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Echocardiography in Pandemic: Front-Line
Perspective, Expanding Role of Ultrasound,

and Ethics of Resource Allocation
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Eustachio Agricola, MD, Alberto Zangrillo, MD, Karen G. Zimmerman, BS, ACS, FASE,
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The grave clinical context of the coronavirus disease 2019 (COVID-19) pandemic must be understood. Italy is
immersed in the COVID-19 pandemic. Most of the world will soon follow. The United States currently has the
most documented cases of COVID-19 of any nation. Severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2)–associated acute cardiomyopathy is common in critical care patients and is associated with
a highmortality rate. Patients with COVID-19 frequently requiremechanical support for adequate oxygenation.
A severe shortfall of ventilators is predicted. Of equal concern is the projected shortage of trained profes-
sionals required to care for patients on mechanical ventilation. Ultrasonography is proving to be a valuable
tool for identifying the pulmonary manifestations and progression of COVID-19. Lung ultrasound also facili-
tates successful weaning from mechanical ventilation. Ultrasonography of the lung, pleura, and diaphragm
are easily mastered by experienced echocardiographers. Echocardiography has an established role for
optimal fluid management and recognition of cardiac disease, including SARS-CoV-2-associated acute car-
diomyopathy. Cardiologists, anesthesiologists, sonographers, and all providers should be prepared to commit
their full spectrum of skills to mitigate the consequences of the pandemic. We should also be prepared to
collaborate and cross-train to expand professional services as necessary. During a declared health care crisis,
providers must be familiar with the ethical principles, organizational structure, practical application, and grav-
ity of limited resource allocation. (J Am Soc Echocardiogr 2020;33:683-9.)
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Dr. Tedros Ghebreyesus, director general of the World Health
Organization, declared coronavirus disease 2019 (COVID-19) as a
pandemic on March 11, 2020. He stated that he was ‘‘deeply con-
cerned by the alarming levels of spread and severity and the alarming
levels of inaction.’’1 COVID-19 is associated with more efficient trans-
mission and a higher mortality rate than seasonal influenza.2-5 The
gravity of this pandemic must be understood. Action is required to
slow disease transmission and mitigate the surge of critically ill
patients into our health care systems. Action is also required to
minimize additional life-years lost if critical care resources are over-
whelmed. Professional commitment and informed resource alloca-
tion should reduce loss of life.
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NATIONAL PERSPECTIVES

The Italian Perspective on COVID-19

Italy is immersed in the COVID-19 pandemic.6 Hospitals are under
extraordinary pressure to meet the surge in demand. San Raffaele
Hospital is a multispecialty university center in Milan and one of
several institutions caring for patients with COVID-19 while still
providing emergent cardiology and cardiothoracic surgery services.
They have 52 intensive care unit (ICU) beds specifically for mechan-
ically ventilated patients with COVID-19 and another 260 beds for
symptomatic patients with COVID-19 on oxygen therapy. Fifteen
beds are designated for cardiovascular care and seven for postopera-
tive intensive care. Nearly all other Italian critical care facilities are allo-
cated for COVID-19. Professor Alberto Zangrillo, head of the
Department of Anesthesia and Intensive Care, stated, ‘‘Every hospital
in this country has increased, doubled and, in our case, tripled the
number of intensive care beds. The problem is that this virus is
extremely contagious and in two or three weeks has brought to our
ICUs the number of patients we used to see in an entire year.
When these patients develop pneumonia, they have a form of exuda-
tive alveolitis that in a very short time makes them very dependent on
positive end-expiratory pressure. It is a form of pneumonia that tends
to resolve, but requires an ICU stay of more than 2 weeks.’’ He has
recommended the early adoption of containment to slow the conta-
gion and an aggressive proactive approach to invasive ventilation.
There are several regions where ventilators are in short supply.6
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Abbreviations

ARDS = Acute respiratory
distress syndrome

COVID-19 = Coronavirus
disease 2019

ECMO = Extracorporeal

membrane oxygenation

ICU = Intensive care unit

POCUS = Point-of-care
ultrasound

PPE = Personal protective

equipment

SARS-CoV-2 = Severe

acute respiratory syndrome

coronavirus-2
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Although there are enough phy-
sicians, there are not enough
physicians with appropriate
skills.

