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Abstract

Introduction: In this study, two cases that demonstrate the importance of bedside echocardiography and hands-off telemedicine
technology for diagnosis and intervention in patients with coronavirus disease 2019 (COVID-19) are discussed.
Case Presentation: We report two cases of cardiac emergency associated with COVID-19. Case 1 is a 50-year-old female patient with
chronic hypertension and chronic renal failure. Case 2 is a 64-year-old female with atrial fibrillation and recent stroke. Both were
admitted to an isolation intensive care unit that was designated specifically to patients with COVID-19.
Conclusions: During admission, both patients had sudden deterioration characterized by oxygen desaturation and hypotension
necessitating inotropic support. As a result, for both patients, bedside echocardiography was performed by the attending inten-
sivist. Echocardiographic findings showed cardiac tamponade and acute pulmonary embolism, respectively, which were confirmed
by a cardiologist through telemedicine technology. Proper emergency management was initiated, and both patients recovered
well. Limited bedside transthoracic echocardiography had a front-line impact on the treatment and outcome of the two patients
with COVID-19. By implementing telemedicine technology, the lives of two patients were saved, demonstrating the significance of
telemedicine in isolation intensive care units in the developing countries during the COVID-19 pandemic.
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1. Introduction

Coronavirus disease 2019 (COVID-19) represents an un-
precedented medical challenge, exposing the problems
of the health care and communication systems (1). Since
the emergence of COVID-19 in China, the pandemic spread
curve of COVID-19 has followed an exponential trend. Coro-
navirus virus disease 2019 affects the cardiovascular sys-
tem and provokes myocardial dysfunction through var-
ious mechanisms, hence increasing morbidity and mor-

tality. We describe the cases of two patients diagnosed
with COVID-19 that required admission to the intensive
care unit and subsequently experienced life-threatening
cardiac complications.

2. Case Presentation

2.1. Case 1, Cardiac Tamponade
A 50-year-old female patient presented to our univer-

sity hospital with fever and nonproductive cough. Her
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medical history included chronic hypertension (treated
with bisoprolol) and chronic renal impairment, which was
managed conservatively without hemodialysis. The pa-
tient tested positive for COVID-19 through reverse tran-
scriptase polymerase chain reaction (RT-PCR) detection
assay for severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2). Laboratory tests showed hyperkalemia
(potassium level was 6 mmol/L), metabolic acidosis, high
serum urea (200 mg/dL), and serum creatinine level of
11 mg/dL. The patient underwent emergent hemodialysis,
and on day two of hospitalization, she was transferred to
our isolation hospital dedicated to patients with COVID-
19 infection. On admission, a computed tomography (CT)
scan of the chest was performed and showed bilateral
ground-glass appearance, mild right-sided pleural effu-
sion, and enlarged cardiac silhouette (most probably peri-
cardial effusion, Figure 1).

Figure 1. Computed tomography of the chest showing bilateral ground-glass ap-
pearance, mild right-sided pleural effusion, and enlarged cardiac silhouette (likely
pericardial effusion).

Upon admission to the isolation ICU, a physical exam-
ination of the patient revealed blood pressure of 150/90
mmHg, heart rate of 100 beats per minute, respiratory rate
of 22 breaths per minute, and oxygen saturation (SpO2) of
88%. The patient was placed in the prone position with ven-
turi oxygen mask delivering an FiO2 of 50%, resulting in
a subsequent increase of the SpO2 to 92%. Arterial blood
gases (ABG) analysis showed PaO2 to FiO2 ratio (P/F ratio)
of 100. The laboratory results at that time showed ferritin
1200 ng/mL (normal 13 - 150), troponin 149 ng/L (normal 2 -
100), D-dimer 3.4 mg/mL (normal up to 0.5), CRP 159 mg/L
(normal < 6), and total CK 300 U/L (normal 0 - 190) with

