by coagulation factor III) and the E are on the periphery. In addition,
the E-dimer bond is single, but the D-dimer bond is double, in such a
way that when plasmin fractures the fibrin, the single bonds are easily
broken but the double bonds, which are the D-dimers, persist. The
measurement is made by means of a monoclonal antibody directed
towards a particular epitope of D-dimers. Its measurement is used in
VTE, PE and DIC [60]. When elevated by clot formation that is later
lysed, D-dimers rise 1 hour after formation and remain elevated for
about 7 days if there is no recurrence of the clot [61]. Normally there is
formation of small clots in the circulation and rupture by fibrinolysis so
that they do not produce pathology. Therefore, there is a normal value
of D-dimers in plasma (<500 ng/ml [nanograms/milliliters]). D-dimers
are a marker of clot rupture and not necessarily of clot formation, but if
they are elevated it is assumed that there is a hypercoagulable state [62].
In pulmonary thromboembolism not associated with Covid-19, values
less than 500 ng/ml (nanograms/milliliter ) practically rule out PE if
the pretest probability of PE is low according to predictive scales, but
higher values do not confirm it because these dimers may be elevated
due to the activation of the fibrinolytic system normal at a faster rate
or fibrin mesh was formed in a compartment outside the blood, as in
an inflammatory process and the fibrin is being broken down and the
dimers (which are absorbed into the vascular compartment) will be
elevated, but there is no PE [63]. Although it is true that they have a
sensitivity of 95% (very low false negative rate) so they are helpful in
ruling out classic PE (particularly if the pretest probability of PE is low),
they have very low specificity (less than 50%) and therefore high rates
of false positives [64]. There are many clinical scenarios and medical
situations in which D-dimers can be elevated, without the necessary
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presence of PE. I cite a few examples. Old age, nicotine use, pregnancy,
contraceptives, ethnicity (African American), exercise, recent trauma,
or surgery (hematoma), atrial fibrillation, acute coronary syndrome,
sickle cell crisis, malignancy, infection (severe pneumonia), renal
failure, liver dysfunction, myocardial infarction, cerebral thrombosis
and DIC. Therefore, its elevated levels are not specific for venous
thrombosis and PE. An inflammation of the lung by Covid-19 will
produce a sequestration to the lung, from the blood by means of
inflammatory molecules (cytokines), of fibrin and its precursor
(fibrinogen) with the aim of trapping inflammatory cells. When this
fibrin (extravascular, in the lung and not in the blood), degrades due
to fibrinolysis that also occurs in that compartment) D-dimers will
be produced that will pass into the blood and give the positive test,
without necessarily the patient have thrombosis and intravascular
emboli (false positive). Elevated D-dimers in patients with pulmonary
inflammation by Covid-19 do not discriminate whether the patient
has pulmonary thromboembolism [65]. They can tell us if they are
elevated about the extent of the inflammation, but they are not a
reliable sign of thrombosis. The usefulness of this test in pulmonary
thromboembolism in Covid-19 is a question without an answer yet. If a
patient has a pulmonary thromboembolism (without pneumonia), they
usually appear elevated at the time of the event, then remain elevated
for 7 days afterward, and then return to normal. But if the patient has
persistent inflammation in the lung, they will remain elevated whether
the patient had thromboembolism [66].

The other problem with this marker in Covid-19 is that the normal
values are not known. The 500 ng/ml are validated and accepted for
conventional thromboembolism, but in those associated with Covid-19,
that value is used by extrapolation, but in reality, no one knows the
exact cut-off point from which they should be considered high. The PE
D-dimer threshold not associated with Covid-19 should not be used.
The statement “the diagnostic accuracy of d-dimer testing in patients
with coronavirus disease 2019 (Covid-19) remains unchanged” could
expose patients to unnecessary CTPA [67]. Published papers give
“elevated” values as low as 350 ng/ml to as high as 10,000 ng/ml, and it is
also not known whether these values should be adjusted for the patient's
age, pregnancy, or other conditions that may impact the normal value
[68-73]; values and settings if known for D-dimers in classic PE. It’s
clear that elevation of D-dimers in covid-19 is a predictor of severity
and mortality, but it must be understood that this predictive value does
not necessarily depend on the presence of PE but rather on the extent of
the inflammatory process. Of course, if PE is added to pneumonia the
prognosis and mortality will increase. But a CTPA, a lung ventilation/
perfusion scintigraphy or a venous ultrasound of the lower limbs
should not be indicated only for an isolated elevated value of D-dimers.
It is the clinical picture, the serial trend towards increasingly elevated
values of D-dimers and the evolution that should guide decision-
making. Nor should a patient be anticoagulated solely for an isolated
elevated D-dimer value. The "cut-off point" for D-dimers in Covid-19
has not yet been established and future studies of this biomarker are
required to define its role in diagnosis and anticoagulation in Covid-19
associated PE.

