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with acute respiratory failure (ARF) undergoing invasive mechanical ventilation (IMV).
In this context, excessive spontaneous respiratory effort may generate or worsen pre-
existing lunginjury through mechanisms that operate even when programmed ventilatory
parameters remain within an apparently protective range.

Throughout the literature, multiple variables have been proposed for monitoring respira-
tory effort and pulmonary mechanics. Direct methods, such as esophageal pressure and
diaphragmatic electrical activity, allow more accurate quantification of patient effort,
whereas indirect methods, such as PO.1 or diaphragmatic ultrasound, estimate its mag-
nitude through surrogate variables. Although there is no consensus regarding the best
monitoring strategy, understanding the importance of its assessment is crucial to avoid
errors in the individualization of ventilatory support.

This narrative review develops the concept of P-SILI by addressing its historical evolution,
its pathophysiological basis, and the impact of different ventilatory modes on its preven-
tion or exacerbation. In addition, it examines the association between respiratory effort
variables and relevant clinical outcomes—mortality, length of stay in the intensive care
unit (ICU), and duration of mechanical ventilation (MV)—in patients with acute respiratory
failure undergoing IMV. Finally, it provides an integrative synthesis aimed at supporting a
practical approach to individualized monitoring and ventilatory adjustment.
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RESUMEN

La lesion pulmonar inducida por el paciente es un fendmeno particularmente relevante en
pacientes con falla respiratoria aguda bajo ventilacion mecanica invasiva. En este contexto,
el esfuerzo respiratorio espontaneo excesivo puede generar o agravar el dano pulmonar
preexistente mediante mecanismos que operan incluso cuando los pardmetros ventilatorios
programados se encuentrandentro de unrango aparentemente protectores. Alolargodela
bibliografia, se han propuesto multiples variables parael monitoreo del esfuerzorespiratorioy
lamecanicapulmonar. Los métodos directos, como la presion esofdgicay laactividad eléctrica
del diafragma, permiten cuantificar con mayor precision el esfuerzo del paciente, mientras
que los métodos indirectos como PO.1 o la ecografia diafragmatica aproximan su magnitud
a partir de variables subrogadas. Si bien no existe un consenso sobre cual es la mejor estra-
tegia de monitorizacién, comprender la importancia de su valoracién es crucial para evitar
errores en la individualizacion del soporte ventilatorio. Esta revisién narrativa desarrolla
el concepto de lesion pulmonar inducida por el paciente abordando su evolucién historica,
sus bases fisiopatoldgicas, el impacto de los distintos modos ventilatorios en su prevencion
o exacerbacion. Ademas, examina la asociacion entre las variables de esfuerzo respiratorio
y los diferentes desenlaces clinicos relevantes —mortalidad, dias de estancia en unidad de
cuidados intensivos, dias de ventilacién mecanica — en pacientes con falla respiratoria aguda
bajo ventilacién mecanicainvasiva. También aporta unasintesisintegradora paraun enfoque

practico de monitorizaciény ajuste ventilatorio individualizado.

Palabras clave:(ventilacién mecénica) QESién pulmonar inducida por ventilacion meca’nic@

(trabajo respiratorio) (monitoreo ﬁsiolégico) (sindrome de dificultad respiratoria)

IINTRODUCTION

Prevention of ventilator-induced lung injury
(VILI) has been one of the cornerstones of me-
chanical ventilation for more than 8 decades.! This
challenge becomes particularly relevant during
partial ventilatory support, when the patient’s
respiratory effort substantially determines the
resulting pressures and volumes.>3

The distinction between controlled MV and
spontaneous breathing (SB) should not be reduced
to a simple opposition between “artificial” and
“physiological” breathing. Although SB provides
important physiological benefits, it may aggra-
vate a pre-existing lung injury when respiratory
drive (RD) and the resulting effort are unevenly
distributed. The lung parenchyma does not distin-
guish between the sources of applied mechanical
energy; rather, the risk of injury is determined by
the magnitude of the resulting transpulmonary
pressure (AP_L) and its regional distribution.
Thus, vigorous respiratory efforts may generate
mechanical loads comparable to or even greater

than those produced by injurious mechanical ven-
tilation, even when the set ventilator parameters
appear to be safe.*

In this context, the concept of P-SILI was in-
troduced, referring to lung injury resulting from
injurious spontaneous breathing patterns in pa-
tients with ARF, even in the presence of apparently
protective ventilator settings.?

