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Harms and benefits of the diaphragm's eccentric contraction
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Abstract: The diaphragm, the principal muscle of the inspiratory pump, is part of a group of respiratory
muscles responsible for ensuring alveolar ventilation to meet metabolic demands. In patients requiring
mechanical ventilatory assistance, multiple factors contribute to its alteration and condition its performance
during different stages. Some of the situations that determine its alteration are related to excessive unloading
or insufficient assistance, secondary to the programming of ventilatory parameters; in both cases resulting
in harmful changes to its structure and function.
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Introduction

The diaphragm, the principal muscle of the inspiratory pump, is part of a group of respiratory muscles
responsible for ensuring alveolar ventilation to meet metabolic demands. In patients requiring mechanical
ventilatory assistance, multiple factors contribute to its alteration and condition its performance during
different stages. Some of the situations that determine its alteration are related to excessive unloading or
insufficient assistance, secondary to the programming of ventilatory parameters; in both cases resulting in
harmful changes to its structure and function [1].

While mechanical ventilation is used to offload the respiratory muscles, the main mechanisms that induce
myotrauma are directly related to inappropriate mechanical ventilator settings. These include the
application of high positive end-expiratory pressure (PEEP), excessive or insufficient assist pressure, and
the presence of asynchronies that lead to eccentric diaphragmatic contractions. These factors cause muscle
fiber injury, alterations in contractile function, weakness or atrophy, and are associated with longer stays in
the intensive care unit (ICU), higher risk of complications, and increased mortality [2-4]. Clinical studies
show that after 24 hours of mechanical ventilation, 64% of patients exhibit diaphragmatic weakness, and at
the time of weaning, this weakness is observed in up to 80% of patients during their stay in the ICU
[1,2,5,6]. This situation is of significant relevance for achieving successful weaning, as diaphragmatic
dysfunction predisposes patients to sustained respiratory insufficiency, greatly prolonging the time required
to disconnect them from mechanical ventilation [1,7].

These considerations highlight the importance of using ventilatory strategies aimed at protecting not only
the lungs but also the diaphragm. Therefore, it becomes necessary to understand the mechanisms that cause
injury.

Mechanisms of diaphragmatic injury

Myotrauma from over-assistance is caused by the application of excessive levels of ventilatory support,
which reduces the patient's respiratory drive, resulting in a deterioration of muscle contraction. [1,2,8].
Reduced muscle activity leads to the loss of contractile proteins, resulting in disuse muscle atrophy [3,4].
In this situation, the diaphragm would have fewer contractile units to perform the same mechanical task,
which predisposes to lower performance and the early onset of ventilatory failure.

On the other hand, insufficient ventilatory assistance could trigger an extremely high respiratory drive and
excessive activity of the respiratory muscles, causing sarcolemma rupture and diaphragmatic dysfunction
[2,3]. Additionally, in the presence of lung injury, the negative pleural pressure generated by diaphragmatic
contraction is not transmitted uniformly, potentially concentrating in dependent lung regions and generating
a pendelluft effect. This causes changes in the distribution of regional ventilation without changes in total
ventilatory volume. Therefore, the presence of an intense inspiratory effort can lead to overdistension of
dependent lung regions, which is detrimental to the lungs. [4,9,10]



Positive end-expiratory pressure (PEEP) is routinely applied in mechanically ventilated patients to improve
gas exchange and respiratory mechanics by increasing end-expiratory lung volume (EELV). However,
myotrauma from excessive PEEP occurs when the increase in EELV displaces the diaphragm caudally,
causing flattening of the diaphragmatic dome. This shortens the zone of apposition and places the
diaphragm in a mechanically disadvantageous position for generating force [2,6,11]. If this condition
persists over time, it may promote longitudinal atrophy with the loss of sarcomeres in series, leading to
changes in the diaphragm's length-tension relationship and impairing its contractile function and
neuromechanical efficiency [11]. The acute withdrawal of PEEP (e.g., during the weaning from mechanical
ventilation) substantially decreases EELV, which can cause the diaphragm fibers to overstretch in an
attempt to adapt. This overstretching can have a detrimental effect on diaphragmatic strength, placing it at
a mechanical disadvantage. [1,2,4,9,11].