Computed Tomography Pulmonary Angiography (CTPA)

In conventional PE noninvasive tests to rule out the diagnosis that
are based on the assessed clinical probability of pulmonary embolism
are extremely effective in safely reducing the use of computed
tomography pulmonary angiography (CTPA) resulting in only 30 to
40% of patients with suspected pulmonary embolism subsequently
undergoing diagnostic imaging [74,75]. These data are not so clear in
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Covid-19 associated PE. The anatomical location of Covid-19-associated
PE has been related to different radiologic patterns compared with
conventional PE. Covid-19-associated PE has been particularly observed
in segmental and subsegmental pulmonary arteries, whereas a smaller
proportion of patients, compared with conventional PE, have thrombi
int the main pulmonary arteries (ie, central vasculature) [76,77]. To
illustrate the concept, the pulmonary vascular tree consists of a main
pulmonary artery, two pulmonary arteries, five lobar arteries, eighteen
segmental arteries, and hundreds of subsegmental arteries where
the precision of radiological studies is reduced. These findings align
with the lower frequency of DVT observed in patients with Covid-
19-associated PE and “in situ” thrombosis in the distal pulmonary
vasculature on postmortem analyses [78,79]. The incidence of false
positive results from CT screening varies among providers and may
be as high as 5% [80]. Small artery defects visualized on CTPA may
be technique artifacts, and inaccurate interpretation leads to reporting
of indeterminate findings. Movement artifacts (lines), adjacent lymph
nodes, peripheral mucus plugs that compress the arteries can be
confused with peripheral embolism or “in situ” thrombosis. Also, the
inability to take a deep breath can harm the quality of the image and the
reliability of the report [81].

CTPA has the risk of exposing the breasts and lungs to radiation
and can worsen kidney damage if the patient has previous risk factor
nephropathy (DM/HTA) or kidney damage from the SARS-Cov-2
virus. In this sense, the risk of inducing kidney injury is 0% if eGFR
(estimated glomerular filtration rate) is >45 milliliters/minute/1.73
m? (ml/m). If eGFR is between 30-44 ml/m/1.73m? the risk varies
between 0-2% but it is uncertain if the eGFR is less than 30 ml/m/1.73
m? Prophylaxis with intravenous saline solution is indicated in these
cases [82]. CT pulmonary angiography is usually the most timely and
accessible imaging technique; however, to minimize lung and breast-
tissue irradiation in younger patients, ventilation-perfusion single-
photon-emission CT (SPECT) is a low-radiation option. CTPA failure
rates are higher in Covid-19-associated PE (compared with conventional
PE) and there are no robust data to justify screening CTPA, regardless
of coagulation profile. In other words, a CTPA is not requested because
D-dimers or another coagulation marker are elevated, unless the patient
has a clinical suspicion of PE. If PE is not suspected, routine CTPA
can lead to overdiagnosis of Covid-19-associated PE (false positives)
and unnecessarily expose patients to anticoagulation with the risk
of complications. This leads us to another well-defined concept: the
performance of the CTPA must be left to the physician's discretion [83].

