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Abstract

Acute viral pneumonia, hypoxemic respiratory failure and severe inflammatory response are hallmarks of severe coronavirus
disease 2019 (COVID-19). The COVID-19-associated inflammatory state may further lead to symptomatic thromboembolic
complications despite prophylaxis. We report a 66-year-old female patient with post-mortem diagnosis of COVID-19 who
presented progressive livedo racemosa, acute renal failure and myocardial injury, as well as an absence of respiratory symp-
toms. Transthoracic echocardiography showed severe spontaneous echo contrast in the right cardiac chambers and right-sided
cardiac overload presumed to result from pulmonary microvascular thrombosis or embolism. p-dimer levels were increased.
The patient developed an acute ischemic stroke and died 2 days following presentation despite therapeutic anticoagulation.
Her predominantly thromboembolic presentation supports the concept of coronavirus infection of endothelial cells and
hypercoagulability, or COVID-19 endotheliitis. The case we report highlights that COVID-19-associated hyperacute multi-

organ thromboembolic storm may precede or present disproportionately to respiratory involvement.
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Highlights

e Thromboembolic complications of COVID-19 may pre-
cede respiratory symptoms.

e Direct endothelial cell infection and hypercoagulability
may cause COVID-19-associated thromboembolisms.

e Multi-organ thromboembolisms may occur despite thera-
peutic anticoagulation.

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s11239-020-02173-w) contains
supplementary material, which is available to authorized users.
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e Future studies should prospectively assess thromboem-
bolic prophylaxis and treatments in COVID-19.

Introduction

Acute viral pneumonia, hypoxemic respiratory failure and
a marked inflammatory response are hallmarks of severe
coronavirus disease 2019 (COVID-19). Up to 50% of criti-
cally ill patients may develop symptomatic thromboem-
bolic complications despite prophylaxis [1], reflecting the
interplay between inflammation and thrombosis [2]. We
report a patient whose predominantly thromboembolic
manifestations support the concept of coronavirus infection
of endothelial cells and hypercoagulability (COVID-19
endotheliitis) [3].

Case report
A 66-year-old woman presented for pre-syncope. She pre-

viously had symptomatic junctional bradycardia and a per-
manent pacemaker implanted 6 months earlier. Her past
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medical history included immune thrombocytopenia in
2013, breast cancer surgery and chemotherapy in 2011, and
splenectomy and radiotherapy following a Hodgkin’s lym-
phoma diagnosis in 1970. She was also known for a 3-year
history of isolated Raynaud’s phenomenon, with negative
antinuclear and extractable nuclear antigen antibodies and
slightly positive rheumatoid factor (44 IU/mL). Her medi-
cation included long-term use of tamoxifen, and aspirin for
non-severe coronary artery disease.

She described generalized malaise for a few hours pre-
ceding her pre-syncopal episode but denied any infectious
symptoms, including dyspnea and cough. Blood pressure
was at 170/80 mmHg, heart rate at 90/min, saturation at
93% on room air and oral temperature at 37.6 °C. Other than
mild livedo, physical exam was unremarkable. Initial work-
up (Table 1) showed elevated white blood cell count, creati-
nine and hs-troponin T levels. COVID-19 PCR was negative.
Electrocardiogram showed normal sinus rthythm. Pacemaker
tested functional. Lung X-ray showed a small retrocardiac
infiltrate, suspicious of infection (Fig. 1). Aspirin was con-
tinued and she was started on piperacillin—tazobactam and
prophylactic anticoagulation with dalteparin (5000 IU daily).

The next day, she remained clinically stable. Labora-
tory test results, however, deteriorated (Table 1). Transtho-
racic echocardiography showed very unusual hyperdense
smoke-like haze in the right cardiac chambers and the
inferior vena cava (Fig. 2a, b; Electronic supplementary
materials: Videos 1 to 3). Mild hypokinesia of the right
ventricle, abnormal interventricular septal D-shape flatten-
ing (Fig. 2c¢, Electronic supplementary materials: Video 4)
and elevated tricuspid regurgitation jet velocity (Fig. 2d)
indicated increased pulmonary artery pressure. There was

Table 1 Blood test results

Day 0 Day 1 Day 2 (death)
(admis-
sion)
WBC (x 10°/L) (neutrophils) 252 219 240
(58%) (54%) (65%)
Hemoglobin (g/L) 117 92 102
Platelets (x 10%/L) 148 169 195
Creatinine (umol/L) 136 186 158
Creatine phosphokinase (U/L) 210 303
Hs-troponins (ng/L; normal < 14) 247 935
ALT (U/L) 428
GGT (U/L) 111
Total bilirubin (umol/L) 62
p-dimers (ug/L) > 4400
Ferritin (ug/L) 11748

WBC white blood cells, ALT alanine aminotransferate, GGT gamma-
glutamyl transferase
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Fig. 1 Lung X-ray: Retrocardiac infiltrate

no clinical evidence of deep vein thrombosis. Therapeutic
enoxaparin anticoagulation was started (1 mg/kg BID).

