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KEY POINTS

� Understanding the complex interplay between the cardiovascular and respiratory systems is
essential for clinicians to provide optimal management and improve patient outcomes across
diverse scenarios in the critically ill cardiac patient.

� Mechanical ventilation effects can be beneficial or detrimental, depending on the specific patient’s
physiology, cardiopulmonary reserve, hemodynamics, right and left ventricular function, and
loading conditions.

� Monitoring and management of cardiopulmonary function during mechanical ventilation is critical in
optimizing gas exchange and hemodynamics in the critically ill cardiac patient.
INTRODUCTION and mortality, particularly when requiring respira-
The complexity and morbidity of patients admitted
to the cardiac intensive care unit (CICU) has
increasedover the last fewdecades,1,2with respira-
tory failure complicatingCICUadmissions in23%to
37% of the cases and representing one of the most
common indications for admission to the CICU.3–5

The presence of respiratory failure in the CICU pa-
tients represents a higher risk of adverse effects
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tory support with invasive mechanical ventilation,4

underscoring the importanceofpropercoordination
between cardiovascular and pulmonary systems.

This review summarizes the cardiopulmonary in-
teractions during the use of invasive mechanical
ventilation (IMV) in different clinical scenarios and
provides insights for practical management of pa-
tients in these situations.
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PATHOPHYSIOLOGY IN HEART–LUNG
INTERACTIONS
Effect of Spontaneous Respiration on Cardiac
Function

Theheart and lungshaveacomplex, tightly coupled
relationship such that intrathoracic pressures
modulate cardiac hemodynamicswhile cardiac pa-
thology can adversely impact respiratory function.
Breathing involves pressure–volume work,
consuming oxygen and producing carbon diox-
ide.6,7 The elastic and resistive components of
work of breathing (WOB) can increase with states
of decreased respiratory compliance, increased
airway resistance, and increased gas flow de-
mands. During spontaneous respiration, inspiration
is an active process, and expiration is typically pas-
sive. However, a patient in respiratory distress will
not only have increased inspiratory WOB but may
also involve active inspiratory or expiratory efforts,
increasing overall metabolic demand, resulting in
profound pleural pressure swings as well as
increased oxygen consumption, carbon dioxide
production, and alterations in acid–base balance.
Thus, states of respiratory distress can strain the
myocardium, with specific detrimental effects to
the right ventricle (RV) and left ventricle (LV), which
is poorly tolerant of hypoxia, hypercarbia, and
acidosis.
Flow through the pulmonary circuit is deter-

mined by the gradient between the RV intracavi-
tary and left atrial pressures as well as by the
pulmonary vasculature resistance (PVR), which in
turn is affected by both lung volume and fluctua-
tion in pleural pressure.8 At low lung volumes,
extra-alveolar vessels collapse, while alveolar ves-
sels dilate; however, at high lung volumes, alveolar
vessels compress, while extra-alveolar vascula-
ture is tethered open.9 Therefore, the relationship
between lung volume and PVR is U-shaped, with
PVR being minimized at functional residual lung
capacity. For patients in respiratory distress, pro-
foundly negative pleural pressures are transmitted
to the heart so that the left atrial pressure may drop
below alveolar pressure and the pulmonary ves-
sels collapse. If so, the flow through the pulmonary
circuit is now driven by the gradient between RV
intracavitary and alveolar pressures, rather than
the left atrial pressures, establishing a Starling
Resistor effect.5 Furthermore, as pericardial pres-
sure drops and is transmitted to the RV, the RV
intracavitary pressure becomes closer to alveolar
pressure and there is less of a pressure gradient
driving blood forward.
During inspiration, inferior diaphragmatic

displacement decreases thepleural pressurewhich
is transmitted to the pericardium and subsequently
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the right atriumwhile increasing the intra-abdominal
pressure which is transmitted to the inferior vena
cava (IVC). This pressure gradient established be-
tween the more negative atrial pressure and more
positive pressures in the IVC favors blood return
to the right heart. However, this augmentation of
venous return to the right heart only occurs up to a
point. For example, during states of respiratory
distress, wide excursions of the diaphragm inferi-
orly cancreate intenselynegative inspiratorypleural
pressures which keeps the intrathoracic venous
channels patent while raising the intra-abdominal
pressure and collapsing the extrathoracic IVC,
impairing right heart preload, and increasing left
ventricular afterload.10

As estimated by Laplace’s law, the wall stress of
the left ventricle (LV) increases with increasing
transmural pressure difference (LV end-diastolic
pressure—pericardial pressure) and the chamber
size (radius2) and decreases with the wall thick-
ness (h). Pleural pressure changes that occur
with spontaneous inspiration also increase LV
afterload by increasing the transmural pressure
gradient between the intracavitary pressure and
pericardial pressure, which mirrors the pleural
pressure. Thus, wide swings in pleural pressure in-
crease the pressure gradient between intracavi-
tary and pericardial pressure, increasing wall
stress and LV afterload.11
Basics of Ventilator Modes

Mechanical ventilation can profoundly alter cardio-
pulmonary relationships that characterize normal
physiologic breathing. Of the numerous modes of
mechanical ventilation available (Box 1), we will
focus on common types. Depending on the cho-
sen mode, clinicians are generally able to pre-
scribe the fraction of inspired oxygen (FiO2), the
positive end-expiratory pressure (PEEP), the mini-
mum respiratory rate, and either a set volume (vol-
ume control) or inspiratory pressure (pressure
control). In all modes, expiration is normally a pas-
sive process dictated by resistance and compli-
ance of the respiratory system.12 A variant of
pressure control ventilation allows clinician to set
a targeted volume (volume target) where the venti-
lator uses the minimal pressure above PEEP
necessary to achieve the prescribed tidal volume.
This breath type is known by various names such
as pressure regulated volume control or volume
control plus depending on the ventilator manufac-
turer. With this breath type, if the resulting tidal vol-
ume exceeds the volume targeted by the clinician,
the ventilator will automatically deliver a lower
pressure for subsequent breaths and vice versa.
While this self-adjusting pressure mechanism
ealth and Social Security de ClinicalKey.es por Elsevier en mayo 17, 
ión. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.