PE Predictive Scales

In conventional PE, in which physicians have an implicit sense that
their patient is very unlikely to have pulmonary embolism (estimated
likelihood, <15%), large cohort studies have shown that the Pulmonary
Embolism Rule-out Criteria (PERC) rule can safely rule out pulmonary
embolism without further diagnostic imaging [84]. In practice,
however, implicit estimation typically overestimates the probability of
pulmonary embolism, which can limit the use of the PERC rule [85].
Among patients with a low structured clinical probability score — a
Wells score of 4.0 or less (found in 80% of patients tested in North
America) [60], a revised Geneva score of 10 or less (on a scale ranging
from 0 to 22, with higher scores indicating a greater probability of
pulmonary embolism), and a simplified Geneva score of 4 or less
(on a scale ranging from 0 to 9, with higher scores indicating greater
probability of pulmonary embolism) — pulmonary embolism can be
safely ruled out on the basis of D-dimer levels when manufacturer-
recommended cutoffs were used (sensitivity, 98 to 99%; specificity, 37 to
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40%) [64]. The YEARS algorithm uses adjusted D-dimer threshold for
ruling out pulmonary embolism (sensitivity, 96 to 98%; specificity, 54
to 61%) [86]. In Covid-19-associated PE, the sensitivity and specificity
of these scales are not reliable and have not been validated, especially
in critically ill patients, so it is often unavoidable to reach CTPA in
this subgroup of patients [87-90]. Many variables that make up the
predictive scales (they are present or absent) are compromised by the
severe inflammatory component of Covid-19 without there necessarily
being PE.

In the broad population of patients with COVID-19, several risk
factors have been associated with increased short-term mortality. These
factors include elevated D-dimer, C-reactive protein (CRP), cardiac
troponin I, dementia, diabetes mellitus with insulin treatment, chronic
obstructive pulmonary disease, peripheral arterial disease, active
smoking, chronic liver disease, and rheumatologic diseases [91,92].
Over 300 prediction models have been described, but many are of
limited utility [93]. Studies assessing risk factors for poor outcomes
in patients with COVID-19-associated PE are limited. Patients with
COVID-19-associated PE may have a higher risk of ICU admission,
mechanical ventilation, and prolonged hospitalizations than patients
without PE. Moreover, a higher simplified Pulmonary Embolism
Severity Index score and the presence of right ventricle dysfunction
have been related to an increase in in-hospital mortality [55].

Sudden death

Death that occurs unexpectedly (not anticipated) and that generates
a catastrophic and challenging duel is defined as such. In terms of time,
death appears suddenly 24-48 hours after the onset of symptoms, which
may even be non-significant or non-specific. For example, 25% of acute
myocardial infarctions (AMI) that have sudden death do not have
coronary pain [94,95]. The 5 most common causes of sudden death are:
AMI, cardiac arrhythmias, stroke, aortic catastrophe, and PE. Sudden
death can be the first manifestation of PE in 25% of cases and in cases
of fulminant PE, 90% of deaths occur within 1-2 hours of the onset of
symptoms. Massive pulmonary thromboembolism may be a significant
cause of death in COVID-19 infection [96,97]. In addition, SARS-CoV-2
can cause severe pneumonia, generate cardiac arrest due to myocardial
ischemia or a poor response to myocardial hypoxia. Cardiomyopathy
due to sepsis can also lead to sudden death and in asthmatic patients
with infection if there is a cardiomyopathy of unknown origin [98].
Many pulmonary emboli invariably prevent diagnosis because of their
occult nature or because they cause rapid death from cardiopulmonary
arrest. PE remains an elusive diagnosis despite technological advances,
extensive research, and high indexes of suspicion. We still do not know
what is the real percentage of pulmonary embolisms that debut as a
sudden death in Covid-19.

Chronic Covid-19

The World Health Organization (WHO) defines chronic Covid-19
(long-Covid-19) as the persistence or onset of symptoms in the first 3
months of a confirmed or probable diagnosis of SARS-CoV-2, lasting
at least 2 months without an alternate explanation. The British define
it as the presence of such symptoms for more than 12 weeks after
diagnosis. More than 50 symptoms presumably attributable to this
chronic complication have been described, but the most frequent are:
fatigue (very similar to chronic fatigue syndrome caused by other
viruses), dyspnea, joint pain, and chest pain. Another frequent finding
is cognitive deficit ("brain fog"). Chronic Covid-19 occurs in 10-20%
of patients who have had Covid-19, generally in women, with severe
disease, and not vaccinated [99]. The definition is strictly descriptive
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and in terms of time, since neither its pathophysiology, diagnostic test,
specific treatment nor why some patients develop it and others do not
are known. It is debilitating and disabling and there are not enough
data to show thyroid hormone compromise, although it does show
adrenal insufficiency (due to chronic use and subsequent suspension
of steroids), and diabetes mellitus (pancreatic invasion by the virus).
POTS (posterior orthostatic tachycardia syndrome) is part of chronic
Covid-19, CFS (chronic fatigue syndrome) and MEL (myalgia
encephalomyelitis) [100]. Respiratory sequelae may appear as early as
2 weeks after hospital discharge, and pulmonary fibrosis, arrhythmias,
and cardiomyopathies, 2 months into the post-discharge recovery
period. For this reason, at 1-2 months, if there are persistent or new
symptoms, do a respiratory function test, CAT, and cardiac studies to
try to document chronic sequelae [101].

