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Last evidence has showed that ultrasound is useful in patients with coronavirus
disease (COVID-19) to image damage on heart, vessels, liver, kidney, eye, and airway.
Point-Of-Care Ultrasound (POCUS) is widely available and could enable clinicians to
detect early signs of cardiovascular disease at the bedside to diagnose vascular disease
in COVID-19 patients and to guide anticoagulant treatment during COVID-disease. This
review summarizes POCUS usefulness by using a systematic literature search in major
databases. Basic echography windows allow to assess patients in shock. Cardiovascular
findings were found in 33%-80% of the COVID-19 patients: heart failure and pericardial
effusion are common complications in COVID-19 patients; and vascular congestion
sign may help distinguish COVID-19 from community-acquired pneumonia. In patients
with sudden clinical worsening or elevated d-dimer levels, pulmonary and vascular
echography may reveal peripheral venous and pulmonary embolism and lead to
the initiation or changes in therapy. Other vascular characteristics in COVID-19 are
“vascular thickening,” or “enlargement”. In conclusion, the literature supports the use
of US as a safe, non-invasive method to help with COVID-19 diagnostic, monitorization,
and therapy.

Abbreviations: COVID-19: Coronavirus-19 Disease; POCUS: Point of Care Ultrasound;
VTE: Thromboembolism ; ACS: Acute Coronary Syndrome; MI: Myocardial infarction;
DIC: Disseminated Intravascular Coagulation; RCT: Randomized Controlled Trial;
ICU: Intensive Care Unit; IVC: Inferior Vena Cava; DVT: Deep Venous Thrombosis;
MIx: Mechanical Index; EF: Ejection Fraction; PF: Pulsatility Fraction ; RUSH: Rapid
Ultrasound in Shock and Hypotension; MHz: MegaHerzt; FOCUS: Focused Cardiac
Ultrasound; FATE: Focus-Assessed Transthoracic Echocardiography; FALLS: Fluid
Administration Limited by Lung Sonography; CCUE: Critical Care chest Ultrasonic
Examination; ASE: American Society of Echocardiography; VExUS: Venous Excess
Ultrasound; AKI: Acute Kidney Injury; LV: Left Ventricular; RV: Right Ventricular;
JVP: Jugular Venous Pulsation; CTA: Computed Tomography Angiography; LE: Lung
Embolism
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Introduction

The most common complication of coronavirus disease
(COVID-19) is respiratory failure, but COVID-19 is a systemic
disease that involves heart, vessels, liver, kidney, and other organs
[1]. Some of the reported cardiovascular complications are heart
failure, pulmonary hypertension, venous thromboembolism (VTE),
ischemic stroke, acute coronary syndrome (ACS)/myocardial
infarction (MI), myocarditis, fluid overload and disseminated
intravascular coagulation (DIC). Common findings in patients
recovered from COVID-19 are lower left ventricular ejection
fraction, higher left ventricle volumes or pericardial enhancement
[2]. The reduction of the arteriovenous gradient across vital organs
and the endothelial barrier dysfunction may cause inadequate
perfusion [3,4]. Both elevated D-dimer levels [5,6] and acute
venous thromboembolism are common findings in patients
with COVID-19 [5,7-9]. Point-Of-Care Ultrasound (POCUS) is
widely available and enables clinicians to visualize the vascular
anatomy and this gives real-time information that can influence
management decisions. There are several echographic markers
used to measure compliance in great veins (cava, portal, hepatic,
jugular, and intra-renal) [10]. The present COVID-19 pandemic
has led to coordinate multidisciplinary efforts to safely treat and
monitor patients who require interventional therapies. Vascular
and cardiac ultrasonography findings can provide diagnostic and
prognostic information to help triage the dyspneic patient and
determine the need for subsequent imaging (echocardiogram,
computerized tomography, nuclear magnetic resonance; etc.)
[10]. The aim of the present study is to review POCUS usefulness
to recognize vascular pathologies in COVID-19 patients, (grading
system prototypes and the ability to predict vascular pathologies)
and to guide anticoagulant treatment during COVID-disease.