Key mechanisms include regional increases
in AP_L, the pendelluft phenomenon (PP), and
heterogeneous redistribution of ventilation.>¢ The
concept of P-SILI, in itself, does not determine
the optimal timing of intubation or the use of
partial ventilatory support; rather, it represents
one physiological consideration within a com-
prehensive clinical assessment.”° This dilemma
has highlighted the need for a personalized
physiological approach within the framework of
precision medicine.

This narrative review describes the histori-
cal evolution of P-SILI, its pathophysiological
mechanisms, and the impact of ventilatory modes
on its prevention or exacerbation. As a secondary
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objective, we examine the association between
respiratory effort variables and clinical outcomes
—including mortality, duration of MV, and ICU
length of stay— in patients with ARF.

2. HISTORICAL EVOLUTION

The concept of P-SILI was articulated in 2017
by Brochard et al, although its foundations date
back several decades.?2 In 1988, Mascheroni et al
demonstrated in a sheep model that sustained
spontaneous hyperventilation could cause pulmo-
nary edema and severe histologic lung injury in
the absence of MV, providing some of the earliest
evidence that SB itself could contribute to lung in-
jury.11 By the early 2000s, concerns had emerged
that ventilator-derived variables might not fully
reflect the actual mechanical load (ML) imposed
on the alveoli in the presence of spontaneous
inspiratory effort.!?

A major turning point occurred in the early
2010s, when Yoshida et al demonstrated that vig-
orous inspiratory effort could markedly increase
AP_L and worsen lung injury despite the use of
protective tidal volumes (< 6—8 mL/kg predicted
body weight [PBW]) and a plateau pressure < 30
cmH,0.5 They also characterized the pendelluft
phenomenon, whereby diaphragmatic contrac-
tion causes an early regional redistribution of gas
toward dependent regions, resulting in localized
overdistension without an increase in global tidal
volume.6 However, Antonelli et al emphasized
that the effects of SB depend on the severity of
the underlying lung injury: in milder forms,
spontaneous breathing may promote alveolar
recruitment and preserve diaphragmatic function,
whereas in moderate-to-severe acute respiratory
distress syndrome (ARDS), the potential for me-
chanical stress may predominate.'

In 2017, Brochard et al integrated these findings
under the term P-SILI, describing a lung injury
that is generated or aggravated by excessive respi-
ratory effort through increases in lung stress (pres-
sure applied to the pulmonary parenchyma) and
strain, particularly in previously injured lungs.?

The COVID-19 pandemic represented a second
major turning point. The high respiratory drive
observed in patients with SARS-CoV-2-associ-
ated ARDS, including those receiving noninva-
sive respiratory support, renewed interest in
the potential contribution of P-SILI and in the

optimal timing of intubation. This period further
emphasized the possibility that patient-generated
inspiratory forces may contribute substantially to
lung stress beyond that attributable to the invasive
ventilatory support.*

For the purposes of this review, P-SILI is de-
fined as exposure of a patient with acute lung
injury to sustained or excessive respiratory effort
that increases global and regional lung stress and
strain, potentially aggravating the lung injury even
in the presence of apparently protective ventilator
settings. (Figure 1)

3. PHYSIOLOGICAL BASIS AND MECHANISMS
OF PATIENT SELF-INFLICTED LUNG INJURY

The pathophysiological mechanisms underly-
ing P-SILI can be grouped into three main, closely
interrelated pathways:

