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Hypercoagulopathy in COVID-19, Deep Venous Thrombosis 
After Extra-Corporeal Membrane Oxygenation Therapy: 

 A Case Report
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Abstract

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a 
novel coronavirus that has caused a pandemic across the world in the 
years 2019 - 2020 with over 100 countries reporting high infection 
rates. The virus is unique in the wide spectrum of disease manifesta-
tions it can cause; one of the worst of which is the hypercoagula-
ble state induced by severe infection. This case report focuses on a 
33-year-old Hispanic male who developed severe acute respiratory 
syndrome requiring management with extracorporeal membrane oxy-
genation (ECMO) and developed deep venous thromboses during se-
vere coronavirus disease 2019 (COVID-19) pneumonia. Since there 
are no current guideline(s) for routine screening for venous thrombo-
embolism (VTE) in ECMO patients, we aim to highlight a proposed 
benefit of routine screening for VTE in patients with severe COV-
ID-19 treated with ECMO pre-cannulation and post-decannulation, 
which minimizes the risk of cannulation-associated complications, as 
well as the risk of post-decannulation VTE respectively. While VTE 
is a known complication of ECMO therapy, the rates of increased 
incidence of VTE in patients with severe COVID-19 make the de-
tection of such complications even more important to reduce overall 
morbidity and mortality.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) is a novel coronavirus that has caused a pandemic 
across the world in the years 2019 - 2020 with over 100 coun-
tries reporting high infection rates (> 20,000 cases) [1]. In 
addition to the significant infectivity of the virus, the disease 
caused by the virus, coronavirus disease 2019 (COVID-19), 
has demonstrated significant mortality. One of the most in-
teresting observations about COVID-19 is the wide range of 
clinical manifestations it has from mild upper respiratory ill-
ness to respiratory failure and acute respiratory distress syn-
drome (ARDS). This report highlights one of these manifesta-
tions, namely the hypercoagulopathy suspected to be caused 
by SARS-CoV-2 infection as evidenced by multiple system-
atic reviews and case series [2]. As the number of cases rose 
exponentially early on in the pandemic, investigations were 
underway to understand the pathophysiological mechanisms 
for severe disease and ultimately death. Multiple autopsy re-
ports demonstrated evidence for microvascular thrombosis in 
pulmonary vessels suspected to result from pneumonitis and 
alveolar injury induced by the infection [3, 4]. In our case, we 
will demonstrate that SARS-CoV-2 infection is also associated 
with macrovascular thrombosis, and we will discuss the im-
plications of this complication in the management of severe 
COVID-19 cases who require extracorporeal membrane oxy-
genation (ECMO) therapy.

Case Report

Investigations and diagnosis

A 33-year-old Hispanic male with no past medical history pre-
sented initially with subjective fever (temperature 37.4 °C) and 
dry cough. He was diagnosed with COVID-19 pneumonia via 
positive “Xpert SARS-COVID 2 PCR” nasopharyngeal swab, 
and computed tomography (CT) angiography chest showing 
multifocal, patchy, and bilateral ground-glass opacities in a pe-
ripheral distribution without any evidence for pulmonary em-
bolism (PE) (Fig. 1). Initially, our patient was sent home after 
an evaluation revealed no fever, mild tachycardia with a heart 
rate of 117 beats/min, mild tachypnea with a respiratory rate of 
22 breaths/min, and no increased oxygen requirement. He was 
given a prescription for azithromycin 250 mg daily and advice 
for home quarantining and supportive care.
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However, he returned 5 days later with worsening subjec-
tive fever, dry cough, and the addition of nausea, and shortness 
of breath. Evaluation at that time, revealed temperature 37.2 
°C, mild tachycardia with heart rate 118 beats/min, worsened 
tachypnea with respiratory rate 24 - 41 breaths/min, oxygen 
saturation down to 86% on room air, up to 92% on 4 L/min 
of oxygen via nasal cannula, but our patient continued to have 
respiratory distress and shortness of breath, which were re-
lieved only with supplemental oxygen from high-flow nasal 
cannula set at fraction of inspired oxygen 100% with 25 L/min 
of oxygen flow. Repeat CT angiography chest was completed, 
which again showed no evidence of PE, but interval increase 
of the bilateral pulmonary opacities noted on the previous CT 
5 days before (Fig. 2). The patient was initially admitted to the 
medical/surgical (Med/Surg) telemetry ward.