normal value of CK-MB. We started methylprednisolone 2
mg/kg. On the following day, the patient was intubated
and placed on mechanical ventilation secondary to pro-
gressively worsening respiratory distress. Norepinephrine
infusion was started to stabilize blood pressure. The ECG
showed sinus tachycardia and diffuse low QRS voltage. The
patient suddenly developed pulmonary edema, and oxy-
gen saturation decreased rapidly to the point of hypox-
emic cardiac arrest. Immediately, 1 mg epinephrine was
injected intravenously, FiO2 was placed at 100%, and chest
compressions were started simultaneously. The patient re-
sponded with return of spontaneous circulation after 4
minutes of cardio-pulmonary resuscitation (CPR). The pa-
tient remained hypotensive (systolic blood pressure less
than 90 mmHg) that required the addition of an inotropic
infusion (epinephrine).

There were no cardiologists in the isolation hospi-
tal; thus, the ICU physician performed bedside transtho-
racic echocardiography (TTE, Figure 2), which revealed
a large circumferential pericardial effusion around the
entire heart with signs of early right ventricular dias-
tolic collapse, a dilated but collapsing inferior vena cava,
and lack of regional wall motion abnormalities. Using
telemedicine technology, the intensivist sent the TTE video
accompanied by the patient’s medical records to a cardi-
ologist. The cardiologist confirmed the diagnosis and rec-
ommended urgent pericardiocentesis. The intensivist per-
formed echo-guided pericardiocentesis using a central ve-
nous catheter, removing ~ 600 mL of clear serous fluid us-
ing the subcostal approach. A significant rise in blood pres-
sure was noted along with improvement of the hemody-
namic parameters. A sample from the pericardial fluid as-
pirate was sent to the laboratory for further analysis, and
follow-up monitoring by TTE showed no pericardial effu-
sion (Figure 2). The patient had a hemodialysis session
with ultrafiltration of 1.5 liters. After dialysis, the hemody-
namics continued to improve, and vasopressor drugs were
decreased. Oxygen saturation increased, and FiO2 require-
ment subsequently decreased. The results of pericardial
fluid aspirate supported serous contents, but the labora-
tory did not examine it for the presence of SARS-COV-2.

2.2. Case 2, Acute Pulmonary Embolism

A 64-year-old female patient presented to our uni-
versity hospital with acute left-sided hemiplegia and
dysarthria. The patient had a history of atrial fibrillation
(AF) (on warfarin and digoxin). Magnetic resonance imag-
ing (MRI) study of the brain showed bilateral acute mid-
brain and thalamic infarction. On the third day of hospi-
tal stay, the patient developed fever and dry cough, and
RT-PCR of SARS-CoV-2 resulted positive. The blood tests
showed international normalized ratio (INR) 1.03, ferritin
1200 ng/mL, troponin 10 ng/L, D-dimer 2.3 mg/mL, CRP 161
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Figure 2. On the left is an echocardiograph of a subcostal coronal view of the heart showing pericardial effusion. On the right, we have the same view after pericardiocentesis
with no visible effusion (LV, left ventricle; RV, right ventricle).

mg/L, and normal kidney and liver functions. Transtho-
racic echocardiogram showed good left ventricle ejection
fraction (LVEF = 60%), moderate mitral regurgitation (MR),
moderate tricuspid regurgitation, dilated right atrium,
moderately dilated right ventricle (RV), good RV systolic
function with pulmonary hypertension, and estimated
right ventricle systolic pressure (RVSP) of 64 mmHg. The
patient was transferred to our isolation hospital. On ad-
mission, the chest CT showed bilateral ground-glass ap-
pearance and sub-pleural consolidation mostly at the right
lung field. The patient was admitted to the ICU, physi-
cal examination revealed a Glasgow coma scale of 13 (the
patient had dysarthria), and bilateral lower limbs pitting
edema was extended to the knee level. Blood pressure was
130/70 mmHg, heart rate was 90 beats per minute (atrial
fibrillation with controlled ventricular response), respira-
tory rate was 18 breath per minute, and oxygen satura-
tion was 96% (with nasal oxygen cannula 2 liters/minute).
Of note, the patient was not cooperative for conscious
prone positioning. An ABG showed P/F of 280. After
the consensus of cardiologists, neurologists and inten-
sivists, it was decided to keep the patient on low molecu-
lar weight heparin (enoxaparin 40 mg subcutaneous q12h)
to avoid hemorrhagic transformation of the cerebrovascu-
lar stroke. Per protocol, the patient was placed on a combi-
nation of azithromycin, hydroxychloroquine, and methyl-
prednisolone 2 mg/kg.