Box 1
Modes of mechanical ventilation

Ventilator Modes by Taxonomy

Control Variable

Pressure control ventilation

Volume control ventilation

Breath Sequence

Continuous spontaneous ventilation

Continuous mandatory ventilation (CMV)

Intermittent mandatory ventilation

Targeting Scheme

Set point

Adaptive

Dual

Optimal

Bio-variable

Intelligent

Servo

Examples of Conventional Ventilator Modes

� CMV or assist/control

� Volume control CMV

� Pressure control CMV

� Synchronous intermittent mandatory
ventilation

� Spontaneous ventilatory modes

� Continuous positive airway pressure

� Pressure support ventilation

� Volume support

Examples of Other Ventilatory Modes

� CMV

� Airway pressure release ventilation

� Mandatory minute ventilation

� Inverse ratio ventilation

� Pressure-regulated volume control

� Proportional assist ventilation

� Adaptive support ventilation

� Adaptive pressure control

� Volume-assured pressure support

� Neurally adjusted ventilatory assist

� Automatic tube compensation

� High-frequency oscillatory ventilation
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clearly has advantages, an important caution is
warranted for patients with strong spontaneous
inspiratory efforts, as the ventilator may gradually
withdraw inspiratory pressure until the patient as-
sumes the entire WOB, potentially leading to fa-
tigue, despite ventilation support.

In assist control (AC) mode, patients trigger
breaths if they meet the trigger threshold. If no
trigger attempts are detected, the ventilator will
deliver controlled breaths at the set rate with the
prescribed volume or pressure. Further successful
triggers above the set rate result in assistedbreaths
identical to the controlled ones. Synchronized IMV
(SIMV) allows patient-triggered breaths, delivering
controlled breaths if no triggers are detected.13

Spontaneous inspiratory efforts beyond the set
rate are managed similarly to pressure support or
continuous positive airway pressure (CPAP): the
patient must use their respiratory muscles to
entrain gas and is allowed to determine their own
inspiratory time and flow. Frequently, this mode is
modified to provide pressure support above
PEEP during these spontaneous breaths, poten-
tially increasing WOB compared to assist-
controlled ventilation and the unsupported breaths
can lead intrathoracic pressure swings resulting in
adverse hemodynamic consequences, such as
increasing LV afterload.14 For AC or SIMV modes,
ventilators allow manipulation of inspiratory time
or gas flow rate and pattern. During spontaneous
ventilation, the patient must initiate all breaths as
respiratory rate or inspiratory time is not prescribed
by the clinician. The most common spontaneous
mode is pressure support ventilation, where a clini-
cian sets the FiO2, PEEP, and an inspiratory pres-
sure above PEEP. CPAP represents a variant of
pressure support where clinicians do not prescribe
any pressure above PEEP and instead rely entirely
on patient muscular effort to assume the totality of
the WOB.

According to the equation of motion (Paw –
Pmus 5 F*R 1 V/C 1 PEEPtotal; Fig. 1), alveolar
pressure (Palv)measuredat the end-inspiration rep-
resents plateau pressure (Pplat) and is equivalent to
the highest Palv in the respiratory cycle, reflecting
the total volume and the static compliance of the
lung and the chest wall. This parameter (Pplat)
should be routinely monitored to minimize
ventilator-associated lung injury. The set PEEP
(PEEPset), also known as extrinsic PEEP, is pro-
vided throughout the respiratory cycle. The sum
of PEEPset and autoPEEP (PEEPi) is the total
PEEP (PEEPtotal). For a sedated passive patient
on pressure control ventilation, Pmus which refers
to the pressure caused by respiratorymuscles dur-
ing active patient efforts, is zero, while Paw and
PEEPset are determined by the clinician. Then, the
ry of Health and Social Security de ClinicalKey.es por Elsevier en mayo 17, 
torización. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.



Fig. 1. The equation of motion of me-
chanical ventilation.
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resistance (R) and compliance (C) of the respiratory
system will ultimately determine the flow (F), the
delivered tidal volume (V), and the Pplat. On the
other hand, for a sedated passive patient on vol-
ume control ventilation, F, TV, and PEEPset are
determined by the clinician, and the patient’s R
and C will determine Paw and Pplat. If a patient is
actively inspiring on the ventilator, Pmus will be
negative (<0). For an actively inspiring patient on
pressure control ventilation, F and V increase
further due to the additional effects of Pmus, with a
consequent increase in Pplat due to higher volumes
(V). Conversely, for an actively inspiring patient on
volume control ventilation, Paw will decrease, but
Pplat will remain the same as V, and PEEPset is set
by the clinician.
CARDIOPULMONARY INTERACTIONS
DURING MECHANICAL VENTILATION
Effect of Positive Pressure and Mechanical
Ventilation on Cardiovascular Function

Under positive pressure ventilation (PPV), when
positive pressure is applied to the airways, it
Fig. 2. Effect of pleural pressure on hemodynamics of the
spontaneous respiration, a negative pleural pressure occur
lation, the pleural pressure becomes positive.
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causes the pleural pressure to become positive.
In general terms, PPV leads to a decrease in LV
afterload, an increase in RV afterload, and a
decrease in both LV and RV preload15 (Fig. 2).
PPV also improves myocardial mechanics of the
LV by reducing wall tension and modulating after-
load via elevation in aortic pressure that activates
peripheral baroreceptors.16 This phenomenon
leads to a reduction in systemic vascular resis-
tance (SVR) and LV afterload. Additionally, PPV in-
creases transmural pressure in the LV, which, in
combination with the decreased afterload, ele-
vates cardiac output (CO).17,18 PPV also promotes
improved coronary blood flow by enhancing the
pressure gradient between the aorta and coronary
arteries.19

Changes in PPV can significantly impact RV pre-
load, afterload, and myocardial perfusion. Sys-
temic venous return to the right atrium is passive,
with blood flow occurring as a result of a pressure
gradient between the superior/IVCand right atrium.
When PPV is applied, it increases the pressure
within the right atrium, which in turn reduces the
gradient between the extrathoracic and
right ventricle (RV) and left ventricle (LV). (A) During
s during inspiration. (B) Under positive pressure venti-

ealth and Social Security de ClinicalKey.es por Elsevier en mayo 17, 
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intrathoracic circulation, leading to a decrease in
venous return to the RV.15 As explained previously,
PVR is affected according to the lung volume in a
U-shaped pattern.16 In cases of atelectasis, where
there is an increase in PVR due to hypoxia, an in-
crease inPEEPcanopenalveoli and reverse this ef-
fect, thereby reducing the afterload on the RV.
However, excessivePEEPcancausealveolar over-
distension, compressing the extra-alveolar vessels
and elevating PVR. This may redirect blood flow to
poorly ventilated areas and creates a mismatch
between ventilation and perfusion, resulting in hyp-
oxemia and hypercapnia. High levels of PEEP tend
to decrease the RV CO by reducing venous return
and increasing afterload.20 RV afterload can also
be increased by increases on volume tidal and
driving pressure.21 Additionally, PPV leads to a
decrease in preload on the LV due to reduced CO
from the RV; consequently, ventricular interdepen-
dence can be potentiated, with RV overdistension
anddisplacement of the interventricular septum to-
ward the LV, subsequently diminishing CO.22 Of
note, the specific PEEP level to balance the
concomitant prevention of atelectasis and
optimization of pulmonary artery resistance (PVR)
in patients with RV dysfunction should be individu-
alized, as it is highly dependent on patients’ pulmo-
nary and chest wall compliance, body habitus, and
loading conditions.
Hemodynamic Effects During Liberation from
Mechanical Ventilation

