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ABSTRACT

Hypercoagulability has been found in patients diagnosed with the novel coronavirus 19
(COVID-19) and has been identified as a major cause of morbidity and mortality. Herein, we
report the challenge in managing a patient presenting with a 5 day history of COVID-19
diagnosis, complicated by deep venous thrombosis, pulmonary embolism and ischemic
stroke in the setting of atrial septal aneurysm, presumed patent foramen ovale and para-
doxical embolism, identified to have clots in transit on echocardiogram. The application of
anticoagulation was felt to be high risk. The patient was transferred to a tertiary facility where
the patient underwent thrombus aspiration and was eventually complicated by hemorrhagic

conversion of the stroke.

1. Introduction

Ever since the SARS-CoV-2 pandemic in
December 2019, the medical community has been
challenged with the wide spectrum of manifestations
that SARS-CoV-2 presents with. While the most
common presentation of the disease is hypoxic
respiratory failure, many patients were also found in
hypercoagulable states, presumably having deep
venous thrombosis with microemboli in pulmonary
vasculature. Arterial thrombosis leading to cardiovas-
cular complications have been reported [1-4], but
reports regarding systemic arterial thrombosis have
been few, with Kashi et al. reporting increased inci-
dence of critical limb ischemia in intensive care unit
patients. A systematic review by Tan et al. showed an
acute ischemic stroke incidence of 1.2% in COVID-
19 with a mortality rate of 38% [5]. Here, we present
a case of an elderly female patient presenting with
pulmonary emboli and a large vessel stroke due to
a presumed paradoxical embolism in the setting of
COVID-19 pneumonia.

2. Case description

A 77-year-old female patient with a past medical
history of chronic obstructive pulmonary disease,
hypertension, hyperlipidemia who presented to our
emergency room (ER) due to worsening of respira-
tory distress. Four days prior to admission, the
patient was hospitalized for management of commu-
nity acquired pneumonia and upper gastrointestinal
(GI) bleed and was later discharged to a rehab center.
During a physical therapy session at the rehab facility,
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the patient developed severe shortness of breath and
was found to be hypoxic with an oxygen saturation
(SpO2) of 75%, she was placed on a nasal cannula.
Presenting vitals in the ER showed a blood pressure
of 152/83 mmHg, pulse 137 bpm, respiratory rate of
18/min and SpO2 97% on a 15 litre nonrebreather,
and the patient was found to be COVID-19 positive
using the RT-PCR test. Initial computed tomography
(CT) of the chest pulmonary embolism protocol
found multiple small bilateral pulmonary emboli as
well as elevated right ventricular to left ventricular
ratio of 1.4 indicating right heart strain (Figure 1).
The patient was noted to have expressive aphasia and
left sided flaccid paralysis, and an initial CT scan of
the head without intravenous (IV) contrast showed
no evidence of acute intracranial abnormality.
A magnetic resonance imaging (MRI) of the head
with and without gadavist intravenous (IV) contrast
(Figure 2) done later on Day 1 found a large acute
right middle cerebral artery (MCA) territory infarct.
The patient was started empirically on IV dexametha-
sone, antibiotic therapy, aspirin, atorvastatin, and
therapeutic enoxaparin. On Day 2, a CT angiography
of the head and neck with IV contrast showed an
abrupt vessel cut off of the right internal carotid
artery at the level of the supraclinoid right ICA, and
nonvisualization of the distal right internal carotid
artery as well as the right M1 due to a non-
occlusive thrombus (Figure 3).

The patient was transferred to an acute care facil-
ity, and a transthoracic echocardiogram (Figure 4)
showed moderately dilated right ventricle with mod-
erately reduced systolic function, right atrial
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Figure 1. CT chest pulmonary embolism protocol on day 1. (a): Multiple small bilateral pulmonary emboli (yellow arrows in a).
Elevated RV to LV ratio of 1.4 indicative of right heart strain. (b): Bilateral lower lobe patchy consolidation. Small patchy ground
glass opacity in the right upper lobe (Red arrows in b). Extensive emphysema.

Figure 2. MRI brain with and without IV contrast on day 1.

