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Abstract 

The Italian Society of Anesthesia, Analgesia, Resuscitation, and Intensive Care (SIAARTI) developed a good clinical 
practice document providing consensus-based statements on the monitoring of respiratory variables during weaning 
from invasive mechanical ventilation in adult patients. The aim was to summarize key parameters and available moni-
toring techniques to support healthcare professionals in daily clinical practice. The statements and supporting ration-
ales were drafted by a panel of 10 experts to assist clinicians in selecting appropriate monitoring tools for the various 
respiratory functions involved during assisted ventilation. A total of 13 statements were issued, grouped into 8 items 
(rationale for monitoring, choice of the level of assistance, monitoring of respiratory patterns, respiratory effort, dia-
phragm functionality, respiratory drive, patient-ventilator synchrony, discontinuation of invasive assisted ventilation). 
The panel’s work offers a practical bedside tool designed to optimize monitoring while acknowledging the heteroge-
neity of practices and equipment across Italian intensive care units.
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Introduction
In patients with acute respiratory failure (ARF), the tran-
sition from controlled to assisted modes of mechani-
cal ventilation is associated with potential advantages: 
reduced need for sedation, less hemodynamic impact, 
a more homogeneous ventilation distribution, a better 
ventilation/perfusion matching, and prevention of res-
piratory muscle atrophy [1]. On the other hand, assisted 

ventilation may be associated with the risk of lung damage 
induced by excessive transpulmonary pressure oscillations 
[2, 3], especially in patients with increased respiratory 
drive generating high inspiratory efforts [4, 5].

The Italian Society of Anesthesia, Analgesia, Resusci-
tation, and Intensive Care (SIAARTI) developed a good 
clinical practice document providing consensus-based 
statements on the monitoring of respiratory variables 
during weaning from mechanical ventilation in adult 
patients. The aim was to summarize key parameters and 
available monitoring techniques to support healthcare 
professionals in daily clinical practice.
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The panel evaluated the various technologies available 
in the field, alongside the supporting evidence for their 
application, taking also into account the need for local 
expertise and resources within each intensive care unit. 
Ultimately, the objective was to develop a clinical tool 
intended for use at the bedside to facilitate and improve 
patient monitoring.

Methods
SIAARTI has established rules for good clinical practice 
documents with a consensus process. The methodologi-
cal path was in line with the principles of rapid review of 
the literature and the modified Delphi method. The doc-
ument was issued considering adult critically ill patients 
(i.e., age ≥ 18  years) as target population of interest and 
anesthesiologists and intensivists as target readers and 
users. The study has been performed in accordance with 
the Declaration of Helsinki.

The process can be summarized as follows:

•	 The Executive Board of the Society ranked the topic 
of the present document as of high priority;

•	 An anesthesiologist-intensivist with documented 
expertise in methodology was nominated (A.C.) as the 
project methodologist and coordinated the process;

•	 A panel of 10 experts was nominated along with two 
coordinators (G.G. and D.C.). The experts were iden-
tified based on their clinical and scientific expertise. 
Two anesthesiologists-intensivists with expertise in 
evidence assessment (M.I. and R.S.) joined the panel 
as search specialists, created the search strategy with 
the input of the methodologist, and performed the 
inclusion/exclusion process of relevant scientific 
records;

•	 As first step, a scoping workshop took place as an 
online remote meeting. All the proposals of clinical 
questions (or “items”) that emerged from the discus-
sion were collected and rationalized by the coordina-
tors of the panel. Then, the panelists were asked to 
express their opinions on the appropriateness and 
priority of the proposed clinical questions through 
an online form [6]. Specifically, the assessment was 
classified as follows: 1–3 refusal/disagreement (“Not 
appropriate”); 4–6 “uncertainty”; 7–9 sharing/sup-
port (“appropriateness”). Consensus was considered 
reached when at least 75% of the experts, except the 
methodologist and the literature search specialists, 
assigned a score in the same interquartile range (i.e., 
1–3, 4–6, or 7–9). In case of lack of agreement, a sec-
ond voting round was possible, and afterwards, the 
panel could decide to exclude the questions from fur-
ther voting rounds and from the document.