Last-seen neurologically normal at 4:00 am on Day
2, she was found with expressive aphasia and right-
sided hemiparesis at 7:00 aMm. Blood pressure was at
110/50 mmHg, heart rate at 60/min and saturation at 97%
on room air. Skin showed diffuse livedo racemosa, involv-
ing the whole body at this time. Head CT documented
loss of left frontal lobe gray-white matter differentiation,
consistent with a hyperacute infarct. Full dose anticoagu-
lation contraindicated thrombolytic therapy. Laboratory
investigations showed increased p-dimer and ferritin lev-
els (Table 1). Considering suspected hypercoagulability
in the context of the COVID-19 pandemic, therapeutic
anticoagulation was maintained but transitioned from
enoxaparin to intravenous unfractionated heparin despite
the risk of hemorrhagic transformation. Within minutes
of starting heparin without bolus, there was hemodynamic
collapse (mean arterial pressure of 60 mmHg). Heparin
was discontinued. A blood sample was sent to the coagula-
tion lab. Blood glucose was at 3.1 mmol/L and lactates at
6 mmol/L. Cardiorespiratory arrest occurred at 9:42 am.
Resuscitation maneuvers were not performed, following
the patient’s wishes. Coagulation and antiphospholipid
antibody tests were cancelled due to a strongly hemolyzed
and “unreadable” blood sample. Post-mortem COVID-19
PCR returned positive.
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Fig.2 Transthoracic echocardi-
ography: spontaneous contrast
in the right cardiac chambers
(a) and the inferior vena cava
(b), abnormal interventricular
septal p-shape flattening (c¢) and
elevated tricuspid regurgitation
jet velocity (d). RV right ven-
tricle, RA right atrium, LA left
atrium, /VC inferior vena cava,
LV left ventricle, TR tricuspid
regurgitation, PAP pulmonary
artery pressure

Discussion

The COVID-19 patient we report had evidence of multi-
organ damage at presentation, and no infectious symptoms.
As she rapidly deteriorated, a fulminant thromboembolic
process was suspected. She presented right-sided cardiac
overload likely secondary to pulmonary embolism or
extensive microvascular thrombosis, livedo racemosa, and
possibly kidney, muscle and liver ischemia. This thrombo-
embolic storm culminated in an ischemic stroke, despite a
combination of aspirin and therapeutic doses of anticoagu-
lants, and cardiorespiratory arrest on day 2. This clinical
course together with increased p-dimer levels and a posi-
tive COVID-19 PCR is consistent with the recent concept
of COVID-19 endotheliitis, which involves direct corona-
viral binding to the endothelial cell angiotensin-converting
enzyme 2 receptor, endothelial dysfunction, and hyperco-
agulability [3]. COVID-19 is therefore a thrombo-inflamma-
tory condition [2], in which the prothrombotic component
may occasionally precede or predominate over respira-
tory involvement. Other authors have reported COVID-19
patients with single-organ thromboembolic presentation
without viral symptoms (https://www.medrxiv.org/conte
nt/10.1101/2020.05.03.20077206v2, accessed May 20,
2020), but coexistent or covert causes other than hyperco-
agulability cannot be excluded.

COVID-19-associated hypercoagulability may also
involve other mechanisms such as complement-mediated
endothelial injury [4], cytokine-induced systemic inflam-
matory response [5], antiphospholipid antibodies [6], and
vascular stasis. However, the patient we report had sta-
ble platelet counts, excluding disseminated intravascular
coagulation and heparin-induced thrombocytopenia. The
9-year interval without evidence of recurrent breast cancer
reduces the likelihood of a paraneoplastic process.

The remarkable aspect of dense intracavitary sponta-
neous echo contrast on echocardiography points toward
blood stagnation, and possibly hyperfibrinogenemia (not
measured herein) [7]. Such a finding was also reported
with cold agglutinin disease [8] and immune-mediated
hemolytic anemia [9]. In the present clinical context, the
signs of right ventricular pressure overload and dysfunc-
tion also strongly suggest pulmonary thromboembolism.

The patient we report had increased p-dimer levels.
She experienced a rapidly fatal thromboembolic storm
despite aspirin and anticoagulant treatments. High p-dimer
levels reflect excessive coagulation and fibrinolysis, and
predict venous thromboembolism [10] and mortality [11]
in patients hospitalized with COVID-19. Anticoagulant
treatment seems to improve in-hospital outcomes [12],
but the optimal dosing and duration remain undetermined
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for COVID-19 patients, and particularly for those with
increased p-dimer levels [5, 10].

Conclusion

In the current report, a patient with post-mortem diagno-
sis of COVID-19 presented progressive livedo racemosa,
acute renal failure and myocardial injury, and no respiratory
symptoms. Extremely severe spontaneous echo contrast was
shown in the right cardiac chambers, as well as right ven-
tricular pressure overload and dysfunction due to presumed
pulmonary thromboembolisms. She had an ischemic stroke
and died 2 days after presentation. COVID-19-associated
hypercoagulability and thromboembolisms may thus pre-
cede or present disproportionately to respiratory involve-
ment, which is consistent with the concept of COVID-19
endotheliitis [3].
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