Systolic blood pressure started to decrease, and nore-
pinephrine infusion was initiated. Blood pressure con-
tinued to decrease over days, resulting in a gradual esca-
lation of the norepinephrine infusion until it was at 0.1
mcg/kg/minute on the sixth day of admission. The cen-
tral venous pressure (CVP) was 15 - 18 mmHg, and urine

output (UOP) was 0.5 mL/kg/hour. The ICU physician per-
formed a TTE, showing dilated pulmonary arteries, dilated
right atrium, hugely dilated right ventricle with mild RV
free wall hypokinesia, intact interatrial septum (IAS), no
visible thrombi in the main pulmonary artery (MPA), and
peripheral proximal branches, dilated inferior vena cava
with collapse < 50%, and normal LV dimensions and sys-
tolic function. These findings were confirmed by a car-
diologist through telemedicine technology (Figure 3). CT
pulmonary angiography was performed urgently, and it
showed right middle lobar segmental branch occlusion
consistent with thrombosis (Figure 4). There were no radi-
ology physicians inside the isolation hospital. Therefore,
deep veins duplex was not feasible. The diagnosis of acute
pulmonary embolism was made, and we attributed it to
the hypercoagulable state associated with COVID-19.

The laboratory tests showed lactic metabolic acidosis
and high fibrinogen degradation products (280 mg/mL),
and the ABG revealed P/F of 180. In response, fibrinoly-
sis was not indicated due to recent stoke and concern for
hemorrhagic conversion. Consensus between pulmonolo-
gists, cardiologists, neurologists, and intensivists was that
therapeutic doses of enoxaparin (80 mg subcutaneous q
12h) would be most effective. A dobutamine infusion was
added, and blood pressure increased dramatically. The
norepinephrine infusion dose was decreased, and two days
later it was completely stopped. For right-sided heart fail-
ure, directed medical treatment was started with daily the
administration of furosemide.

Two days later, the dobutamine infusion was weaned.
Blood pressure was 130/80 mmHg, CVP 12 - 15 mmHg, and
UOP increased to 1 mL/kg/hour. The patient was transferred
to the medical floor with progressive clinical and hemody-
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Figure 3. The left photo shows a modified apical 5 chamber view with a severely dilated RV compressing the LV (LV, left ventricle; RV, right ventricle). The right photo shows a
short-axis view at the level of the great vessels showing a dilated pulmonary trunk: 4.9 cm and branches with no visible thrombi.

Figure 4. Computed tomography of the chest showing a right middle lobar segmen-
tal branch occlusion consistent with thrombosis.

namic improvement until discharged after one week.

3. Discussion

3.1. SARS CoV-2 and Cardiac System, Risk and Prognosis

Coronavirus disease 2019 is an infectious disease
caused by the severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2) (2). Potential theories that explain the
cardiovascular effects from COVID-19 include the cytokine
storm triggered by the disease (3) and hypoxemia-induced
myocardial damage (4). Moreover, a hypothesis is raised
about binding of SARS CoV-2 to myocyte receptors, prop-
agating the internalization and subsequent replication of
the virus. However, there are no autopsy reports about vi-
ral inclusion bodies in the heart (5).

