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Abstract 

 

Background  

Heart-lung interactions represent a fundamental physiological relationship that determines the hemodynamic and 

respiratory responses in both healthy and critically ill patients. In the intensive care setting, understanding these interactions is 

essential for optimizing ventilation and circulatory support. 

Objective  

This article provides a comprehensive review of the physiological and pathophysiological mechanisms underlying heart-lung 

interactions during spontaneous, controlled, and assisted ventilation, with a focus on disease specific implications in chronic 

obstructive, restrictive pulmonary disease, and heart failure. 

Methods  

A narrative synthesis of current evidence and guideline-based practices was conducted, integrating data from recent clinical and 

experimental studies on cardiopulmonary coupling, hemodynamic monitoring, and mechanical ventilation strategies. 

Results 

Spontaneous breathing enhances venous return and right ventricular preload through negative intrathoracic pressure but 

increases left ventricular afterload. Conversely, controlled mechanical ventilation reduces preload while alleviating left 

ventricular afterload through positive intrathoracic pressures. In obstructive patients, dynamic hyperinflation and auto-PEEP 

elevate right ventricular afterload and reduce cardiac output. In restrictive patients, high PEEP and driving pressures exacerbate 

pulmonary vascular resistance and right heart strain, whereas in heart failure, positive pressure ventilation reduces pulmonary 

congestion and left ventricular afterload, improving cardiac output. Assisted modes modulate these effects depending on the 

patient's spontaneous effort, synchronization, and underlying pathophysiology. 

Conclusion  

Heart-lung interactions must be dynamically assessed to individualize ventilatory and hemodynamic strategies. Advanced 

monitoring, personalized ventilation, and AI-assisted decision systems represent the future of optimizing cardiopulmonary 

coupling in critically ill patients, improving survival and minimizing ventilator-induced injury. 
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Introduction 

 

Heart-lung interactions refer to the dynamic interplay 

between the cardiovascular and respiratory systems, 

wherein changes in one system can significantly influence 

the function of the other. This bidirectional relationship is 

fundamental to maintaining physiological homeostasis and 

becomes particularly critical in various clinical scenarios. 1 

 

The heart and lungs are anatomically and functionally 

interconnected within the thoracic cavity. During 

spontaneous breathing, the act of inspiration generates 

negative intrathoracic pressure, facilitating venous return to 

the right atrium (RA) and enhancing right ventricular (RV) 

preload. This increased RV filling can lead to a subsequent 

rise in RV stroke volume. Contrarily, the negative 

intrathoracic pressure can increase left ventricular (LV) 

afterload by elevating the transmural pressure, potentially 

reducing LV stroke volume during inspiration. These 

cyclical changes are typically well-tolerated in healthy 

individuals but can become pronounced in pathological 

states. 

 

Mechanical ventilation introduces positive intrathoracic 

pressures, especially during the inspiratory phase. 2 This 

positive pressure can decrease venous return, thereby 

reducing RV preload. 3,4 Simultaneously, increased alveolar 

pressures can elevate pulmonary vascular resistance, 

imposing a greater afterload on the RV. For the LV, positive 

intrathoracic pressure can reduce afterload by decreasing 

the transmural pressure, potentially enhancing LV ejection 

in certain contexts. 5 These mechanical influences 

underscore the importance of understanding heart-lung 

interactions in ventilated patients. 

 

Additionally, in conditions such as obstructive lung disease 

e.g. chronic obstructive pulmonary disease (COPD), 

restrictive lung disease e.g. acute respiratory distress 

syndrome (ARDS), and heart failure (HF), heart-lung 

interactions can have profound clinical implications. For 

instance, COPD patients often experience dynamic 

hyperinflation due to airflow obstruction, leading to 

increased intrathoracic pressures even during spontaneous 

breathing. This can impede venous return, elevate RV 

afterload, and potentially precipitate right heart failure. On 

the other hand, ARDS characterized by stiff, non-compliant 

lungs, patient with ARDS often necessitates the use of high 

positive end-expiratory pressure (PEEP) during mechanical 

ventilation. While PEEP can improve oxygenation, it also 

increases intrathoracic pressure, which may decrease 

cardiac output by reducing RV preload and increasing 

afterload. Furthermore, in left-sided heart failure, elevated 

pulmonary venous pressures can lead to pulmonary 

congestion. Positive pressure ventilation can be beneficial 

by reducing LV afterload, thereby improving cardiac output 

and alleviating pulmonary edema. 

 

Understanding the nuances of heart-lung interactions is 

essential for optimizing the management of patients with 

complex cardiopulmonary conditions, particularly when 

mechanical ventilation is employed, in this chapter we are 

going to take a deep dive into the physiology and 

pathophysiology of this Heart-Lung interactions. 

 

Spontaneous Ventilation and Heart-Lung Interactions 

 

Healthy patients 

 

During spontaneous ventilation in healthy individuals, 

heart-lung interactions are governed primarily by changes 

in intrathoracic pressure during the respiratory cycle. 

During inspiration, the diaphragm contracts and the chest 

wall expand, leading to a drop in intrathoracic pressure 

relative to atmospheric pressure. This negative pressure 

plays a crucial role by "sucking" blood from the peripheral 

venous system into the thoracic cavity, thereby enhancing 

venous return to the right atrium. The increase in venous 

return elevates RV preload thereby potentially augmenting 

RV stroke volume via the Frank-Starling mechanism. 2 

 

Concomitantly, the negative intrathoracic pressure 

influences LV dynamics. While the enhanced venous return 

supports increased RV filling and subsequent pulmonary 

blood flow, the LV experiences an increased effective 

afterload. This occurs because the LV must generate a 

higher pressure gradient to overcome not only the systemic 

arterial pressure but also the lower external pressure in the 

thorax. Essentially, during inspiration, the LV ejects blood 

against a greater transmural pressure gradient, which can 

transiently reduce its stroke volume. Thus, the respiratory 

cycle creates a delicate balance where increased preload 

may be countered by increased afterload, impacting systolic 

function. 

 

In terms of systolic and diastolic function, the respiratory 

cycle introduces cyclic variations in ventricular 

performance. During systole, the LV's contraction must 

overcome the increased afterload induced by negative 

intrathoracic pressures, which can modestly reduce ejection 

efficiency. Conversely, during diastole, when the heart 

relaxes and fills with blood, the negative intrathoracic 

pressure facilitates venous return, thus enhancing RV 

filling. The LV, on the other hand, benefits from a lower 

external pressure that may improve coronary perfusion 
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during diastole. These coordinated adjustments ensure that 

despite cyclic fluctuations, overall cardiac output remains 

relatively stable in healthy individuals. 

 

Furthermore, the interplay between the RV and LV is 

critical. As the RV receives increased blood volume during 

inspiration, its enhanced output contributes to pulmonary 

blood flow and eventually augments LV preload. However, 

the simultaneous increase in LV afterload during inspiration 

means that the timing of systolic and diastolic phases is vital 

to maintaining optimal performance. Over the entire 

respiratory cycle, these dynamic changes ensure that both 

ventricles are adequately filled and that systemic circulation 

is maintained, reflecting the finely tuned nature of 

cardiopulmonary physiology in health. 