Lung ultrasound is frequently
performed at U Parini Hospital
in Aosta and has demonstrated
high diagnostic yield. It is effec-
tive for monitoring the progres-
sion of the disease in both
ventilated and nonventilated pa-
tients. If typical COVID-19 lung
ultrasound findings are found in
patients with negative results on
first polymerase chain reaction
testing, retesting is performed.
Often the second or third poly-
merase chain reaction test pro-
duces positive findings.
Echocardiography has beenmost useful for (1) initial assessment of
patients with respiratory symptoms who are seen in the COVID-19
evaluation pathway but may have other etiologies for their symp-
toms; (2) assessment of cardiac function in critical care patients,
among whom severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2)–associated cardiomyopathy is prevalent; and (3) vol-
ume assessment of patients with acute respiratory distress syndrome
(ARDS), in whom sparing unnecessary fluids is mandatory. Volume
assessment should include lung ultrasound. Cardiac involvement is
common in patients with advanced disease. It is difficult to determine
the exact role of SARS-CoV-2 cardiac infection, because these pa-
tients often have multiple acute comorbidities. The most common
findings are pulmonary arterial hypertension, right ventricular
dysfunction, regional wall motion abnormalities, and decreased ejec-
tion fraction. There is a significant incidence of pulmonary embolism.

Point-of-care ultrasound (POCUS) is the initial imaging study for
nearly all patients. Transthoracic echocardiography is used if a defin-
itive diagnosis cannot be made with POCUS. Transesophageal echo-
cardiography is reserved for intubated patients with poor image
quality on surface studies. Machines are segregated into COVID-19
and non-COVID-19 cohorts.

In Italy, as elsewhere, there is a shortage of personal protective
equipment (PPE). Health care providers are getting sick and are also
in short supply. The Italian government is hiring approximately
20,000 new health care providers, including 5,000 physicians and
physicians in training. For clinicians with any critical care experience,
the most frequently used skill is ventilator management. Non–critical
care patients with COVID-19 are cared for by physicians from all spe-
cialties. All elective consultations and procedures have been
cancelled. All face-to-face meetings and teaching are forbidden. All
activity outside of the hospital is monitored by the police. Data
from the World Health Organization suggest that the American surge
may be similar.7
The American Perspective on COVID-19

The American Hospital Association estimates that 4.8 million patients
will be hospitalized. Early reporting indicates that 12% of hospitalized
with COVID-19 will have acute cardiomyopathies.8 Nearly 2 million
will be admitted to critical care units, and 960,000 will require me-
chanical ventilation.9 There are approximately 65,000 ventilators in
use in the United States.9-11 The addition of the strategic national
supply, anesthesia machines, and older ventilators not currently in
use should bring the total ventilator capacity to 200,000. Perhaps
of greater importance, the Society of Critical Care Medicine
estimates that there are only 135,000 professionals trained in
mechanical ventilation.9 The US capacity for providing professional
staffing for mechanical ventilation may be seriously challenged if
the current transmission rate continues and 5% to 6% of infected pa-
tients require ventilation.12,13 Cross-training and hierarchical manage-
ment may be necessary for managing the high volume of pulmonary
disease.9
Key Points on COVID-19

� COVID-19 is associated with more efficient transmission and a higher mor-
tality rate than seasonal influenza.

� Estimates for the United States include the following:
◦ 4.8 million patients will be hospitalized;
◦ 600,000 patients will have acute cardiomyopathies;
◦ 1.9 million patients will require intensive care;
◦ 960,000 patients will require mechanical ventilation;
◦ 65,000 ventilators are currently in use;
◦ 200,000 ventilators are available, but many are not adequate for man-

aging ARDS; and
◦ 135,000 professionals are currently trained to providemechanical venti-

lation.
� SARS-CoV-2-associated cardiomyopathy is common in the critically ill.
� Ventilators are a severely limited resource.
� The capacity to provide qualified staff members for mechanical ventilation
may be seriously challenged.

� Professional cross-training will be required.
LUNG SONOGRAPHY AND ECHOCARDIOGRAPHY IN

COVID-19

Ultrasound is a valuable resource in this pandemic. Lung ultrasound,
especially POCUS, is a relatively new technology, and experience
with COVID-19 is limited.14,15 Reporting from China and Italy indi-
cates that sonography of the lung can reliably identify and quantify
COVID-19-associated pleural and interstitial disease.14,15 Lung ultra-
sound is superior to conventional radiography for patients undergoing
rapid evaluation for pneumonia and an attractive alternative in the
ICU.16,17 Lung ultrasound is routinely used to identify complications
from pneumonia, ARDS, and mechanical ventilation, such as pulmo-
nary consolidation, pleural effusions, and pneumothorax.18

Ultrasonography effectively monitors the progression of pulmonary
disease by detecting lung inhomogeneity, cyclic alveolar recruitment
and derecruitment, and diaphragmatic injury from ventilator volume
overload.19Wave elastography facilitates staging of interstitial lung dis-
ease, including identification of early pulmonary fibrosis.20

