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SUMMARY
A 47- year- old man, positive for SARS- CoV-2, was 
diagnosed with acute coronary syndrome (ACS) 
complicated by myocarditis on a background of 
COVID-19 pneumonia. He was medically treated for 
ACS; however, 3 days into his admission, the patient 
developed neurological complications confirmed on 
MRI of the brain. MRI showed established infarcts 
involving a large part of the left temporal lobe and right 
occipital lobe, with minor foci of micro- haemorrhagic 
transformation in the left temporal lobe. A left ventricular 
mural thrombus was then confirmed on echocardiogram, 
and this was attributed as the cause of his neurological 
infarct. Further infarctions in the kidneys and spleen, and 
thrombi in the superior mesenteric and left femoral artery 
were also identified on imaging of the abdomen. The left 
ventricular mural thrombus was removed surgically via a 
midline sternotomy incision under general anaesthesia. 
Surgery was successful and the patient was discharged 
to a rehabilitation centre.

BACKGROUND
Since the outbreak of the COVID-19 pandemic in 
December 2019, healthcare institutions worldwide 
have seen an overwhelming increase in hospitalisa-
tion of patients in view of the multiorgan involve-
ment related to severe infection causing significant 
morbidity and mortality. The immune dysregulation 
characteristic of severe COVID-19 infection causes 
massive inflammation boosting cytokines, which 
increase the production of clotting factors leading 
to an increased risk of thromboembolic disease. 
The true prevalence of thrombosis associated with 
COVID-19 infection is unknown, as most literature 
to date does not include systematic investigation 
protocols; but one of the most consistent findings 
is that of a raised D- dimer level and the impor-
tance of thromboprophylactic agents in severely ill 
patients.1 We present a case of severe COVID-19 
pneumonia complicated by multiorgan thrombosis 
including myocardial ischaemia, left ventricular 
thrombus, intracranial thrombosis and mesenteric 
involvement despite prophylactic anticoagulation 
to highlight the severe implications of this condi-
tion and to emphasise the high clinical suspicion of 
thromboembolic disease in such patients.

CASE PRESENTATION
A 47- year- old man, positive for SARS- CoV-2, 
presented to the Accident and Emergency depart-
ment 7 days after his positive swab test with sudden- 
onset central compressive chest pain radiating to 

his left shoulder. The pain was pleuritic in nature 
and it was associated with shortness of breath at 
rest. Over the past 7 days, the patient had lethargy, 
myalgias and a non- productive dry cough. The 
patient denied any other symptoms such as palpi-
tations, loss of consciousness, diaphoresis, nausea 
or vomiting. He has a known case of dyslipidaemia 
and diabetes mellitus on oral hypoglycaemic treat-
ment. His drug history included metformin 1 g 
three times per day, gliclazide 80 mg three times per 
day, vildagliptin 50 mg two times per day and feno-
fibrate 200 mg daily.

The patient was exposed to COVID-19 at work 
on a construction site. He was independent in his 
activities of daily living and lived with his partner. 
He was a non- smoker and had no family history 
of ischaemic heart disease or sudden cardiac death.

On initial examination, the patient’s observa-
tions showed a blood pressure of 120/89 mm Hg 
with a sinus tachycardia of 113 beats/min. He was 
afebrile, with oxygen saturation of 92% on room 
air, correcting at 96% on normal face mask at 5 L/
min, and a respiratory rate of 16 breaths/min. On 
auscultation of his chest, there were sparse fine- end 
inspiratory crepitations at both lung bases, heart 
sounds were normal, abdomen was soft and non- 
tender, and his lower limbs had no pitting oedema 
or any signs of deep vein thrombosis.

INVESTIGATIONS
Initial blood investigations showed an elevated 
white cell count of 13.06×109/L (refer-
ence: 3.5–11×109/L) and neutrophil count of 
10.31×109/L (reference: 2.5–7.5×109/L). Lympho-
cytes were slightly low at 1.22×109/L (reference: 
1.6–3.5×109/L) and a normal eosinophil count. His 
haemoglobin was 149 g/L (reference: 115–165 g/L). 
The patient had a normal urea and electrolytes, and 
a slightly raised creatinine of 123 µmol/L (reference: 
59–104 µmol/L). Procalcitonin was mildly raised 
at 0.192 ng/mL (reference: 0.02–0.046 ng/mL). 
Random blood glucose on admission was found to 
be high at 25 mmol/L (reference: 3.9–9 mmol/L) 
and C reactive protein (CRP) was raised at 115 
mg/L (reference: 0–5 mg/L).