 

In summary, during spontaneous ventilation, the negative 

intrathoracic pressure generated during inspiration is central 

to heart-lung interactions, 4 It promotes venous return and 

enhances RV preload, while concurrently increasing LV 

afterload. These mechanisms induce subtle variations in 

both systolic and diastolic functions, ultimately allowing the 

cardiovascular system to adapt efficiently to the respiratory 

cycle. 

 

Patients with obstructive lung disease 

 

In patients with chronic obstructive pulmonary disease 

(COPD), the interplay between the respiratory and 

cardiovascular systems during spontaneous ventilation is 

profoundly altered by changes in lung mechanics and 

intrathoracic pressures. These alterations stem primarily 

from hyperinflation, dynamic changes in lung volumes, and 

the development of intrinsic positive end-expiratory 

pressure (auto-PEEP), which together have significant 

hemodynamic consequences. 

 

Hyperinflation and Increased Lung Compliance play an 

important role in these patients, particularly in the 

emphysematous phenotype, destruction of alveolar walls 

leads to increased lung compliance, meaning that the lungs 

become more distensible. However, this loss of elastic recoil 

contributes to static hyperinflation, where the lungs 

maintain an abnormally high volume even at the end of 

expiration. The hyperinflated state alters the normal resting 

position of the diaphragm and reduces its mechanical 

efficiency, which in turn can affect the distribution of 

ventilation and further disrupt the normal balance of 

intrathoracic pressures. This chronic hyperinflation not only 

impairs gas exchange but also sets the stage for altered 

cardiac filling dynamics. 5 

Dynamic hyperinflation is a phenomenon commonly 

observed during periods of increased respiratory demand or 

during exacerbations of COPD. Due to airflow limitation 

and prolonged expiratory times, patients progressively 

accumulate air in the lungs with each breath. This additional 

air trapping leads to an increase in end-expiratory lung 

volume beyond the static hyperinflation baseline. 5 The 

resulting elevated intrathoracic pressures, present 

throughout the respiratory cycle, compress the great veins 

and the RA thereby impeding venous return. The reduction 

in venous return decreases right RV preload, which can 

subsequently reduce pulmonary blood flow and overall 

cardiac output. This interplay is particularly significant 

during exercise or acute exacerbations, where the increased 

respiratory rate exacerbates the dynamic component of 

hyperinflation. 

 

These mechanical effects of hyperinflation also extend to 

the pulmonary vasculature. The expansion of the lungs 

compresses alveolar capillaries and small pulmonary 

vessels, leading to increased pulmonary vascular resistance 

(PVR). Moreover, chronic hypoxemia, a hallmark of 

advanced COPD stages, induces hypoxic pulmonary 

vasoconstriction, further elevating pulmonary arterial 

pressures. Over time, this sustained pressure overload on the 

right ventricle promotes compensatory hypertrophy. If the 

increased workload persists, it can culminate in right 

ventricular failure, known clinically as cor pulmonale. This 

condition is a major contributor to morbidity and mortality 

in patients with severe COPD. 

 

On the other hand, COPD patients often develop intrinsic or 

auto-PEEP, due to incomplete expiration and airflow 

obstruction. This auto-PEEP acts similarly to externally 

applied PEEP in that it helps keep the airways open during 

the respiratory cycle, thereby improving alveolar 

recruitment. 6 However, the persistent presence of positive 

intrathoracic pressure from auto-PEEP can have adverse 

hemodynamic effects. It increases the pressure surrounding 

the heart and major vessels, which further limits venous 

return and compromises cardiac preload. Thus, while auto-

PEEP may offer some respiratory benefits by stenting the 

airways, it also exacerbates the negative cardiovascular 

consequences of hyperinflation. 6 

 

Patients with restrictive lung disease 

 

In ARDS patients, spontaneous ventilation occurs against a 

backdrop of severely altered respiratory mechanics, where 

the fundamental properties of lung tissue are disrupted. In 

ARDS, alveolar injury marked by edema, inflammatory  
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infiltrates, and protein-rich exudates lead to reduced lung 

compliance and high elastic recoil. This stiff lung tissue 

requires significantly higher pressures to achieve inflation.  
7 Patients must generate greater negative intrathoracic 

pressures to overcome the elevated elastance of these 

noncompliant lungs, resulting in high transpulmonary 

pressures.  

 

The high transpulmonary pressures generated during 

spontaneous breathing in ARDS have important 

implications for the RV. Normally, during inspiration, the 

generation of negative intrathoracic pressure facilitates 

venous return, enhancing RV preload. However, in ARDS, 

the stiff lungs and the consequent high alveolar pressures 

lead to compression of the pulmonary capillary bed. This 

compression significantly increases PVR, which in turn 

increases the afterload faced by the RV. The RV accustomed 

to pumping blood through a low-resistance pulmonary 

circulation, now encounters a marked increase in resistance, 

making it more difficult to eject blood efficiently. Over time, 

this increased workload can result in RV dilation and 

dysfunction, a process that may ultimately evolve into 

failure and acute cor pulmonale. 8 

 

In addition to the mechanical effects imposed by the 

reduced lung compliance and high elastic recoil, 

hypoxemia, further complicates the scenario. Hypoxemia 

triggers a physiological response known as hypoxic 

pulmonary vasoconstriction, wherein pulmonary arterioles 

constrict diverting blood flow from poorly ventilated areas 

to regions with better ventilation. While this mechanism is 

adaptive under normal conditions, in the diffuse lung injury 

seen in ARDS, it becomes a double-edged sword. 

Widespread vasoconstriction further elevates PVR, 

compounding the mechanical burden on the RV. The 

combination of high transpulmonary pressures from stiff, 

noncompliant lungs and the hypoxemia-induced rise in PVR 

places an extraordinary strain on the RV. The cumulative 

effect is a vicious cycle of increasing RV afterload, 

diminished cardiac output, and worsening oxygenation, 

which may exacerbate the overall severity of ARDS. 8 

 

Understanding these intricate heart-lung interactions is 

crucial in managing ARDS, particularly when allowing 

spontaneous ventilation. Clinicians must balance the 

benefits of spontaneous breathing, such as improved 

ventilation-perfusion matching and reduced sedation 

requirements, with the risks of patient self-inflicted lung 

injury (P-SILI) and RV overload. 9 This nuanced approach 

is key to optimizing respiratory support and safeguarding 

cardiovascular function in these critically ill patients. 

 

Patients with heart failure 

 

In patients with heart failure, particularly those with LV 

dysfunction, the interaction between the heart and lungs 

during spontaneous ventilation becomes a critical 

determinant of both respiratory and cardiovascular 

performance. Elevated left atrial (LA) pressure plays a 

pivotal role in shaping pulmonary hemodynamics. 

Increased LA pressure is transmitted backward into the 

pulmonary veins, elevating pulmonary capillary hydrostatic 

pressure and promoting fluid extravasation into the 

interstitial and alveolar spaces. This cascade contributes to 

pulmonary congestion, which impairs gas exchange and 

may lead to clinical manifestations such as dyspnea and 

exercise intolerance. 

 

The interplay between LV dysfunction and pulmonary 

congestion establishes a deleterious cycle. When the LV is 

unable to effectively eject blood, pressure rises in the LA, 

further exacerbating pulmonary venous congestion. This 

congestion not only compromises oxygenation but also 

increases PVR. The augmented PVR places additional 

strain on the RV, which must work harder to pump blood 

through the congested pulmonary circuit. Over time, the 

sustained increase in RV afterload can lead to RV dilation 

and dysfunction, further compounding the hemodynamic 

challenges in heart failure patients. 