Evidence of a zone of restricted diffusion involving the right MCA territory including the frontal-parietal-temporal lobe and the right basal
ganglia. Findings are compatible with acute right MCA territory infarct. Findings suspicious for a corresponding hyperdense proximal right M1
middle cerebral artery sign on the prior CT compatible with thromboembolic occlusion

thrombus in transit and hypermobile atrial septal
aneurysm. The thrombus was managed with throm-
bectomy using the Inari FlowTriever device (Figure
5) and was started on continuous IV infusion of
unfractioned heparin. On day 3, a venous doppler
of the lower extremities showed a thrombus in the
right femoral vein of the distal thigh, gastrocnemius
veins, posterior tibial, and peroneal veins. At this
point, COVID-19 related hypoxic respiratory symp-
toms were mild and required only nasal cannula for
supplemental oxygen. Patient remained hemodyna-
mically stable until day 10 her condition was compli-
cated by an upper GI bleeding in the form of

melanotic bowel movement, she subsequently under-
went esophagogastroduodenoscopy (EGD) and found
a clot in the anterior bulb, which was treated with
epinephrine, clot removal and cautery of a non-
bleeding vessel. She was then treated with pantopra-
zole IV infusion and transfused two units of packed
red blood cells (PRBC), while anticoagulation therapy
was held. An interdisciplinary decision was made to
restart anticoagulation on day 13. On Day 18, the
patient had a hemorrhagic conversion of right middle
cerebral artery ischemic infarct which was detected
on CT of the head (Figure 6), and heparin infusion
was discontinued. Neurosurgery evaluated the patient
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Figure 3. CT angiography of the head and neck with IV contrast.

There is an abrupt vessel cut off of the right internal carotid artery at the level of the supraclinoid right ICA. There is nonvisualization of the
distal right internal carotid artery as well as the right M1. This is due to thrombus. Thrombus is likely nonocclusive as some right M2 vessel
opacification is seen. Right carotid bulb demonstrates calcified atherosclerotic plaque resulting in 0% stenosis. Right cervical ICA is normal in
caliber.

Figure 4. Two-dimensional transthoracic echocardiogram on day 2. (a): Subcostal view; showing echogenic nobile thrombus in
the right atrium. RV: Right ventricle; RA: Right atrium; LA: Left atrium; LV: Left ventricle. Red arrow: mobile right atrial thrombus
in transit. (b): Apical Four-chamber view. LVOT: Left ventricle outflow tract; LA: Left atrium; RV: Right Ventricle; RA: Right atrium;
Red arrows showing right atrial thrombi. Blue arrow: Atrial septal aneurysm.
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Figure 5. (a) FlowTriever sheath with self expanding mesh nitinool funnel and aspirationo stopcock. (b) The flowTriever catheter
with proximal nitinol coring element and braided collection bag. (c) Full flowTriever system with catheter and sheath.

and she was deemed not a candidate for any surgical
intervention. Given her grave prognosis, the patient
was transitioned to hospice care on Day 20.

3. Discussion

The novel coronavirus pandemic has undoubtedly
been a challenge to the medical community, and
with the growing number of COVID-19 cases, our
knowledge of the disease grows and our approach to
management changes rapidly. Most cases present
with severe acute respiratory syndrome and would
require oxygen support.

Li et al. first described hypercoagulation in
patients with Sars-CoV-2 infection [6]. It was

theorised that hypercoagulability occurs mainly
through the activation of the NOX2 leading to an
increase in reactive oxygen species and subsequently
leading to arterial vasoconstriction, platelet activa-
tion, clotting activation, as reported by Violi et al
[7]. Another theory discusses the involvement of
antiphospholipid syndrome requiring therapies
through means other than heparin, such as warfarin
[8]. Hypercoagulable states have been reported in
around 50% of cases with severe COVIDI9 and
with no established guidelines regarding pharmaco-
logic prophylaxis against thromboembolism in
COVID19 patients, with the use of anticoagulation
has been evaluated on a case-by-case basis. In one
study, the wuse of enoxaparin or direct oral
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anticoagulation (DOAC) has been shown to decrease
risk of thromboembolism at the cost of increased risk
of major bleeding [4]. A reduction of incidence of
thromboembolism to 5.5% with the use enoxaparin
was evident in the Medenox trial [9], and two cohort
studies on COVID19 patients with prophylaxis found
an incidence of venous thromboembolism up to 25%
in the ICU, even with prophylaxis, symptomatic
patients remained at 31% [10] Thromboembolism
has been mainly described as venous thromboembo-
lism leading to pulmonary embolism, with some
cases reporting right atrial thrombus formation [10].
However, these cases have been reported in patients
with severe illness with COVID19, and have attribu-
ted the thromboembolism due to disease severity and
occurrence of a surge of proinflammatory markers
known as ‘cytokine storm’ [11]. Elevation of inflam-
matory markers such as D-Dimer as an index for
high risk groups for venous thromboembolism and
is sometimes used as a prognostic value [12]. Stroke
was involved in 3 times increased risk in mortality,
but ischemic strokes were not found as
a manifestation of the disease [13]. In our patient,
an infection with COVID19 has been mild, with the
patient having only mild respiratory with resolution
of symptoms with only nasal cannula oxygen support
at the beginning. Inflammatory markers in our
patients only showed an elevation with D Dimer