Cardiovascular disease (CVD) is a common comorbid-
ity in patients with COVID-19 (6, 7). Data from the Center
of Disease Control in China demonstrated that CVD was re-
ported in 4.2% of the patients and represented 22.7% of the
mortality cases (8).

Zheng et al. concluded that COVID-19 patients with un-
derlying CVD have an adverse prognosis due to an aggra-
vated course of pneumonia and acute myocardial injury,
which necessitates ICU admission and increases mortality
(9).

3.2. Cardiac Presentations Secondary to COVID-19

Coronavirus disease 2019 has been associated with var-
ious direct and indirect cardiovascular consequences, in-
cluding acute coronary syndrome, myocarditis, arrhyth-
mias, and heart failure (10).

3.2.1. Cardiac Tamponade

Viral infections come at the top of the list of causes
of pericardial diseases (11). Coronavirus disease 2019 infec-
tion triggers a systemic inflammatory response. Also, renal
failure patients requiring hemodialysis are at an increased
risk of uremic pericarditis and pericardial effusion (12).

Two case reports have discussed cardiac tamponade
secondary to COVID-19 in patients with a history of cardiac
diseases (cardiomyopathy and previous myopericarditis)
(13, 14). Herein, we presented a case of exacerbated peri-
cardial effusion in a non-cardiac patient with a history of
renal impairment. Our patient was diagnosed with mod-
erate pericardial effusion, which worsened rapidly in two
days till causing life-threatening cardiac tamponade. This
supports the importance of baseline TTE in COVID-19 pa-
tients and regular monitoring by echocardiographic as-
sessment in certain high-risk groups. In renal failure pa-
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tients, daily assessment with bedside TTE may protect pa-
tients from life-threatening cardiac tamponade complicat-
ing the course of COVID-19.

3.2.2. Pulmonary Embolism

Pulmonary embolism (PE) is a common complication
of COVID-19, impacting body hemostasis (15). The throm-
boembolic consequences of COVID-19 are explained by hy-
poxia, immobilization and cytokine storm in the form of
an increase in procoagulant factors such as fibrinogen and
D-dimer (16). The incidence of PE is remarkably high in
critically ill patients, which favors the recommendation
of high pharmacological thromboprophylaxis in patients
with the severe form of COVID-19 (17).

In our second case, the patient was receiving quite high
prophylactic doses of enoxaparin due to AF while trying
to avoid the hemorrhagic transformation of the recent
stroke (first week from the onset of the neurological insult)
(18). However, the high prophylactic dose did not prevent
the incidence of PE, which complicated the clinical course.
This was described in a retrospective study in two French
ICUs. The study showed a 69% incidence rate of throm-
boembolic events in severe ICU COVID-19 patients on pro-
phylactic doses of anticoagulant therapy (19). It was rec-
ommended that early therapeutic doses of anticoagulant
therapy should be administered in critically ill patients af-
fected by COVID-19. We would also reinforce this recom-
mendation and suggest using non-vitamin-K antagonists
(direct oral anticoagulant DOAC), when possible and nec-
essary (20).

Determining when to initiate anticoagulant therapy
in patients with atrial fibrillation is still an unresolved
clinical challenge. The risk-benefit ratio of this clinical
dilemma, especially in COVID-19 patients, is equivocal be-
cause both PE and the hemorrhagic transformation of
stroke have deleterious effects on patient outcomes.