It is estimated that 10 million North Americans have chronic
Covid-19. The reports of evolution towards pulmonary fibrosis give
very dissimilar results (28-77%) possibly because the diagnostic
criteria are not standardized, but 33% at 3 months and 15.7% at 6
months of patients who had Covid-19 they have altered respiratory
function. Little is known regarding appropriate patient selection for
and clinical outcomes with lung transplantation for respiratory failure
due to Covid-19. In USA, approximately 7% of lung transplantations
nationally were performed (August 2020 through September 2021) in
patients with respiratory failure due to Covid-19. Because the 3-month
survival among these patients approached that among patients who
underwent lung transplantation for reasons other than Covid-19, we
believe that lung transplantation may be an acceptable treatment for
selected patients with irreversible respiratory failure due to Covid-19
[102]. The considerations that should be carefully weighed when
assessing a patient with COVID-19-associated ARDS regarding
potential candidacy for lung transplantation have been delineated as
well as the ethical aspects of the tool [103-106]. In a placebo-controlled
trial, treatment with either alone phosphodiesterase 4B Inhibitor or
with background use of an antifibrotic agent, prevented a decrease in
lung function in patients with idiopathic pulmonary fibrosis [107]. The
impact that this strategy could have on pulmonary fibrosis associated
with Covid-19 is unknown.

A truly controversial aspect of chronic Covid-19 is whether a
chronic hypercoagulable state in various organs or systems of the human
economy plays any role in its pathophysiology. Additionally, it is still
unclear whether PE following COVID-19 infection is a manifestation
of the post-COVID-19 condition or not. Reviewing the literature,
though, only a few data from small studies or case reports support the
increased risk of PE after COVID-19 infection. In a database review
the minimum reported days after diagnosis is 7 days and the maximum
is 180 days (mean 35.1 days), but most of the cases the time of clinical
manifestation of PE is during the first month following the COVID-19
infection [108,109]. Studies in post-Covid-19 discharged patients have
shown elevation of D-dimers up to 4 months after discharge when
all other inflammatory and coagulation parameters have normalized.
Patients who underwent CTPA did not show PE despite this chronic
elevation of convalescent D-dimers [110]. This exposes the lack of
specificity of this parameter in the evaluation of chronic Covid-19
[111]. The European Society of Cardiology is clear in stating that the
risk of VTE after hospital discharge is like the risk of other hospitalized
patients without Covid-19, and that VTE in non-hospitalized patients is
rare. VTE and arterial thromboembolism were the same between 14,000
Covid-19 positive patients and 15,000 covid-19 negative controls. It has
not been shown that micro and macro-thrombosis play an etiologic
and pathogenic role in chronic Covid-19. In fact, after discharge,
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Figure 4. Cascade coagulation

The figure shows the three pathways of coagulation. In blue the intrinsic pathway, in red
the extrinsic pathway and in green the common pathway. The image allows to identify (see
text) where the various anticoagulants act.

serial coagulation tests are not recommended [112]. For this reason,
prophylactic anticoagulation is not recommended in the outpatient
setting [113]. In conclusion, there is no hard evidence proving that a
medical history of Covid-19 will increase the risk for PE in chronic
Covid-19 but some indications that need to be further investigated.
Further studies are needed to question a potential causal link between
“post-COVID-19 PE” and preceding SARS-CoV-2 infection and to
outline the high-risk period after the COVID-19 convalescence phase
regardless of the severity of the infection.