•	 The items approved by the panel were subsequently 
shared with the two expert search specialists who 
conducted a systematic review of the literature on the 
PubMed database. The review and its reporting were 
conducted according to the principles of the Pre-
ferred Reporting Items for Systematic Reviews and 
Meta-Analysis (PRISMA) [7] and the results were 
made available to the panelists. The search strategy, 
methods, and results of the systematic review are 
presented in Fig. 1.

•	 The panel was grouped into working subgroups. Each 
subgroup had to draft statements and rationales on 
2 clinical questions, based on the available evidence 
[6]. The overall list of statements was then submitted 
to blind voting. The assessment followed the same 
methods adopted for the clinical questions.

•	 Draft of the document and internal revision.
•	 The final version of the Good Clinical Practice docu-

ment, once approved by the panel, has been sent to 
3 external reviewers who independently reviewed the 
clinical and scientific content of the document.

Results
The panel considered a total of 12 clinical questions 
(items). Among these, 8 items reached consensus and 
were further subjected to the process of statement pro-
duction and voting rounds. A total of 13 statements were 
finally issued on 8 items (Table 1).

The detailed results of the original voting rounds in Ital-
ian language are available as Supplementary Material 1.

Rationale for the monitoring of assisted mechanical 
ventilation
Statement 1.1
The objective of assisted ventilation monitoring is to 
ensure protective ventilation of the lung and diaphragm.

Statement 1.2
Monitoring during assisted ventilation should not be lim-
ited to the simple control of the respiratory pattern and 
gas exchange, but it must also include the monitoring of 
respiratory drive and effort, diaphragmatic function, res-
piratory mechanics, and patient-ventilator synchrony.

Rationale
Compared to fully controlled mechanical ventilation, 
assisted modes are associated with potential advantages:

a)	 Improvement of ventilation-perfusion matching
b)	 Less hemodynamic impact
c)	 Greater variability of the respiratory pattern
d)	 Preservation of the activity of the respiratory muscles
e)	 Less need for sedation
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On the other hand, a too-fast transition to assisted ven-
tilation or its improper setting can be associated with the 
following problems:

a)	 Less control of ventilatory pattern and spontaneous 
effort, with risk of ventilation-associated lung injury 
caused by the development of excessive tidal volumes 
and transpulmonary pressure swings (Patient Self-
Inflicted Lung Injury, P-SILI)

b)	 Bad patient-ventilator interaction with risk of asyn-
chronies

c)	 Impairment of diaphragmatic function (myotrauma) 
that can become clinically manifest as muscular 
exhaustion if the respiratory assistance is insufficient 
or as disuse atrophy in case of over-assistance [8].

During assisted ventilation, the patient metabolic 
demands, and consequently oxygen consumption and 
carbon dioxide (CO2) production, are increased, leading 
to an increased respiratory load. While during controlled 
ventilation, permissive hypercapnia and hypoxia can be 

accepted; during assisted ventilation, pH and arterial 
partial pressure of oxygen (PaO2) should be maintained 
closer to physiological values. In the presence of condi-
tions associated with increased respiratory drive (e.g., 
severe hypoxia, acidosis, agitation, fever), patients may 
generate high inspiratory efforts, resulting in excessive 
transpulmonary pressure swings and non-protective tidal 
volumes. In these conditions, alveolar pressure can reach 
markedly negative absolute values that reflect the impor-
tant reduction of inspiratory airway pressure and favor 
the movement of fluids from the interstitial space to the 
alveoli, thus worsening alveolar oedema and triggering a 
vicious circle that causes P-SILI [3, 9].

With regard to the effects of mechanical ventilation 
on diaphragmatic function, even short periods of con-
trolled (passive) ventilation can cause an alteration of 
contractility of the diaphragm and atrophy (i.e., the so-
called ventilator-induced diaphragmatic dysfunction, 
VIDD), which can be prevented by preservation of 
diaphragmatic inspiratory contraction during assisted 
ventilation [10, 11]. However, even during assisted 

Fig. 1  Flow-diagram
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ventilation, diaphragmatic dysfunction may occur, due 
to an improper setting of the level of inspiratory assis-
tance provided by the ventilator. If the inspiratory sup-
port is insufficient, the diaphragm will develop fatigue/
muscular exhaustion, and if it is excessive, muscular 
atrophy can occur due to disuse of the diaphragm.

