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Abbreviations
A: Amputation; AF: Atrial Fibrillation; ALI: Acute 
Limb Ischemia; AML: Acute Myeloid Leukemia; Ao: 
aorta; ARDS: Acute Respiratory Distress Syndrome; 
ASA: Acetylsalicylic Acid; BAB: Bifemoral Axillary 
Bypass; CF: Common Femoral; CI: Common Iliac; 
COVID-19: Coronavirus Disease 2019; CTA: Computed 
Tomographic Angiography; CV: Cardiovascular; HIV: 
Human Immunodeficiency Virus; HT: Hypertension; 
IAo: Infrarenal aorta; LDH: Lactate Dehydrogenase; LF: 
Left Femoral; LFi: Local Fibrinolysis; LMWH: Low-
Molecular-Weight-Heparin; n a: not available; n d: new 
diagnosis; PCR: Protein-Chain-Reaction; PT: Prothrombin 

Time; r: remission; RCP: Reactive-C protein; RP: Right 
Popliteal; RV: Right Ventricle; SARS-CoV2: Severe Acute 
Respiratory Syndrome Coronavirus 2; TE: Thrombectomy; 
TTE: Transthoracic Echocardiogram; VTE: Venous 
Thromboembolism.

Background
Patients with Coronavirus Disease-2019 (COVID-19) are 
at increased risk for venous and arterial thrombosis. The 
inflammatory response and the dysfunction of the vascular 
endothelium seen in the context of COVID-19 infection 
may predispose to coagulation disorders and other 
deleterious complications. It is well known that endothelial 

Background: It is known that patients with COVID-19 are at increased risk of thrombosis. Although 
COVID-19 infection primarily affects the lower respiratory tract system, emerging reports suggest direct 
and indirect cardiovascular complications. However, the key mechanisms under thrombosis development at 
great arterial vessels are still unclear.

Case presentation: We report the cases of 4 patients who were admitted to our hospital and suffered from 
arterial thrombotic complications. All of them were older than 60 years and only 1 did not have cardiovascular 
risk factors. It should be noted that days prior to the diagnosis of arterial thrombosis, 3 of the 4 patients were 
under anticoagulant treatment. It is also interesting that in contrast to already known typical microvascular 
locations, our patients suffered from large arterial vessels thrombosis. Furthermore, none of them would 
present with severe respiratory symptoms. 

Conclusion: The underlying mechanism of COVID-19-associated arterial thrombosis remains unclear 
and might be independent of the cytokine storm that occurs in patients with COVID-19-associated venous 
thrombosis. Also, the role of anti-platelets agents as prophylactic treatment in high-risk patients remains 
unclear. Multicenter clinical trials are necessary to clarify these issues. 
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injury plays a significant role in COVID-19 related 
comorbidities such as hypertension, obesity and diabetes. 
Given the rapidly growing pandemic lived worldwide in 
the last months; there is an urgent need to measure the rate 
of thrombotic manifestations associated to COVID-19 and 
to analyze its impact on survival.

Although COVID-19 infection primarily affects the lower 
respiratory tract system, emerging reports suggest direct 
and indirect cardiovascular complications. We report the 
cases of 4 patients who were admitted to our hospital. 
None of them presented with severe respiratory symptoms 
and 3 out of 4 were under antithrombotic treatment. 
However, all of them suffered from arterial thrombotic 
complications and needed urgent surgery. Moreover, one 
of them presented with a right ventricle thrombus, a very 
rare complication, even in patients with severe pneumonia.

Multiple studies report that microvascular thrombotic and 
inflammatory processes may play a role in exacerbating 
Acute Respiratory Distress Syndrome (ARDS) and 
extrapulmonary events in patients suffering from 
COVID-19, but key mechanisms in large arterial vessels 
thrombosis is not clear yet. 

Case Presentation
Characteristics of the four patients are detailed in Table 1. 
As described below, two of them had a history of cancer, 
and likewise three out of four patients had cardiovascular 
risk factors. Despite confirming concomitant infection 
with COVID-19 in all patients, none of them required 
mechanical ventilation during their hospitalization.