Anticoagulation

Conventional anticoagulants (oral or injected) are strictly preven-
tative. If used prophylactically, they aim to prevent clot formation. If
it is administered therapeutically, it is because the clot or embolism is
already present and it is used to prevent the propagation and amplifica-
tion of the thrombus, but they do not lyse the clot as such. Either vita-
min K antagonists (vitamin K is a cofactor in the synthesis of coagula-
tion factors II, VII, IX and XI) and activated factor X inhibitors (direct
oral anticoagulants [DOACs]) or unfractionated (UFH), fractionated
(hence low molecular weight) heparins (LMWH), and Fondaparinux
are included in that statement. Native heparin is a polymer with a mo-
lecular weight ranging from 3 to 30 kDa, although the average molecu-
lar weight of most commercial heparin preparations is in the range of
12 to 15 kDa. This UFH—from the Greek nmnap (epar), liver— is a highly
sulfated glycosaminoglycan which, when fractionated, produces low mo-
lecular weight fractionated heparins (LMWH) of around 4.5 KD [114].
Heparins work by stimulating antithrombin III (a natural anticoagulant)
which inhibits thrombin from converting fibrinogen to fibrin. They also
inhibit factor Xa , a common factor in the extrinsic and intrinsic path-
ways of coagulation. Fondaparinux is a synthetic heparin pentasaccha-
ride with a sequence identical to that found in anticoagulant heparin and
that accelerates the suicidal inactivation of factor Xa. It s used in patients
for whom heparin-based anticoagulation is not adequate due to its long
half-life or reversibility problems [115]. Figure 4 is a very simple diagram
of coagulation to understand the level of preventive action of anticoagu-
lants and figure 5 is a simple diagram of fibrinolysis to understand the site
of action of plasminogen activator (which is used to lyse already formed
clots) and where the plasminogen activation inhibitor (PAI-1) acts in-
duced by the SARS-CoV-19 virus, which reduces fibrinolysis.

Elements that carry a high risk of bleeding during anticoagulation
are Hemoglobin < 8 g/L; platelet count < 50x10°/L; previous use of dual
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antiplatelet therapy, active bleeding in the last 30 days; bleeding disor-
ders (inherent or acquired).

Prophylactic anticoagulation

In outpatients with Covid-19 (without PE) prophylactic anticoagu-
lation was not significantly associated with a reduction in PE compared
with placebo. This occurs with oral anticoagulants or with LMWH,
therefore, it is not indicated, ex officio, to prophylactically anticoagu-
lated outpatients with Covid-19 [116-118]. In patients discharged from
the hospital due to Covid-19 without PE (and who were prophylactically
anticoagulated), outpatient prophylactic anticoagulation or antithrom-
botic therapy (acetylsalicylic acid or P2Y12 inhibitors [mostly clopido-
grel]) is not recommended unless there are other prior indications for
its use [119]. In hospitalized noncritically ill patients (without PE) with
low doses of oxygen, elevated D-dimers, and low risk of bleeding, who
are in the general ward and not in the ICU, anticoagulation with hepa-
rins is preferred to prophylactic oral anticoagulation due to less drug-
drug interaction, shorter half-lives, allowing its effects to be rapidly re-
versed, and that DOACs have a higher risk of bleeding. Both heparins
can be used although LMWH is preferred as it requires less monitoring
and administration occurs at longer intervals which reduces the risk
of staff exposure. If there is a risk of bleeding, UFH is preferred. UFH
5,000 subcutaneous units/12 hours is an alternative. LMWH can be
administered prophylactically in two schedules. For example, standard
enoxaparin (widely used in the Western world) is dosed at 0.5 mg/Kg/
once a day (standard prophylaxis) or 1 mg/Kg/once a day (extended,
elevated, or increased prophylaxis). “Therapeutic> LMWH refers to
double the increased dose, that is, 1 mg/Kg/2 times a day (but is being
used prophylactically in this scenario) (for CrCl >30 mL/min). 1 mg
equals 100 units in European dosage. Therapeutic dose of heparin is
preferred in this type of patient. It should be remembered that the risk
of PE in hospitalized patients is high even with prophylactic standard
anticoagulation [120]. This scheme must be received during the stay
in the general ward until any of 2 events occur; that he be transferred
to the ICU or that he be discharged. The use of a prophylactic dose of
heparin is recommended for patients who do not meet the criteria for
receiving therapeutic heparin or are not receiving a therapeutic dose of
heparin for other reasons unless a contraindication exists.