For all these reasons, it is important to set up careful 
respiratory monitoring, independently from the mode of 
ventilation, especially in patients who require prolonged 
periods of mechanical ventilation. Monitoring should 
not be limited only to gas exchanges and respiratory pat-
tern (tidal volume and respiratory rate), but it should also 
include respiratory drive, inspiratory effort, diaphrag-
matic function, and patient-ventilator synchrony.

Choice of the level of assistance in assisted invasive 
mechanical ventilation modes
Statement 2.1
During assisted invasive mechanical ventilation, the 
inspiratory support should aim to control the inspira-
tory effort, protect the lung and the diaphragm, maintain 
patient-ventilator synchrony, and preserve gas exchange 
and patient’s comfort, limiting the level of dyspnea.

Rationale
Assisted ventilation modes may have a significant impact 
on gas exchange, risk of ventilator-induced lung injury, 
and patient comfort. By definition, assisted ventilation 
modes require a certain degree of interaction between 

Table 1  Items and statements approved by the panel of experts

1. Rationale for the monitoring of assisted mechanical ventilation

The objective of assisted ventilation monitoring is to ensure protective ventilation of the lung and diaphragm
Monitoring during assisted ventilation should not be limited to the simple control of the respiratory pattern and gas exchange, but it should 
also include the monitoring of respiratory drive and effort, diaphragmatic function, respiratory mechanics, and patient-ventilator synchrony

2. Choice of the level of assistance in assisted invasive mechanical ventilation modes

2.1 During assisted invasive mechanical ventilation, the inspiratory support should aim to control the inspiratory effort, protect the lung and the dia-
phragm, maintain patient-ventilator synchrony, and preserve gas exchange and patient’s comfort, limiting the degree of dyspnea

3. Monitoring of respiratory patterns during assisted invasive mechanical ventilation

3.1 Based on the available evidence, the panel suggests performing a careful monitoring of respiratory pattern in all acute respiratory failure (ARF) 
patients switched to an assisted invasive mechanical ventilation mode after a prolonged period of controlled mechanical ventilation, independently 
of the etiology of respiratory failure. Moreover, it is suggested to monitor the respiratory pattern of patients with difficult or prolonged weaning
3.2 The panel of experts suggests that respiratory rate, tidal volume, minute ventilation, and the analysis of both ventilator and patients’ respiratory 
cycles should be monitored during assisted invasive mechanical ventilation

4. Monitoring of respiratory effort during assisted invasive mechanical ventilation

4.1 Monitoring of respiratory effort during partial ventilatory support is of pivotal importance to avoid providing over or under-assistance 
to the patients, causing respectively atrophy or muscular lesions. A high inspiratory effort is the pathophysiological mechanism leading to patient self-
inflicted lung injury (P-SILI). Promptly recognizing an increase of inspiratory effort can allow preventing of a chain of events leading to the P-SILI

5. Monitoring of diaphragm functionality during invasive assisted ventilation

5.1 Based on the available evidence, the panel believes that monitoring of diaphragmatic function should be considered in patients undergoing inva-
sive assisted mechanical ventilation, especially after a prolonged period of controlled mechanical ventilation. The panel considers of pivotal importance 
the monitoring of diaphragmatic function in cases of difficult or prolonged weaning
5.2 Diaphragmatic function can be effectively monitored through invasive and non-invasive techniques. Among the invasive techniques, there are 
the monitoring of esophagal (Pes) and transdiaphragmatic (Pdi) pressure, and the monitoring of electrical activity of the diaphragm (EAdi)

6. Monitoring of respiratory drive during invasive assisted ventilation

6.1 Monitoring of respiratory drive is extremely helpful for the proper setting of the level of ventilator assist during partial ventilatory support, prevent-
ing muscle atrophy or fatigue, and ultimately interrupting the cascade of events leading to patient self-inflicted lung injury (P-SILI)
6.2 Variations in respiratory drive, when appropriate neuro-mechanical coupling is present, result in proportional increases in inspiratory effort. Dysregu-
lation of respiratory drive is a cause of patient self-inflicted lung injury (P-SILI). Prompt recognition of increased respiratory drive allows the identification 
and management of the cascade of events leading to P-SILI