3.1 Increased Lung Stress and Strain: Global and
Regional Overdistension

Tidal volume can be generated by positive pres-
sure applied at the airway or by negative pressure
generated by the inspiratory muscles. In both
cases, parenchymal deformation depends on the
AP_L (AP_L = Paw — Ppl). In lungs with high elas-
tance and a reduced aerated lung volume (“baby
lung”), vigorous inspiratory efforts (APes < =10 cm
H,O) can activate inflammatory pathways, even
with moderate tidal volumes.? Mechanical injury
should not be viewed as the consequence of an
isolated effort, but rather as the result of repetitive
ML of avulnerable lung, in which the same energy
is concentrated over a smaller volume of aerated
tissue, thereby promoting tissue stress and strain.*

During SB, reductions in pleural pressure
increase AP_L and tidal volume, promoting
both global and regional overdistension.” Lung
heterogeneity plays a central role in this process:
the coexistence of aerated regions with collapsed
or fluid-filled areas results in an uneven regional
distribution of AP_L, such that some regions are
exposed to mechanical loads greater than those
predicted from global measurements.'6

3.2 Regional Heterogeneity of Lung Stress: The
Pendelluft Phenomenon

In 2013, Yoshida et al demonstrated through
electrical impedance tomography (EIT) that the
negative pleural pressure generated by diaphrag-
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Figure 1. Historical evolution of the P-SILI concept.
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matic contraction is not uniformly distributed
throughout injured lungs. These changes are
more pronounced in dependent regions and in-
duce intrapulmonary gas movement towards non-
dependent regions before the ventilator delivers
inspiratory flow —the pendelluft phenomenon-
resulting in occult regional overdistension that
is not reflected in global tidal volume or airway
pressures.

Subsequent studies in patients with difficult
weaning correlated the presence of pendelluft
(>20-25% of tidal volume) with longer duration
of mechanical ventilation and 28-day mortal-
ity.5” The magnitude and frequency of pendelluft
have also been associated with increased levels of
inflammatory biomarkers related to lung injury,
supporting its potential biological relevance as
a mechanism of injury. Its absent correlation
with global variables such as APes, AP_L and tidal
volume further underscores its predominantly
regional nature.!®

3.3 Progression of Pulmonary Edema Due To
Increased Vascular Transmural Pressure

When the effort is intense and mechanical
support is low, alveolar pressure may fall below
the set level of positive end-expiratory pressure
(PEEP). Brochard et al proposed that, in a lung
with increased alveolar-capillary permeability,
this reduction increases vascular transmural pres-

sure and promotes fluid extravasation into the
interstitium and alveolus.? Repessé et al further
described how large negative pleural pressure
swings increase left ventricular afterload and
venous return, thereby promoting pulmonary
edema.!” This may establish a self-reinforcing
cycle: increased respiratory drive — increased
respiratory effort - more edema — impaired oxy-
genation — further increase in respiratory drive.

Patient—ventilator asynchronies may further
contribute to this process. Double triggering (DT)
was the asynchrony associated with the greatest in-
creases in tidal volume, dynamic transpulmonary
driving pressure (AP_L,dyn), and transpulmonary
mechanical energy, representing a potential
mechanism through which P-SILI may be pro-
moted by repeated increases in lung stress and
strain in a vulnerable lung.?° Experimental studies
have shown that the consequences of DT may dif-
fer according to the ventilation mode, with greater
risk of overdistension during volume-controlled
ventilation and greater potential for atelectrauma
during pressure-controlled ventilation.? Thus,
patient—ventilator asynchronies provide a link
between the pathophysiology of P-SILI and the
ventilatory mode, as their occurrence and conse-
quences depend both on patient effort and on how
each mode delivers inspiratory flow, terminates
inspiration, and modulates patient—ventilator
interaction. (Figure 2)
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Figure 2. Pathophysiological mechanisms involved in patient self-inflicted lung injury. References: P-SILI: patient self-inflicted lunginjury.
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4. Impact of Ventilatory Modes on Patient Self-
Inflicted Lung Injury