In general, it is considered that a patient has
approached “readiness for liberation from IMV”
once minimal ventilator settings are achieved (eg,
PEEP �8 cmH2O and FiO2 �50%), the patient
has a mental status that would allow him to partic-
ipate in the liberation process, and the etiology of
their respiratory failure has improved or resolved.
In a patient with cardiovascular disease, it is
important to consider electrical and hemodynamic
instability and integrate patient’s individual physi-
ology (eg, LV and RV function) into the approach
to liberation. Similarly, patient–ventilator cardio-
pulmonary interactions should be optimized,
ensuring that volume status, synchrony, and vaso-
active support, if any, are improved. Removal of
PPV has the potential to put incredible stress on
the cardiovascular system, especially for those
with ongoing ischemia and/or ventricular dysfunc-
tion, particularly as removal of PPV can lead to
high LV afterload.23–25 In order to test whether
the patient can tolerate such stress, removal of
IMV is evaluated with a spontaneous breathing
trial (SBT). There are several ways to approach
SBT, providing varying degrees of support,26
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which depending on the level of support may
reverse many of the potentially favorable effects
of PPV detailed earlier.

Withdrawal of positive pressure will increase RV
preload and reduce RV afterload, which may be
helpful in those with right ventricular failure or pul-
monary hypertension (PH). In comparison, LV after-
load and preload can abruptly increase once
positive pressure is discontinued.27 Compared to
full ventricular support, transition to unassisted
spontaneous breathing (eg, T-piece) can increase
the pulmonary capillary wedge pressure (PCWP)
byupwardof 41%.28 Therefore, optimizationof ven-
tricular filling pressures with diuretics and extuba-
tion to noninvasive positive pressure will allow for a
more successful liberation from IMV. Removal of
positivepressuremayalsounmaskworseningmitral
regurgitation, a common etiology of weaning and
extubation failure, by increasing LV afterload.29

Alternatively, the increase in afterload may be
potentially beneficial for certain pathologies, such
aspatientswith left ventricularoutflow tractobstruc-
tions, by reducing dynamic outflow tract obstruc-
tion, in such scenarios the opposite approach
should take place, with avoidance of diuretics and
inotropes, while preventing tachycardia and extu-
bating to nasal cannula rather than to noninvasive
mechanical ventilation.
MONITORING IN PATIENTS WITH
RESPIRATORY FAILURE AND
CARDIOVASCULAR DISEASE
Invasive Hemodynamic Monitoring

Invasive hemodynamic monitoring with pulmonary
artery catheter (PAC) can be a very useful tool to
guide therapeutic interventions in patients with
cardiovascular disease undergoing IMV,30 particu-
larly when monitoring RV function.31 Elevated RV
filling pressures can lead to significantly compro-
mised organ perfusion, attributed to a diminished
gradient between mean arterial pressure (MAP)
and central venous pressure (CVP), a key determi-
nant of venous return.32 In instances where RV fail-
ure coincides with or stems from LV failure, PCWP
may exhibit an increase, which can be further
exacerbated by displacement of the interventric-
ular septum to the left.33 The CVP waveform might
display a prominent v-wave due to tricuspid regur-
gitation (TR) resulting from RV dilation, and in
cases of restrictive RV physiology, such as
constriction or significant right ventricular failure
with ventricular interdependence, a “deep and
plateau” waveform can be observed. Similarly,
other important parameters of right ventricular
dysfunction include a low right ventricular stroke
work index, an elevated CVP to PCWP ratio, and
ry of Health and Social Security de ClinicalKey.es por Elsevier en mayo 17, 
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a low pulmonary artery pulsatility index (PAPi). This
last parameter, which is calculated as (systolic pul-
monary artery pressure [PAP]—diastolic PAP)/
CVP, has been validated to diagnose RV failure
and RV shock in several conditions, including
cardiogenic shock, inferior myocardial infarction,
postventricular assist device implantation, and
PH.34 Notably, normal CO or PAP does not neces-
sarily exclude the possibility of RV dysfunction.22

Another important application of the PAC relies
on its ability to assist in PEEP titration in patients
with RV dysfunction, especially when combined
with echocardiographic assessment. For instance,
in patients with severe hypoxia, slow increase in
PEEP can be performed while closely monitoring
CVP, pulmonary arterial diastolic pressures, and
pulse pressure of the pulmonary artery and PAPi,
along with septal positioning with real-time echo-
cardiography. The objective would be to achieve
an ideal balance between lung recruitment and
hypoxia resolution and avoidance of worsening
right heart hemodynamics. Furthermore, PAC
can also assist in evaluating fluid responsiveness
and filling pressures, not only by measuring CVP
and PCWP values35 but also by dynamic maneu-
vers. For instance, a rise in CVP following a fluid
challenge, without a concurrent change in CO,
suggests inadequate fluid responsiveness and
should concern clinicians as a potential presence
of RV dysfunction.36
Point-of-care Ultrasound in Respiratory
Failure and Cardiovascular Disease

Echocardiographic assessment is a routine diag-
nostic modality part of the standard of care of
patients admitted to the CICU, as it provides a
detail and comprehensive assessment of biventric-
ular and valvular function, as well as filling pres-
sures and diastology. In the recent decades, the
use of cardiac and noncardiac point-of-care ultra-
sound (POCUS) has become a key strategy to
guide management in the critically ill patient,
including patients with both cardiogenic and non-
cardiogenic pulmonary edema.Notably, in patients
with acute lung injury, the concurrent inflammatory
cascade can increase pulmonary vascular resis-
tance, and may be further complicated by the
application of PPV,37 which has the potential of
resulting in acute cor pulmonale.38