 

Spontaneous ventilation introduces dynamic intrathoracic 

pressure changes that further modulate this complex 

interaction. During inspiration, the diaphragm contracts and 

negative intrathoracic pressure is generated, which normally 

facilitates venous return. In patients with heart failure, 

however, this negative pressure can have mixed effects. On 

one hand, the increased venous return may improve RV 

preload, but on the other, the negative intrathoracic pressure 

increases the transmural pressure gradient that the LV must 

overcome during systole, effectively increasing LV 

afterload. This heightened afterload can further impair LV 

ejection in a heart that is already compromised, worsening 

pulmonary congestion and perpetuating the cycle of cardiac 

dysfunction. 

 

During expiration, the intrathoracic pressure becomes less 

negative, which may temporarily lower the LV afterload and 

reduce pulmonary congestion. However, this phase is 

accompanied by a reduction in venous return, potentially 

compromising RV preload. The cyclical nature of these 

changes during the respiratory cycle creates fluctuations in 

both preload and afterload, challenging the already impaired 

cardiac function in heart failure patients. This dynamic 

interplay can result in hemodynamic instability, as the 
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compromised heart struggles to adapt to the shifting 

demands imposed by the respiratory cycle. 10 

 

In summary, in patients with heart failure, increased LA 

pressure contributes to pulmonary congestion and elevated 

PVR, while the interaction between LV dysfunction and 

pulmonary congestion forms a vicious cycle that further  

impairs cardiac performance. Spontaneous ventilation  

 

modulates these processes through cyclical changes in 

intrathoracic pressure, which affect both preload and 

afterload, thereby influencing overall cardiac function. 

Understanding these complex heart-lung interactions is 

essential for the optimal management of heart failure 

patients, guiding strategies that balance respiratory 

mechanics with cardiovascular support. 

 

 

 

  

Figure 1: Heart-Lung changes during inspiration and expiration between healthy, obstructive, restrictive, and heart failure 

patients during spontaneous ventilation. 

Legend: A. Inspiratory phase, B. Expiratory phase. Healthy patients (blue), Obstructive (orange), Restrictive (green), Heart 

failure (red). RV: right ventricle, RV SV: right ventricular stroke volume, LV: left ventricle, LV SV: left ventricular stroke 

volume. 

 

 

Positive pressure ventilation and heart-lung 

interactions 

 

Mechanical ventilation has revolutionized the care of 

critically ill patients by providing life-sustaining respiratory 

support when spontaneous breathing is insufficient. 

However, its application is accompanied by significant and 

complex interactions between the respiratory and 

cardiovascular systems. Unlike spontaneous ventilation, 

where negative intrathoracic pressure aids venous return 

and modulates cardiac loading conditions, mechanical 

ventilation introduces positive intrathoracic pressures that 

can markedly alter hemodynamics. 3,4 

 

At its core, mechanical ventilation applies positive pressure 

to the airways during inspiration, which fundamentally 

changes the normal physiology of breathing. This positive 

pressure increases intrathoracic pressure, thereby reducing 

the gradient for venous return to the right heart and 

potentially diminishing RV preload. At the same time, the 

augmented intrathoracic pressure decreases LV afterload 

reducing the transmural pressure the LV must overcome 

during systole. While these effects can be beneficial 

especially in patients with left ventricular dysfunction, they 

may also predispose to hemodynamic instability, 

particularly in those with compromised RV function or 

preload sensitivity. 
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Furthermore, the heart-lung interactions during mechanical 

ventilation are highly dependent on the mode of ventilation 

being used. In controlled mechanical ventilation (passive 

ventilation with no patients' effort), where the ventilator 

fully dictates the breathing cycle, the uniform application of 

positive pressure can lead to predictable alterations in 

cardiac loading. In contrast, assisted ventilation modes 

(active breathing patients), preserve some of the natural 

fluctuations in intrathoracic pressure; however, they may 

also introduce variability that complicates hemodynamic 

management. 11 These nuances are especially critical in 

patients with conditions such as acute respiratory distress 

syndrome (ARDS), chronic obstructive pulmonary disease 

(COPD), and heart failure, where the baseline 

cardiopulmonary status is already compromised. 

 

Understanding the physiological basis of heart-lung 

interactions during mechanical ventilation is essential for 

tailoring ventilatory strategies to individual patient needs. 12 

Optimizing ventilator settings to balance adequate 

oxygenation and carbon dioxide elimination with minimal 

adverse cardiovascular effects remains a cornerstone of 

critical care management. Clinicians must vigilantly 

monitor hemodynamic parameters and adjust ventilatory 

parameters to avoid potential complications such as 

decreased cardiac output, RV dysfunction, or exacerbation 

of pulmonary edema. 

 

A. Controlled Mechanical Ventilation 

 

In CMV, the ventilator delivers breaths at preset tidal 

volumes, rates, and pressures depending on the selected 

mode, and completely assuming the work of breathing. This 

mode of ventilation induces significant alterations in 

intrathoracic pressures, thereby influencing cardiovascular 

dynamics and pulmonary vascular physiology. 

 

First, the changes on positive intrathoracic pressure effects 

on preload and afterload. During CMV, positive pressure is 

applied to the airways during the inspiratory phase. This 

increase in intrathoracic pressure has several immediate 

cardiovascular consequences. As mentioned before, during 

spontaneous breathing, negative intrathoracic pressure 

facilitates venous return by creating a pressure gradient 

between the peripheral venous system and the RA. In 

contrast, the positive pressure generated during CMV 

reduces this gradient, leading to diminished venous return. 

This reduction in venous return decreases RV preload, 

which may compromise the overall filling of the heart. On 

the other hand. The effect on afterload is more complex and 

differs between the ventricles. For the LV, the rise in 

intrathoracic pressure can reduce the transmural pressure 

(the difference between intracavitary and external 

pressures), which may decrease LV afterload in certain 

situations. However, the RV experiences an increase in 

afterload due to the compression of pulmonary vessels, 

which elevates PVR. This augmented RV afterload makes it 

more challenging for the RV to eject blood efficiently. 13 

 

CMV has an important impact on cardiac output, preload, 

afterload, and right heart function. The decrease in venous 

return leads to a reduction in RV preload, potentially 

resulting in lower stroke volume and overall cardiac output. 

For patients with marginal cardiac function, this decline in 

output may lead to hypotension and impaired tissue 

perfusion. Also, the elevated PVR, due to alveolar 

overdistension and capillary compression, increases RV 

afterload. Over time or in susceptible patients, this increased 

load can precipitate RV dilation and dysfunction, further 

compromising the heart's ability to maintain adequate 

output. 

 

This interplay between reduced preload and the modulation 

of afterload creates a dynamic environment. While the LV 

might benefit from decreased afterload in some scenarios, 

the overall reduction in preload and the increased RV 

afterload tend to predominate, especially in patients with 

pre-existing cardiac compromise. 14 This delicate balance 

highlights the need for careful hemodynamic monitoring 

during CMV. 