Inflammatory markers, initially, showed significant eleva-
tions except for D-dimer which was 0.460 µg fibrinogen equiva-
lent unit (FEU)/mL (normal range: 0 - 0.490 µg FEU/mL) (C-
reactive protein (CRP) > 300 mg/L (normal range: 0.5 - 5 mg/L), 
ferritin > 2,000 ng/mL (normal range: 30 - 400 ng/mL), lactate 
dehydrogenase (LDH) 492 U/L (normal range: 135 - 225 U/L), 
fibrinogen 1,100 mg/dL (normal range: 240 - 510 mg/dL), proc-
alcitonin 0.9 ng/mL (normal range: 0 - 0.1 ng/mL)].

Treatment

The patient was being treated for possible superimposed bacte-
rial pneumonia with empiric antibiotics as well as supportive 
antioxidant vitamins/minerals, and was initially receiving deep 
venous thrombosis (DVT) prophylaxis with enoxaparin 40 mg 
subcutaneously daily. His supplemental oxygen requirements 
remained high, increasing from a flow rate of 25 L/min to 35 
L/min, and remaining on 100% fraction of inspired oxygen. 
Despite this respiratory support, he continued to desaturate as 
low as 88%, eventually requiring intubation and mechanical 
ventilation before being transferred to a tertiary care facility to 
undergo central veno-venous (CVV)-ECMO.

After transfer, the patient was given convalescent plasma 

and increasing doses of medical DVT prophylaxis with enoxa-
parin 40 mg subcutaneously every 12 h, as his D-dimer trended 
upward to 4.09 µg FEU/mL from 0.460 µg FEU/mL (normal 
range: 0 - 0.490 µg FEU/mL). He was also cannulated for 
CVV-ECMO in his right internal jugular vein (RIJV) and right 
common femoral vein (RCFV). A left internal jugular central 
venous catheter was placed for continued care. As part of CVV-
ECMO therapy, the patient received a continuous infusion of 
unfractionated heparin with a goal activated partial thrombo-
plastin time (aPTT) of 60 - 80 throughout the whole time spent 
on ECMO and for one additional day. While on ECMO, the 
patient spent the majority of time within the target range.

During his hospital course, he underwent tracheostomy 
tube placement for failing to wean off of mechanical ventila-
tion. Despite continuous therapeutic anticoagulation with un-
fractionated heparin, the patient’s D-dimer continued to trend 
upward to a peak level of 17.79 µg FEU/mL (normal range: 
0 - 0.490 µg FEU/mL). The day after decannulation, he un-
derwent controlled ultrasound (US) venous duplex scans of 
the RIJV and RCFV, which revealed non-occlusive thrombi in 
both veins. Therapeutic dosing of anticoagulant therapy con-
tinued despite being off of CVV-ECMO given the discovery 
of these DVTs.

Repeat nasopharyngeal swab and tracheal aspirate tests 
for SARS-CoV-2 after 40 days were negative and the patient 
was subsequently transferred back to the community hospital 
for further care.

Eventually, after hospitalization for 58 days, the patient 
was discharged home on warfarin 7.5 mg daily with prothrom-
bin time/international normalized ratio (PT/INR) monitoring 
as an outpatient.

Discussion

COVID-19 disease is a novel presentation of Coronaviridae, 

Figure 1. Chest computed tomography scan with intravenous contrast 
showing multifocal, patchy, and bilateral ground-glass opacities.

Figure 2. Repeat chest computed tomography scan with intravenous 
contrast showing interval increase in pulmonary opacities bilaterally 
without any evidence of pulmonary embolism.
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which has caused a worldwide pandemic. In addition to the 
multi-system organ involvement, the virus can be associated 
with coagulopathy as well [2], which has been described in 
systematic reviews and a few case series with an increased 
incidence of VTE associated with COVID-19 disease up 
to 6.2% [5]. The underlying cause of the hypercoagulable 
state induced by SARS-CoV-2 infection is suspected to be 
the severe systemic inflammatory response [6]. The primary 
predictive marker associated with increased risk of VTE in 
COVID-19 patients is the D-dimer with a direct relationship 
between D-dimer level and increased incidence of VTE [7]. 
It should be noted that catheter-associated DVTs (CaDVT) 
are a known complication of CVV-ECMO, the incidence of 
which is reported to be in the range of 10-85% in patients 
without SARS-CoV-2 infection [8]. Therefore, it is important 
to report on instances of CaDVTs in the setting of COVID-19 
due to the severe extent of the disease and because of the in-
creasing use of ECMO in the treatment of severe COVID-19 
patients.