7. Monitoring patient-ventilator synchrony during invasive assisted ventilation

7.1 The panel recommends close monitoring of patient-ventilator synchrony in patients with acute respiratory failure (ARF) undergoing assisted ventila-
tion after a period of controlled mechanical ventilation or in those experiencing difficult and/or prolonged weaning. Additionally, the panel advises 
monitoring of ventilator waveforms (pressure, flow, and volume) when evaluating patient-ventilator synchrony. In cases of challenging evaluation 
and/or assisted ventilator settings difficult to manage, advanced monitoring methods, such as diaphragmatic electrical activity or esophagal pressure 
measurements, should be employed

8. Monitoring for the discontinuation of invasive assisted ventilation

An integrated approach combining monitoring of respiratory parameters, gas exchanges, neuro-ventilatory “drive,” respiratory workload, clinical lung, 
and diaphragmatic ultrasound, can provide pivotal information for the process of weaning from assisted ventilation
The use of assisted ventilation with proportional modes can be useful to lower the risk of respiratory muscle disfunction and to favor the weaning 
from invasive assisted mechanical ventilation
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the patient and the ventilator. Appropriate setting of the 
level of inspiratory support, of the sensitivity of inspira-
tory trigger, of the pressurization ramp and of the cycling 
between the inspiratory phase and expiratory of the 
mechanical breath are paramount importance.

The inspiratory support setting determines the amount 
of pressure added to positive end-expiratory pressure 
(PEEP) during inspiration. It is important to set a level of 
inspiratory pressure that preserves gas exchange within 
the physiological range, ensures a sufficient degree of 
comfort, controls dyspnea, and provides protective ven-
tilation of the lung and the diaphragm. An absent or 
too low respiratory effort promotes diaphragmatic dys-
function, resulting in weaning difficulty, atelectasis, and 
hypoxia. Several studies have shown that patients admit-
ted to intensive care unit (ICU) due to acute respira-
tory failure develop diaphragmatic weakness in 64% of 
cases and difficult weaning in 80% already after 24  h of 
mechanical ventilation [12, 13]. This leads to worse clini-
cal outcomes, in particular prolonged mechanical ven-
tilation, increased length of ICU stay, and higher risk of 
morbidity and mortality [14].

When setting the level of pressure support taking into 
account patient respiratory drive and effort, the decrease 
of airway pressure (Paw) observed in the first 100  ms 
during an end-expiratory occlusion (P0.1) should be > 1 
cmH2O and < 3.5 − 4 cmH2O to avoid both under- and 
over-assistance [15].

The peak variation of the Paw obtained during an end-
expiratory hold (ΔPocc) allows to obtain an estimate of 
the pressure developed by respiratory muscles (Pmusc) 
(Pmusc = ¾ ΔPocc) and of the dynamic transpulmonary 
pressure swings (ΔPLdyn) (ΔPLdyn = ΔPaw—⅔ ΔPocc) 
[16]. The inspiratory support should then be set to main-
tain a Pmusc < 13 − 15 cmH2O OR or a ΔPLdyn < 16 − 17 
cmH2O [16].

An alternative method to estimate the pressure devel-
oped by the respiratory muscles is represented by the 
Pmusc.index (PMI), calculated as the difference between 
the plateau airway pressure (Pawplat) obtained during a 
tele-inspiratory pause, and the sum of PEEP and inspira-
tory support pressure (PMI = Pawplat − (PS + PEEP)). 
It has been shown that this method may help to iden-
tify conditions of inadequate assistance [17]: a PMI > 6 
cmH2O suggests an excessive inspiratory effort, possibly 
indicating an insufficient inspiratory support [17].

The control of patient-ventilator interaction is also 
fundamental. Indeed, an excessive level of inspiratory 
support during assisted ventilation is associated with 
injurious tidal volumes (> 8 ml/kg) and high driving pres-
sures (≥ 12 cmH2O), exposing the patients to a high risk 
of asynchronies and high values of mechanical power 
[18]. Targeting a tidal volume between 6 and 8  ml/kg 

and an airway driving pressure (static method [19]) < 11 
cmH2O during assisted ventilation have been associated 
with a reduced risk of mortality in patients with ARDS 
[19]. Particular attention should be conferred to achiev-
ing an individualized and optimal level of ventilatory 
assistance, precisely tailored to the patient’s specific res-
piratory demands. Indeed, available evidence [20] indi-
cates that both insufficient and excessive support may 
promote patient–ventilator asynchronies and increase 
dyspnea. Therefore, maintaining an optimal ventilator 
“comfort zone” of ventilatory support is crucial to bal-
ance patient comfort and synchrony.