Methods

We conducted a systematic English literature search on major
databases (Cochrane Central, PubMed, Embase (Elsevier), Google
Scholar, and the World Health Organization database), to identify
relevant systematic and narrative reviews, clinical guidelines,
randomized controlled trials (RCTs), observational studies, and
case series. The search terms used were “ultrasound”, “echography”,
“COVID-19”, “SARS-CoV-2", “heart”, “cardiac”, “myocardial injury”,
“myocarditis”, “acute myocardial infarction”, “acute coronary

» o«

syndrome”, “dysrhythmia”,

» o«

arrhythmia”, “heart failure”, “venous

» o«

thromboembolism”, “coagulable”. The terms were combined to
execute multiple queries, and searches were conducted by each
author independently. Then, a single common reference list for
evaluation it was created. Preprinted articles were also included. It
was performed on April 27, 2020 and updated on July 2, 2020. The

study was reviewed and approved by the local ethics committee of

Hospital Clinico Universitario de Valladolid, code number PI-17-
634. Informed consent was obtained from the patients in order
to publish the images for this article. Every relevant article was
reviewed by at least two members of the working group, all of them
with experience in clinical practice and POCUS. They all discussed
which studies to include for the review by consensus, with a focus
on medicine-relevant articles. The investigators assigned a priori
point ranking of “2” (randomized controlled trials, systematic
reviews, clinical guidelines), “1” (observational studies or narrative
reviews), or “0” (all others) points to all articles that were found.
One additional point was added when positive elements were
present (strength of association, more than 10 patients included,
scientific society guidelines) or downgraded if there were negative
elements (contradictory data, uncertain imprecision, less of 10
patients, no correlation between images and text).

Results

Atotal of 388 articles were retrieved and assessed for relevance
by the working group as mentioned previously but only 19 of them
met the needed criteria. The incidence of cardiovascular findings
in COVID-19 patients ranged from 7,7% to 80% [9,10], depending
on the different age and severity of the disease. This range can be
explained by the early use of echography [9] and for the severity
of the disease and an older age in different studies [11]. COVID-19
patients median age was 38 to 66 years, depending on the country
where data were extracted [9]. Most of them (68%) were men,
16% required intensive care; and the median length of stay in the
ICU (Intensive Care Unit) was 12 days. The intrahospital mortality
rate was 26%, after a median of 7 days from hospital admission
[9,11]. Thromboembolic events were found in 7,7% - 69% [7,12],
and pulmonary embolism in 33% of them [9] Other findings were
cardiogenic shock due to myocarditis, acute coronary syndromes,
pericardial effusion, and arrhythmia or distributive shock [13].
In COVID-19 patients, septic and cardiogenic shock are the most
common types; but obstructive shock (pericardial effusion, right
heartcollapse, heart swing, right ventricular enlargement,” tricuspid
valve regurgitation, pulmonary artery or deep vein thrombosis,
etc.) and hypovolemic shock (decrease of CO, “papillary muscle
kissing sign,” Inferior Vena Cava (IVC) collapse and high respiratory
variability, etc.). must be excluded.

Clinical Indications for the Use of Cardiovascular Pocus
in COVID-19 Patient

POCUS should be used to change clinical management or to
aid procedural guidance. Nowadays it is not known whether there
is any relationship between the severity of POCUS findings and a
patient’s clinical course [14]. In prone position, POCUS is useful tool
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to diagnose popliteal thromboembolism or myocardial disfunction.
Cardiovascular POCUS indications include diagnosis of pre-existing
cardiovascular disease [8,15], identification of changes in cardiac
function and detection of cardiovascular complications associated
with COVID-19 [16], which may be present in more than a quarter
of patients with critical disease [17,18]. The most frequent
cardiovascular complications are myocarditis or pericardial
effusion, a hypercoagulable state which leads to deep venous
thrombosis (DVT) and pulmonary embolism with associated right
ventricular failure and acute pulmonary hypertension and left
ventricular systolic dysfunction [9,17,19]. Ultrasound is a useful
tool for guiding peripheral or central venous access and for rapid
assessment of circulatory status, identifying the types of shock,
monitoring during respiratory and hemodynamic management,
and guiding the treatment of CoV pneumonia patients, which is
especially feasible, convenient, and advantageous in critically ill
patients [20,21].

