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a b s t r a c t 

Severe forms of COVID-19 infection are associated with the need for invasive mechanical ventilation and 

thromboembolic complications; those can affect the cardiac function especially the right ventricle per- 

formance. Critical care echocardiography has rapidly evolved as the election technique in the evaluation 

of the critically ill patients. This technique has the advantage that it can be done at patient ́s bedside 

and helps to provide the appropriate treatment and to monitoring maneuver’s response. We present 4 

patients with a confirmed COVID-19 infection who presented with sudden hemodynamic and / or respi- 

ratory deterioration, in which transthoracic echocardiogram showed acute right ventricular failure as the 

trigger for the event and helped to guide an early therapeutic intervention. 

< Learning objective: Routine echocardiographic evaluation must be mandatory in patients with COVID- 

19 infection. The presence of refractory hypoxemia and/or hypotension should raise the suspicion of right 

ventricle failure and must be evaluated with transthoracic echocardiogram. In the clinical scenario of 

acute right ventricular failure, rising D-dimer and suspected pulmonary embolism, thrombolysis must be 

considered even without tomographic confirmation. > 

© 2021 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved. 
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ntroduction 

Approximately, 20% of patients with COVID-19 infection will 

resent with the severe form of the disease [1] and will require 

nvasive mechanical ventilation to treat acute respiratory distress 

yndrome (ARDS). Additionally, some patients are at risk of devel- 

ping thromboembolic complications [2] . 

Invasive mechanical ventilation and pulmonary embolism have 

dverse consequences in the heart-lung interaction, particularly in 

he right ventricular (RV) function [3] that can be evaluated with 

 transthoracic echocardiogram (TTE) [4] . 

The COVID-19 pandemic has highlighted the need for an ad- 

quate hemodynamic assessment to identify potential treatable 

auses that can modify prognosis. We present four cases of COVID- 

9 infection and acute right ventricular failure. Cases 1 and 2 rep- 
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esent the spectrum of pulmonary embolism and Case 3 and 4 rep- 

esent acute cor pulmonale related with severe ARDS. 

The following parameters were measured with TTE: 

• Right ventricular function: RV basal diameter, tricuspid annu- 

lar plane systolic excursion (TAPSE), tricuspid peak systolic S 

wave tissue Doppler velocity (S’ wave), fractional area change 

(FAC), RV basal diameter, RV/left ventricular (LV) ratio, pul- 

monary artery acceleration time (AcT), right atrial pressure, tri- 

cuspid regurgitation velocity (TRV), pulmonary artery systolic 

pressure (PASP), paradoxical septal movement, and the grade of 

tricuspid regurgitation. 
• Left ventricular function: left ventricular ejection fraction 

(LVEF) and the E/e’ ratio to estimate the filling pressure of the 

LV. 

The echocardiographic views and parameters were recorded 

nd measured according to the guidelines of the American Soci- 

ty of Echocardiography to perform a comprehensive transthoracic 

chocardiographic examination in adults, and the guidelines of the 

merican Society of Echocardiography and the European Associa- 
erved. 
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Fig. 1. 

Transthoracic echocardiogram (TTE) of case 1 (24 h after invasive mechanical ventilation). (A) Apical 4-chamber view without right ventricular (RV) dilatation. 

(B) TAPSE (measured by aligning an M-mode cursor parallel with the RV free wall as it meets the tricuspid annulus from the RV apical four-chamber view) with 

a normal value (17.8 mm). (C) S wave (measured with tissue Doppler placing the sample volume at the tricuspid annular level) with a normal value (13.6 cm/s). 

TTE of case 1 after hemodynamic deterioration. ( D) Dilated RV with a RV/LV ratio > 1. (E) Diminished TAPSE (12 mm). (F) Diminished S wave (9.4 cm/s); both 

compatible with longitudinal RV systolic dysfunction. 

TAPSE, tricuspid annular plane systolic excursion; S wave, tricuspid peak systolic S wave tissue Doppler velocity; LV, left ventricle; RA , right atrium; LA , left 

atrium. 
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 5 , 6 ]. 

ase 1 

A 50-year-old male was admitted to the intensive care unit 

ICU) following three days of odynophagia, headache, fever, and 

yspnea. His vital signs showed tachypnea and hypoxemia that im- 

roved with supplementary oxygen by nasal cannula. The chest X- 

ay showed bilateral interstitial infiltrate. The laboratory findings 

ere high levels of ferritin, C reactive protein, D-dimer, and tro- 

onin I with lymphopenia (Appendix Table 1). Twenty-four hours 

fter admission the patient required invasive mechanical ventila- 

ion due to refractory hypoxemia. The arterial blood gases were 

ompatible with severe ARDS; high inspired oxygen fraction (FiO 2 ) 