Case 1, a 63 years old man, was admitted to our hospital due 
to asthenia, low oxygen saturation and a previous diagnosis 
of COVID-19 infection, with pulmonary infiltrates in 
chest X-ray. He was also diagnosed with Acute Myeloid 
Leukemia (AML) when cytologist checked his blood 
smear. Before starting the treatment for his AML and due 
to the fact that his peripheral blood values were stable, 
treatment against COVID-19 was started. He required low-
flow nasal cannula oxygen therapy, intermediate doses of 
corticosteroids, intravenous remdesivir (200 mg the first 
day and 100 mg for four more days) and Low-Molecular-
Weight Heparin (LMWH) as thromboprophylaxis until 
platelet count dropped below 30,000 per mm3. The 
initial response to treatment was satisfactory, and oxygen 
therapy could be suspended. Induction chemotherapy for 
AML with cytarabine and idarubicin was then started. 
Two days after removing heparin the patient presented 
with loss of strength and right lower limb pain. It was 
very light at the beginning but disabling just 48 hours 
later. A Computed Tomographic Angiography (CTA) 
was then requested. Large filling defects were identified 
in the descending infrarenal abdominal aorta and both 
common iliac arteries. Blood flow at left femoral and right 
popliteal arteries was restricted too. Many filling defects 
causing focus of ischemia in both kidneys were seen in 
renal polar arteries. Moreover, filling defects were seen in 

splenic parenchyma. Findings, which are shown in Figure 
1, were unlikely related to an embolic origin. A thrombus 
of uncertain origin was also found in his right ventricle. 
With the diagnosis of Acute Limb Ischemia (ALI), a 
thrombectomy and a bifemoral axillary bypass was 
established. The patient was transferred to the intensive 
care unit. Two days later he presented with muscular 
necrosis and collateral revascularization and right below 
knee amputation was performed. At 48 hours the patient 
suffered from febrile neutropenia, probably secondary to 
his immunosuppression and died. No signs of infection 
were found at the amputation stump.

Case 2, a 63 years old woman, under acenocoumarol 
treatment (within the desired range) due to Atrial 
Fibrillation (AF) was admitted in our hospital due to 
dyspnea associated to a previous diagnosis of  COVID-19. 
She would not have required previous oxygen support or 
any other invasive treatment other than thromboprophylaxis 
and steroids. She presented loss of strength and sensitivity 
as well as urinary sphincter’s control. Acute thrombosis 
of the infrarenal aorta was diagnosed using CTA. A 
bifemoral axillary bypass was established with successful 
results. Hospital discharge took place some days later. 
Main radiological findings are shown in Figure 2.

Case 3, a 66 years old man with a recent ankle arthrodesis 
surgery in his right foot took advice at emergency 
department due to a 4 days clinical picture of edema and 
wound suppuration associated to anosmia and ageusia. 
He was not under anticoagulant treatment and COVID-19 
infection was unexpectedly confirmed by RT-PCR test. 
He did never require oxygen support. He did also suffered 
loss of sensitivity and strength with lack of distal palpable 
pulse in his right ankle. A CTA, which we shown in Figure 
3, confirmed clinical suspicions of acute femoral ischemia. 
Local fibrinolysis and thrombectomy was performed 
without successful results, finally needing to have his right 
leg amputated.

Case 4, a 85 years old woman, under dabigatran treatment 
due to AF was admitted at our hospital due to severe pain 
starting at her right gluteal region and reaching down to 
the knee. She presented loss of strength and sensitivity 
as well as coldness and paleness. She referred a similar 
clinical picture in the left leg a couple days before. It had 
been solved spontaneously. A CTA was requested and 
large filling defects were identified in infrarenal abdominal 
aorta and both common iliac arteries. Superior mesenteric, 
celiac and renal arteries were permeable. Moreover she 
had been hospitalized until 12 days before due to bilateral 
pneumonia secondary to SARS-CoV2. She did not present 
with a severe respiratory syndrome and did not require 
mechanical ventilation. Figure 4 demonstrates the main 
filling defects at aortic bifurcation and the occlusion 
of the common iliac arteries. Urgent surgery, bilateral 
transfemoral embolectomy, took place in order to remove 
the thrombi. After achieving satisfactory clinical results, 
she was discharged from hospital a few days later.
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Figure 1. A) Computed Tomography Angiography (CTA) three-dimensional image shows extensive thrombosis of the infrarenal 
aorta with extension through common iliac arteries. Axial contrast-enhanced CT images show a patent/ permeable suprarenal aorta 
(arrow in I), and an occlusive infrarenal aortic filling defect (arrow in II) extended through common iliac arteries (arrow in III) with 
repermeabilization of the contrast pool at the level of femoral arteries (arrow in IV). It is remarkable that there is not a significant 
pre-existing aortic atherosclerosis. A contrast-enhanced CT scan also reveals perfusion defects (*) in the spleen (I) and in the left 
kidney (II) consistent with infarcts. B) CT Angiography (CTA) three-dimensional image of the lower extremities shows occlusion of 
the right popliteal artery (arrow). There is no evidence of arterial perfusion below the right knee. C) Axial CT image demonstrates a 
thrombus (black arrow) in the right ventricle and in the right hepatic vein (black arrow) in D.