Admission chest X- ray showed diffuse patchy 
airspace shadowing throughout both lungs in 
keeping with COVID-19 pneumonia. ECG showed 
right heart strain with a new- onset right bundle 
branch block. D- dimer was grossly elevated at 5483 
ng/mL (reference: 0–500 ng/mL). Initial troponins 
were also highly raised at 504 ng/L (reference: 
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3–14 ng/L), with repeat troponins uptrending to 1645 ng/L 
during the patient’s admission.

An urgent cardiology consultation was requested. CT pulmo-
nary angiogram (CTPA) was suggested to exclude a pulmo-
nary embolism and a bedside transthoracic echocardiogram 
(TTE) to be performed urgently thereafter. CTPA showed no 
evidence of pulmonary thromboembolic disease, however bilat-
eral consolidations and widespread ground- glass changes in 
keeping with COVID-19 pneumonia were noted. There were 
no intrathoracic or axillary lymphadenopathy and the visual-
ised upper abdominal organs were unremarkable. Bedside TTE 
revealed a globular dilated left ventricle with an ejection frac-
tion of 35%, akinetic apical, anteroseptal and anterior walls, 
preserved contractility of inferolateral wall and no significant 

valvular abnormality. The right ventricle was borderline dilated 
with normal contractility. The inferior vena cava could not be 
visualised.

The initial impression and diagnosis was acute coronary 
syndrome (ACS) complicated by myocarditis on a background 
of COVID-19 pneumonia. The patient was started on remde-
sivir 200 mg stat dose, then 100 mg daily for a total of 5 days, 
dexamethasone 6 mg daily intravenously with omeprazole 20 mg 
daily. In view of his raised CRP and slightly elevated white 
cell count, co- amoxiclav 1.2 g intravenously three times per 
day was prescribed. Medical treatment for ACS was also initi-
ated. Aspirin 300 mg and clopidogrel 600 mg stat were given, 
followed by aspirin and clopidogrel 75 mg daily, enoxaparin 
1 mg/kg two times per day, enalapril 2.5 mg two times per day 
and atorvastatin 80 mg nocte. At the time of diagnosis, it was 
decided to treat the patient medically and not to proceed with a 
percutaneous coronary intervention in view of infection control 
limitations and no evidence of ST segment elevation myocar-
dial infarction or new- onset left bundle branch block on ECG. 
The patient was admitted to the infectious diseases unit, where 
he remained haemodynamically stable during his admission and 
kept his oxygen saturation above 94% on room air. Oxygen was 
only needed on a PRN basis via normal face mask between 5 and 
10 L/min.

OUTCOME AND FOLLOW-UP
Three days post- admission, the patient was noted to be drowsy 
and tachypnoeic with a respiratory rate of 22 breaths/min. On 
examination, the patient was afebrile, oxygen saturation was 
97% on normal face mask 5 L /min, with a normal blood pressure 
and pulse. On examination, the patient appeared lethargic and 
slightly anxious, with a Glasgow Coma Score of 12; however, 
he was still able to transfer slowly from armchair to bed inde-
pendently. It was noted that he was slurring his speech and had 
an episode of urinary incontinence. Pupils were equal and reac-
tive, however neurological examination could not be performed 
adequately as the patient was not obeying and following all 
commands.

Arterial blood gases were taken on room air which showed 
type 1 respiratory failure with metabolic compensation—pH of 
7.48 (reference: 7.35–7.45), partial pressure of oxygen of 67.6 
mm Hg (reference: 80–100 mm Hg), partial pressure of carbon 
dioxide of 25.8 mm Hg (reference: 35–45 mm Hg), SO2 of 
95.2% and a HCO3- of 19.7 (reference: 22–28). Repeat blood 
tests were taken which revealed a downtrending CRP of 75, 
downtrending troponins and normal white cell count. A provi-
sional diagnosis for these neurological features included enceph-
alopathy secondary to hypoxia or a cerebrovascular event.