 

Under normal conditions, the pulmonary capillary bed is 

dynamic, with capillary recruitment increasing the effective 

surface area for gas exchange during spontaneous breathing.  

However, during CMV, especially at high tidal volumes or 

excessive pressures, the uniform positive pressure may lead 

to decreased capillary recruitment. This reduction occurs 

because the alveoli are uniformly inflated, limiting the 

collapse and subsequent reopening of capillaries, which can 

be vital for optimal gas exchange. Also, when tidal volumes 

or inspiratory pressures are set too high, alveolar 

overdistension can occur. Overdistension not only impairs 

gas exchange by causing ventilation-perfusion mismatch 

but also further compresses the pulmonary capillaries. This 

compression exacerbates the increase in PVR, 

compounding the load on the RV. The resulting 

overdistension can contribute to ventilator-induced lung 

injury (VILI), underscoring the need for judicious ventilator 

settings. 

 

In summary, during CMV, the application of positive 

intrathoracic pressure fundamentally alters both 

cardiovascular and pulmonary physiology. 4 The decrease in 

venous return and the modulation of afterload (with a 
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reduction in LV afterload but an increase in RV afterload) 

can lead to reduced cardiac output and potential right heart 

dysfunction. 4 Additionally, the pulmonary vascular effects, 

including diminished capillary recruitment and the risk of 

alveolar overdistension, further impact hemodynamics and 

gas exchange. These complex interactions underscore the 

critical importance of balancing ventilator settings to 

optimize both respiratory support and cardiovascular 

stability. 

 

Patients with Obstructive Lung Disease 

 

CMV in patients with COPD can profoundly alter heart-

lung interactions due to the unique pathophysiological 

characteristics of obstructive lung disease. In COPD, 

airflow obstruction and loss of elastic recoil predispose the 

lungs to air trapping and hyperinflation. During CMV, these 

factors often culminate in the development of intrinsic or 

auto-PEEP, which exerts significant hemodynamic 

consequences. 

 

First, Auto-PEEP arises when patients are unable to fully 

exhale before the initiation of the next ventilatory cycle. In 

COPD, this phenomenon is common due to narrowed 

airways and prolonged expiratory times. The residual 

pressure that remains in the alveoli at the end of expiration 

is referred to as intrinsic or auto-PEEP. Unlike externally 

applied PEEP, auto-PEEP is unintentional and reflects the 

pathological inability to empty the lungs completely. The 

accumulation of air in the alveoli raises the baseline 

intrathoracic pressure. This persistent positive pressure 

compresses the intrathoracic vessels, particularly the great 

veins, thereby diminishing the pressure gradient necessary 

for venous return. 15 With impaired venous return, the RV 

receives less blood, reducing its preload. This decreased 

preload means that the RV has a lower filling volume, which 

can compromise stroke volume and, ultimately, cardiac 

output. In a normal heart, an increase in preload (e.g., 

through fluid administration) results in an increased stroke 

volume. However, in the presence of auto-PEEP, the heart's 

ability to augment output in response to additional preload 

is blunted, rendering the heart less responsive to volume 

challenges. 

 

Also, this hyperinflation and high alveolar pressures 

characteristic of COPD during CMV can lead to alveolar 

overdistension. Overdistended alveoli compresses the 

pulmonary capillaries, leading to an increase PVR. The RV 

must work harder to overcome this resistance, effectively 

increasing its afterload. The persistent high PVR results in 

pulmonary hypertension and this elevated pulmonary 

arterial pressures further stress the RV, which, if sustained, 

may lead to RV dilation and dysfunction. This scenario is 

particularly concerning in COPD patients who already have 

compromised pulmonary mechanics. 16 

 

In summary, the resultant increase in intrathoracic pressure  

reduces venous return and RV preload while simultaneously 

increasing RV afterload via pulmonary capillary 

compression. These changes impair preload responsiveness 

and contribute to pulmonary hypertension, thereby 

compromising overall cardiac function and need to be taken 

into account during daily clinical practice. 

 

Patients with restrictive lung disease 

 

CMV is a cornerstone of ARDS management, often 

requiring high levels of PEEP and lung-protective 

strategies. However, these ventilatory settings significantly 

impact heart-lung interactions, influencing RV function, 

preload, afterload, and preload responsiveness. 

 

The effects of high PEEP and driving pressure on the 

cardiovascular function: as discussed before, high PEEP 

increases mean intrathoracic pressure, which reduces the 

venous pressure gradient driving blood return to the RA. 

This leads to a decrease in RV preload, potentially reducing 

cardiac output. Also, high PEEP and lung overdistension 

elevate PVR by compressing pulmonary capillaries, this 

increased PVR raises RV afterload, making it harder for the 

RV to eject blood. 13 

 

On the other hand, the increase in intrathoracic pressure also 

decreases LV transmural pressure, effectively reducing LV 

afterload. This can be beneficial in patients with left heart 

failure but may be detrimental in ARDS patients if LV 

filling is compromised. 

 

Driving pressure is a key determinant of ventilator-induced 

lung injury (VILI), elevated driving pressures have proven 

to worsen alveolar overdistension, leading to pulmonary 

microvascular damage and increased PVR. The 

combination of high PEEP and high driving pressure 

amplifies RV afterload and contributes to ventilator-induced 

RV dysfunction and acute cor pulmonale. 17,18 

 

Another important parameter that requires attention during 

CMV in ARDS patients is the preload and preload 

responsiveness. Preload is reduced due to high intrathoracic 

pressures, which limit venous return. Many ARDS patients 

become fluid non-responsive, meaning that volume 

expansion does not improve cardiac output due to 

persistently high RV afterload and impaired compliance. 

Also, Dynamic indices such as pulse pressure variation 
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(PPV) and stroke volume variation (SVV) are often 

unreliable in these patients due to high PEEP and lung 

mechanics alterations. 18 

 

These interactions emphasize the need for careful ventilator 

management in ARDS, including lung-protective strategies 

(low tidal volume, optimal PEEP) and RV protective 

approaches such as PEEP titration, prone positioning, 

inotropic agents, and pulmonary vasodilators when 

necessary. 19 

 

Heart failure patients 

 

By applying positive pressure ventilation, CMV can 

significantly impact the LV function, pulmonary 

congestion, and overall hemodynamics. In heart failure 

patients with LV dysfunction, positive pressure ventilation 

offers several advantages. First, positive pressure 

ventilation decreases venous return to the heart, leading to a 

reduction in RV preload. This decrease in venous return can 

alleviate the volume overload on the LV, thereby improving 

its function. 

 

Additionally, the application of positive intrathoracic 

pressure reduces the transmural pressure gradient across the 

LV wall, effectively decreasing LV afterload. This reduction 

in afterload facilitates improved cardiac output and 

enhances myocardial efficiency. By reducing both preload 

and afterload, positive pressure ventilation can improve 

overall cardiac performance, leading to better systemic 

perfusion and oxygen delivery. 20 

 

Pulmonary congestion, resulting from elevated pulmonary 

capillary pressures due to LV dysfunction. Positive pressure  

ventilation addresses this issue by increasing intrathoracic 

pressure, positive pressure ventilation reduces pulmonary 

venous return, leading to decreased pulmonary capillary 

pressures. This reduction helps in resolving pulmonary 

edema and improving gas exchange. Also, the elevated 

intrathoracic pressure decreases the pressure gradient the 

LV must overcome during systole, effectively reducing 

afterload. This reduction in afterload not only enhances LV 

ejection but also contributes to the resolution of pulmonary 

congestion. 