Ventilatory modes differentially modulate the
interaction between patient respiratory effort
and the ML delivered to the lung. An increase in
respiratory muscle effort (Pmus) tends to increase
tidal volume and AP_L in an approximately linear
fashion; however, this relationship is not uniform
and can be substantially modified by the ventila-
tory mode and the mechanical properties of the
respiratory system.??

4.1 Controlled Modes: VC-CMV and PC-CMV

In controlled ventilatory modes, the ventila-
tor provides the full work of breathing when the
patient is deeply sedated or pharmacologically
paralyzed. In the absence of spontaneous effort,
the risk of P-SILI is minimal, as the lung receives
only programmed mechanical energy.! This
scenario changes substantially when the patient
regains spontaneous respiratory activity.

In volume-controlled continuous mandatory
ventilation (VC-CMYV), tidal volume is set inde-
pendently of the patient’s effort. When a vigorous
effort occurs during the inspiratory phase, nega-
tive pleural pressure is superimposed on positive
airway pressure, increasing AP_L beyond the

expected value.® Paradoxically, the tidal volume
remains constant —a defining characteristic of the
mode— which can mask a dangerously elevated
transpulmonary load.

In pressure-controlled continuous manda-
tory ventilation (PC-CMYV), the pressure is set,
whereas the resulting tidal volume depends on
respiratory system impedance and spontaneous
effort. Vigorous effort can generate a larger than
expected tidal volume, increasing the AP_L and
the risk of overdistension.? An apparently protec-
tive inspiratory pressure may prove insufficient if
the tidal volume and the resulting total pressures
are not monitored.

In both modes, the critical variable is not the
mode itself, but the control of the RD through
adjustment of analgesia and sedation, ensuring
that the tidal volume does not exceed 6-8 mL/
kg of PBW.2* The most dangerous asynchrony is
DT: avery high RD with neurological inspiratory
times exceeding those that were programmed
can trigger a second breath during the expiratory
phase, doubling the effective tidal volume and the
transpulmonary mechanical energy.?*

Variables to monitor: Resulting tidal volume
(< 6-8 mL/kg PBW), P0.1 or APocc (pressure de-
flection during an expiratory occlusion) as a proxy
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Figure 3. Algorithm for the management of patients at potential risk of P-SILI.
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for drive, DT frequency on flow curves, AP_L,dyn
and APes.

4.2 Spontaneous Modes with Fixed Support: PC-
Ccsv

Pressure support ventilation (PSV) delivers
a preset pressure level with each patient effort,
maintaining it until inspiratory flow falls below a
cycling threshold.

The ventilator setting that most significantly
impacts the risk of P-SILI is the level of pressure
support. Insufficient pressure support leads to
excessive respiratory muscle effort with a dispro-
portionate drop in pleural pressure, increasing
AP_L and promoting pendelluft and pulmonary
edema secondary to increased vascular transmural
pressure.?® Conversely, excessive pressure support
can cause overdistension, elevated tidal volumes,
and overassist-induced diaphragmatic atrophy.?

Inspiratory cycling represents another vari-
able with direct clinical implications. A very low
threshold prolongs inspiratory time beyond
neural effort, generating overassist and increasing
tidal volume. A very high threshold terminates
inspiration prematurely, promoting DT and post-
cycling effort.? Trigger sensitivity also plays a role:
an insensitive trigger imposes a high threshold to
initiate the breath, increasing pre-assist inspira-
tory work.?

