
J A C C : C A S E R E P O R T S V O L . 2 , N O . 9 , 2 0 2 0

ª 2 0 2 0 T H E A U T H O R S . P U B L I S H E D B Y E L S E V I E R O N B E H A L F O F T H E AM E R I C A N

C O L L E G E O F C A R D I O L O G Y F O U N DA T I O N . T H I S I S A N O P E N A C C E S S A R T I C L E U N D E R

T H E C C B Y - N C - N D L I C E N S E ( h t t p : / / c r e a t i v e c o mm o n s . o r g / l i c e n s e s / b y - n c - n d / 4 . 0 / ) .
VIEWPOINT

VOICES OF CARDIOLOGY
Reacquainting Cardiology With
Mechanical Ventilation in Response
to the COVID-19 Pandemic

Ann Gage, MD,a,b Andrew Higgins, MD,a,b Ran Lee, MD,a,b Muhammad Siyab Panhwar, MD,c Ankur Kalra, MDa,d
R eports from countries struck by the coronavi-
rus disease-2019 (COVID-19) pandemic have
consistently highlighted physician shortages

and the utilization of physicians not specifically
trained in critical care to care for patients with
COVID-19. Given the significant overlap between car-
diology and critical care, cardiologists may be among
the first physicians asked to step in to fill this
shortage. If and when this occurs, a basic framework
for recognition of acute respiratory failure, acute res-
piratory distress syndrome (ARDS), and initial venti-
lator management is imperative. The following is a
brief review of ARDS and an overview of ventilator
management designed to help ensure physician com-
fort and patient safety.

Data from China suggest respiratory findings are
common in patients who are positive for COVID-19.
Pneumonia was present in 91.1% of cases, and 3.4%
of all patients developed ARDS. Oxygen therapy was
used in 41.3% of patients, and infection required
mechanical ventilation in 6.1% of those infected (1).
The incidence has been even higher in the Italian
series, with up to 10% of infected patients in Lom-
bardy developing ARDS (2). It is likely that many
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American physicians will be called on to treat pneu-
monia, hypoxemic respiratory failure, and ARDS,
regardless of their specialty.

ACUTE RESPIRATORY DISTRESS SYNDROME

ARDS is a life-threatening form of lung injury. This
lung injury can be the result of primary pulmonary
parenchymal injury such as pneumonia or aspiration
or from a systemic process such as sepsis or trauma.
Increased capillary permeability leading to inflam-
mation is the inciting factor for ARDS. Damage to the
capillary endothelium and alveolar epithelium results
in protein accumulation within the alveoli, activation
of proinflammatory cytokines, and then pulmonary
fibrosis. This cascade leads to loss of functional lung
tissue. Chest radiography demonstrates bilateral
opacities. As ARDS progresses, lung compliance de-
creases, hypoxemia ensues, and patients can progress
to ventilator dependence (3,4).

In practice, ARDS is defined by the Berlin definition.
This requires that patients have acute onset of lung
injury, bilateral opacities on chest radiography, and
nonhydrostatic pulmonary edema, in other words,
respiratory failure may not be the result of left-sided
heart failure. The Berlin definition of ARDS stratifies
the severity of lung injury using a ratio of the arterial
partial pressure of oxygen (PaO2) to the fraction of
inhaled oxygen (FiO2), measured at a pulmonary end-
expiratory pressure (PEEP) or continuous positive
airway pressure of $5 cm H2O. Mild ARDS, moderate
ARDS, and severe ARDS are defined as a PaO2/FiO2 of
200 to 300, 100 to 200, and <100, respectively (5).