Also, ultrasound may be employed to evaluate the 
amount of assistance: the variation in diaphragm thick-
ness over the days can help to recognize excessive or 
reduced mechanical support.

In conclusion, setting inspiratory support in assisted 
ventilation modes requires a thorough understanding of 
respiratory mechanics and of the patient’s physiology. 
A careful regulation of the level of pressure support, of 
the trigger sensitivity, of cycling on- and off-criteria, and 
rise time can contribute to improve patient comfort and 
gas exchange and to facilitate weaning from mechani-
cal ventilation. Continuous monitoring and individual-
ized adjustments are fundamental to guarantee optimal 
results in patients requiring assisted ventilation.

Monitoring of respiratory pattern during assisted invasive 
mechanical ventilation
Statement 3.1
Based on the available evidence, the panel suggests per-
forming a careful monitoring of respiratory pattern in 
all ARF patients switched to an assisted invasive ventila-
tion mode after a prolonged period of controlled ventila-
tion, independently of the etiology of respiratory failure. 
Moreover, it is suggested to monitor the respiratory pat-
tern of patients with difficult or prolonged weaning.

Statement 3.2
The panel of experts suggests that respiratory rate, tidal 
volume, minute ventilation, and the analysis of both ven-
tilator and patients’ respiratory cycles should be moni-
tored during assisted invasive mechanical ventilation.

Rationale
As previously described, if neuromuscular transmis-
sion is preserved, a high respiratory drive may translate 
in excessive inspiratory efforts that in turn may result in 
P-SILI [21–23].

Allowing the maintenance of spontaneous ventila-
tion, with an optimal effort and respiratory pattern, and 
obtaining a rapid weaning from invasive mechanical 
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ventilation, should be a priority in patients with acute 
respiratory failure.

Therefore, monitoring of the respiratory pattern 
becomes necessary to meet the goal of lung- and dia-
phragm-protective ventilation [24].

As described by Scott et  al. [25], clinical examina-
tion of the patient is essential, but some parameters are 
often overlooked. In 2019, Tobin emphasized the piv-
otal role of a thorough clinical examination in evalu-
ating a patient’s respiratory effort [26]. Even simple 
bedside observations can provide valuable information: 
for instance, palpable activation of the sternocleido-
mastoid muscle serves as a reliable marker of increased 
inspiratory load, while a visible downward displace-
ment of the trachea with each inspiratory effort reflects 
heightened work of breathing and inspiratory muscle 
recruitment.

Respiratory rate (RR), for example, is often underesti-
mated, although it is an early indicator of clinical deterio-
ration that may precede the modifications of other vital 
parameters.

The normal value of RR in an adult patient is 12 − 20 
breaths/min and it varies during physical activity and 
sleep [27]. In patients with ARF, an increased RR may 
indicate conditions such as hypoxia, pain, heart failure, 
or metabolic disorders such as lactic acidosis [28, 29] It 
has been shown that a RR above 35  bpm is one of the 
main parameters that predicts failure of spontaneous 
breathing trials during weaning [28, 29]. Furthermore, 
RR is incorporated into the “Rapid Shallow Breathing 
Index” (RSBI), which is the most used index for assess-
ing the risk of failure of a spontaneous breathing trial. 
The RSBI is calculated as the ratio between RR and tidal 
volume (Vt), and during a spontaneous breathing trial, an 
RSBI superior to 105 is considered highly predictive of 
failure [30]. During the weaning phase, an increase in RR 
may indicate respiratory fatigue due to insufficient venti-
lator assistance. However, the changes in RR can also be 
related to the ventilatory support. For example, an exces-
sive level of ventilator assistance may induce dynamic 
hyperinflation and promote ineffective efforts, which 
may diminish or disappear with the reduction of the level 
of ventilatory assistance. In this scenario, the reduction 
of the level of assist will lead to an increase in RR not due 
to respiratory distress, but simply to the fact that each 
inspiratory effort of the patient will trigger the ventila-
tor. Similarly, a RR higher than 35 bpm does not neces-
sarily indicate a high respiratory drive, as it may simply 
represent the “unstressed” rate that is the rate selected by 
respiratory centers located in the brainstem [31, 32]. The 
“unstressed” RR varies significantly between healthy and 
sick individuals, and it is, on average, 10 bpm higher in 
critically ill patients [31, 32].