Infection Control Strategies for Ultrasound

should
preferentially be chosen, as they can be easily protected with a

Pocket-carried  wireless  ultrasound  devices
probe cover and clean, maneuver, and do not have a cooling fan. If
hand-held devices are not available, portable machines dedicated
to COVID-19 patients exclusively can be used, although maximum
care for sterilization is necessary [10,20,22]. Machines with touch
screens are preferable to machines with keyboards or buttons.
Single-use gel packets [23] and telemedicine may be useful in

evaluation of patients these patients [14].
Ultrasound Protocols

POCUS should be used by the most experienced operator
involved in patient care, to minimize scanning time [9],
conservation of Personal Protection Equipment, and to reduce
missed findings [10]. Either convex or linear transducers can be
used, according to the patient’s body size and a single-focal point
modality, setting focal point on the structure to explore. Other
recommendations are: to avoid saturation phenomena as far as
possible; good quality control gain settings; no cosmetic filters and
to save data. The mechanical index (MIx) must be kept low (start
from 0.7 and reduce it further as the visual findings allowed it),
as high MIx sustained for long periods may result in lung damage.
Harmonic imaging, contrast, doppler, and spatial compound filters
should be avoided, alongside saturation phenomena [11,12]. The
basic echocardiography views to assess are apical four chambers,
parasternal long axis, parasternal short axis and subxiphoid
four-chamber view, subxiphoid inferior vena cava (IVC) long and
short axis view. The parameters that should be measured are the
diameter of IVC, EF (ejection fraction), the velocity-time integral
of the left ventricular outflow during the continuous and dynamic

evaluation of patients’ volume state and fluid responsiveness, left
ventricular systolic function, and left ventricular output effect [14].
The IVC diameter is measured in its intra-hepatic portion at 2 cm
of the junction with the hepatic veins using a longitudinal view
from a subxiphoid position and moving the probe to the right side
of the body until an adequate view was achieved. The maximal
diameter during the respiratory cycle was measured. The Caval
Index (IVC expiratory diameter - IVC inspiratory diameter)/ IVC
expiratory diameter x 100) that is measured by M-mode scan can
be misleading in pulmonary diseases usually present in COVID-19
such as tension pneumothorax, massive pulmonary embolism, and
pericardial tamponade [24].

Vascular ultrasound assessment included popliteal vein
Doppler (in prone position); hepatic vein Doppler, portal vein
Doppler, intra-renal venous Doppler, and inferior vena cava (IVC)
ultrasound (in supine position). Severe venous congestion was
defined as the presence of severe flow abnormalities in multiple
Doppler patterns with a dilated IVC (22 c¢m) [24]. For the hepatic
vein Doppler, a systolic phase was of lesser amplitude than the
diastolic phase but toward the liver was considered mild while the
presence of a reversed systolic phase was considered severe [25].
For the portal vein Doppler, a pulsatility fraction (PF) of 30-49%
was considered mild while a PF>50% was considered severe [17].
There are different specific ultrasound protocols that had been
used in COVID-19 patients [26]. However, all of them present
several limitations in COVID-19 disease because it is difficult to
place the critical patients in left side decubitus [27]. The choice
of the protocol depends on the clinical setting. RUSH protocol
(Rapid Ultrasound in Shock and Hypotension) [28] facilitates the
determination of the type of shock (hypovolemic, distributive,
obstructive or cardiogenic) and is performed with a phased array
transducer (3.5-5 MHz) for thoracoabdominal scanning and a linear
transducer (7.5-10 MHz) for venous examinations. Other protocols
described are the focused cardiac ultrasound (FOCUS) [29] for quick
evaluation of emergency or critical patients, the focus-assessed
[30] advanced FATE
protocol, fluid administration limited by lung sonography (FALLS)

transthoracic echocardiography (FATE)

protocol [31], critical care chest ultrasonic examination (CCUE)
protocol [32], American Society of Echocardiography (ASE)-POCUS
protocol [10], which includes basic cardiac views, subcostal views
for inferior vena cava and pericardial fluid, and chest views, and
VExUS (Venous Excess Ultrasound) grading system of the severity
of venous congestion to predict the occurrence of acute kidney
injury (AKI) [33].