Finally, PEEP modulates risk in PC-CSV through
its effects on elastic loading and diaphragmatic
geometry. In patients with auto-PEEP, an ap-
propriate extrinsic PEEP reduces the effective
triggering threshold and triggering effort, whereas
an inadequate level can increase total effort and,
in lungs with low compliance (static or dynamic),
amplify regional AP_L.%#

Parameters to adjust in PC-CSV: pressure sup-
port level (targets: PO.1 < 3,5 cmH,O, APocc < 15
cmH,O, TFdi 15-30%, APes -5 a =10 cmH,0),
cycling threshold (to avoid DT and overassist),
trigger sensitivity (most sensitive setting without
inducing auto-triggering), and individualized
PEEP basing on respiratory mechanics and pa-
tient effort.

4.3 Proportional Modes: PAV+ and NAVA
Proportional modes represent a qualitatively
different approach: assistance is scaled in propor-
tion to patient effort on a breath-by-breath basis.
In PAV+, pressure is proportional to volume and

flow generated by muscular effort, compensat-
ing for the elastic and resistive properties of the
respiratory system.? In NAVA, assistance is scaled
directly to the electrical activity of the diaphragm
(EAdi), captured via a nasogastric catheter with
integrated electrodes.?°

The primary ventilator setting in PAV+ is the
proportional gain, expressed as percentage sup-
port (% assist). Higher percentage support results
in greater amplification of patient muscular ef-
fort. This is precisely the critical point: if the gain
is set too high in a patient with elevated RD, the
mode amplifies this excessive effort, increasing
tidal volume and AP_L beyond safe limits.?%3!
The mode faithfully “accompanies” the patient,
which is beneficial when drive is appropriate, but
potentially injurious when pathologically elevated.

In NAVA, the equivalent setting is the NAVA
level (cmH.O/pV). Titrating this setting requires
an understanding of the patient’s baseline EAdi
level: high gain settings in the presence of elevated
EAdi can translate into disproportionate pressures
and volumes. The main advantage of NAVA is its
ability to respect neural cycling —the ventilator
cycles off when EAdi ceases rather than by flow
criteria— virtually eliminating overassist and
underassist secondary to cycling desynchrony.3?

In both proportional modes, the set PEEP level
remains relevant as a modulator of elastic load,
recruitment, and triggering effort. The key differ-
ence with regard to PC-CSV is that in PAV+ and
NAVA, the interaction between PEEP and patient
effort is more evident in real time because assis-
tance scales dynamically on a breath-by-breath
basis.?33

Critical condition in proportional modes: in
the presence of excessively high respiratory drive
(PO.1> 3.5 - cmH,0, APocc > 15 cmH,O), propor-
tional gain does not protect the lung. In such cases,
reducing the gain or transitioning to a controlled
mode is preferable to maintaining proportional
support.

4.4 PEEP Titration

PEEP represents a cross-cutting variable across
all ventilatory modes, with effects that vary de-
pending on the patient and their underlying
pathology. In patients with ARDS and high recruit-
ment potential, PEEP application can mitigate
the risk of P-SILI by reducing AP_L, decreasing
alveolar collapse, and homogenizing ventilation
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distribution—resulting in reduced regional over-
distension and pendelluft.?+* Additionally, PEEP
can improve lung compliance (static or dynamic,
depending on the monitoring method) and opti-
mize diaphragmatic geometry, enabling ventila-
tory effort to generate more effective ventilation
with lower muscle work.?¢3” The benefits of PEEP
depend not on its absolute level, but on its impact
on lung mechanics: when its optimization is as-
sociated with a reduction in respiratory effort and
AP_L, the probability of achieving lung-protective
ventilation targets increases.?%4°

However, elevated PEEP levels can cause over-
distension, making monitoring crucial. Indi-
vidualized titration strategies using EIT and AP_L
attenuate dynamic lung stress and the work of
breathing, improving mechanics without increas-
ing the risk of overdistension.?* Together, these
mechanisms contribute to mitigating the patho-
physiological drivers of P-SILI.