An urgent CT of the brain was carried out revealing a small 
area of low density in the right occipital lobe with no mass effect 
most likely secondary to an ischaemic infarct. These results were 
discussed with the neurologist on call and an urgent MRI of 
the brain and repeat TTE were advised. The MRI of the brain 
(figure 1) showed established infarcts involving a large part 
of the left temporal lobe and right occipital lobe. Minor foci 
of micro- haemorrhagic transformation were noted in the left 
temporal lobe. Slight sulcal oedema was seen within the affected 
areas with corresponding high signal on T2. In light of the 
neurological findings and the previously documented akinesia, 
a repeat TTE was indicated. Repeat TTE showed apical akinesia 
in keeping with a myocardial infarct, and a large apical mural 
thrombus. There was no pericardial effusion and no valvular 
abnormalities.

Figure 1 T2 MRI of the brain: arrow showing established infarct 
involving a large part of the left temporal lobe.

Figure 2 (A–C) CT of the abdomen and pelvis: arrows showing 
infarctions in the spleen (A), kidneys (B) and thrombus in the left 
femoral artery (C).
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A decision was taken to switch enoxaparin to unfractionated 
heparin (UFH) intravenous infusion 6000 units/6 hourly because 
of the risk of bleeding, in view of the micro- haemorrhagic infarcts 
noted on imaging, keeping the activated partial thromboplastin 
time (APTT) ratio between 2 and 3. Enalapril was increased to 
5 mg two times per day, and carvedilol 3.125 mg two times per 
day was also added as heart failure treatment. Antiplatelets were 
stopped considering that the patient was on UFH intravenous 

pump. The patient improved from a neurological point of view 
by the following day. He became more coherent and able to 
follow commands. A thrombophilia screen, erythrocyte sedi-
mentation rate (ESR) and auto- antibody screen were taken in 
view of these aforementioned findings. Total extractable nuclear 
antigen, anti- nuclear antibody, anti- double stranded DNA, 
complements and immunoglobulins were all normal. ESR was 
raised at 78 mm (reference: 8–12 mm 1st hour). Thrombophilia 
screen was negative for any mutations.

Two days after the initiation of UFH, warfarin was started at 
a loading dose of 5 mg on days 1 and 2—as per local hospital 
guideline. Subsequently, the patient developed acute abdominal 
pain. He was passing flatus and his abdomen was soft with no 
rigidity or guarding; however, he had generalised tenderness on 
palpation. A CT of the abdomen and pelvis was performed to 
exclude ischaemia of the bowel. CT showed infarctions in the 
spleen (figure 2A) and kidneys (figure 2B), with the renal lesions 
showing a preserved capsule. Thrombi were also seen in the 
superior mesenteric artery and left femoral artery (figure 2C). 
There were no obvious bowel ischaemic changes. After discus-
sion with haematology and taking into consideration all the find-
ings, the UFH infusion was switched to enoxaparin 1 mg/kg two 
times per day, with the aim to stop it and continue on warfarin 
once the international normalised ratio is more than 1.8.

The patient tested negative on 2 separate consecutive days for 
SARS- CoV-2, 14 days from his initial positive swab. A contrast 
echocardiogram was performed which showed a large peduncu-
lated left ventricular thrombus (figure 3). The case was discussed 
at a multidisciplinary team meeting which involved the cardi-
ologists, cardiothoracic surgeons, neurologists and infectious 
diseases team, and it was decided to proceed with surgical 
removal of left ventricular thrombus via a midline sternotomy 
incision. Surgery was carried out successfully after reversing 
the warfarin and the thrombus was removed as a whole under 
direct vision (figure 4), leaving a drain in situ. Postoperatively, 
the patient was admitted to a cardiac intensive care unit (ICU). 
He was extubated 1 day postoperatively, kept on dopamine and 
furosemide infusion, and on UFH intravenous pump. He had 
no postoperative complications and was transferred to a reha-
bilitation centre 2 weeks post- surgery for further intense physio-
therapy and occupational therapy.