For adults who require ICU-level care (without PE), including those
receiving high-flow oxygen it is reccommended a prophylactic standard

rt-Plasminogen Activators

4&——————— Plasminogen Activator Inhibitors
+ _ (PAI-1 and PAI-2)

Plasminogen ———3 Plasmin

| -

Fibrin————— Fibrin Degradation Products
D-dimer; others

Figure 5. Fibrinolysis cascade
Basically, the image shows where rtPA (recombinant tissue plasminogen activators) act,
which are used to lyse the clot and where the plasminogen activator inhibitor (PAI-1)
induced by the cytokines of the SARS-CoV-2 virus acts, reducing fibrinolysis, and therefore
favoring the persistence of thrombosis.
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dose of heparin as VTE prophylaxis unless a contraindication exists. For
patients who start on a therapeutic dose of heparin in a non-ICU setting
due to COVID-19 and then transfer to the ICU, it is recommended
switching from the therapeutic dose to a prophylactic standard dose
of heparin, unless VTE is confirmed. It is not recommended the use
of an intermediate dose (e.g., enoxaparin 1 mg/kg once daily) or a
therapeutic dose of anticoagulation for VTE prophylaxis (1mg/kg 2
times a day) [121]. There are two reasons for this behavior. First, these
last two regimens have not been shown to be superior to standard doses
of prophylactic heparin in ICU patients, and second, there is a high risk
of bleeding in this subgroup, so aggressive prophylactic anticoagulation
may be potentially harmful. In an older patient, central nervous system
bleeding can be devastating.

It is recommended that pregnant patients who are receiving
anticoagulant or antiplatelet therapies for underlying conditions
continue these medications after they receive a diagnosis of COVID-19,
and the use of prophylactic dose of LMWH for pregnant patients who are
hospitalized for manifestations of COVID-19, unless a contraindication
exists. In pregnant women, LMWH is preferred over vitamin K
antagonists and DOAC:s, since oral anticoagulants cross the placentaand
are associated with adverse effects and teratogenicity during pregnancy.
As in nonpregnant patients, VTE prophylaxis after hospital discharge
is not routinely recommended for pregnant patients. UFH, LMWH,
and warfarin do not accumulate in breast milk and do not induce an
anticoagulant effect in the newborn; therefore, they can be used by
breastfeeding individuals who require VTE prophylaxis or treatment
[122]. Therefore, it is recommended prophylactic anticoagulation for
children aged >12 years who are hospitalized for COVID-19, unless
there are contraindications. In a patient with Covid-19 who is going to
receive anticoagulation in addition to the coagulation profile (PT, TPT,
platelets, fibrinogen, fibrinogen degradation product, and D-dimers),
kidney and liver function tests should be requested. Before prescribing
ritonavir-boosted nirmatrelvir (Paxlovid) to patients who are receiving
anticoagulant or antiplatelet therapy, clinicians should carefully
review the patient's concomitant medications to evaluate potential
drug-drug interactions. It may be necessary to modify the dosage of
the antithrombotic agent, switch to another antithrombotic agent,
or prescribe an alternative COVID-19 therapy. For assess the extent
of inflammation, baseline CRP, ferritin (30-400 ng/ml [nanograms/
milliliter]), D-dimers, and IL-6 (if assay available) is desirable, prior
to starting anticoagulation [123]. Anticoagulated patients can be
vaccinated. It is recommended to use a number 23 needle and pressure
at the injection site for 2 minutes.

Therapeutic anticoagulation

Initial treatment of pulmonary embolism is guided by risk
stratification of the pulmonary embolism as high, intermediate, or low
risk based on the patients clinical presentation. The nomenclature
of “massive” and “sub-massive” in describing pulmonary embolism
is confusing, given that clot size does not dictate therapy (124). The
therapeutic approach in COVID-19 associated PE is like conventional
PE (until new information appears). In low or moderate risk patients
there is no significant hemodynamic compromise.