In different clinical contexts —such as low re-
cruitment potential, preserved mechanics, or a
non-homogeneous pathology— the response to
PEEP can be heterogeneous, limiting the extrapo-
lation of its benefits and emphasizing the need
for an individualized approach with physiological
interpretation of its impact on lung mechanics and
respiratory effort.

5. MONITORING RESPIRATORY EFFORT: A
STEPWISE, PRACTICAL APPROACH

Once the ventilatory strategy has been selected,
structured monitoring of respiratory effort and
ML is essential for early detection of P-SILI risk
and individualized treatment management. A
stepwise approach based on available ICU re-
sources is proposed:

5.1 Level 1: Parameters Available in Any ICU

Airway occlusion pressure at 100 ms (P0.1)
represents the most robust ventilator-derived
parameter for noninvasive estimation of RD. It is
measured during the initial 100 ms of an inspira-
tory effort against an occluded airway.?3*! Its pri-
mary limitation is that it may underestimate true
respiratory drive in the presence of an elevated
respiratory system impedance.

Expiratory occlusion pressure (Pocc), obtained
via a manual, random occlusion at end-expiration,
serves as a complementary tool to estimate Pmus

and AP_L,dyn using validated correction fac-
tors. 4243

5.2 Level 2: Bedside Available Tools

Ultrasound enables advanced, noninvasive
functional assessment. Diaphragmatic thickening
fraction (TFdi) is the ultrasound parameter with
the most robust evidence base. Values above 307%
to 40% during assisted ventilation suggest exces-
sive muscular effort, whereas values below 15% to
20% indicate over-assistance or risk of disuse atro-
phy.?>¥ Umbrello et al demonstrated that during
assisted ventilation, TFdi correlates significantly
with inspiratory effort indices —specifically the
esophageal and diaphragmatic pressure—time
products (PTPes and PTPdi, respectively)— where-
as diaphragmatic excursion demonstrated no
correlation with any of these metrics.*

5.3 Level 3: Advanced Monitoring

Esophageal pressure swing (APes), measured us-
ing an esophageal balloon positioned in the lower
third of the esophagus, represents the reference
standard for accurate quantification of respiratory
effort. An inspiratory deflection >10 cmH,O indi-
cates elevated effort, whereas values > 15 cmH.O
are associated with a significant risk of P-SILI1.45 It
also enables estimation of transpulmonary pres-
sure, for which the threshold for overdistension
lung injury ranges between 20 and 25 cmH?O. Its
primary limitation is the need for specific training
to ensure correct placement and interpretation.*

The EAdi, available on ventilators equipped
with the NAVA module, provides continuous
monitoring of central respiratory drive and fine
detection of asynchronies not evident on conven-
tional waveforms.

Finally, the EIT offers real-time, noninvasive
monitoring of regional ventilation distribution,
with particular utility for detecting the pendelluft
phenomenon. A high frequency of pendelluft has
been associated with elevated inflammatory bio-
markers, prolonged duration of IMV, and worse
outcomes.5!® Because its expression depends on
patient effort, pulmonary heterogeneity, and
ventilator settings, no single cutoff point applies
across all clinical scenarios.

Combining appropriate ventilatory mode selec-
tion with stepwise, contextualized monitoring of
respiratory effort is the most effective strategy to
minimize the risk of P-SILI. The following section
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analyzes the clinical implications of these find-
ings and proposes practical recommendations for
bedside implementation.

6. IDENTIFICATION OF PATIENTS AT RISK
FOR P-SILI

Identifying patients at risk for P-SILI is as
fundamental as the monitoring variables previ-
ously described. Their identification rests on two
primary pillars: parameters linked to respiratory
mechanics —specifically elastance (Ers) or static
compliance (Crs)— and oxygenation indices.