All Admitted

peaking at 3.49 mcg/mL FEU, and CRP peaking at
6.27 mg/dL.

An algorithm was established and published in the
European Society of Cardiology to identify indivi-
duals with high susceptibility to thrombotic compli-
cations, which includes elevation of markers such as
D Dimer, CRP, and fibrinogen, respiratory rate over
24 breaths per minute, and dyspnea and oxygen
saturation less than 90% (Figure 7). The choice of
anticoagulation in this study has been with the use of
heparin or low molecular weight heparin, and they
argued that heparin use has led to a degree of low-
ering inflammatory markers, including interleukin-6.
This has also been shown in another study by Abbadi
et al. which showed heparin use in hyperglycemia
promoted to elevation of anti-inflammatory macro-
phages and inhibiting pro-inflammatory markers in
this study such as tumor necrosis factor alpha and
nitric oxidase [14].

In our patient’s condition, an added difficulty of
having a right atrial thrombus transit raised
a challenge in the management decision. Literature
review showed that the incidence of right heart
thrombus in the setting pulmonary embolism occurs
in 4% of cases, with a mortality rate of 28%, rising to
80-100% in untreated patients [15]. Right heart
thrombus presents as one of three types; Type A as
a result of DVT, Type B originates from the heart’s
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Figure 7. Atallah et al. formed a tailored algorithm/protocol for the management of coagulopathy in COVID-19 patients. *High
bleeding risk patients are excluded. Also exclude patients with platelet count < 50,000; INR > 2. **FEU, fibrinogen equivalent

unit. ***Adjust enoxaparin dose for renal failure.
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atria or ventricles and is attached to the wall, and
Type C highly mobile with resemblance to a myxoma
[16], with our patient likely presenting with Type
A right heart thrombus. Several studies were done
on the mortality of different treatment modalities for
right heart thrombus; that is anticoagulation, throm-
bolysis, and surgical embolectomy, with results show-
ing conflicting outcomes in each study. The latest
study by Ganesh et al. in 2015 showed a mortality
of 37.1%, 18.3%, 13.9%, respectively, with each man-
agement. In our case, a suspected atrial septal aneur-
ysm was seen on TTE with patent foramen ovale
(PFO), which is prevalent in 35% of the total popula-
tion according to a study published in Circulation in
1998, and is associated with 2% of systemic arterial
thrombi, which is the presumed cause of the large
vessel ischemia in our patient’s case. The manage-
ment used in our patient case for the right atrial
thrombus was catheter directed thrombectomy using
the inari FlowTriever (device shown in Figure 6). The
inari aspiration was originally intended for use in
peripheral vasculature, for the treatment of pulmon-
ary embolism and for treating clot in transit in the
right atrium. A study by Wible et al on the use of
FlowTriever device for thrombectomy showed 71%
reduction in intraprocedural oxygen requirement and
100% operative technical success [17].

4. Conclusion

The use of anticoagulation for the development of
thromboembolism has been weighed against the risk
of hemorrhagic conversion of the ischemic stroke,
and unfortunately in our patient, a fatal hemorrhagic
conversion occurred. The question lies if such
sequence of events could have been prevented with
anticoagulation once C OVID-19 has been diagnosed.
With limited guidance on best practices for COVID-
19, we present this case with the hope that others may
be vigilant of thromboembolic complications in their
COVID patients and also that future investigation
may demonstrate the therapeutic value of anticoagu-
lation early in the course before a fatal cascade of
clotting occurs.
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