DISCUSSION
SARS- CoV-2 infection is caused by an enveloped RNA beta- 
coronavirus. There are seven species of these beta- coronaviruses 
which are known to cause infections in humans, with four 
causing mild influenza- like symptoms and the remaining three 
resulting in potentially fatal illnesses: severe acute respiratory 
syndrome, Middle East respiratory syndrome and SARS- CoV-2. 
COVID-19 infection and pneumonitis have brought increasing 
awareness and attention by physicians to thromboembolic 
disease and associated complications. Useful biomarkers such as 
D- dimer levels are being taken on a routine basis, both to assess 
for thromboembolic events and also as a predictor of adverse 
outcomes. This pathophysiological process is not entirely under-
stood, and most likely differs from the standard mechanisms of 
thrombosis in critically ill patients.1

Virchow’s triad is a well- known theory stating that an alter-
ation in blood flow, vascular endothelial injury and a hyper-
coagulable state (inherited or acquired) result collectively in a 
higher risk of venous thromboembolism (VTE).2 3 In COVID-19 
infection, a pro- inflammatory surge, also known as ‘cytokine 
storm’, is thought to be central to the pathogenesis of acute 

Figure 3 Contrast- enhanced apical four- chamber view of the left 
ventricle demonstrating a pedunculated apical thrombus.

Figure 4 Resected left ventricular thrombus following surgical 
thrombectomy.
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respiratory distress syndrome (ARDS) with hypercoagulability 
being an important hallmark of this inflammatory process. This 
cytokine storm involves activation of T cells, neutrophils, mono-
cytes, macrophages and platelets, with resultant cytokine release 
including interleukin (IL) 1, IL-6, IL-10, tumour necrosis factor- 
alpha, monocyte- derived tissue factor and plasminogen activator 
inhibitor-1 expression, culminating in the development of micro-
vascular and macrovascular thrombi. These pro- inflammatory 
cytokines are critically involved in abnormal clot formation and 
platelet hyperactivation, and also play an important role in the 
downregulation of important physiological anticoagulant path-
ways.4–6 Virchow’s triad applies greatly to our case as the patient 
was in a hypercoagulable state caused by the COVID-19 infec-
tion, vascular stasis caused by cardiac akinesia and endothelial 
injury caused by the widespread inflammation from the cytokine 
release. All these factors contributed significantly to extensive 
thromboembolic disease.

Although the respiratory tract is the primary target of 
SARS- CoV-2, the cardiovascular system also becomes involved 
in several different ways as represented in our report here. Direct 
myocardial injury occurs secondary to the SARS- CoV-2 entering 
the cells by binding to ACE-2 receptors, a membrane- bound 
aminopeptidase, which is highly expressed in the cardiorespi-
ratory system. This binding leads to acute myocardial and/or 
lung injury leading to increased cardiometabolic demand. More-
over, the hypoxia caused by ARDS leads to impaired myocar-
dial oxygen demand–supply relationship and leads to acute 
myocardial injury.7 8 In addition, it is reasonable to consider viral 
inclusion or associated myocardial inflammation as the patho-
genesis of myocarditis. So far, there are limited reports showing 
pathological evidence that COVID-19 directly invades the heart. 
Sala et al showed viral particles with the morphology and size of 
coronaviruses in interstitial macrophages, however, there was no 
SARS- CoV-2 genomic material in the myocardium.9 10

Myocardial injury is a predictor of more severe illness and 
mortality in patients with COVID-19. Significant serum troponin 
elevation has been observed among several cases of severe infec-
tion and may be a reflection of supply–demand mismatch rather 
than myocardial injury.9 Our patient presented with ECG changes 
and grossly elevated troponin levels. CTPA was performed to 
exclude pulmonary embolism in view of the elevated D- dimer 
level. TTE confirmed akinesia, a complication of an ACS and 
also a complication of COVID-19 infection. Hence, our patient 
was at a higher risk of developing a left ventricular mural throm-
bosis, which ultimately resulted in widespread embolic events 
with significant sequelae.

TTE is an important first- line non- invasive test in the workup 
of such patients. In typical circumstances before this global 
pandemic, cardiac MRI would be a vital and integral test to 
confirm the diagnosis of myocarditis.9 However, in view of infec-
tion control practices surrounding this pandemic, physicians 
have to rely on a combination of clinical findings, biomarkers 
and bedside imaging to confirm diagnosis, such as in our case, 
with more elaborate investigations including interventional ones 
being postponed until the patient tests negative.