Regarding respiratory mechanics, patients with
worse mechanics have been shown to be at higher
risk for elevated AP during spontaneous breathing,
as well as poorer clinical outcomes when exposed
to high respiratory effort.'>*® Lower Crs levels
result in greater effort required to generate tidal
volume gains.* The literature is variable regarding
the cutoff points for these measurements, which
may be expressed as absolute values or values
indexed to predicted body weight (Crs/PBW or
Ers/PBW).5°

Oxygenation levels represent another key com-
ponent; patients with moderate-to-severe ARDS
and PaO,/FiO, levels below 150 demonstrate
worse outcomes than those with higher oxygen-
ation levels.”!

For practical purposes in this review, candidate
cutoff points are provided to guide decision-mak-
ing and stratify the risk of lung injury. Suggested
values include: 40 mL/CmH20 of Crs and 25
CmH,O/L of Ers and a Crs/PBW of 0.5 mL/cmH,
O/kg or 2.5 cmH,0/ml/kg for Ers/PBW. Regard-
ing oxygenation indices, a value of PaO./FiO. of
<150 is adopted as the cutoff point to define higher
severity and, consequently, greater lung vulner-
ability to the mechanical burden generated by
patient effort.10.22.50.52

7. DOES MAINTAINING RESPIRATORY
EFFORT AND LUNG MECHANICAL LOAD
VARIABLES WITHIN OPTIMAL RANGES
REDUCE MORTALITY, SHORTEN THE
DURATION OF MECHANICAL VENTILATION,
AND DECREASE ICU LENGTH OF STAY?

Available evidence demonstrates a consistent
association between elevated respiratory effort
and worse clinical outcomes. Both excessively
low and high levels of respiratory drive and ef-

fort are linked to adverse outcomes; however, this
relationship is non-linear and appears particularly
dependent on the severity of hypoxemia and the
duration of exposure to high stress levels (Table 2).

In summary, maintaining P-SILI-related moni-
toring variables within optimal ranges is associated
with reduced mortality, a higher number of ventila-
tor-free days, and shorter ICU length of stay. Total
ML delivered to the lung (AP_L,dyn and Apstat)
appears to be a more robust predictor than tidal
volume or respiratory effort alone. These findings
underscore the need for individualized monitoring
and ventilator strategies aimed at maintaining ef-
fort and ML within a “safe zone” to improve clinical
outcomes in patients with ARF.54-5

8. CLINICAL INTEGRATION: A
PHYSIOLOGICAL ALGORITHM FOR P-SILI
RISK IDENTIFICATION AND MANAGEMENT

The inherent complexity of evaluating respi-
ratory effort in critically ill patients demands a
structured operational framework that integrates
physiology with real-time clinical decision-mak-
ing. The proposed algorithm organizes clinical
interventions around two sequential questions: Is
respiratory drive elevated? and, if so, is the lung
vulnerable to the mechanical load generated by
this effort?

Assessment of respiratory drive serves as the
mandatory first step. The presence of one or more
criteria —PO.1 > 8.5-4 cmH,O, TFdi > 30-40% or
APocc >15 cmH,O- points toward excessive respi-
ratory effort. Although high drive alone does not
define final risk, it dictates subsequent evaluation.
When respiratory drive is low or moderate and
respiratory mechanics is preserved, the patient
falls into a low-risk category where proportional
modes are appropriate, prioritizing the preser-
vation of diaphragmatic function and avoiding
over-assistance.

Upon confirmation of elevated respiratory
drive, lung vulnerability—defined by PaO,/FiO, <
150, Crs < 40 mL/cmH,O or regional heterogene-
ity evidenced by EIT- determines stratification
into four phenotypes with distinct therapeutic
implications. Phenotype 1, with high respiratory
drive and poor mechanics, represents the highest-
risk scenario requiring immediate intervention:
reduction of respiratory drive through analgesia
and sedation with or without neuromuscular
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Table 1. Ventilatory modes and their relationship to P-SILI