Table 1. Demographic and clinical characteristics at the time of the thrombotic event.
Case 1 Case 2 Case 3 Case4

Baseline characteristics
Age (years) 
     Gender

     CV disease risk 
factors

63
male
none

63
female

diabetes, smoking

66
male

diabetes, HT

85
female

HT

     Previous cancer AML(nd), bladder(r) cervical(r) no no
     Other background none AF, stroke, HIV none AF
COVID-19 infection   

     Diagnostic test PCR PCR PCR PCR
     ARDS no no no no

     Pneumonia yes yes no yes
     Treatment 

        Low flow O2 
therapy yes no no yes

        Mechanical 
ventilation no no no no

        Remdesivir yes no no no
        Corticoids yes no no yes

        Anticoagulation prophylactic therapeutic no therapeutic
        Cyclosporine no no no no

Thrombus localization IAo/CI/LF/RP/RV IAo CF IAo/CI
Imaging exam CTA/TTE CTA CTA CTA

Days between infection 
and thrombus diagnosis 23 20 0 25

Treatment TE + BAB + A BAB LFi + TE + A TE
VTE associated no no no no

Status dead alive alive alive
CV: Cardiovascular; HT: Hypertension; nd: new diagnosis; r: remission; AF: Atrial Fibrillation; HIV: Human Immunodeficiency 
Viruses; PCR: Protein-Chain-Reaction; ARDS: Acute Respiratory Distress Syndrome; Ao: aorta; CTA: Computed Tomographic 
Angiography; TTE: Transthoracic Echocardiogram; VTE: Venous Thromboembolism; BAB: Bifemoral Axillary Bypass; A: 
Amputation; TE: Thrombectomy; IAo: Infrarenal aorta; CI: Common Iliac; LF: Left Femoral; RP: Right Popliteal; RV: Right 
Ventricle; CF: Common Femoral; LFi: Local Fibrinolysis. 
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Figure 2. Computed Tomography Angiography (CTA) three-dimensional image and axial contrast-enhanced CT images shows 
extensive thrombosis of the infrarenal aorta (in II) with extension through common internal and external iliac arteries (arrows in III) 
with repermeabilization in the common femoral arteries (arrows in IV). A contrast-enhanced CT scan also reveals perfusion defects 
(*) in the spleen and in both kidneys.

Figure 3. Computed Tomography Angiography (CTA) three-dimensional image (A,B) shows narrowing of the lumen and occlusion of 
the right superficial femoral artery (arrow without opacification of the distal vessels. (*, ankle arthrodesis). Axial contrast-enhanced 
CT images (I) show an acute occlusive thrombus in the right superficial femoral artery (arrow). 
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Figure 4. A) Computed Tomography Angiography (CTA) three-dimensional image demonstrates a thrombotic obliteration of the 
aortic bifurcation with extension through common iliac arteries. Axial contrast-enhanced CT images show non-occlusive arterial 
thrombi in the intrarenal aorta above the bifurcation (arrow in I) and the occlusion of the common iliac arteries (arrows in III).

