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Coronavirus disease 2019 (COVID-19) is a highly prothrom-
botic condition leading to thrombosis in both venous and
arterial circulations, including microvascular thrombosis in
pulmonary and renal vasculature despite intensified antico-
agulation. COVID-19 initiates cellular infection by binding
angiotensin-converting enzyme 2 at the surface of host cells,
including endothelial cells.” Attachment promotes disordered
cytokine paracrine signaling, including proinflammatory mol-
ecules, proapoptotic mediators, and activation of coagulation,
leading to thrombosis. Coagulation abnormalities are well-
known features of severe infections, but virtually in all reports
these changes (and especially thrombosis) are more common
in COVID-19 than in other pneumonias despite standard
thromboprophylaxis or even with treatment dose anticoagu-
lation.? The reported incidence of thrombosis in patients with
COVID-19 varies considerably, depending on anticoagulant
regimen and whether the patient was treated in intensive
care, due to additional risk factors such as central lines, and
immobility and mechanical ventilation. A multicenter study of
150 COVID-19 patients demonstrated a 43% prevalence of
thrombosis, despite prophylactic or therapeutic anticoagula-
tion.? The pathophysiology of thrombosis in COVID-19 is most
likely multifactorial and the high rate of thrombosis appears to
be driven by endothelial inflammation and elevated coagula-
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tion factors such as fibrinogen and factor VIIL.? Extracorporeal
membrane oxygenation (ECMO), in which gas exchange occurs
by means of an extracorporeal membrane perfused with
venous blood, is life saving for many patients with severe
respiratory failure who do not respond to other methods of
supporting oxygenation and ventilation, including mechanical
ventilation during the COVID-19 pandemic. However, despite
the significantly improved circuits and techniques used for
ECMO in recent decades, thrombosis and bleeding are still
major complications in patients receiving ECMO support.
Therefore, maintaining the fine balance of hemostasis to
prevent blood clots in patients and the ECMO circuit while
preventing major bleeding complications, especially intracra-
nial bleeding, is vital in this process.

We report a 40-year-old female with severe COVID-19
pneumonia who had catheter-directed thrombolysis on
veno-venous ECMO. She was referred to our unit for veno-
venous ECMO with no improvement despite mechanical
ventilation. Her body mass index was 29.4 kg/m?. She was
a non-smoker and her past medical history included diet-
controlled diabetes and asthma, for which she was taking
beclomethasone inhaler twice a day and salbutamol inhaler
as required. She had no history of ischemic heart disease or
previous history of thrombosis.
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Fig. 1 Maximal intensity projection “iodine map” reflecting blood
distribution derived from a dual-energy CT study showing absence of
perfusion to the left lung, in particular the lower lobe (arrows); note
relatively normal distribution of iodine (reflecting unimpaired perfu-
sion) of the right lung despite extensive consolidation. The ECMO
cannulae and nasogastric tube are appropriately positioned (apparent
due to their high atomic number constituents).

It is our standard practice to perform an unenhanced
computed tomography (CT) of the head to exclude intracranial
bleed, prior to starting systemic anticoagulation with unfrac-
tionated heparin to prevent thrombosis in the patient and the
ECMO circuit. In addition, an “iodine map” dual-energy CT
pulmonary angiography (DECTPA) is performed to diagnose
pulmonary thrombosis, and assess pulmonary iodine distribu-
tion. DECTPA of this patient confirmed a wedge-shaped iodine
defect in the left upper lobe and the basal segment of the left
lower lobe (~Fig. 1) distal to the pulmonary arteries occluded
with thrombus. On admission, blood results showed hemoglo-
bin 83 g/L (reference range, 115-151 g/L), platelets 253 x 10°/L
(147-397 x 10°/L), activated partial thromboplastin time
38.0 seconds (26.0-36.0 seconds), prothrombin time 13.5 sec-
onds (10.2-13.2seconds), fibrinogen 49g/L (1.5-4.5g/L),
D-dimer 17,597 ng/mL (D-dimer units [< 240 ng/mL]), and
brain natriuretic peptide (BNP) 608 ng/L (< 20 ng/mL). In view
of hemodynamic instability and right ventricular (RV) dysfunc-
tion, pulmonary angiography was followed by catheter-direct-
ed thrombolysis with alteplase (10 mg bolus, then 0.01 mg/kg/
hour for 10 hours) as systemic thrombolysis carries a significant
risk of bleeding in patients on ECMO. Following completion of
catheter-directed thrombosis with alteplase, unfractionated
heparin (12 unit/kg/hour) was started, without a bolus dose,
and the dose of heparin gradually titrated to maintain heparin
anti-Xa level of 0.3 to 0.5 U/mL as the patient was on ECMO. On
day 1 postthrombolysis, D-dimer was 10,667 ng/mL, and BNP
was 137 ng/L, with improved RV function. DECTPA 10 days later
showed normalized iodine distribution in the left lung (~Fig. 2)
despite only a slight reduction in the lobar thrombus size on CT,
suggesting that distal microvascular obstruction had improved.
Twenty days after thrombolysis, RV function and estimated
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Fig. 2 Surveillance iodine map image 10 days later confirms im-
proved and equal distribution of iodine in both lungs; iodine distri-
bution defects are persistent in both lung apices.

pulmonary artery pressures improved with no hemorrhagic
complications. Following a total length of 73 days in the
intensive care unit (including 60 days on ECMO), the patient
was discharged to their local hospital.

Catheter-directed thrombolysis allows delivery of the
thrombolytic agent directly to the area of highest embolic
burden via a catheter. The potential advantage of local
delivery is a lower required dose of alteplase; therefore,
risk of bleeding is lower compared with systemic thrombol-
ysis. In an analysis of a nationwide inpatient care database
including 1,521 patients treated with thrombolysis for PE
prior to COVID-19, 1,169 patients received systemic throm-
bolysis (76.9%) and 352 patients received catheter-directed
therapy (23.1%). With the propensity-matched comparison,
intracranial hemorrhage was significantly lower in the cath-
eter-directed therapy group compared with systemic throm-
bolysis group (21.0 vs. 10.5%, p < 0.001 ).2 Patients on ECMO
are at additional risk of bleeding, especially intracerebral
hemorrhage, due to the effects of ECMO circuit in hemostasis
of the patient. These include blood at high shear through the
ECMO circuit results in acquired von Willebrand syndrome,
which was notably evident in this patient by von Willebrand
factor antigen level of 653.5 IU/dL and von Willebrand factor
ristocetin cofactor activity of 133.6 IU/dL (i.e., activity:anti-
gen ratio of 0.20) at the time of thrombolysis. In addition,
patients on ECMO develop thrombocytopenia and platelet
dysfunction even when the platelet count remain normal,
due to loss of platelet surface receptors, and thereby contrib-
uting to increased risk of bleeding.* Catheter-directed
thrombolysis has been given to patients without COVID-19
receiving ECMO>® and patients with COVID-19 not receiving
ECMO’ with successful outcomes. However, this is the first
reported case in the literature of a patient with COVID-19
pneumonia receiving ECMO treated with catheter-directed
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thrombolysis. Due to the extreme risk of bleeding in patients
on ECMO, systemic thrombolysis is not generally recom-
mended, and in such cases catheter-directed thrombolysis as
in our case may be lifesaving. The use of DECTPA as surveil-
lance in this patient was highly valuable as the iodine
distribution maps depicted an improvement in perfusion
that would not have been appreciated using conventional CT
pulmonary angiography alone.
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