Ventilator

Set variables
mode

Mode type

Risk mechanism

Condition of highest risk P-SILI Risk

PS level, cycling Insufficient PS - excessive APes. High drive with inadequate Moderate
Spontaneous| PC-CSV threshold, PEEP, High PS = high Vt, overdistension. PS (low or high levels) (Dependent on
trigger Early cycling = Double triggering e settings and effort)
: . 5 : : . Moderate
PAV+ P(I;zzt;;tig;a;gg;n High g_:'::gsltlgeli 3‘:’;‘?%? 720 High drive with high gain (dngndent on.high
rive and gain)
Proportional
Low - moderate
NAVA NAVA gain High gain in context of high EAdi High EAdi with (better neural
(cmH20/mV), PEEP amplifies injurious effort disproportionate NAVA gain coupling; persistent
risk with high drive)

Table 2. Association between respiratory effort, mechanical load, and clinical outcomes

reason

Clinical study Primary variable Populati Main finding Clinical implication
Ter Haar et al. P01 COVID-ARDS in P0.1> 3,5 cmH,0 > * UCI mortality, Early srosmostic marker
2025 ) transition to PSV ¥ Ventilator-free days y * ICU length of stay YRIRRD
Patients on
. g 53 .
Le Marec etal. P01 mechanical P0.1>3,5cmH,0 survivance at day 90 Independent risk factor for mortality
2024 ventilation for any y ¥ weaning probabily

Parrilla-Gémez Time spentin high Moderate-to-severe

Non-survivors spend more time in the high range

The duration of effort matters more

etal. 2025 effort ARDS (12% vs 3%) and have greater exposure to AP_L,dyn than the point value
Grassietal. AP Ldii s APStat Hypoxemic Higher mechanical load @ * UCI mortality Total load is more predictive
(ICEBERG) 2025 sl respiratory failure (AP_L,dyn 19 vs 16 cmH,0) than VT or isolated effort alone
Patlents-on U-shaped relationship: intermediate values

L P0.1, Poccy mechanical .

Dianti et al. 2025 = (P0.1 2-5 cmH,0; Pocc -10 to -20 cmH,0) are the There is a 'safe zone' of effort
AP_L,dyn ventilation for any
most favorable
reason

Chietal. 2022/ Pendelluft HRF y difficult Presence of pendelluft > * UCI length of stay, Resicai — B

Liu et al. 2024 (EIT) weaning ¥ Ventilator-free days y ™ mortality eglona.marker o} Peor Prognos's

blockade, transition to controlled ventilation, and
strict limitation of tidal volume and driving pres-
sure. Phenotype 2, with high respiratory drive and
preserved mechanics, allows a more cautious strat-
egy centered on PEEP optimization, correction of
triggers amplifying respiratory drive (hypoxemia,
acidosis, pain, anxiety), and use of pressure sup-

port ventilation (PSV) under strict surveillance for
asynchronies and occult tidal volume. Phenotype
3, with low respiratory drive and impaired me-
chanics, requires close monitoring to prevent the
development of excessive effort while maintaining
safe ventilatory parameters. Phenotype 4, with
low respiratory drive and preserved mechanics,
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presents lower risk and a higher likelihood of a
safe transition to spontaneous breathing.

Regardless of the phenotype, continuous assess-
ment of ML (AP_L, driving pressure, pendelluft,
and asynchronies) must be conducted during any
clinical status change. When respiratory effort
cannot be controlled with initial interventions,
therapeutic escalation is mandatory: deepening
analgesia and sedation and considering neuro-
muscular blockade, particularly in the presence
of severe asynchronies or persistent high effort
with documented risk of P-SILI.

The central message of the algorithm is to
maintain the patient within a physiologically safe
zone —defined by moderate respiratory effort,
controlled mechanical load, and homogeneous
ventilatory distribution— regardless of the selected
ventilatory mode. The integration of physiologi-
cal principles, monitoring, and individualized
management determines effective prevention of
patient-self-inflicted lung injury.
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