Table 2 shows main analytic parameters at time of arterial 
thrombosis diagnosis. Except for case 1, who was under 
chemotherapy because of his AML, blood count was normal 
in all cases. Moreover, all of them presented with elevated 
D-dimer levels. However, thrombophilia studies were 

performed in three of them and none showed positivity for 
antiphospholipid antibodies or factor V Leiden mutation. 
Other parameters related to prothrombotic status such as 
Prothrombin Time (PT) or S and C proteins were normal.

Table 2. Laboratory findings at the time of the thrombotic event.

Case 1 Case 2 Case 3 Case 4

Complete blood count
   Hemoglobin (g/dL) 7.2 14.4 12.8 14.8

   Platelet count (x103/mm3) 37 215 296 174
   White cells (x103/mm3) 5,490 12,800 14,170 16,740

   Lymphocytes (x103/mm3) 4,800 1,600 1,000 1,200
   Neutrophils (x103/mm3) 400 10,200 12,600 14,600

Coagulation test
   PT (sec) 26 14 n a 11.4

   INR 2.2 1.24 1.34 1.06
   aPTT (sec) 24.1 25.3 28.5 28.2

   D-dimer (ng/mL) 38,000 7,097 2,500 1,517
   Fibrinogen (mg/dL) 824 656 1,020 912

RCP (mg/dL) 41 5.2 24.3 6.1
Ferritin (ng/mL) 3,350 580 1,952 n a

Antiphospholipid antibodies no no no n a
Factor V Leiden no no no n a

Creatinine (mg/dL) 0.9 1.47 1 0.4
LDH (U/L) 4,400 980 495 274

Bilirubin (mg/dL) 0.3 1 0.9 n a
PT: Prothrombin Time; RCP: Reactive-C protein; LDH: Lactate Dehydrogenase; n a; not available.
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One last aspect we would like to point out is that except 
for case 3, in which macroscopic findings compatible with 
atherosclerosis were found, the other 3 patients showed 
healthy arteries, with no evidence of pre-existing vessel 
lesions or atheroma surrounding the thrombi. 

Discussion
An increase in morbidity and mortality due to 
thromboembolic events has been shown in patients 
suffering from COVID-19 infection [1]. The big rate 
of Venous Thromboembolism (VTE) has been widely 
highlighted, but few studies are focused on systemic 
arterial embolism [2]. There is a growing interest in 
determining the risk factors involved in the development 
of thrombosis [3].

On the one hand, different working groups have reported 
the relationship between age, gender, cardiovascular 
disease or cancer history and severity of SARS-CoV2 
infection. We present herein two men and two women, 
whose median age was 69 years old. 

Two of the most important retrospective studies taken 
place in Wuhan, China, showed a clear predominance 
of men over women in terms of severity and mortality 
as well as poorer outcomes in the oldest versus the 
younger patients [4,5]. Other cardiovascular risk factors 
such as diabetes, overweight, smoking and hypertension 
have been established as predictors of mortality due to 
COVID-19 [4,6]. It is also known that the risk of severe 
illness due to SARS-CoV2 infection is higher in patients 
with cancer history [7]. The cases we present support most 
of the outcomes previously described [4,5,7]. 

On the other hand, Zhang et al. have notified that 
thrombosis is caused by hypercoagulability due to 
antiphospholipid antibodies that can arise transiently in 
patients with critical illness and infections [8]. However, 
none of the cases that we present here showed positivity 
in these tests. Moreover, Malentacchi et al. have reported 
cases of simultaneous occurrence of VTE and arterial 
thrombosis [9], but none of the patients we present here 
evolved in this way.

Furthermore, severity of respiratory symptoms and rate 
of thrombosis also seem to show some mismatch. To 
note, in contrast to the few studies taken place in our 
working environment, none of the patients we present 
with concomitant COVID-19 infection required invasive 
oxygen therapy. This observation makes an important 
difference in contrast to other cases reported, which show 
clear correlation [10,11].