Cardiovascular Ultrasound Findings in COVID-19

Point-of-care  echocardiography may demonstrate a

hyperdynamic cardiac function of the left ventricular (LV), with
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or without decrease of peripheral vascular resistance, which is
often seen in the early stage following the systemic inflammatory
response; acute stress-induced cardiomyopathy (Takotsubo)
characterized by transitory LV segmental contraction abnormalities,
most often, apical ballooning; right ventricular (RV) dilatation and
acute pulmonary hypertension, mainly caused by “internal factors”
(alveolar and pulmonary capillary damage caused by inflammation,
hypoxia, and hypercapnia) and/or “external factors” (fluid overload,
and unsuitable mechanical ventilation); diffuse myocardial
inhibition at ending stage, often caused by severe hypoxia, and
long term of anoxia and inflammation [34,35]. The most common
types of shock in COVID-19 patients are septic and cardiogenic
shock (enlargement of the heart, segmental or diffuse contraction
abnormalities, IVC dilation, B lines in the lungs and pleural effusion,
etc.) [36]; however, the obstructive and hypovolemic shock must
be excluded [37]. The vascular changes found in COVID-19 patients

» o«

were: “vascular thickening,

» o«

vascular enlargement,” “vascular
congestion”, and thrombosis phenomenon [38]. Other authors have
found pulmonary embolism [39] and systemic venous hypertension

resulting from fluid overload and right ventricular failure [40].
Discussion

Evidence suggests that the earlier we treat, the better patients
improve with treatment [41]. Four cardiovascular settings have
been described in the COVID-19 pandemic: cardiovascular patients
without COVID-19; differential diagnostic between COVID-19 and
a new cardiovascular disease, COVID-19 in chronic cardiovascular
patients [15], and cardiovascular changes in COVID-19 patient
[16,18]. Some COVID-19 patients suffer from right ventricular
failure or pulmonary hypertension, and fluid overload [35].
A reduction of the arteriovenous gradient across vital organs
may hamper adequate perfusion [2]. This phenomenon may
be worsened with the development of interstitial edema after
the prolonged elevation of capillary hydrostatic pressure in the
context of endothelial barrier dysfunction [42]. Several markers
of the high pressures associated with this congestive process
have been proposed including the assessment of large veins (cava,
internal jugular) as well as detecting abnormal venous waveforms
suggestive that the limit of the systemic venous compliance in the
portal vein, hepatic veins, and intra-renal veins [8]. Assessment of
the inferior vena cava (IVC) and/or jugular venous pulsation (JVP)
plays an important role in hemodynamic assessment of critically ill
patients to enhance the physical exam and in the assessment of fluid

status. Deep vein thrombosis risk increases with any critically ill
bed-bound patient; and several studies described a prothrombotic
state in COVID-19 [9]. Vascular endothelial dysfunction contributes
to the pathophysiology of microcirculatory changes in SARS-
CoV-2 infection, which may explain reports of cerebrovascular
complications in younger patients, myocardial ischemia, and
thromboembolic complications [42].

The development of interstitial edema in encapsulated organs
such as the kidney and the brain may result in a rapid elevation in
interstitial pressure, which decreases organ blood flow [42,43]. The
high number of arterial and, in particular, venous thromboembolic
events (VTE) diagnosed within 24 h of admission and the high rate
of positive VTE imaging tests among the few COVID-19 patients
tested suggest that there is an urgent need to improve specific
VTE diagnostic strategies and investigate the efficacy and safety
of thromboprophylaxis in ambulatory COVID-19 patients [7,10].
Some of these changes are shown in Figures 1-3. POCUS may enable
clinicians to detect significant systemic venous hypertension and
venous thrombosis. However, each of the markers has some pitfalls
and limitations. Hepatic vein Doppler is strongly influenced by
tricuspid regurgitation [44]. Pulsatile portal vein flow and IVC
dilatation have been reported in healthy athletic volunteers which
raise the possibility of false-positive cases [19]. Intra-renal venous
Doppler is technically difficult to perform, therefore with a greater
chance of providing incorrect results, especially in patients with
poor ultrasound penetration or with less-sensitive Doppler devices,
so it is necessary to combine two or more vessels to diagnose [45].
Few published studies have commented on incident VTE in patients
with COVID-19. As reported in a retrospective study, 20 out of 81
ICU patients with severe covid-19 developed an incident VTE
(25%). Of note, none of the patients had received VTE prophylaxis
[12]. In a study of 25 patients with COVID-19 from Wuhan, who
were suspected of having lung embolism (LE) and underwent
computed tomography angiography (CTA), 10 (40%) had evidence
of acute LE on imaging (https://papers.ssrn.com/sol3/papers.
cfm?abstract_id=3548771); however, the study did not provide
information related to use of VTE prophylaxis or the reason for
performing CTA. In a study of 184 patients with severe COVID-19
from 3 academic medical centers in the Netherlands, the authors
reported that 31% (95%CI 20-41) of patients developed incident
VTE. All patients received pharmacological prophylaxis, although
under-dosing was observed in 2 of the 3 participating centers [5].
These findings require validation in additional studies.
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Figure 1: Cervical scan in Covid-19 patient No carotid pulse in M Mode. Massive cerebral hemorrhage diagnose was confirmed
in the cerebral scan.