High Risk

This risk occurs in patients with shock, end-organ hypoperfusion,
hypotension (systolic blood pressure of <90 mm Hg or a decrease in
systolic blood pressure of >40 mm Hg that is not caused by sepsis,
arrhythmia, or hypovolemia), or cardiac arrest (5%). Intravenous
systemic thrombolysis is the most readily available option for
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reperfusion, and protocols include a weight-based dose of Tenecteplase
(fibrinolytic agent, plasminogen activator), a dose of 0.6 mg per
kilogram of body weight, or Alteplase at a dose of 100 mg administered
over a period of 1 to 2 hours [124-126]. Alteplase (rt-PA) is a
recombinant protein of the naturally occurring t-PA. After human t-PA
was cloned and expressed in E. coli and in mammalian cells, it became
the first commercially available recombinant protein drug that was
entirely produced in mammalian cells. Since then, alteplase has been
widely used as a fibrinolytic agent. There is insufficient evidence to
support one of these agents over the other; however, Tenecteplase can
be administered as a bolus in an emergency, and weight-based dosing
may be preferable in elderly patients or patients with low body weight.
Contraindications are the presence of brain metastases, bleeding
disorders, and recent surgery [81]. Alternative reperfusion approaches
include surgical thrombectomy and catheter-directed thrombolysis
(with or without thrombectomy). Additional supportive measures
include the administration of inotropes and the use of extracorporeal
life support. Upon completion of the plasminogen-activating factor
infusion, a UFH infusion (1000-1200 units per hour) is started and
titrated according to the aPTT (activated partial thromboplastin time).
aPTT should be maintained between 45-60 seconds if there is a risk
of bleeding and between 60-85 seconds if there is not. Clinical and
hemodynamic improvement will dictate the UFH infusion time (48-72
hours) and if the patient stabilizes, oral anticoagulants can be started
prior to discharge if an invasive procedure is not anticipated and there
is no significant drug-drug interaction.

Intermediate Risk

In conventional PE, patients with echocardiographic or CT
evidence of right heart strain, elevated cardiac biomarkers (such as
troponin or brain natriuretic peptide), or both are considered to have
intermediate-risk pulmonary embolism (they are hemodynamically
stable) [124]. However, the utility of transthoracic echocardiography
in the diagnosis of PE in Covid-19 is not clear, since right ventricular
dysfunction is a hallmark of severe disease and elevated troponin
(which usually translates to right ventricular stretch) may be elevated
by severe virus infection. If the right ventricular dysfunction is severe
or there are signs of pulmonary hypertension, the diagnosis of PE is
considered [119]. Systemic thrombolysis is not typically recommended
for these patients due to increased risk of major bleeding, hemorrhagic
stroke, and poor absolute risk reduction. LMWH (once or twice
a day) is the preferred immediate anticoagulant for patients with
intermediate-risk pulmonary embolism. The therapeutic effects of
immediate treatment with direct oral anticoagulants (rivaroxaban and
apixaban) as compared with low-molecular-weight heparin have not
been studied in patients at intermediate risk for pulmonary embolism,
and UFH causes excess bleeding [127]. There is insufficient evidence
to support catheter-directed thrombolysis over low-molecular-weight
heparin in these patients. Patients with intermediate or high risk for PE
should be treated in hospitals. Low-molecular-weight heparin should
be administered for 5 to 10 days. After stabilization, discharge with oral
anticoagulants is considered.

Low risk

Patients with pulmonary embolism whose conditions are
hemodynamically stable and who have no right ventricular strain and
normal cardiac biomarkers are considered to have low-risk pulmonary
embolism. Most of these patients can be treated with DOACS (based
on high-quality trial data) and assessed for outpatient treatment [128].
Unlike conventional PE, where the Pulmonary Embolism Severity
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Index (PESI) or the HESTIA score can guide the decision to treat a
patient at home or not, in Covid-19 associated PE there is no checklist
of criteria that preclude treatment at home, or that predicts the risk of
death [129,130]