Additionally, we would like to emphasize that three of 
the patients we present developed arterial thrombosis 
independently of the use of antithrombotic treatment 
[11]. Two of our patients were receiving properly full 
(therapeutic) dose of anticoagulant therapy due to AF and 
another one had been receiving LMWH as prophylaxis until 
platelet count decreased below 30,000/mm3. Due to the 

above, the prophylactic use of low doses of Acetylsalicylic 
Acid (ASA) has been discussed by different groups. It is 
well known the anti-inflammatory and antithrombotic 
effect of ASA [12]. In addition to these effects of ASA, 
in vitro and experimental models support its capacity to 
reduce replication, propagation, and infectivity of several 
RNA-enveloped viruses, including human CoV-229E 
and MERS-CoV [13]. Thus, different working groups 
advocate the widespread use of ASA prophylactically in  
COVID-19 infection [13,14]. Chow et al. described in a 
large cohort study of 412 COVID-19 infected patients that 
the use of ASA was independently associated with a lower 
risk of mechanical ventilation, ICU admission, and in-
hospital mortality [15]. Conversely, Sahai et al. hold that 
the use of traditional antiplatelet agents may not protect 
against thrombotic events or mortality in COVID-19 
infection. When comparing two study groups, they find 
that ASA therapy was associated with an increased risk of 
thrombotic stroke (3.6% vs 0.40%, P=0.036) [16]. 

Platelets have a wide range of critical functions and 
mechanisms of thrombosis in COVID-19 deserve further 
investigation. Drug trials are necessary to determine the 
real role ASA could play in these patients.

One more aspect we would like to point out is the 
unexpected location of the thrombi. Studies that report 
arterial thrombosis describe the main affected vascular 
territories. Limbs and mesenteric ischemia, as well as 
cerebral territories were the most frequently affected areas 
[11,17,18]. However, we present herein the concomitant 
finding of a right ventricle thrombus in one of the four 
patients. This special vascular bed has not been widely 
reported yet [19-21]. In most of the cases that have 
been described before, Transthoracic Echocardiogram 
(TTE) was obtained given the severity of hypoxemia 
and hemodynamic instability of patients [22-24]. As far 
as we know, this is the first case in which right ventricle 
thrombus was found in a patient with no invasive oxygen 
therapy or hemodynamic instability. It was an unexpected 
finding seen in the upper part of CTA performed to 
diagnose the abdominal aortic thrombosis. Given that the 
TTE is a minimally invasive test, it could be performed 
routinely in patients with COVID-19 infection and arterial 
thrombosis, in order to anticipate severe complications, 
such as ventricular thrombosis.

Finally, we would like to emphasize the poorly known 
mechanisms underlying microvascular thrombotic 
and inflammatory processes seen in patients suffering 
from COVID-19. Multiple studies have found that they 
may play an important role in exacerbating ADRS and 
extrapulmonary events in these patients [3,25-28]. These 
deleterious complications likely result from dysfunction 
of the vascular endothelium [29]. Its dysregulation leads 
to vasoconstriction, hyperinflammation, vascular leakage, 
thrombosis and improper antiviral immune response. 
Moreover, endothelial dysregulation is a well stablished 
actor in reported COVID-19 comorbidities such as 
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hypertension, obesity or diabetes [30-33]. In spite of the fact 
that abnormal coagulation and inflammation parameters 
provide evidence for endothelium dysregulation in 
severe COVID-19 patients, the pathophysiological 
mechanisms underlying this situation still require further 
clarification [34,35]. It seems clear, however, that SARS-
CoV2 may use two related pathways; either directly 
through endothelial cell infection or indirectly through 
the infection of other susceptible cell types, which cause 
hyperinflammation and aberrant antiviral responses 
[25,27]. Reports of microangiopathic complications in 
severe COVID-19 support a role for immunothrombosis 
in viral pathogenesis. SARS-CoV2 was recently found 
to promote pro-inflammatory complement activation 
in association with endothelial damage in severe 
COVID-19 [36,37]. This may promote the development of 
complement-suppressing therapeutics aimed at decreasing 
hyperinflammation in severe COVID-19 [38].

Conclusion
In conclusion, COVID-19 infection may predispose 
patients to an increased risk of thrombotic complications 
through different pathophysiological mechanisms, such as 
inflammation, immobilization, endothelial dysfunction, 
and a hypercoagulable state, all of them, still in need of 
deeper investigation. Further studies should focus on the 
rate and association of thromboembolic events and SARS-
CoV2 infection and identifying the patients at higher risk 
for arterial thrombosis to determine the best preventive 
maneuvers. 
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