Bedside POCUS offers valuable insights into
cardiopulmonary interactions. Evaluation of RV
size to assess ventriculo-ventricular interaction
and longitudinal function by the tricuspid annular
plane systolic excursion (TAPSE) in case of dilata-
tion is important to estimate the potential impact
of PPV. Systolic pulmonary arterial pressure
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(sPAP) estimation using the tricuspid peak velocity
is simple and practical; however, it may be limited
by patient positioning and lung interpositions
yielding suboptimal windows affecting Doppler
acquisition. Additionally, sPAP may be largely
underestimated in case of RV failure, related to
the reduced force of contraction and therefore
gradient creation. The ratio TAPSE/sPAP has
been established as a marker of RV dysfunction
in chronic PH39; however, its application in the
acute settings has not been yet established. Simi-
larly, the presence of a presystolic a-wave (pulmo-
nary forward flow in correspondence of atrial
contraction) is reflective of RV restrictive compli-
ance and increased end-diastolic pressure,
serving as a marker of diastolic dysfunction, and
it has been described to be associated with higher
PaCO2, PEEP, and inspiratory peak pressure.40

However, its role in acute settings has not been
systematically evaluated.
In terms of lung POCUS, the identification and

quantification of B-lines with lung ultrasound
(LUS) holds extremely high accuracy in defining
the deaeration of the lung parenchyma and allows
the clinician to estimate the extent of congestion in
heart failure and myocardial infarction pa-
tients.41–43 Additionally, the balance between
lung recruitment and overdistension can also be
assessed by LUS,44 through the characterization
of lung morphology,45 which integrated with
assessment of ventricular interdependence can
provide useful information when pursuing PEEP
titration. Lastly, diaphragmatic ultrasound allows
the evaluation of diaphragmatic thickness and
thickening fraction. Their alteration has been asso-
ciated with total ventilation time and rate of wean-
ing failure reflecting the ability of the
diaphragmatic muscle mass to cope with the
increased WOB due to the sudden cessation of
PPV.46 However, its role has been best character-
ized in medical intensive care units and less in the
CICU. In summary, an ultrasound-integrated
approach with POCUS, invasive hemodynamics,
and ventilatory parameters (blood gas analysis
and ventilation mechanics) is extremely useful for
a comprehensive assessment or respiratory failure
and hemodynamic response to PPV.38,47
Noninvasive Blood Pressure Monitoring

There is a growing field of hemodynamicmonitoring
technology designed to minimize invasiveness and
maximize access to hemodynamic data at the
bedside. The available studies evaluating the accu-
racy ofmeasuring hemodynamicparameters in crit-
ically ill, intubated patients are limited.48–51 Pulse
contour analysis, both noninvasive or minimally
ealth and Social Security de ClinicalKey.es por Elsevier en mayo 17, 
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invasive, uses proprietary algorithms to reconstruct
arterialwave forms fromperipheral arteries tocalcu-
late theMAPandCOutilizing theareaunder thesys-
tolic curve. This is ideally performed in patients who
are completely passive on the ventilator in order to
minimizewide variations in stroke volumemeasure-
ments related to largechanges in intrathoracicpres-
sure with patient’s respiratory efforts, especially if
dyssynchrony is also present. Pulse contour anal-
ysis has not demonstrated interchangeability with
gold standard thermodilution methods in critically
ill patients by neither peripheral arterial nor finger
cuffmeasurements.48,52–54Anothermajorconsider-
ationwhenconsidering theuseofminimally invasive
devices is the pathophysiology of cardiogenic
shock, which is highly variable and multifactorial,
along with the limitations of these devices in such
clinical scenarios. The physiologic responses in
early circulatory failure include an increase in both
SVRandvenouscongestion,which leads to theclin-
ical findings of cool, mottled extremities, along with
the evidence of increased extravascular lungwater,
and peripheral edema. Consequently, noninvasive
methods to estimate CO have limited validity valid
in situations requiring vasoactive medications,
high SVR, and significant peripheral edema.

The value of these devices in the CICU patient
populationmaybe for theevaluationof fluid respon-
siveness and extravascular lung water by either
thoracic bioimpedance or bioreactance or by trans-
pulmonary thermodilution when using Pulse Index
ContinousCardiacOutput (PiCCO).55–57Of note, el-
evations in extravascular lung water will limit hemo-
dynamic assessment by thoracic bioimpedance
but can predict weaning failure from mechanical
ventilation in patients with left ventricular ejection
fraction (LVEF) less than 40%.58 Similarly, thoracic
bioreactance utilizes electrodes also placed on
the chest wall to measure the phase shift of oscil-
lating signals transmitted across the thorax.
Although this technology has not been validated in
patients with CS, it may not be limited by the eleva-
tions in extravascular lung water. While it is not
directly interchangeable with invasive hemody-
namicsas thegoldstandard inCS, there is evidence
to support its use in the evaluation of fluid respon-
siveness.57 Another modality is transpulmonary
thermodilution, which uses both thermodilution
with a central venous line and a thermistor, along
with a central arterial pulse waveform analysis.
While this device provides a fairly accurate estima-
tion of theCO,with a percent error of approximately
27%, it can be interchangeable with the PAC in pa-
tientswithCS for assessment of theCO.59Similarly,
this technology also offers the ability to measure
extravascular lung water and correlated with
B-lines on lung ultrasound,60 but as with any other
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noninvasive monitors, it does not provide an accu-
rate and specific assessment of the filling pressures
for the LVor theRV. In summary, someof the nonin-
vasive monitoring technologies can assist in
assessing CO and extravascular lung water; how-
ever, their role in patients with cardiovascular dis-
ease undergoing IMV is limited, given their inability
to assess intracardiac filling pressures and right
ventricular function.
CARDIOPULMONARY INTERACTIONS
DURING VENTILATION IN SPECIFIC
SITUATIONS
Cardiogenic Shock

The incidence of respiratory failure and the need for
PPV in patients with CS rages between 50% and
88%,61,62 and based on substudies of the TRI-
UMPH and CULPRIT-SHOCK trials, delays in initia-
tion of invasive mechanical (IM) PPV in patients with
CS are associated with increased mortality.63,64 In
terms of modes of IMV, no differences have been
observed between volume-controlled continuous
mechanical ventilation (VC-CMV) and pressure-
controlled continuous mechanical ventilation (PC-
CMV), however as mentioned in prior sections of
this article, SIMV mode is not recommended as it
can lead to swings in intrathoracic pressure,
increased afterload, and ventilator dyssynchrony,
thereby increasing myocardial oxygen consump-
tion and worsening myocardial mechanics.64