Ultrasonography effectively predicts successful weaning and extuba-
tion from mechanical ventilation for patients with ARDS.21-23

POCUS plays an important role in the diagnosis and management
of patients with COVID-19 (Figure 1). Cross-training of echocardiog-
raphers and other personnel in pulmonary ultrasonography is effec-
tive and has been validated.17 Standards for lung ultrasound in
COVID-19 have recently been proposed.24 A properly trained echo-
cardiographer or intensivist wearing maximum-coverage PPE may be
able to consecutively study numerous patients and perform serial ex-
aminations on individual patients as needed. In this scenario, the
echocardiographer must be provided with the highest level of PPE



HIGHLIGHTS

� The gravity of the COVID-19 pandemic must be understood.

� Professional staff shortages may supersede the limited supply

of ventilators.

� Lung ultrasonography and echocardiography are essential

tools during this pandemic.

� Collaboration and cross-training are required to expand pro-

fessional resources.

� Limited resource allocation requires ethical guideline profi-

ciency and planning.
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and should be immersed in the COVID-19 environment for the min-
imum time necessary to complete the examinations. Consecutive
shifts should be avoided. This will reduce the risk for delivering a
high and potentially lethal viral load to the provider.25 The studies
should be transmitted to a remote reading area. Bedside nurses and
Figure 1 Lung POCUS in patients with COVID-19. Pulmonary involv
the pleura and easily visible on ultrasound. The basal lateral and po
quired through intercostal windows on the anterior, lateral, and po
(A) The upper bright horizontal line is normal pleura. Below is a norm
of reverberation artifact from normal tissue. (B) A single vertical B lin
interstitial syndrome. (C)Multiple coalescing B lines indicate modera
early diagnostic feature of COVID-19. (E) More advanced skip lesion
echoic densities indicate complete consolidation in a patient with C
physicians should not repeat POCUS examinations. This should
reduce the number of individuals coming into contact with infected
patients, reduce the need for radiologic studies, decrease the con-
sumption of PPE, improve the reproducibility of examinations, and
decrease transmission of disease. Lung ultrasonography performed
by properly trained personnel is a useful strategy in the fight against
this pandemic.14,15,24

Surface echocardiography effectively screens for coronary artery
disease and is essential for the rapid recognition of SARS-CoV-2-
associated acute cardiomyopathy.26-29 Coronary artery disease is
one of the most common comorbidities associated with increased
mortality from COVID-19.30,31 SARS-CoV-2-associated acute car-
diomyopathy has been reported in 12% of hospitalized patients
with COVID-19.8 Fulminating myocarditis may be a result of direct
viral infection or the SARS-CoV-2 cytokine storm.32 Viral myocarditis
is associated with 40% to 70% mortality. Early aggressive therapy,
including mechanical support, may reduce mortality from SARS-
CoV-2-associated acute cardiomyopathy.32 Rapid diagnostic evalua-
tion and guideline-directed therapy are recommended.29
ement generally begins in the terminal alveoli, which are close to
sterior lung fields are most frequently involved. Images are ac-
sterior chest. Typically, 12 to 14 brief video clips are obtained.
al lung demonstrating four horizontal A lines that are the result

e is present. A few scattered nonconfluent B lines indicate a mild
te to severe interstitial syndrome. (D) Skip lesions (arrows) are an
s and subpulmonic consolidation are demonstrated. (F) Hyper-
OVID-19 pneumonia.
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Transthoracic echocardiography is essential for monitoring patients
on extracorporeal membrane oxygenation (ECMO), and lung ultra-
sonography is a promising tool for daily interstitial assessment of pa-
tients with ARDS on ECMO.33,34

Echocardiography is portable and offers a clear advantage for
reducing disease transmission by avoiding transporting patients
through the hospital.35 Mitigating transmission requires the appro-
priate use of PPE, meticulous equipment care, and limiting atten-
dance to essential personnel during imaging. Compared with
portable chest radiography, POCUS is less disruptive and may reduce
direct patient contact. POCUS devices are smaller and easier to disin-
fect than portable chest radiographic machines. However, despite the
higher risk for disease transmission, computed tomography may be
required for more comprehensive evaluation of the chest.
Key Points on Sonography of the Lung, Pleura, Diaphragm,
and Heart

� Early experience in China and Italy indicates that lung ultrasound can iden-
tify and quantify pulmonary complications of COVID-19.

� Lung ultrasound can routinely be used to identify pulmonary consolidation,
effusions, pneumothorax, and interstitial disease, including pulmonary
fibrosis.