In the subsequent management DOAC:s are the first-line treatment
for most patients. Randomized trials have shown that direct oral
anticoagulants, which do not necessitate monitoring, are as effective
at reducing the risk of recurrent venous thromboembolism as vitamin
K antagonists and result in a lower risk of major bleeding [128].
Because comparisons of direct oral anticoagulants are lacking, the
choice of agent is guided by pharmacologic properties and patient
characteristics and preferences [131]. In patients with cancer, DOACs
are alternatives to treatment with low-molecular-weight heparin
[132,133]. In conventional PE the standard duration is 3-6 months. In
COVID-19 associated PE the minimum time established is 3 months.
The maximum is not known and therefore the extension beyond 3
months will depend on the evolution of the patient, the possibility of
recurrences and the clinical judgment of the physician. The decision
to continue treatment indefinitely depends on whether the associated
reduction in the risk of recurrent venous thromboembolism outweighs
the increased risk of bleeding and should consider patient preferences,
although the risk factors for each type of PE were different. If a decision
to continue anticoagulation indefinitely was made at the time of
diagnosis of pulmonary embolism, this decision should be reassessed
annually or more often; anticoagulation may need to be discontinued
if the risk of bleeding increases, a major bleeding event occurs, or the
patient prefers to stop treatment. Adverse effects of anticoagulation
are bleeding, hyperkalemia, and mucosal hypersensitivity. Patients
should be followed longitudinally after an acute pulmonary embolism
to assess for dyspnea or functional limitation, which may indicate
the development of post-pulmonary-embolism syndrome or chronic
thromboembolic pulmonary hypertension [80]. DOACs and low-
molecular-weight heparin are contraindicated in patients with severe
renal impairment (CrCl < 30 ml/m) or severe liver disease and in
patients with antiphospholipid syndrome who are triple-positive
(i.e., positive for lupus anticoagulant, anticardiolipin, and anti-{2-
glycoprotein I antibodies), have very high antibody titers, or have a
history of arterial thrombosis [134]. Tables 1 and 2 of the excellent and
recent work by Kahn contain anticoagulant treatment regimens for PE
and summary of key guideline recommendations for treatment of PE [80].
About use of direct oral anticoagulants in patients with obesity, post hoc
analyses of phase 3 trials, observational data, and pharmacokinetic and
pharmacodynamic data suggest that DOACs and vitamin K antagonists
have similar effectiveness and safety in patients with body weight up to
120 kg or a body-mass index (BMI; the weight in kilograms divided by the
square of the height in meters) of up to 40. For patients who weigh more
than 120 kg or have a BMI higher than 40, standard doses of rivaroxaban
or apixaban are among appropriate anticoagulant options; fewer supportive
data exist for apixaban than for rivaroxaban. Other options include vitamin
K antagonists, weight-based low-molecular-weight heparin (administered
according to manufacturer recommendations), and fondaparinux [135].

VITT (vaccine-induced immune thrombotic thrombocytopenia)
has a risk of 1/1 million vaccinees and can cause both arterial and
venous thrombosis, with very atypical venous thrombosis (including
cerebral venous sinus) and generally occurs 2-3 weeks after the vaccine.
Treatment based on IVIG (intravenous immune globulin= 1 g/Kg
current weight/24 hours 2 doses) and methylprednisolone (1 mg/Kg
current weight and the de-escalation to oral steroids) is usually very
effective in reversing the process. It is recommended to use non-
heparin anticoagulants such as fondaparinux or oral anticoagulants if
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VTE with PE occurs. This is because VITT and HIT (heparin-induced
thrombocytopenia) share similar pathogenic mechanisms. There
are antibodies (induced by the vaccine or heparin) against platelet
phospholipid 4, causing platelet lysis and the release of membrane
phospholipids that activate coagulation [136-138].

Conclusions

COVID-19-associated PE has some specific clinical characteristics
compared with conventional non-COVID-19-associated PE, suggesting
it can include a different disease phenotype. Further research is
needed to clarify its true prognostic significance on fatal and nonfatal
outcomes. Major scientific organizations provide conditional
recommendations in favor of full-intensity over standard-intensity
prophylactic anticoagulation in noncritically ill hospitalized patients
with COVID-19 who have a low risk of bleeding. Although treatment
of acute COVID-19-associated PE is generally like pre-COVID-19
management, careful attention must be given to potential drug-drug
interactions between COVID-19 therapies and oral anticoagulants.
Whether a particular direct oral anticoagulant is preferable for the
treatment of pulmonary embolism is not known. The optimal type and
duration of anticoagulation, long-term effects of COVID-19-associated
PE on mortality or CTEPH, and the relationship with long COVID will
require future investigation.
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