PEEP titration should be individualized based on
the hemodynamic profile and oxygen saturation of
each patient. Observational studies suggest that
PEEP can have a beneficial effect in patients with
left ventricular dysfunction, improving CO,65–68

decreasing PCWP, and mitigating mitral regurgita-
tion.69,70 Therefore, initiating PEEP at 5 cmH2O
and titrating it for optimal hemodynamics, gas ex-
change, and bedside ultrasound are recommen-
ded. However, in preload-sensitive states such
as RV dysfunction, pericardial tamponade, pulmo-
nary embolism with cor pulmonale, hypovolemia,
or obstructive hypertrophic cardiomyopathy,
higher levels of PEEP may have a negative hemo-
dynamic impact.71 In these cases, starting with a
PEEP range of 3 to 5 cmH2O and titrating to oxy-
gen saturation greater than 92% with closely he-
modynamic and POCUS monitoring are preferred
to maintain adequate oxygenation and prevent
atelectasis. In regard to tidal volume, as opposed
to the acute respiratory distress syndrome
(ARDS) literature, there are limited data assessing
the impact of low tidal volume ventilation in pa-
tients with cardiovascular disease. A small non-
randomized study demonstrated higher mortality
with TV above 9.3 mL/kg of ideal body weight72;
ry of Health and Social Security de ClinicalKey.es por Elsevier en mayo 17, 
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however, the small sample size makes this study
was underpowered for hard clinical outcomes
and therefore it is difficult to draw conclusions
from it. Therefore, tidal volume should be main-
tained between 6 and 10 mL/kg and titration along
with respiratory rate to PCO2 levels while prevent-
ing plateau pressures over 30 mmH2O. FiO2 should
be titrated to ensure proper gas exchange, with a
target oxygen saturation greater than 92% and
prevention of hyperoxemia (PaO2 <120 mm Hg;
Table 1).
Mechanical Ventilation in the Patient
Undergoing Venoarterial Extracorporeal
Membrane Oxygenation

Venoarterial extracorporeal membrane oxygena-
tion (VA-ECMO) provides oxygenation by removing
deoxygenated blood from the patient’s venous
system, passing it through an oxygenator in the
ECMO circuit, and returning oxygenated blood
back into the arterial system. The oxygenator also
facilitates gas exchange by removing carbon diox-
ide (CO2) and adding oxygen to the blood. Thus,
during VA-ECMO support, the impact of mechani-
cal ventilation parameters on oxygenation andCO2

removal is limited.73 Additionally, there is a
Table 1
Proposal for adjusting initial parameters of mechanic

Ventilator Parameters Initial Ventilator Settings

Ventilatory mode PC-CMV or VC-CMV (avoid
that require patient effo

Tidal volume 6–10 mL/kg of IBW

Respiratory rate 12–16 breaths/min

PEEP LV dysfunction:
� Start PEEP 5 cmH2O (8–1
if PCWP > 18 mm Hg)

“Preload dependent” state
� Start PEEP 3–5 cmH2O

FiO2 Start at 100%, but adjusts
according to SaO2

Abbreviations: ECMO, extracorporeal membrane oxygenation
tricular assist device; PC-CMV, pressure-controlled mechanica
CMV, volume-controlled mechanical ventilation.

a Right ventricle dysfunction, cardiac tamponade, constric
cardiomyopathy.
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decrease in pulmonary arterial flow, leading to an
alteration in the ventilation–perfusion ratio. As a
result, maintaining normal alveolar ventilation in
this context may result in overventilation of the
lungs. The Extracorporeal Life Support Organiza-
tion (ELSO) guidelines aim to rest the lung in pa-
tients supported with VA-ECMO.74 In order to
minimize ventilator-induced lung injury, the ventila-
tion strategy often involves using lung-protective
ventilation strategies. These strategies include
limiting tidal volumes, maintaining PEEP to prevent
alveolar collapse, and avoiding high inspiratory
pressures.75,76 However, mechanical ventilation
data in VA-ECMO are limited, with randomized
studies primarily focusing on venovenous ECMO
with severe respiratory failure. Observational
studies have shown that the use of lung-
protective ventilation during the first 24 hours is
associated with improved survival in CS patients
requiring VA-ECMO.77,78 Higher PEEP (recom-
mended between 5 and 15 cmH2O) may have a
beneficial effect on hemodynamics by unloading
the LV.62,74 It is reasonable to maintain the lowest
tolerable FiO2 to target SaO2 greater than 90%
while avoiding hyperoxemia (PaO2 > 300 mm Hg)
as it has been associated with increased mortal-
ity.79,80 Extubation during VA-ECMO circulatory
al ventilation in patients with cardiogenic shock

Monitoring

modes
rt)

Maintain synchrony

� Plateau pressure <28–30 mm Hg
� Driving pressure <15 mm Hg
� Adjust to PaCO2

� Adjust to PaCO2
� Avoid autoPEEP

0 cmH2O

sa:

� Title according to hemodynamic
response (preferably invasive),
gas exchange, and bedside
ultrasound.

� In LVAD or ECMO monitor LV
unloading

� Control plateau pressure
<28–30 mm Hg

� Avoid autoPEEP

rapidly � SaO2 > 92%
� Avoid hyperoxia (especially
after cardiac arrest)

; IBW, ideal body weight; LV, left ventricle; LVAD, left ven-
l ventilation; PEEP, positive end-expiratory pressure; VC-

tive pericarditis, hypovolemia, obstructive hypertrophic
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support has been associated with reduced inci-
dence of ventilator-associated pneumonia and
mortality.81 Patients eligible for liberation fromme-
chanical ventilation while on VA-ECMO should be
carefully selected due to the risk of sudden
changes in blood pressure and blood flow resulting
from the cessation of PPV.

Right Ventricular Failure and Pulmonary
Hypertension

PH is common in the CICU and independently
associated with a higher risk of death.82 Thus, car-
ing for these patients, it is important to understand
cardiopulmonary interactions, particularly as it re-
lates to sedation, intubation, and PPV. PPV is often
discouraged in patients with PH and RV failure due
to the potential for hemodynamic worsening when
intrathoracic pressure is increased. The RV adapts
to chronically elevated afterload with RV hypertro-
phy resulting in increased myocardial oxygen de-
mand and simultaneous reduction in RV
myocardial coronary blood flow. Patients with pro-
gressive PH often present to the CICU with wors-
ening RV failure characterized by right atrial, RV
and tricuspid annular dilation, reduced RV stroke
volume, and advanced TR. The overloaded right
heart and ventricular interdependence further
compromises LV filling and stroke volume, causing
systemic hypoperfusion and hypotension, RV
ischemia and worsening RV failure. Severe RV fail-
ure often occurs in group 1 PH, though it may
result from PH of any cause.83

In severe RV failure, rapid hemodynamic deterio-
rationmay be precipitated by small increases in RV
afterload brought on by PPV-mediated compres-
sion of pulmonary vasculature. Additionally, PEEP
can worsen hypoxemia and hypercapnia if
compression of extra-alveolar vessels causes
shunting of blood to poorly ventilated areas. The
presence of atelectasis, hypoxemia, hypercapnia,
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and acidosis (both respiratory and metabolic) can
increase pulmonary vascular resistance and after-
load but can be improved or resolved with the use
of PPV, potentially improving hemodynamics.15

Additionally, reduction in preload and LV afterload
with PPV may improve hemodynamics especially
whenPH is caused by left heart disease. A compre-
hensive understanding of the severity of RV abnor-
malities and the cause of PH is helpful to predict the
response to PPV (Fig. 3).