� POCUS using handheld devices is effective for monitoring the progression
of pulmonary disease, monitoring fluid status, early recognition of SARS-
CoV-2-induced fulminating myocarditis, and identifying the presence and
etiology of hemodynamic compromise.

� Ultrasonography is predictive of successful weaning from mechanical venti-
lation, effective for monitoring interstitial disease in patients on ECMO, and
required for evaluation of line and cardiac status in patients on ECMO.

� POCUS is less disruptive and carries a lower risk for disease transmission,
and the device is easier to clean than conventional radiographic equipment.

� Lung ultrasound is easily mastered by experienced echocardiographers.
� Computed tomography may be required for more detailed evaluation of
the chest.
REQUIRED SKILLS, CROSS-TRAINING, AND CODE OF

ETHICS

Cardiologists and anesthesiologists possess important skills that are
required during a pandemic. These include mastery of cardiac imag-
ing, assessment and triage of the critically ill, interventional risk-benefit
analysis, airway management and intubation, invasive line proced-
ures, ventilator and hemodynamicmanagement, recognition of medi-
cally ineffective care, and familiarity with a high-pressure work
environment. Echocardiographers expedite the identification and
severity of common cardiac conditions as well as cardiac disease asso-
ciated with COVID-19. All of these skills are required in communities
hit hard by the pandemic.

Cross-training through a hierarchical tiered staffing strategy has
been recommended to augment the professional services.9 In this sce-
nario, the first tier is staffed by two or three trained pulmonologists,
intensivists, or anesthesiologists who are expert in critical care,
including mechanical ventilation. Each of the first-tier physicians can
reasonably advise several cardiologists, surgeons, and other physicians
with at least some expertise in critical care. In turn, each of the second-
tier physicians then works with several third-tier, midlevel providers
and bedside nurses to supervise critical care. A similar hierarchical
tiered approach may be used by hospitalists and emergency physi-
cians to expand noncritical inpatient and emergency department
care. Telemedicine technology greatly facilitates communication
among tiers and with outside expertise.

The American Society of Echocardiography’s code of ethics states
‘‘Patient welfare must be paramount in the practice of echocardiogra-
phy and vascular ultrasound. Under no circumstances shall a member
place his or her self-interest above patient welfare.’’36 For physicians,
the AmericanMedical Association’s code of ethics states that commit-
ment to care for the sick requires physicians to provide urgent care
during disasters, even in the face of risks to their own safety, health,
or life.37 The duty to treat is implicit in the social contract between
physicians and the public.38 The American College of Cardiology,
American Society of Anesthesiologists, and Society of Thoracic
Surgeons have similar codes.39-41 However, the health care
provider workforce is limited, especially during a pandemic.
Physicians have an obligation to weigh the risks of caring for
infected individuals against the need to be available to provide care
in the future.37 We must do our best to remain healthy to prevent
spreading the disease to other patients, colleagues, and loved ones.
DEFINING A PUBLIC HEALTH CRISIS

The following discussion of a public health crisis is summarized from
the Centers for Disease Control and Prevention’s ‘‘Ethical
Considerations for Decision Making Regarding Allocation of
Mechanical Ventilators During a Severe Influenza Pandemic or
Other Public Health Emergency,’’42 unless otherwise referenced.

Slowing and limiting disease transmission are mandatory for con-
trolling the pandemic. Limiting disease transmission decreases the
surge of critically ill patients into the health care system. Decreasing
the surge reduces the demand on health care resources and decreases
mortality.43

During a pandemic, the surge capacity of each hospital should be
fully deployed. If a public health crisis is imminent, (1) severely limited
resources should be identified and acquired (PPE, medications, venti-
lators); (2) severely limited infrastructure should be identified and ac-
quired (professional and support staff members, isolation beds, critical
care beds); (3) complete expansion of hospital capacity should occur,
(4) all reasonable efforts to conserve, reuse, adapt, and substitute re-
sources should be implemented; (5) requests for additional resources
from local, regional, and state health officials should be completed;
and (6) requests to use regional, state and federal resources or infra-
structure should also be made (referral and transfer networks).42

Only after all of these options have been completely exhausted
should triage of limited resources be initiated.44 Critical care should
not be withheld or withdrawn without patient or surrogate consent
until no other options exist and a health care crisis has been formally
declared. The health care crisis should be continuously monitored.
Key Points for Defining a Public Health Crisis

� The surge capacity of each hospital should be fully deployed.
◦ Hospital capacity is fully expanded.
◦ Severely limited resources are identified and acquired.
◦ Severely limited infrastructure is identified and acquired.
◦ Efforts to conserve, reuse, adapt, and substitute limited resources are

fully implemented.
◦ Requests for additional resources from local, regional, state, and federal

health officials are complete.
◦ Requests to use regional, state, and federal resources and infrastructure

have been made.
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� Only after all options have been exhausted should a public health crisis be
declared and triage of limited resources initiated.