 

However, implementing controlled mechanical ventilation 

in heart failure patients necessitates meticulous 

hemodynamic monitoring to optimize therapy and prevent 

potential complications. Continuous assessment of cardiac 

output is essential to evaluate the hemodynamic response to 

positive pressure ventilation and to adjust ventilatory 

settings accordingly. Given that positive pressure 

ventilation can reduce preload, monitoring tools such as 

central venous pressure or pulmonary artery occlusion 

pressure are vital to guide fluid management and prevent 

hypovolemia. The use of echocardiography and other 

imaging modalities should be employed to assess both RV 

and LV function, ensuring that the benefits of reduced 

afterload and preload do not compromise overall cardiac 

performance. 

 

In summary, CMV through the application of positive 

pressure, offers substantial benefits in managing heart 

failure patients by improving LV function, reducing 

pulmonary congestion, and optimizing hemodynamics. 

However, these advantages are best realized with diligent 

hemodynamic monitoring and individualized patient care. 
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Figure 2: Heart-Lung changes during inspiration and expiration between healthy, obstructive lung disease, restrictive lung 

disease and heart failure patients in controlled mechanical ventilation. 

Legend: A. Inspiratory phase, B. Expiratory phase. Healthy patients (blue), obstructive lung disease (orange), restrictive lung 

disease (green), heart failure (red). RV: right ventricular, RV SV: right ventricular stroke volume, LV: left ventricle, LV SV: left 

ventricular stroke volume. 

 

 

B. Assisted Mechanical Ventilation. 

 

Assisted mechanical ventilation (AMV) are modes of 

ventilation where the patient actively participates in the 

respiratory cycle, receiving support for both the ventilatory 

effort and gas exchange. Those modes are frequently used 

in critically ill patients who can initiate breaths but require 

mechanical support to maintain an adequate level of 

ventilation, such as in acute respiratory failure, chronic 

obstructive pulmonary disease (COPD) exacerbations, or 

heart failure. AMV, often employed in Pressure Support 

Ventilation (PSV) or Assist-Control Ventilation (ACV) 

modes, allows for patient-triggered breaths while providing 

a set inspiratory pressure or volume to assist in completing 

the breath. Those modes can offer a delicate balance 

between supporting the patient's respiratory efforts and 

avoiding the ventilator-induced complications that arise 

with CMV. 11 

 

The dynamic interplay between the heart and lungs in the 

setting of spontaneous respiratory effort during AMV can be 

complex and varies   significantly across  different   patient  

 

 

populations. The patient's respiratory effort influences 

intrathoracic pressure, which in turn affects venous return,  

preload, afterload, and ultimately cardiac output. This 

interplay can be beneficial or detrimental depending on the 

patient's condition and the mode of assistance provided by 

the ventilator. 

 

The physiological foundation of assisted mechanical 

ventilation lies in the delicate balance between spontaneous 

respiratory effort and the mechanical support provided by 

the ventilator. In normal respiration, negative intrathoracic 

pressures during inspiration promote venous return to the 

heart, while expiration, which is passive in spontaneous 

ventilation, allows the heart to refill during reduced 

intrathoracic pressure. However, during assisted ventilation, 

intrathoracic pressure becomes modified due to ventilator 

support (which either imposes a positive pressure during 

inspiration or aids the patient's inspiratory effort. 11 

 

In healthy patients, assisted ventilation can improve 

oxygenation and reduce the work of breathing while 

minimizing the ventilator-induced damage that may occur 
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during controlled ventilation. However, in patients with 

lung disease or cardiac dysfunction, such as COPD, ARDS, 

and heart failure, the patient's spontaneous respiratory 

efforts can either exacerbate or help mitigate ventilator-

induced harm and interact differently with the 

cardiovascular system. 

 

The introduction of positive pressure ventilation in assisted 

modes, although beneficial for improving oxygenation and 

reducing the work of breathing, can have profound effects 

on cardiovascular dynamics. The positive intrathoracic 

pressure created during inspiration reduces venous return, 

increases the RV afterload, and may alter the LV preload and 

afterload. These changes can influence cardiac output, 

particularly in patients with pre-existing cardiac  

 

 

dysfunction, such as heart failure or pulmonary. 

hypertension. 

 

To summarize, assisted mechanical ventilation provides a 

critical bridge for patients requiring ventilatory support, 

allowing for the preservation of spontaneous breathing 

while delivering the necessary ventilator assistance to 

improve oxygenation and reduce respiratory work. 

However, the heart-lung interactions during those modes of 

ventilation are complex and can be influenced by the 

underlying pathophysiology of the patient. Tailoring the 

ventilator settings to optimize cardiovascular function while 

addressing pulmonary mechanics is essential to improve 

patient outcomes and minimize complications, particularly 

in vulnerable populations such as COPD, ARDS, and heart 

failure patients. 18 

 

 

 

Figure 3: Heart-Lung interaction during spontaneous breathing, CMV and AMV in healthy patients. 

Legend: A. Inspiratory phase, B. Expiratory phase. Blue: spontaneous breathing, Orange: controlled mechanical ventilation 

(CMV), Green: Assisted mechanical ventilation (AMV). RV: right ventricle, RV SV: right ventricular stroke volume, LV: left 

ventricle, LV SV: left ventricular stroke volume. 

 

 

Transition from Controlled to Assisted Modes: Impact on 

Venous Return and Cardiac Function 

 

The transition from controlled mechanical ventilation  

 

 

 

 

(CMV) to assisted mechanical ventilation (AMV) marks a  

significant     change   in   the   dynamics    of         heart-

lung interactions. During CMV, the ventilator delivers all 

the respiratory support, typically   with    preset volume or  
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pressure, with no patient's spontaneous respiratory effort.  

Conversely, in AMV, the patient begins to actively 

participate in breathing, with the ventilator providing 

assistance for each inspiratory effort while allowing for 

spontaneous expiration. This shift can have profound effects 

on venous return, cardiac function, and hemodynamics, 

which differ notably when compared to controlled 

ventilation. 

 

As the patient transitions to assisted ventilation, where 

spontaneous breathing efforts are reintroduced, the 

intrathoracic pressure fluctuates, inspiration during 

spontaneous effort is associated with negative intrathoracic 

pressure, which enhances venous return by creating a 

pressure gradient that helps draw blood back to the heart. 

This phenomenon can increase preload, which may improve 

cardiac output in patients with healthy hearts and normal 

cardiac function. However, in patients with cardiac 

dysfunction, the transition may not be as beneficial, and 

excessive negative pressure during inspiration can cause 

increased afterload or ventricular strain. 

 

In contrast to CMV, assisted ventilation typically allows for 

greater fluctuations in intrathoracic pressure, with 

spontaneous breathing efforts leading to alternating periods 

of negative and positive pressure. The negative intrathoracic 

pressure generated during spontaneous inspiration helps 

increase venous return, improving preload and potentially 

enhancing cardiac output, especially in healthy individuals. 

However, in patients with cardiac dysfunction, these rapid 

changes in intrathoracic pressure could cause hemodynamic 

instability, as increased preload can exacerbate pulmonary 

congestion, or increased afterload may worsen RV 

dysfunction. 