In patients with severe RV dysfunction, seda-
tion, endotracheal intubation, and initiation of
PPV is particularly hazardous. Preload and MAP
should be optimized prior to sedation for intuba-
tion. A technique of awake, spontaneously breath-
ing, semirecumbent positioned intubation over a
bronchoscope to minimize risks of hemodynamic
decompensation has been described.84

Cardiopulmonary Resuscitation

Cardiopulmonary resuscitation (CPR) often in-
cludeschestcompressionandventilation;however,
when comparing compressions with and without
ventilation yields mixed data.85–91 Compression-
only CPR increases bystander willingness to begin
CPR92–94; thus, it is an acceptable strategy to
encourage early compressions.95 Given the likely
benefits of pairing CPR with ventilation, it is recom-
mended for willing bystanders and health care pro-
viders88,95 because longer duration of CPR without
ventilation eventually depletes arterial oxygen
stores.96 When ventilation is attempted, there are
equivalent outcomes for continuous asynchronous
breaths compared to pausing compressions for
breaths.97 It is thus a 2b recommendation to deliver
breaths in an asynchronous manner.95 Notably, it
has been observed that overventilation during
CPR is common98–100 and can lead to decreased
coronary perfusion, gastric inflation with aspiration,
increased intrathoracic pressure, decreased
Fig. 3. Mechanism of worsening right
ventricle (RV) failure inpositivepressure
ventilation (PPV). CO, cardiac output;
IVS, interventricular septum; LV, left
ventricle; PVR, pulmonary vascular resis-
tance; SVR, systemic vascular resistance;
TR, tricuspid regurgitation. (Courtesy of
andadaptedfromTeresaDeMarco,MD,
San Francisco, California.)

ry of Health and Social Security de ClinicalKey.es por Elsevier en mayo 17, 
torización. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.



Lopez et al262

Desc
20
venous return, and ultimately decreased sur-
vival.98,99 Therefore, providers in charge of ventila-
tory efforts during CPR should be mindful about
maintaining slow and sustained breaths mimicking
physiologic breathing.
Management of oxygenation andventilation after

return of spontaneous circulation varies depending
on the etiology of the arrest and underlying comor-
bid conditions. For example, an arrhythmogenic
cardiac arrest may be managed with basic ventila-
tion immediately postarrest, whereas cardiac ar-
rest secondary to respiratory failure may require
advanced ventilation strategies, bronchoscopy,
other procedural interventions, or additional imag-
ing. There are some data that mild hypoventilation
with increased PaCO2 may increase cerebral blood
flow101,102 in the postarrest period103,104; however,
recent data from a randomized controlled trial in
cardiac arrest patient showed no difference in
neurologic outcomes between patients managed
with normocapnia (PaCO2 34–45 mm Hg) and mild
therapeutic hypercapnia (PaCO2 50–55 mmHg)
goals.105 Thus, ventilation targeting normal PaCO2
is recommended in most cases by the American
Heart Association postarrest care guidelines.106

The use of hyperventilation to correct metabolic
acidosis should be avoided as it may induce cere-
bral vasoconstriction and therefore affect cerebral
perfusion.107–110 In regard of oxygenation targets,
it is well established that hypoxia (PaO2 usually
<60 mm Hg) is deleterious27–29 but optimal targets
for PaO2 are remain nebulous. In terms of hyper-
oxia, there are variable data, but nonrandomized
studies have demonstrated that severe hyperoxia,
particularly if PaO2greater than300mmHg, is asso-
ciated with worse outcomes cardiac arrest pa-
tients, particularly in terms of neurosurvival.109–114

The 2015 postcardiac arrest guidelines suggest
maintaining an arterial saturation over 94%.106

The more recent BOX trial suggests that no differ-
ence between a restrictive versus liberal oxygena-
tion target, however, the liberal oxygenation
group targeted a PaO2 98 to 105 mm Hg,115 but
this study did not assess the effect of hyperoxemia
(usually defined as PaO2 > 120 mm Hg) in cardiac
arrest outcomes.
BEDSIDE TROUBLESHOOTING AND CLINICAL
SCENARIOS
Airway Management in the Patient with
Cardiovascular Disease

The decision to perform endotracheal intubation
in a patient with cardiovascular disease should
incorporate a careful assessment of the risk and
benefits of intubation and the effects of PPV.
The preintubation assessment should consider
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the underlying cardiac condition, hemodynamic
status, right and left ventricular function, baseline
pulmonary function, and other therapies such as
mechanical circulatory support.62 As such, the
clinician should integrate such elements to decide
on the timing of intubation, intubation approach,
choice of induction agents, neuromuscular
blockade, and selection of analgosedation postin-
tubation. For instance, in patients with CS, early
intubation and early initiation of mechanical venti-
lation are associated with better survival when
compared to delayed initiation of IMV.63,64 How-
ever, in patients with severe preload-sensitive
conditions, such as PH, severe RV failure, or car-
diac tamponade, the preference is to delay or
avoid intubation and initiation of IMV.15,83 If avoid-
ing intubation is not possible, it is recommended
to pursue awake intubation with minimal or no
sedation by a clinician with expertise in such an
approach.15,84

Regarding sedative selection, clinicians should
consider agents with minimal impact on sympa-
thetic tone and hemodynamics. Most induction
agents will decrease the sympathetic tone and a
decrease in preload, leading to hypotension. Eto-
midate at a lower dose may decrease the hemody-
namic effects. Ketamine can be considered,
recognizing that it may lead to severe hypertension
(not a good choice in aortic dissection, acute pul-
monary edema, or cardiac dysfunction). These
agents are followed by the neuromuscular agent
of choice to improve intubation conditions. The
technique used will depend on the expertise of
the center, although recent evidence may favor
the use of video-assisted laryngoscope to mini-
mize timing and intubation attempts.116