� The health care crisis should be continuously monitored.
� Triage should immediately cease as limited resources become available.
PUBLIC HEALTH CRISIS TRIAGE

Critical Care Triage Committee

Health care providers should be familiar with the ethical principles
and process of limited resource allocation. The decision to refuse or
withdraw critical care because of limited resources should not be
made in isolation. Before the public health crisis is imminent, a critical
care triage committee should be created and its responsibilities
defined.42,45 The committee should provide multiple perspectives,
facilitate broad communication, and optimize community support.
The advisory committee to the Centers for Disease Control and
Prevention recommends that the committee include senior leader-
ship from the medical staff, intensive care nursing, respiratory care,
and ethics if available.44 Triage physicians should not concomitantly
provide bedside care. This allows bedside clinicians to preserve the
patient-physician relationship and continue to advocate on behalf
of patients. Community commentary should be sought while devel-
oping public health crisis triage protocols, especially with regard to
involuntary withholding or withdrawal of life support. These policies
should be completely transparent, specifically identify the decision
makers, and explicitly clarify the patient population to whom they
apply. At a minimum, public health officials, city council members,
and members of other governing organizations should be involved
and provide support to the triage committee. The triage committee
should be frequently updated on resource availability. Once limited
resources become available, the triage committee should be immedi-
ately notified and triage should cease.
Limited Resource Allocation for Disease Prevention

Once a public health crisis is declared, rules that prioritize the overall
benefit to society take precedence.44 During the preventive phase, in-
terventions that preserve a functional societymay reasonably be given
priority. Disease prevention includes the distribution of vaccines and
antiviral medications to health care providers and others needed to
maintain a functioning society.
Limited Resource Allocation for the Critically Ill

Critical care triage, including allocation of ventilators and ECMO, pre-
sents different ethical considerations. The critically ill can no longer
contribute to the preservation of a functioning society. Recovery dur-
ing and following ventilator dependence may be prolonged.
Therefore, priority is given to those most likely to survive. If the prob-
ability of survival between two patients is the same, other factors such
as years of life saved and resource consumption should be consid-
ered. Making the decision to withhold or withdraw life-sustaining re-
sources from one patient who may survive for the purpose of giving
those resources to a second patient who is more likely to survive is un-
precedented for most physicians. These decisions are often complex
and extremely difficult. They should be assigned to the triage commit-
tee. During a public health crisis, withholding or removal of ventila-
tory support or ECMO should not require consent from the patient
or family. However, transparency is required, and the patient and
family should be informed of the decision. Effective palliation of
pain and suffering should be provided.

Numerous criteria have been proposed for the allocation of me-
chanical ventilation.46 The sequential organ failure assessment
scoring system is one of the most comprehensive.47 Scoring systems
are derived from retrospective analysis and have not been validated
for prospective application. Although they can be useful, they should
not be used exclusively for making individual patient decisions.46

Limited resource allocation requires proficiency with ethical guide-
lines and planning in advance. The following publications are highly
recommended. The Centers for Disease Control and Prevention’s
‘‘Ethical Considerations for Decision Making Regarding Allocation
of Mechanical Ventilators During a Severe Influenza Pandemic or
Other Public Health Emergency’’42 and the New York State
Department of Health Task Force on Life and the Law’s ‘‘Ventilator
Allocation Guidelines’’48 detail the ethical considerations, organiza-
tional structure, and clinical context for developing regional policy
and protocol. The clinical application and gravity of these circum-
stances are summarized in ‘‘The Toughest Triage—Allocating
Ventilators in a Pandemic.’’45

In conclusion, during a declared public health crisis, the decision to
withhold or withdraw critical care from a patient who might survive if
critical care resources were available should be made by the triage
committee using a fair process for each individual patient. Bedside
providers should continue to advocate on behalf of their patients.
SUMMARY

Cardiologists, anesthesiologists, sonographers, and all providers
should be prepared to commit their full spectrum of skills to mitigate
the consequences of the present pandemic.We should be prepared to
collaborate and cross-train to expand professional resources as neces-
sary. In a true health care crisis, providers should understand the
ethical principles, organizational structure, role of the triage commit-
tee, practical applications, and gravity of limited resource allocation.
Professional commitment and informed resource allocation will
reduce mortality and years of life lost.
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