At present, there are no studies examining specific
ventilatory strategies in patients with COVID-19,
however, there is a large body of experience with
patients with ARDS. Until more COVID-19–specific
evidence-based medicine is available, expert
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recommendations support adherence to these venti-
latory strategies in patients with COVID-19 (6). Me-
chanical ventilation is recommended for patients
with moderate or severe ARDS who remain hypox-
emic or profoundly symptomatic despite supple-
mental oxygen. In mechanically ventilated patients, a
lung-protective ventilation strategy should be
employed to decrease ventilator-induced lung injury.
When treating ARDS patients with mechanical venti-
lation, the target tidal volume is typically 6 ml/kg of
predicted body weight with goal plateau
pressure <30 cm H2O. One interesting finding in
COVID-19 ARDS is that some patients are found to be
severely hypoxemic, but with surprisingly good lung
compliance. In these patients, more liberal tidal vol-
ume settings may be considered. PEEP should be
adjusted based on FiO2, with consideration of higher
PEEP (>10 cm H2O) in moderate and severe ARDS.
Notably, lung protective ventilation (low tidal vol-
ume) allows permissive respiratory acidosis with
maintenance of a pH $7.25. Relative hypoxemia with
a PaO2 of 55 to 80 mm Hg or SpO2 of 88% to 95% may
also be considered to limit high oxygen requirements
(3). In patients with ARDS with PaO2/
FiO2 #150 mm Hg, consideration should be given to
initiation of prone positioning. If significant venti-
lator dyssynchrony is present, neuromuscular
blockade may also be considered (7).

It should be noted that mild ARDS may be managed
with noninvasive forms of ventilation. However,
during the present pandemic, modifications to usual
critical care may be necessary. Given concern for viral
transmission, current recommendations advise
“caution when using high-flow nasal oxygen or
noninvasive ventilation due to risk of dispersion of
aerosolized virus in the healthcare environment with
poorly fitting masks” (8). Institution-specific policies
should guide the decision for use of noninvasive
ventilation versus early endotracheal intubation in
this population.

INVASIVE MECHANICAL VENTILATION

Invasive mechanical ventilation ensures oxygenation
and ventilation via positive pressure delivered
through a secure airway. In the intensive care unit,
most patients undergoing mechanical ventilation
will have an endotracheal tube (ETT) in place. This is
a polyvinylchloride tube that is placed between the
vocal cords and into the trachea. ETTs have various
internal diameters. Most adults will be intubated
with a 7.0- to 8.0-mm ETT. The smaller the internal
diameter, the higher the resistance to airflow, and
the more the patient and/or the ventilator will have
to work to overcome this resistance. ETTs have
inflated cuffs (balloons) that occupy the space of the
trachea, ensuring all gas exchange occurs via the
ETT, while offering some protection to the lung from
gastric and oral secretions. On chest radiography,
the distal end of the ETT should be 4 � 2 cm above
the level of the carina to ensure correct placement.
After placement of the ETT, auscultation for bilateral
breath sounds is imperative. A chest radiograph
should be ordered immediately to further confirm
correct tube location.

In recent years, various taxonomies have been
developed to describe the different types of venti-
lator breaths. In this taxonomy scheme, each venti-
lator mode is first named by its control variable, or the
variable manipulated by you, the operator. This is
most often either pressure or volume. The second
variable in this scheme is breath sequence. This is
based on whether the patient or the machine trigger
(initiates) and cycle (terminates) the breath. When all
breaths are triggered and/or cycled by the machine,
this is continuous mandatory ventilation (CMV),
whereas synchronized intermittent mandatory
ventilation allows the patient to take spontaneous
breaths between mandatory breaths (9).

Assist-control (AC) ventilation, a form of CMV, is
among the most common ventilator modes in the
modern intensive care unit. In AC ventilation, the
physician chooses to control either the pressure or
volume delivered by the ventilator. In pressure-
control (PC) ventilation, a set pressure is delivered to
the patient with each breath, whereas a volume-
control mode delivers a specific volume. In AC
modes, the ventilator will then deliver this pre-
specified volume or pressure for all breaths, regard-
less of whether the breath is triggered by the machine
or the patient. These modes are most frequently
referred to as volume control (VC), PC, VC-CMV or PC-
CMV.

In all AC ventilation, the operator additionally
chooses the FiO2, the PEEP, and the minimum
respiratory rate. PEEP provides a continuous end-
expiratory pressure to maintain alveolar recruit-
ment. Taken together, PEEP and the FiO2 are vari-
ables that directly affect oxygenation. Carbon dioxide
clearance (i.e., ventilation) is maintained by the
minute ventilation, which is a product of the
respiratory rate and tidal volume.