Although the incidence of VTE and arterial thromboembolism 
(ATE) seems to be higher in patients with COVID-19, further 
studies are surely needed as the actual prevalence is largely 
unknown. The International Society on Thrombosis and Hemo-
stasis (ISTH) recommends measuring D- dimer, prothrombin 
time (PT), APTT and platelet counts in all hospitalised patients 
with COVID-19. Rapid increase in oxygen requirements might 
be a useful indicator of a VTE event, rather than relying solely 
on blood investigations. Given the logistical issues that hospitals 

and wards have encountered during this pandemic, it is likely 
that there is a higher threshold to perform diagnostic imaging 
in these patients. Appropriate VTE prophylaxis is an important 
aspect in the management of these patients.11

The Swiss Society of Hematology proposes the following 
guidelines which are based on the available literature and 
published recommendations from the ISTH, American Society of 
Hematology and from the Society for Thrombosis and Haemo-
stasis Research. They recommend that all in- hospital patients 
with COVID-19 should receive pharmacological thrombopro-
phylaxis according to a risk stratification score. They suggest 
regular monitoring of PT, D- dimer, fibrinogen, platelet count, 
lactate dehydrogenase, renal and liver function. Consideration 
to increase prophylactic anticoagulation to an intermediate 
or therapeutic dose needs to be given in critically ill patients 
admitted to a high- dependency unit or ICU who exhibit immi-
nent respiratory failure or change in biochemistry and blood 
investigations. These guidelines also state that there are no data 
on the use of direct oral anticoagulants as thromboprophylaxis 
or as treatment of VTE (because of possible interactions with 
current proposed COVID-19 treatments and therapeutics).12

A meta- analysis examining the findings from 102 studies 
(64 503 patients) concluded that patients admitted to the ICU 
for severe COVID-19 had a high risk of VTE. This meta- analysis 
showed the frequency of COVID-19- related VTE was 14.7%. 
The overall prevalence rates of pulmonary embolism and leg 
deep vein thrombosis were 7.8% and 11.2%, respectively. The 
VTE prevalence was significantly higher in ICU. The frequency 
rates of overall ATE such as ACS, cerebrovascular accidents and 
other ATE were 3.9%, 1.6% and 0.9%, respectively.13

One can also find multiple case reports of VTEs and ATEs 
related to COVID-19 infection. Kumar et al14 report the first 
case in literature of a 71- year- old man with severe COVID-19 
infection, diagnosed with pulmonary thromboembolism while 
having an ongoing gastrointestinal bleed. He was not on any 
prophylactic anticoagulation. Another case reports the admis-
sion of a 70- year- old woman with acute bilateral pulmonary 
emboli, thrombi within the aorta and complete occlusion of 
the right common iliac artery. This required emergency surgical 
thrombectomy followed by anticoagulation with low- molecular- 
weight heparin.15 This case shows the risk of widespread throm-
boembolic disease similar to our patient. Similarly, Hussain et 
al16 presented a case of a severe SARS- CoV-2 infection requiring 
around 25 days of ventilatory support who had presented with 
significantly elevated D‐dimer levels. He was maintained on VTE 
prophylaxis since initial presentation and was switched to empir-
ical therapeutic anticoagulation on day 14 of admission on the 
development of worsening respiratory decline and new unstable 
arrhythmias. The patient remained on enoxaparin 90 mg two 
times per day for the majority of his ICU stay. CTPA performed 
after starting therapeutic anticoagulation still showed bilateral 
pulmonary emboli likely contributing to his prolonged ICU stay. 
This case questions the benefit of VTE prophylactic dosing in 
severe SARS- CoV-2 infection where therapeutic anticoagulation 
may also be unable to prevent thrombosis.16

In conclusion and with respect to our case presented here, the 
interplay of the cytokine storm induced by COVID-19 infection, 
leading to a thrombophilic state coupled with the myocardial 
injury secondary to the mechanisms mentioned above, could 
explain the massive left ventricular thrombus with subsequent 
widespread embolisation in an otherwise previously well patient. 
An earlier angiography might have prevented the formation of 
a left ventricular thrombus and the above- mentioned compli-
cations; however, in view of his COVID-19- positive state and 
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infection control limitations, this was not a viable option at that 
particular time.

Learning points

 ► SARS- CoV-2 infection is a prothrombotic state secondary to 
systemic inflammation and cytokine storm.

 ► Neurological symptoms and features in patients with 
SARS- CoV-2 require high clinical index of suspicion for 
thromboembolic disease.

 ► Myocardial injury and myocarditis are not rare complications 
of COVID-19 infection.

 ► Recurrent thromboembolic events should necessitate an 
echocardiography to exclude ventricular thrombi.

 ► Limitations in the availability of procedures and 
investigations because of strict infection control measures 
during this pandemic might limit the care of secondary 
conditions which would otherwise be managed differently.
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