We recommend risk stratification of hemorrhagic
transformation considering the use of anticoagulant ther-
apy, size of the infarcted area, and the patient’s comorbidi-
ties (21). Additionally, when making anticoagulation deci-
sions, cerebral microbleeds should be considered, some-
thing that is independently associated with intracranial
hemorrhage (22). Cerebral microbleeds are hypointense
areas diagnosed with MRI. These hypointense areas are
considered the neuroimaging biomarkers of small cere-
bral vessels with higher risk of bleeding (22). After risk as-
sessment, we recommend starting direct oral anticoagu-
lants (DOACs), which have been proven as effective as war-
farin in the primary and secondary prevention of atrial
fibrillation-related ischemic stroke. Direct oral anticoagu-
lants also carry half the risk of intracranial bleeding and
might help in preventing the development of PE in this
high-risk group (23). Indeed, future studies are necessary

to validate these recommendations.
We emphasize that follow-up TTE is mandatory in

COVID-19 patients with any hemodynamic derangement to
rule out any associated cardiac complications. Also, per-
forming CT pulmonary angiography may prove beneficial
in confirming the diagnosis of PE as it was with our experi-
ence.

Once PE is confirmed, the risk of hemorrhagic trans-
formation of cerebral infarct due to full anticoagulation is
smaller than untreated pulmonary embolism. Of course,
this patient carried absolute contraindication to throm-
bolysis, and at same time, responded appropriately to
managing hemodynamics with dobutamine infusion.

3.3. Role of the Bed-Side Echography in Isolation Hospital

The cardiovascular system appears to have complex
interactions with COVID-19, which reflects the cardiac
tropism of SARS CoV-2. This necessitates heightened car-
diovascular care in isolation hospitals considering that
delayed cardiology consultation may lead to deleterious
complications.

There is a case report of a patient who was suffering
from stable acute coronary syndrome, and the coronary
angiography was subsequently postponed as a result of
COVID-19 pandemic (24). One month later, the patient pre-
sented with left ventricle pseudoaneurysm, necessitating
open heart surgery for the resection of the aneurysm and
repair of the myocardium. The same was observed by our
TTE assessment, as both patients suffered life-threatening
cardiac complications.

Bedside echocardiography had a role in determining
the cause of cardiac deterioration as pericardial, left, and
right-sided lesions in COVID-19 patients. However, it is es-
sential to know that echocardiography is not the primary
diagnostic tool in pulmonary embolism but gives indirect
data for diagnosis, unlike tamponade where echocardiog-
raphy is the mainstay tool for diagnosis and treatment.

Intensivists who are well-trained on echocardiography
and pericardiocentesis might diagnose and manage se-
rious cardiac events until the arrival of the cardiologist.
Therefore, the training of intensivists on basic echocar-
diography and emergency procedures is of utmost impor-
tance and would aid in saving patients’ lives, especially
during such a pandemic (25). Also, limited rapid critical
care bedside transthoracic echocardiography would de-
crease exposure of the echocardiographer to COVID-19 and
protect healthcare professionals without affecting patient
management and outcome.

3.4. Telemedicine

With the emergence of COVID-19, telemedicine has
emerged as a critical hands-off technology providing rapid
access to specialists who are not immediately available in
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the ICU24. Moreover, telemedicine can reduce the trans-
mission of COVID-19 among health care providers without
compromising the safety of patients, as it facilitates pa-
tient care without direct contact (26) and in different set-
tings (27). In the cases mentioned above, the intensivists
sent the echocardiography videos to cardiologists com-
plete with medical history and hemodynamic data of the
patients, and they provided patient care until the arrival
of the specialist. Telemedicine was not established in our
university institute; thus, the videos of the echocardiogra-
phy findings were captured by the camera of smartphones,
and they were sent through WhatsApp to the cardiologist.

Telemedicine technology is less time consuming and
improves patient management and outcomes, especially
in cardiac emergencies during the COVID-19 pandemic.

3.5. Limitations and Conclusion

This study has the limitations of any case report. It
would be necessary to perform a case series study to draw
better conclusions.

The cases reported in this study are indicative of two
very important possible complications in COVID-19 pa-
tients. Their management represented a good example of
how these patients should be treated. Moreover, the im-
portance of basic knowledge on the use of echocardiogra-
phy for ICU physicians was highlighted. The implementa-
tion of telemedicine in ICUs is also very important. In both
cases, these two aspects have represented the most impor-
tant support to save the lives of two patients.
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