 

The cardiac output response to the transition between CMV 

and AMV may also depend on the underlying pulmonary 

condition. For example, in COPD patients, the increase in 

airway resistance and auto-PEEP effects can make 

spontaneous breathing during AMV either beneficial or 

harmful, depending on whether these patients maintain 

adequate ventilatory drive without causing increased RV 

afterload. In ARDS patients, high airway pressures during  

assisted breathing may lead to ventilator-induced lung 

injury, which can further decrease cardiac output due to 

ventilator-induced hypoxia or hypercapnia. 

 

In conclusion, the transition from controlled to assisted 

modes of ventilation plays a crucial role in heart-lung 

interactions, influencing venous return, cardiac preload, 

afterload, and cardiac output. In healthy individuals, this 

transition generally enhances preload and cardiac output by 

allowing spontaneous breathing efforts to create negative 

pressure during inspiration. However, in patients with 

underlying cardiac or pulmonary diseases, the shift to 

assisted modes may exacerbate hemodynamic instability, 

requiring careful management of ventilator settings and 

spontaneous respiratory efforts. 

 

Obstructive lung disease patients 

 

Assisted mechanical ventilation can be a beneficial strategy 

for COPD patients, especially in those with acute 

exacerbations where spontaneous breathing efforts can still 

be maintained. However, the heart-lung interactions during 

AMV in COPD patients are complex due to the 

pathophysiological alterations in lung mechanics and 

cardiovascular function that occur in this population. 

 

COPD patients often suffer from increased airway 

resistance and prolonged expiration due to small airway 

collapse, airway inflammation, and bronchoconstriction. 

These alterations in lung mechanics can create challenges 

when transitioning to assisted ventilation modes such as 

Pressure Support Ventilation (PSV) or Assist-Control 

Ventilation (ACV), which rely on the patient's ability to 

initiate breaths. 

 

Also, patient-ventilator dyssynchronies are common, 

especially when the patient's respiratory drive does not 

match the ventilator's settings. For instance, auto-triggering, 

where the ventilator delivers a breath without adequate 

patient effort, or missed effort can occur due to 

hyperinflation or the presence of auto-PEEP. Alternatively, 

ventilator-initiated breaths may not synchronize well with 

the patient's spontaneous effort, leading to excessive work 

of breathing and potential hemodynamic compromise. This 

synchronization issue can contribute to increased 

intrathoracic pressure during both inspiration and 

expiration, potentially exacerbating cardiac dysfunction. 

For example, auto-triggering can elevate intrathoracic 

pressures, decreasing venous return, and reducing cardiac 

output. 

 

During spontaneous breathing, the lung volume at the end 

of expiration does not return to the functional residual 

capacity (FRC), which results in increased lung volumes 

and elevated intra-thoracic pressures. In assisted ventilation, 

auto-PEEP exacerbates these effects. Positive pressure 

ventilation during inspiration can cause air trapping due to 

the patient's inability to fully exhale before the next breath. 

This trapped air increases intrathoracic pressure, impeding 

venous return to the heart, particularly affecting the RV. 

Increased RV afterload leads to right heart strain, which can 
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negatively impact cardiac output. Additionally, the 

prolonged expiratory phase necessary to manage auto-PEEP 

can interfere with ventilator synchronization, as the patient 

may be unable to complete exhalation before the next 

breath, leading to further hyperinflation and auto-PEEP 

accumulation. 

 

The process of weaning from mechanical ventilation in 

COPD patients is often prolonged and complicated by the 

underlying disease process. 21 In these patients, respiratory 

muscle weakness, ventilatory inefficiency, and persistent 

hyperinflation pose significant barriers to successful 

extubation. The presence of auto-PEEP, increased airway 

resistance, and hyperinflation may result in difficult 

weaning and prolonged ventilatory support. When 

transitioning from assisted ventilation to spontaneous 

breathing, the patient must be able to overcome auto-PEEP 

and achieve an adequate minute ventilation to maintain 

adequate oxygenation and carbon dioxide elimination. 

During this weaning process, cardiac output may be 

compromised due to the increased intrathoracic pressure 

and reduced venous return associated with auto-PEEP and 

hyperinflation. Therefore, careful attention must be paid to 

cardiovascular function and fluid status during weaning. 

The ability to recognize inadequate weaning parameters, 

such as increased respiratory effort, elevated heart rate, 

hypotension, or increased work of breathing, is essential in 

preventing premature extubation and hemodynamic 

instability. 21 

 

Continuous hemodynamic monitoring is crucial in COPD 

patients receiving assisted mechanical ventilation, as 

fluctuations in intrathoracic pressure and cardiac output can 

lead to severe consequences. 22 Important parameters to 

monitor include heart rate, blood pressure, central venous 

pressure (CVP), and cardiac output. The presence of auto-

PEEP requires specific attention to venous return and right 

heart function. The RV may be particularly vulnerable to 

afterload increases caused by elevated pulmonary vascular 

resistance (PVR) and increased RV pressure, resulting from 

air trapping and hyperinflation. Monitoring of RV function 

can be performed via echocardiography or pulmonary artery 

catheterization 22 and regular adjustments to ventilator 

settings (such as reducing inspiratory pressures or adjusting 

PEEP to avoid excessive airway pressures) are crucial. 

Cardiac output monitoring, such as through thermodilution 

or pulse contour analysis, is critical for detecting 

impairment in right heart function and identifying fluid 

responsiveness in these patients, which may guide fluid 

management during the weaning process. 

 

To summarize, in COPD patients, the use of AMV 

introduces several challenges related to synchronization 

issues, auto-PEEP, and the hemodynamic impact of 

prolonged intrathoracic pressure elevations. These patients 

are prone to auto-PEEP accumulation due to hyperinflation, 

which worsens right ventricular afterload, reduces venous 

return, and impairs cardiac output. In the process of 

weaning, close monitoring of hemodynamics, ventilator 

settings, and respiratory muscle strength is necessary to 

ensure successful extubation and avoid cardiovascular 

complications. Special attention should be given to right 

heart function and the management of auto-PEEP to 

minimize adverse effects on venous return and cardiac 

output. 

 

Restrictive lung disease patients 

 

The use of assisted mechanical ventilation (AMV), allows 

patients to initiate their own breaths, interact with both the 

lungs and the heart in complex ways, especially during 

spontaneous effort. The effects of spontaneous breathing 

efforts in ARDS patients can significantly influence lung 

mechanics, ventilator settings, and hemodynamics, 

requiring careful monitoring and adjustment to prevent 

further injury. 