evels and positive end-expiratory pressure (PEEP) titration were 

equired; in the TTE the RV function was normal, defined by FAC 

35%, TAPSE ≥17 mm, S wave ≥9.5 cm/s without dilatation of 

he RV [6] ( Fig. 1 A–C). Forty-eight hours after beginning invasive 

echanical ventilation, he developed hypotension (with the need 

f norepinephrine 0.5 mcg/kg/min, vasopressin 0.06 U/min, and 

obutamine 8 mcg/kg/min), sinus tachycardia, and worsening hy- 

oxemia; electrocardiography (ECG) showed inverted T waves in 

1–V4 ; a repeated TTE showed acute RV failure and a high proba- 

ility of pulmonary hypertension defined by 1) TRV of 2.9–3.4 m/s 

n the presence of 2 of the following: RV/LV ratio > 1.0 and/or para-

oxical septal movement, AcT < 105 msec, and inferior vena cava 

iameter > 21 mm with decreased inspiratory collapse < 50% (dur- 

ng positive pressure ventilation, the inspiratory change is not par- 

llel with right atrial pressure) or 2) TRV > 3.4 m/s [7] , in this pa-

ient their findings were TRV 3.4 m/s, RV/LV ratio 1.2, and para- 

oxical septal movement; LVEF was slightly reduced (50%) without 

levation of the E/e’ ratio ( Table 1 , Fig. 1 D–F). Due to the pres-
46 
nce of acute RV failure associated with hypotension and elevated 

-dimer, in this context with high suspicion of pulmonary em- 

olism and associated hemodynamic instability, thrombolysis with 

lteplase 100 mg was administered without evidence of bleeding, 

ith improvement of the RV function. The refractory hypoxemia 

ould not be reverted and the patient died. 

ase 2 

A 55-year-old male with past history of smoking and type 2 

iabetes was admitted to ICU following seven days of cough and 

n the previous two days dyspnea and chest pain. His vital signs 

howed tachycardia, tachypnea, and hypoxemia that improved with 

upplementary oxygen by nasal cannula. Chest X-ray showed bilat- 

ral interstitial infiltrates. The laboratory findings were high levels 

f D-dimer, troponin I, and N-terminal pro-brain natriuretic pep- 

ide (NT-proBNP) (Appendix Table 1). Twelve-lead ECG showed si- 

us tachycardia and McGinn-White sign (S1Q3T3). Pulmonary em- 

olism was suspected; the TTE showed a thrombus at the bifurca- 

ion of the main pulmonary artery ( Fig. 2 A, Video 1), RV dilatation

 Fig. 2 B), and systolic dysfunction ̧ LVEF and the E/e’ ratio were 

n the normal range ( Table 1 ). The computed tomography pul- 

onary angiogram confirmed the diagnosis of high-risk pulmonary 

mbolism because of the presence of hypotension (with the need 

or norepinephrine 0.1 mcg/kg/min and dobutamine 3 mcg/kg/min) 

nd elevated biomarkers (NT-proBNP and troponin I), so thrombol- 

sis with alteplase 100 mg was administered without evidence of 

leeding, with improvement in the RV function and disappearance 

f the thrombus ( Fig. 2 D). The patient was discharged from ICU 

8 h after thrombolysis without symptoms and with reduction in 

xygen requirements. 
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Table 1 

Echocardiographic findings. 

Case TAPSE S’ Wave FAC RV basal diameter RV/LV ratio AcT TRV RAP PASP PSM 

∗ TR LVEF E/e’ratio 

1 12.2 9.41 33 45 1,2 60 3.4 5 51 Yes M 50 7 

2 11 4 23 51 1.3 62 2.7 5 34 Yes M 52 10 

3 20 9.98 25 50 1.3 44 3.2 10 51 Yes NA 40 8 

4 21 13 40 45 1.1 45 3.6 10 62 Yes M 51 11 

EF, ejection fraction (%); FAC, fractional area change (%); LV, left ventricle; PASP, pulmonary artery systolic pressure (mmHg); AcT, pulmonary 

artery acceleration time (msec); PSM, paradoxical septal movement; RAP, right atrial pressure (mmHg); RV, right ventricle; TAPSE, tricuspid 

annular plane systolic excursion (mm); S wave, tricuspid peak systolic S wave tissue Doppler velocity (cm/s); TR, tricuspid regurgitation severity 

(M: moderate, S: severe); TRV, tricuspid regurgitation velocity (m/s); NA, not available. 

Normal values: TAPSE ≥17 mm, S wave ≥9.5 cm/s, FAC ≥35%, RV basal diameter < 41 mm, RV/LV ratio < 1, AcT > 105 mseg, LVEF > 52% in men, 

> 54% in woman, E/e’ ratio < 14. 
∗ Qualitative. 

Fig. 2. 

Transthoracic echocardiogram (TTE) of case 2. (A) 1.8 × 1.6 cm thrombus at the pulmonary artery bifurcation (arrow). (B) Parasternal short-axis view at mid- 

ventricular level showing D - shaped left ventricle (LV) in systole suggesting right ventricular (RV) pressure overload. (C) Tricuspid regurgitation velocity of 2.4 m/s; 

in the context of a shortened acceleration time (62 msec) suggested that there was acute pressure overload of the RV. (D) Disappearance of the thrombus after 

thrombolysis was demonstrated . 