In patients who are already hypotensive at base-
line, premedication with vasopressors can allow
the clinician to improve hemodynamic parameters
in preparation for intubation, targeting a MAP
above 65 mm Hg before induction.15,62 Correcting
acidosis and hypoxia as much as possible before
intubation and having readily invasive blood pres-
sure monitoring and POCUS available to perform a
comprehensive evaluation if hemodynamic insta-
bility ensues quickly should also be considered.
Autopositive End-Expiratory Pressure in the
Cardiac Intensive Care Unit

An important parameter to monitor in patients un-
dergoing IM-PPV is autoPEEP,117 particularly in
the presence of cardiovascular conditions given
its potential for significant hemodynamic insta-
bility.15,16 At the beginning of exhalation, Palv starts
at Pplat but gradually decreases exponentially to-
ward set PEEP. Expiratory flow then results due
ealth and Social Security de ClinicalKey.es por Elsevier en mayo 17, 
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to a pressure gradient between Palv and Paw, with
Paw being simply the set PEEP during exhalation.
For passive exhalation, the amount of air remaining
in the lungs depends on the expiratory time con-
stant, a combination of resistance, and compliance
(Fig. 4) of the respiratory system. In certain pa-
tients, incomplete exhalationof the inspired volume
can progressively lead to air trapping with each
subsequent breath, resulting in autoPEEP (also
known as intrinsic PEEP).12 Notably, patients with
high resistance, high compliance, or both (eg,
chronic obstructive pulmonary disease) need
longer exhalation time and are therefore more
prone to developing autoPEEP. Since autoPEEP
can cause barotrauma or hemodynamic collapse,
it should be carefully monitored in all patients but
especially in those with obstructive lung disease,
particularly if there is concomitant tachypnea or
increased WOB.

If autoPEEP is not detected and addressed in a
timely fashion, it has the potential to cause cata-
strophic hemodynamic consequences. The equa-
tion of motion dictates the potential impact of
autoPEEP on pressure control versus volume con-
trol ventilation. If autoPEEP develops for a patient
on pressure control ventilation, according to the
equation, the F and TV must decrease since Paw

and PEEPset will remain constant, which are set
by the clinician in pressure control. Thus, the
consequence of autoPEEP for a patient on pres-
sure control ventilation could be worsening respi-
ratory acidosis caused by a decrease in tidal
volume and flow. The worsening respiratory
acidosis could, in turn, result in hemodynamic
compromise. In contrast, if autoPEEP increases
for a patient on volume control ventilation, accord-
ing to the same equation, the Paw and Pplat must
increase since frequency (F), tidal volume (TV),
and PEEPset will remain constant, which are set
by the clinician in volume control. Thus, the conse-
quence of autoPEEP for a patient on volume con-
trol ventilation, in contrast to pressure control,
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could be hyperinflation and increased intratho-
racic pressures. In turn, the increase in intratho-
racic pressure may lead to a decrease in venous
return and subsequently, hemodynamic compro-
mise118 (Fig. 5). Moreover, as more air is trapped
and autoPEEP increases, patient will need to
work more vigorously to trigger each breath,
which can lead to triggering asynchrony,
increased WOB, agitation, tachypnea, and tachy-
cardia, which in turn, may further increase auto-
PEEP in a vicious cycle (Fig. 6). For these
reasons, clinicians should be proactively vigilant
about autoPEEP.12

Identifying and managing autopositive end-
expiratory pressure
As opposed to other IM-PPV settings and param-
eters, such as peak pressures or minute ventila-
tion, the mechanical ventilator does not have a
specific alarm for autoPEEP. Moreover, patients
with autoPEEP may not have evident hypoxemia
or hypercarbia, and its only manifestation may be
hemodynamic instability along with respiratory
distress and patient–ventilator asynchrony due to
air trapping. In cooperative patients, autoPEEP
may be assessed by performing an end-
expiratory hold. However, many patients who are
not sufficiently sedated may not cooperate with
the breath hold. If so, active patient efforts (Pmus)
may interfere with this technique for assessing
autoPEEP. An esophageal balloon can estimate
autoPEEP in patients who are not cooperative
with the end-expiratory pause maneuver. If patient
does not cooperate with this maneuver and an
esophageal balloon is not available, the clinician
should look for indirect signs of autoPEEP such
as ineffective triggering, as evidenced by failed
inspiratory efforts to initiate a breath or a persistent
end expiratory flow and a lack of return to the
baseline of the expiratory limb of the flow curve
(Fig. 7). Similarly, asymmetric areas under the
flow time curves can be seen, particularly as a
Fig. 4. Pressure–time curve demon-
strating the relationship between
peak pressure (Ppeak), plateau pressure
(Pplateau), and positive end-expiratory
pressure (PEEP) as well as the expira-
tory time constant as an exponential
decay in pressure during passive exha-
lation due to recoil from thoracic wall
and lung parenchyma.
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Fig. 5. Effect of autoPEEP on volume control ventilation (VC-CMV) and pressure control ventilation (PC-CMV). As
autoPEEP increases, a compensatory effect will occur on F, V, Pairway and Palv. If autoPEEP is not addressed hemo-
dynamic compromise will ultimately occur by respiratory acidosis (if PC-CMV) or alveolar overdistension (if VC-
CMV). C 5 compliance; F 5 flow; Pairway 5 airway pressure; Palv 5 alveolar pressure; V 5 volume.
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sign of obstructive airway disease, which should
alert the clinician that the patient may be prone
to developing autoPEEP. If autoPEEP is detected,
it should be promptly addressed, and the strate-
gies suggested in Box 2 should be employed.
Fig. 6. Pathophysiology of autoPEEP leading to hemodyn
Note how the increase baseline dictated by autoPEEP (ye
by the patient to trigger breaths. As work of breathing inc
and tachypneic, autoPEEP will worsen with the potential o
RV, right ventricle; WOB, work of breathing.
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Decrease Lung Compliance in Cardiovascular
Disease