 

Spontaneous effort and its effects on the transpulmonary 

pressure (PL) is the difference between alveolar pressure 

and pleural pressure and represents the driving pressure 

(stress) that determines changes in lung volume (strain) and 

compliance. In ARDS, lung compliance is often severely 

reduced due to alveolar collapse and interstitial edema, 

which leads to an increased transpulmonary pressure 

required to achieve even minimal ventilation. During 

assisted mechanical ventilation, spontaneous efforts can 

create negative intrathoracic pressures. While this can be 

beneficial for ventilatory efficiency, it can also raise 

transpulmonary pressure. 23 In patients with ARDS, where 

the lung parenchyma is already stiff, increased 

transpulmonary pressures can exacerbate barotrauma or 

volutrauma, leading to further lung injury. These effects are 

particularly pronounced during the inspiratory phase of 

spontaneous breathing, as negative intrathoracic pressure 

generated by the patient adds to the ventilator-generated 

pressures. 24 

 

If the patient generates significant negative pressure while 

attempting to breathe spontaneously, this can cause alveolar 

overdistension in already injured areas of the lung, 

potentially   resulting in   worsened ventilator-induced   lung  
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injury (VILI). This interaction between spontaneous effort 

and ventilator pressure can make it difficult to maintain 

optimal ventilator settings, 25 as too much support may 

prevent effective spontaneous breathing, while too little 

support could lead to overinflation of vulnerable lung tissue. 

 

On the other hand, the negative pleural pressures associated 

with spontaneous breathing can also impact venous return 

and cardiac output, particularly during inspiration. In 

ARDS, the RV is often under increased strain due to 

elevated pulmonary vascular resistance. Negative pleural 

pressures during spontaneous inspiration can augment 

venous return to the right heart, which might initially 

increase right ventricular preload. However, the increased 

RV preload, compounded by the reduced lung compliance, 

can lead to right heart failure in some instances. Conversely, 

during expiration, positive intrathoracic pressures can 

increase intrathoracic pressure, which may reduce venous 

return and cardiac output, particularly in the RV. The effect 

on the LV in ARDS patients can be more variable depending 

on the pulmonary pressures and the degree of lung injury, 

with increased right heart pressures potentially reducing left 

ventricular preload and cardiac output. 

 

Patient Self-Inflicted Lung Injury (P-SILI) in simple words 

it refers to lung damage caused by a patient’s own 

spontaneous breathing efforts. In ventilated patients with 

ARDS, spontaneous inspiratory effort can worsen 

mechanical ventilation–related stress. 

 

P-SILI arises from the interaction of negative pleural 

pressure generated by the patient and positive pressure from 

the ventilator. In stiff, non-compliant ARDS lungs, this 

increases transpulmonary pressure and can cause 

overdistension, barotrauma, volutrauma, and atelectrauma. 

Insufficient PEEP further destabilizes alveoli, promoting 

collapse and re-opening cycles. 26 

 

During inspiration, strong negative pleural pressure may 

also redistribute gas from better-to-worse aerated regions 

(Pendelluft), over distending vulnerable areas. If pressures 

exceed alveolar tolerance, rupture, capillary leak, 

inflammation, and lung injury may occur. 26 When 

spontaneous effort interacts with high ventilator driving 

pressures, transpulmonary stress intensifies and volutrauma 

risk increases. 

 

P-SILI is most common in severe ARDS or high ventilatory 

support requirements. Prevention focuses on balancing 

spontaneous breathing with lung protection: low tidal 

volumes, adequate PEEP, limiting inspiratory pressures, 

and, when necessary, sedation or neuromuscular blockade 

to blunt injurious respiratory effort. 26 

 

In conclusion, the effect of assisted mechanical ventilation 

(AMV) on heart-lung interactions in ARDS patients is 

influenced by several complex physiological factors. 

Spontaneous breathing efforts can significantly impact 

transpulmonary pressure and exacerbate ventilator-induced 

lung injury (VILI) if not carefully managed. 27 The negative 

pleural pressures generated during spontaneous inspiration 

can increase transpulmonary pressures, leading to alveolar 

overdistension and self-inflicted lung injury (P-SILI). 

Managing spontaneous breathing in ARDS patients requires 

balancing the need for ventilatory support with careful 

adjustments in ventilator settings to minimize the risk of 

further lung injury and preserving cardiac function. 

 

Heart Failure patients 

 

When patients with heart failure experience acute 

decompensation, they may require mechanical ventilation to 

support ventilation and oxygenation. Assisted mechanical 

ventilation AMV modalities can have significant effects on 

heart-lung interactions, especially in terms of LV afterload, 

cardiac output, and pulmonary congestion. 

 

In patients with heart failure, elevated LV afterload is a 

common feature, contributing to poor cardiac output and 

further myocardial dysfunction. 10 During spontaneous 

breathing, negative intrathoracic pressure is generated, 

particularly during inspiration, when the diaphragm 

contracts and pulls downward. This negative pressure can 

affect cardiac function in two ways. 28 

 

First, the negative pressure can augment venous return to 

both the right and left heart, leading to an increase in 

preload. This may temporarily improve cardiac output, 

especially in right-sided heart failure. However, in left-sided 

heart failure, the increased preload may exacerbate 

pulmonary congestion and worsen left atrial pressures, 

contributing to worsening pulmonary oedema. 

 

And secondly, the negative intrathoracic pressure during 

spontaneous inspiration can also reduce LV afterload by 

lowering systemic vascular resistance and increasing 

venous capacitance. This can provide short-term relief in 

acute decompensated heart failure (ADHF), as it helps the 

LV overcome its difficulty in ejecting blood. This effect can 

be beneficial for increasing stroke volume and improving 

cardiac performance. 
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In severe heart failure, however, the LV may be unable to 

tolerate high preload or fluctuations in afterload. The 

negative pressure from spontaneous breathing can worsen 

pulmonary congestion, leading to fluid accumulation in the 

lungs, which may cause ventilator-induced lung injury 

(VILI) and worsen hypoxemia. Thus, managing 

spontaneous breathing efforts in such patients is critical to 

maintaining hemodynamic stability. Spontaneous breathing 

in heart failure patients can result in significant variability 

in afterload, particularly in patients with pulmonary 

hypertension or those with severe diastolic dysfunction, 

making it necessary to carefully manage and monitor 

breathing patterns and ventilator settings. 

 

Role of Non-invasive Ventilation (NIV) in Acute 

Decompensation 

 

Non-invasive ventilation (NIV) has become an essential 

tool in managing ADHF, particularly when patients exhibit 

pulmonary edema, hypoxemia, and dyspnea. 29 NIV can 

help reduce the work of breathing, improve oxygenation, 

and enhance alveolar ventilation, all of which can improve 

overall cardiac function and prevent intubation in many 

cases. NIV works by providing positive pressure through a 

mask, which generates positive intrathoracic pressure that 

can have multiple hemodynamic effects. The positive 

pressure during inspiration and expiration helps reduce  

venous return to the heart, which decreases preload. For 

patients with left-sided heart failure, this can help reduce 

pulmonary congestion by preventing further fluid 

accumulation in the lungs, allowing for improved 

oxygenation. The positive pressure also helps reduce LV 

afterload, which can provide significant relief in acute 

decompensated heart failure. 31 By reducing the LV wall 

stress and decreasing systemic vascular resistance, NIV can 

improve cardiac output, stroke volume, and myocardial  

perfusion, reducing the workload on the heart. 

 

The use of NIV, particularly bilevel positive airway pressure 

(BiPAP), has shown improved outcomes in acute pulmonary 

edema related to heart failure. 32 By reducing intrathoracic 

pressure, NIV helps to decrease LV preload and pulmonary 

venous congestion, allowing for better alveolar gas 

exchange and reduced work of breathing. PEEP delivered 

by NIV helps to prevent alveolar collapse and recruit 

alveolar units, improving oxygenation and lung compliance. 
30 This can decrease the need for more invasive 

interventions like endotracheal intubation and mechanical 

ventilation, while also improving hemodynamics and 

preventing further right heart strain. 