MPA, main pulmonary artery; RPA, right pulmonary artery; LPA, left pulmonary artery. 
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ase 3 

A 67-year-old female with past history of type 2 diabetes, hy- 

ertension, and obesity was admitted to ICU following 14 days of 
47 
ever, dry cough, and dyspnea in the previous two days. Her vital 

igns showed tachypnea, tachycardia, and hypoxemia. The condi- 

ion improved with supplementary oxygen by nasal cannula. Chest 

-ray showed bilateral interstitial infiltrates. Initial laboratory find- 

ngs were elevated ferritine and C-reactive protein (Appendix Ta- 

le 1). Twenty-four hours after admission she developed mod- 
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[

rate ARDS and invasive mechanical ventilation was initiated; in 

he TTE RV function was normal at that time. Eleven days af- 

er the initiation of invasive mechanical ventilation, the patient 

eveloped hypotension, hypoxemia, and acute renal failure. The 

CG showed incomplete right bundle branch block; a repeated TTE 

howed high probability of pulmonary hypertension and RV di- 

atation with systolic dysfunction; LVEF was moderately reduced 

40%) without elevation of the E/e’ ratio ( Table 1 ). Levosimendan 

.15 mcg/kg/min was initiated, with hemodynamic improvement. 

eventy-two hours after, the patient developed refractory septic 

hock (requirements for norepinephrine up to 0.6 mcg/kg/min and 

asopressin 0.06 U/min) and died. 

ase 4 

A 56-year-old male with type 2 diabetes was admitted to the 

CU following three days of fever, dyspnea, and cough. His vital 

igns showed tachypnea and hypoxemia that improved with non- 

ebreathing oxygen mask. Chest X-ray showed bilateral interstitial 

nfiltrates. Laboratory findings were high levels of C reactive pro- 

ein, D-dimer, troponin I, and ferritin (Appendix Table 1). Six days 

fter admission the patient required invasive mechanical ventila- 

ion due to severe ARDS (PaO 2 /FIO 2 < 100). Forty-eight hours after, 

he patient presented hemodynamic collapse so vasopressors and 

notropes were required (norepinephrine up to 0.8 mcg/kg/min, 

obutamine 6 mcg/kg/min, and levosimendan 0.2 mcg/kg/min). 

CG showed tall R waves and ST segment and T wave inversion in 

1–V2. The TTE showed RV dilatation and systolic dysfunction with 

igh probability of pulmonary hypertension ̧ LVEF was slightly re- 

uced (51%) without elevation of the E/e’ ratio ( Table 1 ). He devel-

ped cardiogenic shock due to refractory right ventricular failure 

nd died 24 h later. 

iscussion 

We present 4 cases of acute RV failure in patients with COVID- 

9 infection, which was identified due to systematic echocardio- 

raphic evaluation. 

Refractory hypoxemia, high FiO 2 , and PEEP used during invasive 

echanical ventilation have deleterious effects on the RV perfor- 

ance such as increase in intrathoracic pressure, pulmonary vascu- 

ar resistance, RV afterload, and decrease in RV compliance, which 

an cause hemodynamic collapse [ 3 , 8 ]. 

Additionally, patients with COVID-19 infection are at high risk 

f thromboembolic disease [2] , which could worsen RV function 

9] . Current guidelines suggest that in patients with hemodynamic 

nstability, TTE facilitates the decision to treat patients with sys- 

emic thrombolysis. In two of our four cases, systemic thromboly- 

is was administered and after this treatment the patients showed 

linical improvement. 

The TTE in critical ill patients is the cornerstone of the hemody- 

amic evaluation [5] . This tool allows real-time assessment of the 

atient, to reach the diagnosis, and to perform therapeutic maneu- 

ers that can modify the prognosis of the disease. With the COVID- 

9 pandemic, the priority is to minimize the exposure of health 

ersonnel, without affecting the quality of care. In our case series, 

he use of TTE allowed the correct diagnosis of the hemodynamic 

rofile and to monitor treatment. All studies were performed dur- 

ng regular patient rounds, the machine and sector probe were 

anitized between each evaluation, all providers had adequate per- 

onal protective equipment, images were first recorded, and all 

easurements were performed outside the patient’s room. A re- 
48 
ently published critical care ultrasonography algorithm described 

he feasibility to perform the evaluation in 18 min, without addi- 

ional risk of contagion. This tool has the flexibility to be extended 

f any pathological finding is identified, such as the case of RV dys- 

unction. Adding the TRV and the quantification of the AcT would 

ot take much additional time and would provide highly relevant 

linical information [10] . 

Critically ill patients with COVID-19 infection should have 

emodynamic monitoring based on serial ultrasound, with a fo- 

us on RV function, because acute RV failure has a high morbid- 

ty. This strategy is not only safe, but also allows prompt diag- 

osis of potentially treatable conditions such as pulmonary em- 

olism; systemic thrombolysis should be administered in selected 

ases with hemodynamic deterioration. The application of local al- 

orithms based on TTE should be applied during the COVID-19 

andemic. 
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