Another injury mechanism is eccentric contractions, which can occur when the ventilator cycles to initiate
the expiratory phase (opening the expiratory valve) before the neural inspiratory phase is complete. This
post-inspiratory load happens during various types of patient-ventilator asynchronies and under conditions
of expiratory braking [12]. This expiratory braking effect, caused by the eccentric contraction of the
diaphragm, occurs when muscle contraction continues after the cessation of mechanical inspiratory flow.
In other words, there is active relaxation of the diaphragm during the expiratory phase. These prolonged
contractions maintain EELV, prevent alveolar collapse, and reduce the formation of possible atelectasis.
However, eccentric contraction may be influenced by PEEP levels: the higher the PEEP level, the lower
the expiratory activity of the diaphragm, suppressing its braking effect. [3,4,12,13].

Patient-ventilator asynchronies, resulting from a mismatch between the patient's respiratory drive and
mechanical assistance, can also trigger vigorous diaphragmatic contractions during the expiratory phase
[4], leading to lung injury [14,15]. Among the potential asynchronies that can generate harmful
diaphragmatic contractions are reverse triggering, ineffective effort, and premature cycling. In the presence
of reverse triggering, for instance, muscle contraction is triggered in response to passive mechanical
insufflation, typically in sedated patients or those with high ventilatory support [15]. This means that muscle
contraction occurs after a mandatory ventilator cycle, creating conditions of eccentric loading [6]. These
phenomena are common in mechanical ventilation and have been associated with higher mortality rates.
[2,12].

This type of asynchrony, however, could generate opposite effects on the diaphragm, either preventing or
inducing myotrauma depending on the level of respiratory effort of the patient. Reverse triggering with low
respiratory effort could have positive effects on diaphragm strength by preventing disuse and atrophy of its
fibers. Conversely, when occurring in the context of high respiratory effort, it induces harmful eccentric
contractions that could affect its function and lead to lung injury [4,16-18]. In an experimental study
conducted in an animal model with acute respiratory distress syndrome, it was observed that the presence
of reverse triggering affects diaphragm function differently depending on the level of respiratory effort: the
combination of reverse triggering and high inspiratory effort was associated with a deterioration of
diaphragm function and structure after 3 hours, thus leading to increased muscle injury. [18].

Controversies

There is controversy regarding the potential beneficial or harmful effects that eccentric contractions may
generate. When respiratory effort is high, it can induce eccentric myotrauma, muscle fiber injury, and
functional impairment. This situation is mediated by the presence of elevated respiratory drive, which can
be detrimental to both the lung and the diaphragm [4,6].
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On the other hand, low respiratory effort in the presence of eccentric contractions can preserve diaphragm
function [1,6,16,18]. Even with low respiratory effort, a certain level of reverse triggering may be allowed,
thus promoting an increase in muscle strength. It has been demonstrated that repetitive eccentric
contractions in limb muscles have beneficial effects, but further research is needed to understand how this
approach would affect the diaphragm [17]. At the same time, in patients in the early phase of severe ARDS,
there is a discrepancy between lung-protective and diaphragmatic ventilation [2]. In this regard, it has been
reported that neuromuscular blockade in the first 48 hours can improve outcomes, as diaphragm inactivity
could prevent ventilator-induced injury [3].

Therefore, it is important to maintain an optimal level of inspiratory effort in patients under mechanical
ventilation, as diaphragmatic dysfunction has been associated with difficulty in weaning, prolonged
mechanical ventilation, and increased mortality [3,4,15]. To achieve this goal, a reliable estimation of
respiratory effort should be sought, and appropriate adjustments should be made in ventilator settings
[15,19]. Tools such as esophageal pressure monitoring, diaphragmatic electrical activity measurement,
ultrasound, and assessment of respiratory drive through P0.1 have shown to be useful in this regard [2-4].

Finally, a new approach based on phrenic nerve stimulation has been recently proposed to prevent muscle
dysfunction due to disuse. However, further research on the outcomes of this training is still needed, but it
could be considered for future approaches [20].

Conclusion

The diaphragm, as the main respiratory muscle, can go through different clinical stages that may lead to
alterations in its function and, consequently, have deleterious effects on outcomes. However, there are also
situations that promote its activation and subsequent performance with a direct impact on weaning times
and ventilator-free days. Utilizing monitoring tools and making changes in ventilator programming are vital
steps to reduce harmful structural changes and optimize outcomes.
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