No compelling data exist to support the use of one
mode over another, suggesting that nonintensivist



FIGURE 1 Proposed Framework for Initial Ventilatory Strategy for the Care of Patients With COVID-19

Proposed framework for initial ventilatory strategy for the care of patients with coronavirus disease-2019 (COVID-19). As knowledge of the pulmonary pathophysiology

of this syndrome evolves, ventilator management should be adapted to target our understanding of the underlying process. ABG ¼ arterial blood gas; ARDS ¼ acute

respiratory distress syndrome; ARDSnet ¼ ARDS Network; FiO2 ¼ fraction of inspired air; HFNC ¼ high-flow nasal cannula; IPAP ¼ inspiratory positive airway pressure;

NPPV ¼ noninvasive positive pressure ventilation; PaO2 ¼ partial pressure of oxygen in blood; PAPR ¼ powered air-purifying respirator; PEEP ¼ positive

end-expiratory pressure; SpO2 ¼ peripheral capillary oxygen saturation; VBG ¼ venous blood gas; VT ¼ tidal volume.
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physicians should use whichever mode they are most
familiar with. AC is more typically used at the onset of
respiratory failure, as it is more likely to relieve the
patient from respiratory work.

Positive-pressure ventilation relies on an under-
standing of respiratory system compliance. Pulmo-
nary compliance is defined as the change in volume
over inspiration (tidal volume delivered) divided by
the change in pressure from end-inspiration to end-
expiration (plateau pressure – total PEEP). When us-
ing a PC mode of ventilation, a given amount of
positive pressure is introduced into the lungs and the
delivered tidal volume then depends on the lung
compliance. Conversely, in a VC mode, a given tidal
volume is administered by the ventilator and the
resultant pressures are dictated by the patient’s



FIGURE 2 Most Commonly Assessed Airway Pressures

A representation of the most commonly assessed airway pressures. PEEP ¼ positive end-expiratory pressure.
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underlying respiratory mechanics. Both modes are
effective methods of ventilating patients with ARDS.

When faced with patients with COVID-19 with
hypoxemic respiratory failure secondary to ARDS, it is
appropriate to initiate a lung-protective ventilation
strategy (6). Consider VC as the initial mode of me-
chanical ventilation. This ensures adequate tidal vol-
ume and minimizes the risk of volutrauma. In
accordance with the ARDSnet (ARDS Network) study
protocol, it is reasonable to choose an initial tidal
volume of 6 ml/kg (predicted body weight). Begin with
an initial FiO2 of 1.0, which may then be gradually
decreased as tolerated, while monitoring pulse oxim-
etry. It is advisable to reference the widely published
ARDSnet protocol for guidance in determining appro-
priate PEEP for a given FiO2. Decisions regarding a
lower versus higher PEEP strategy may be tailored
based on underlying cardiac physiology. Initially, it is
reasonable to consider a higher PEEP strategy. Initial
respiratory rate should be set to approximate the pa-
tient’s pre-intubation minute ventilation (usually 20
to 28 breaths/min); this may then be adjusted based on
the patient’s arterial pCO2 (Figure 1).

After initial stabilization, it is critical to appropri-
ately titrate settings to minimize ventilator-induced
lung injury. One of the most common methods for
doing this is careful monitoring of the plateau pres-
sure (Figure 2). Although the peak inspiratory pres-
sure represents the pressure to which the proximal
large airways are exposed, the plateau pressure is
representative of the pressure present in the alveoli
at end inspiration, and thus is an indicator of
transpulmonary pressure, lung overdistention, and
ventilator-induced lung injury. Plateau pressure is
measured after a 0.5- to 1.0-s inspiratory pause ma-
neuver. If the plateau pressure is >30 cm H2O,
consider further reducing the delivered tidal volume.
It is also important to monitor the patient’s driving
pressure, or difference between the PEEP and plateau
pressure, as increased driving pressures have been
associated with higher mortality in ARDS (10).

CONCLUSIONS

With a basic understanding of these fundamentals, it
is possible for all cardiologists to provide safe and
effective care for our patients with COVID-19. As
many of us prepare to use skill sets long forgotten, it
will be important to remember to ask for help when
needed. One of the few bright spots in this pandemic
has been the resurgence of interdisciplinary team-
work—we are all in this together.
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