Our case was appropriately started on CVV-ECMO for 
persisting hypoxic respiratory failure due to severe COVID-19 
pneumonia. Immediately before the initiation of CVV-ECMO, 
the patient’s D-dimer was 2.67 µg FEU/mL (normal range: 0 - 
0.490 µg FEU/mL) and there was no evidence of VTE at that 
time. Despite appropriate practices to prevent thrombosis from 
SARS-CoV-2 and simultaneous ECMO therapy, the patient’s 
D-dimer continued to trend upward, and the patient developed 
DVTs at the cannula sites in his RIJV and RCFV. Artifoni et al 
showed that higher levels of D-dimer correlate positively with 
a higher incidence of VTE in COVID-19 patients [7]. Sub-
sequently, in our case, post-decannulation US venous duplex 
revealed DVTs in the RIJV and RCFV.

Based upon ongoing available research, a wide range 
of incidences (23-85.4%) have been reported for CaDVT in 
the setting of ECMO therapy since 2017 [8-10]. Because of 
this inconsistency in incidence reports, there is currently no 
universal guideline for post-decannulation US scans to check 
for VTE at cannulation sites. Current recommendations from 
the Extracorporeal Life Support Organization (ELSO) are 
to screen patients based on clinical suspicion in each indi-
vidual case [11]. However, given that COVID-19 disease is 
suspected to be associated with hypercoagulopathy and that 
there are already varying reports of CaDVT associated with 
ECMO therapy, some with rates alarmingly high more than 
60% [10], protocols for ECMO therapy would benefit from 
the addition of routine post-decannulation screening recom-
mendations. At least, during the current pandemic, patients 
with COVID-19 who require ECMO therapy would benefit 
from routine screening within 24 - 48 h post-decannulation 
to ensure that potentially life-threatening diagnoses are not 
missed.

Data indicating that the rates of using ECMO in the treat-
ment of COVID-19 patients are scarce, although the ELSO 
registry shows that there are 3,360 confirmed COVID-19 
cases currently receiving ECMO therapy [12]. Without hav-
ing reliable data about the current number of active cases, 
which is difficult to ascertain because, while death rates are 
reported promptly, recovery rates are not, it is too compli-
cated to establish an estimation of the rate of ECMO therapy 

usage in COVID-19 cases.
In conjunction with this difficulty, there are even fewer 

reports of VTE post-ECMO-decannulation. To our knowledge, 
there is a single article by Belys et al in the British Journal of 
Anaesthesiology, which describes 12 patients who were treat-
ed with CVV-ECMO for severe COVID-19 ARDS between 
March 1, 2020 and April 4, 2020 [13]. Of these, six patients 
were noted to have VTE, four of which were discovered during 
cannulation for CVV-ECMO, one of which developed massive 
PE as a result of cannulation and died, one of the six devel-
oped CaDVT, and the remaining two patients of six developed 
intra-circuit thrombosis [13]. The conclusion of this paper was 
that screening for VTE prior to the initiation of CVV-ECMO 
in COVID-19 ARDS patients should be done. However, since 
VTE is a known complication of CVV-ECMO by itself with-
out the presence of SARS-CoV-2 infection, and since currently 
during the SARS-CoV-2 pandemic, the infection is strongly 
suspected to induce hypercoagulopathy, our case shows that 
screening before starting ECMO therapy would not be enough. 
Therefore, we argue that protocols should be written recom-
mending screening for VTE with Doppler US both pre-cannu-
lation and post-decannulation related to CVV-ECMO therapy 
in COVID-19 patients.

To our knowledge, hypercoagulopathy with COVID-19 
disease is an uncommon occurrence based on the evidence cur-
rently available. However, the severity of the disease makes 
further research into this subject crucial especially since data 
regarding VTE in COVID-19 patients are increasing. In addi-
tion, as a large number of severe COVID-19 ARDS cases re-
quire ECMO therapy during the course of treatment, a protocol 
to screen patients for VTE post-ECMO-decannulation would 
be especially useful in this patient population given the high 
degree of suspicion that SARS-CoV-2 infection induces a hy-
percoagulable state.

Learning points

COVID-19 has many disease manifestations with growing evi-
dence suggesting the disease induces a hypercoagulable state. 
Many COVID-19 cases are severe enough to warrant ECMO 
therapy during the course of treatment. ECMO therapy car-
ries a risk of VTE by itself but this risk is likely worsened by 
COVID-19 with dire consequences. To mitigate these conse-
quences, we recommend updating current protocols for man-
aging COVID-19 patients who require ECMO therapy with 
pre-cannulation and post-decannulation US venous duplex to 
screen patients for possible VTE.
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