Figure 2: Popliteal vein thrombosis (B). Hyperecogenic vascular wall and thrombus (drawn as a circle). VF = Femoral Vein,
AF= Femoral Arterial.
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Figure 3: Jugular and carotid thrombosis. Hyperecogenic vascular wall and thrombus (inside the square).

It is possible but unknown that VTE remains underdiagnosed
in patients with severe COVID-19. From March 19 to April 11, 2020,
26 consecutive patients with severe COVID-19 were screened
for VTE. Eight patients (31%) were treated with prophylactic
anticoagulation, whereas 18 patients (69%) were treated with
therapeutic anticoagulation. The overall rate of VTE in patients
was 69%. The percentage of VTE was higher in patients with
antithrombotic prophylaxis (100% vs 56%, respectively, P = 0.03).
Surprisingly, we found a high rate of thromboembolic events in
COVID-19 patients treated with therapeutic anticoagulation, with
56% of VTE and 6 pulmonary embolisms [12]. This is pivotal
because ARDS in patients with COVID-19 is, itself, a factor of hypoxic
pulmonary vasoconstriction, pulmonary hypertension, and right
ventricular failure. A further insult from LE may be unrecoverable
[13]. Myocardial injury associated with the SARS-CoV-2 was a
common condition in patients diagnosed with COVID-19 and
associated with a higher risk of in-hospital mortality [6,35]. A study
of 416 hospitalized patients with COVID-19 in Wuhan showed
that 19.7% present cardiac injury, the ones older, with more
comorbidities, higher leukocyte counts, levels of C-reactive protein,
procalcitonin, creatinine kinase-myocardial band, myohemoglobin,
high-sensitivity troponin I, N-terminal pro-B-type natriuretic

peptide, aspartate aminotransferase, and creatinine.

The respiratory signs were more severe, and complications
were more comun in patients with cardiac injury. [46]. A lot of

the COVID-19 treatments can modify cardiac preload and cause
electrocardiographic changes (anti-HIV drugs, hydroxychloroquine;
ventilatory support, prone positioning, and extracorporeal
membrane therapy). Therefore, POCUS could be useful, being
performed on several time points helping in the clinical diagnosis,
in determining early congestive failure [47], treatment monitoring
during the paucisymptomatic phase of the disease and potentially
playing arole in treatment decisions. POCUS can be used to monitor
cardiovascular in every setting, since secondary level imaging
studies (such as CT scan) are not everywhere easily accessible.
Besides, angiography carries a significant risk for nosocomial
spread of the virus and acute kidney injury in COVID-19 patients
[43]. However, some limitations of POCUS are that image quality
in some patients is inadequate and it relies on the expertise of the
operator [48], and the nonthermal induction of pulmonary capillary

hemorrhage of pulsed ultrasound in animal models [47].
Limitations

Circumstances surrounding the pandemic state are extremely
dynamic, so recommendations change as our knowledge of the
disease improves. The current literature evaluating cardiovascular
complications and effects associated with COVID-19 suffers from
several limitations, including significant heterogeneity in patient
selection, outcomes, comparators, and study design, as well as
low numbers of included patients and high risk of bias. During the
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current pandemic, a significant amount of literature is published in
preprint form before completion of full peer review. Further data
are needed concerning the mentioned cardiovascular complications
and COVID-19 [49,50].

Conclusion

Ultrasound evaluation of COVID-19 patients depends on
available resources, the expertise of personnel, and logistic
configurations unique to each situation. POCUS may be considered
the first-line ultrasound examination (whenever personnel
protective equipment is available) to diagnose cardiac involvement
and VTE. POCUS has lower risk of viral spread and does not produce
acute kidney failure (in contrast with pulmonary angiography
or scanner), especially in non-collaborator patients. Meticulous
disinfection of any POCUS device is critical to reducing the risk of
SARS-CoV-2 infection. Vascular findings are useful to provide both
diagnostic and prognostic information and might significantly
contribute to patient management. The vascular congestion
sign may help distinguish COVID-19 from community-acquired
pneumonia.
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