 

Despite its benefits, NIV is not without limitations. 30 It may 

not be effective in patients with severe hypoxemia, severe 

acidosis, or hemodynamic instability. Additionally, the 

increased work of breathing during NIV can sometimes lead 

to increased intrathoracic pressure, potentially worsening 

right heart failure and pulmonary edema. Therefore, careful 

selection of patients and monitoring of hemodynamic 

parameters during NIV therapy is essential. 

 

In conclusion, the impact of assisted mechanical ventilation 

on heart-lung interactions in heart failure patients is 

multifaceted and highly dependent on the type of ventilation 

used and the patient's specific condition. Spontaneous 

breathing can have both positive and negative effects on LV 

afterload and preload, while non-invasive ventilation (NIV) 

can provide substantial benefits in terms of improving 

oxygenation, reducing pulmonary congestion, and reducing 

LV afterload, Careful monitoring and individualized therapy 

are necessary to ensure optimal outcomes and prevent 

further complications in acute decompensated heart failure. 
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Figure 4: Heart-Lung changes during inspiration and expiration between healthy, obstructive, restrictive lung diseases, and 

heart failure patients in assisted mechanical ventilation. 

A. Inspiratory phase, B. Expiratory phase. Healthy patients (blue), COPD (orange), ARDS (green), Heart failure (red). RV: 

right ventricle, RV SV: right ventricular stroke volume, LV: left ventricle, LV SV: left ventricular stroke volume. 

 

Clinical implications and future perspectives 

 

Clinical monitoring and decision-making in ventilated 

patients 

 

Heart-lung interactions play a crucial role in determining the 

cardiovascular and pulmonary responses to mechanical 

ventilation. The continuous assessment of these interactions 

is vital for optimizing respiratory support while minimizing 

hemodynamic compromise. Clinical monitoring of ventilated 

patients must integrate key physiological parameters, 

including intrathoracic pressure variations, venous return, 

right and left ventricular function, pulmonary vascular 

resistance, and lung compliance. 12 

 

The assessment of heart-lung interactions is particularly 

important in critically ill patients receiving controlled or 

assisted mechanical ventilation. In special conditions the 

interplay between lung mechanics and hemodynamics is even 

more pronounced. Clinicians must be equipped with a 

comprehensive understanding of how spontaneous breathing, 

controlled ventilation, and assisted modes influence heart-

lung interactions in different patient groups. Decisions 

regarding ventilator settings should be tailored to individual  

 

patient physiology to avoid complications such as ventilator-

induced lung injury (VILI), hemodynamic instability, or 

patient-ventilator asynchrony. 

 

Role of advanced hemodynamic monitoring 

 

Advanced hemodynamic monitoring has become an essential 

component of managing critically ill patients requiring 

mechanical ventilation. Traditional monitoring parameters 

such as blood pressure, heart rate, and central venous pressure 

(CVP) provide only limited insight into heart-lung 

interactions. More advanced modalities, including 

echocardiography, pulmonary artery catheterization, and 

transpulmonary thermodilution, have improved clinicians' 

ability to assess preload, afterload, RV function, and 

pulmonary hemodynamics in real time. The use of dynamic 

hemodynamic parameters has significantly enhanced the 

ability to predict fluid responsiveness in mechanically 

ventilated patients. 18 These parameters are particularly useful 

in guiding fluid management strategies to prevent both 

hypovolemia and fluid overload, both of which can 

significantly impact cardiac performance. Echocardiography 

also plays a vital role in evaluating the hemodynamic 

consequences of mechanical ventilation, allowing direct 
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visualization of ventricular size, function, and 

interdependence. 

 

Future developments in hemodynamic monitoring may 

include non-invasive technologies that provide continuous, 

real-time assessment of cardiovascular function. Wearable 

sensors and machine learning algorithms could potentially 

enhance the precision of monitoring strategies, leading to 

more individualized and responsive ventilatory management. 

 

Personalized ventilation strategies in different patient groups 

 

One of the most significant clinical implications of heart-lung 

interactions is the need for personalized ventilation strategies 

tailored to different patient populations. Each clinical 

condition requires a specific approach to mechanical 

ventilation that considers the unique physiological alterations 

present in each case. 32 

 

By integrating personalized ventilatory strategies, clinicians 

can optimize both respiratory and cardiovascular outcomes, 

minimizing the risks associated with mechanical ventilation 

while ensuring adequate gas exchange and hemodynamic 

stability. 

 

Future research directions in heart-lung interactions 

 

Despite significant advances in understanding heart-lung 

interactions, many questions remain regarding optimal 

ventilatory strategies for critically ill patients. Future research 

should focus on several key areas: 

 

Individualized ventilation approaches: current ventilator 

settings are often applied in a one-size-fits-all manner. More 

research is needed to develop truly individualized ventilation 

strategies that account for specific heart-lung interactions in 

different patient populations. Artificial intelligence and 

machine learning may play a role in optimizing ventilation 

settings based on real-time physiological data. 

 

Non-Invasive Monitoring Technologies: the development of 

non-invasive hemodynamic monitoring tools could 

revolutionize patient management, allowing for continuous 

assessment of heart-lung interactions without the need for 

invasive procedures. Techniques such as bioimpedance 

cardiography, optical monitoring of microcirculation, and 

real-time ultrasound-based assessments could enhance 

decision-making in mechanically ventilated patients. 

 

Impact of spontaneous efforts in assisted ventilation  

 

Recent studies have highlighted the potential dangers of 

excessive spontaneous breathing efforts in ARDS, leading to 

patient self-inflicted lung injury (P-SILI). Further research is 

needed to define the optimal balance between controlled and 

assisted ventilation, ensuring that spontaneous breathing does 

not contribute to lung or cardiac dysfunction. 

 

Hemodynamic Effects of New Ventilation Modes 

 

The introduction of novel ventilation modes, such as neurally 

adjusted ventilatory assist (NAVA) and proportional assist 

ventilation (PAV), offers new ways to synchronize breathing 

efforts with mechanical support. However, their impact on 

hemodynamics, particularly in conditions such as heart failure 

and pulmonary hypertension, requires further investigation. 

 

Long-term outcomes of mechanical ventilation  

 

While much of the research on heart-lung interactions focuses 

on acute critical illness, the long-term cardiovascular effects 

of mechanical ventilation remain poorly understood. Studies 

exploring the impact of prolonged mechanical ventilation on 

cardiac function, vascular remodeling, and pulmonary 

hemodynamics could provide valuable insights into 

optimizing post-ICU care. 

 

Conclusion 

 

Understanding heart-lung interactions is fundamental to 

optimizing mechanical ventilation in critically ill patients. By 

integrating advanced hemodynamic monitoring, personalized 

ventilation strategies, and ongoing research advancements, 

clinicians can improve outcomes while minimizing 

complications associated with mechanical ventilation. Future 

research should focus on refining individualized approaches, 

developing non-invasive monitoring tools, and investigating 

the long-term implications of ventilatory support. A deeper 

appreciation of heart-lung interactions will ultimately 

enhance decision-making, leading to more effective and safer 

respiratory support for a diverse range of patients. 
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