Few data exist on the pathophysiological mecha-
nismsof reduced lungcompliance incardiovascular
amic collapse in patients with cardiovascular disease.
llow area) represents a higher pressure to overcome
reases and the patient becomes more dyssynchronous
f leading to hemodynamic collapse. LV, left ventricle;
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Fig. 7. Detection of autoPEEP on volume control ventilation by assessing ventilator curves. Note the ineffective
triggering efforts by the patient (black arrows) as well as the lack of return to the baseline in the volume/time
curve (yellow circle). An expiratory hold maneuver is applied allowing to quantify total PEEP, from which sub-
tracting set PEEP will provide you with the amount of autoPEEP.
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disease, probably due to thedifficulty in its noninva-
sive assessment. Impaired lung compliance is
associated with several pulmonary alterations in
cardiac disease, including impaired alveolar gas
diffusion and worsening of ventilation–perfusion
match,119 contributing to exertional dyspnea. This
has been reported, for example, in heart failure
with preserved ejection fraction,120,121 where pa-
tients may be more likely to cease exercising
because pulmonary limitation and not because of
impaired CO reserve, as happens in heart failure
with reduced ejection fraction.122

Many factors causing reduced lung compliance
have been hypothesized, with potentially different
contributions according to distinct cardiovascular
conditions: increased PCWP, increased PVR, and
alteration insurface forces inalveoli. Thepathophys-
iologic alterationmost strictly linked to this phenom-
enon is pulmonary edema; in this context, liquid-
filled alveoli induce mechanical stress on air-filled
alveoli, hence reducing overall lung compliance.123

Assessing lung compliance ismore feasible in venti-
lated patients, where monitoring tidal volume and
airwaypressures aids its calculation, and it is not un-
common to observe elevated plateau pressures in
pulmonaryedema that significantly improvedasvol-
ume status and CO is optimized.
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Esophageal Pressure Monitoring in
Cardiovascular Patient

Esophageal pressure (Pes) monitoring is valuable
for assessing heart–lung interactions and gaining
insights into the cardiopulmonary system. It in-
volves inserting a catheter into the esophagus to
obtain the esophageal pressure, which is a surro-
gate of the pleural pressure. Measuring Pes allows
evaluation of intrathoracic pressure, transpulmo-
nary, and transvascular pressures.124 The main
use of Pes is calculating trans-structural pressure.
That is the difference in pressure between the in-
side and outside of a structure. For the critical
care patient, the 2 main uses are to calculate the
transpulmonary pressure (PTP) and the transvas-
cular pressure.

The PTP is calculated by subtracting Pes from the
airwaypressure (PAW), PTP5PAW�Pes. This allows
partitioning of the pressure required to distend the
lung versus the one to distend the chest wall and
abdomen. Thus, PTP is the pressure required to
distend the lung parenchyma. In patients with
ARDS and low lung compliance,125,126 clinicians
calculating PTP can make a more precise adjust-
ment of mechanical ventilation parameters (eg,
PEEP), which may lead to improving oxygenation,
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Box 2
Strategies to manage autopositive end-
expiratory pressure

1. Maximize expiratory time by lowering respi-
ratory rate: This will have a direct effect in
the inspiration to expiration time relation-
ship (I:E time), which can also be directly
adjusted in the ventilator but that would ul-
timately depend on respiratory rate. Other
maneuvers such as increasing inspiratory
flow or decreasing the set inspiratory time
(eg, changing the flow pattern from a de-
scending ramp to rectangular) may also in-
crease the expiratory time, but to a lesser
degree compared to decreasing the respira-
tory rate.

2. Optimize sedation: This may help mitigate
potential patient discomfort due to auto-
PEEP and also slow the patient’s respiratory
rate to avoid patient overbreathing the
ventilator.

3. Optimize resistance: A decrease in the resis-
tance will facilitate expiratory flow and
thereby mitigate air trapping and autoPEEP.
This can be potentially achieved with bron-
chodilators, corticosteroids, antibiotics, and
secretion management.

4. Increase the set PEEP: This maneuver can
facilitate patient triggering of assisted or
spontaneous breaths by decreasing the pres-
sure gradient that needs to be overcome by
the inspiratory efforts to trigger a breath.
However, the set PEEP should not be more
than 75% to 85% of the total PEEP.128,129

5. Lastly, if none of the aforementioned ma-
neuvers are effective or if the patient is
rapidly decompensating with impending
hemodynamic collapse, disconnecting the
patient from the ventilator and compressing
on their chest will relieve air trapping and
resolve autoPEEP. However, the risk of alve-
olar derecruitment with this maneuver
needs to be considered within the clinical
context.

� Positive pressure ventilation produces hemo-
dynamic changes: a decrease in LV afterload,
an increase in RV afterload, and a decrease
in both LV and RV preload.

� In patients with severe preload-sensitive con-
ditions, such as pulmonary hypertension, se-
vere RV failure, or cardiac tamponade, the
preference is to delay or avoid intubation
and the initiation of invasive mechanical
ventilation. If intubation is necessary, high
levels of PEEP should be avoided as they
may have a negative hemodynamic impact.

� During induction for sedation, consider
agents with minimal impact on sympathetic
tone and hemodynamics. In patients who
are already hypotensive at baseline, premed-
ication with vasopressors can allow the clini-
cian to improve hemodynamic parameters in
preparation for intubation, targeting a
mean arterial pressure above 65 mm Hg
before induction and optimizing preload
should be considered.

� An important parameter to monitor in pa-
tients undergoing invasive mechanical posi-
tive pressure ventilation is autoPEEP,
particularly in the presence of cardiovascular
conditions, given its potential for significant
hemodynamic instability.

� During the removal of positive pressure, be
cautious of the increase in afterload to the
left ventricle, which can lead to elevated
filling pressures, especially in patients with
ventricular dysfunction, or may also unmask
worsening mitral regurgitation, a common
etiology of extubation failure.
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by recruiting alveoli and preventing barotrauma.
This is often used in patients with obesity or restric-
tive chest disorderswhere chestwall compliance is
reduced, and a significantly elevated plateau pres-
sure is observed. In these patients, the plateau
pressure may be elevated, but the PTP is not;
thus, an esophageal pressure measurement may
allow increasing ventilator settings beyond usual
thresholds.
Pes provides valuable insights into variations in

transmural pressure across pulmonary vascular
structures and cardiac chambers during the
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respiratory cycle. This aids in diagnosing andman-
aging conditions like PH, cardiac tamponade, or
right ventricular dysfunction.127 Additionally, Pes

enables assessment of ventricular interdepen-
dence, revealing complex interactions between
heart chambers.117 However, limitations exist in
esophageal pressure measurement due to factors
such as patient positioning, respiratory effort, and
lung disease affecting accuracy. Interpreting
esophageal pressure requires expertise in cardio-
vascular and respiratory system interac-
tions.124–127 Consequently, routine use is not
recommended; it is reserved for specific cases
where the accurate assessment of lung distending
pressures is crucial, such as in obesity, abdominal
compartment syndrome, chest wall deformities, or
large pleural effusion.

CLINICS CARE POINTS
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