A decrease in RR (i.e., bradypnea, defined as a RR < 12 bpm) 
may instead indicate a neurological depression, a ventilatory 
over-assistance [18, 33], excessive sedation or sleep apnea 
(more difficult to identify during invasive ventilation) [27, 34].

During the prolonged weaning phase, the presence of a 
persistently low Vt may lead to the onset of dyspnea even 
in the absence of objectively increased respiratory effort. 
This paradoxical dissociation suggests that the sensation 
of breathlessness in such patients is not solely deter-
mined by mechanical load or muscle recruitment, but 
may also arise from altered respiratory drive or impaired 
neuromechanical coupling. Consequently, continuous 
monitoring of Vt becomes essential to identify this sub-
tle yet clinically significant manifestation. Failure to rec-
ognize low Vt–associated dyspnea could delay liberation 
from ventilatory support and contribute to patient dis-
comfort or respiratory failure recurrence [35].

“Minute ventilation,” defined as the amount of gas mov-
ing into and out of the lungs over a minute, is the product 
of RR and Vt [36]. Like RR, increase or decrease in min-
ute ventilation has also been shown to be an early indica-
tor of respiratory failure [37].

In addition to minute ventilation, several studies [38, 
39] have demonstrated the importance of respiratory 
cycle analysis in terms of duration of the respiratory 
phases and speed at which the gas is inspired and expired 
[40]. The two most frequently evaluated parameters are 
the ratio between tidal volume and inspiratory time (Vt/
Ti) and the ratio between inspiratory time and respira-
tory time (Ti/Ttot).

The Vt/Ti has been widely used to measure respira-
tory drive, even though it has limits compared to P0.1, 
as it tends to underestimate respiratory drive in case of 
marked alterations of the respiratory mechanics [41].

The Ti/Ttot, instead, indicates the relationship between 
the duration of inspiration and expiration and provides a 
rough evaluation of the degree of airway obstruction [27]. 
As the respiratory muscles are usually normally active 
only during the inspiration, Ti/Ttot has also been defined 
as the respiratory work cycle. Therefore, the stress level 
to which respiratory muscles are subjected is propor-
tional to the Ti/Ttot ratio [42, 43].

Today, several “tools” are available to monitor res-
piratory pattern. In particular, the electrical activity of 
the diaphragm (EAdi). EAdi is obtained using a modi-
fied nasogastric catheter equipped with a series of elec-
trodes positioned at the level of the distal esophagus. It 
is the closest measure to the output of the respiratory 
centers [44]. EAdi does not have well-defined reference 
values, making it useful primarily for evaluating trends 
within the same patient. However, it does not assess 
the activity of extra-diaphragmatic respiratory muscles. 
Overall, values between 5 and 15  μV can generally be 
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considered adequate. A limitation of this technique is 
that EAdi measurement is available only on one com-
mercially available mechanical ventilator.

EAdi is easy to monitor, and it has proven to be a 
good surrogate of respiratory drive and has a strict 
correlation with transdiaphragmatic pressure (Pdi), an 
index of respiratory effort [45]. However, EAdi varia-
tions are useful to monitor the changes of respiratory 
drive and effort of the patients and to identify patients 
at risk of over-assistance by the ventilator.

The combination of EAdi with the analysis of breath-
ing pattern provides an index capable of evaluating 
the contribution of the diaphragm to Vt generation. In 
particular, the Vt/EAdi ratio represents the “neuroven-
tilatory efficiency” of the diaphragm that reflects the 
capacity of the diaphragm to convert respiratory drive 
into ventilation. When the Vt/EAdi ratio is high, the 
patient generates a high Vt with a low EAdi value, while 
when it is low, the patient generates a small Vt despite 
a high EAdi. A low Vt/EAdi indicates severe neuroven-
tilatory coupling impairment and may help identify 
patients at high risk of weaning failure [42, 43].

In conclusion, the expert panel recommends careful 
monitoring of the respiratory pattern (i.e., RR, min-
ute ventilation, Vt, and respiratory cycle analysis) in 
patients with ARF undergoing assisted mechanical ven-
tilation, to prevent the onset of P-SILI and to facilitate 
weaning from the mechanical ventilator.

Monitoring respiratory effort during assisted invasive 
mechanical ventilation
Statement 4.1
Monitoring respiratory effort during partial ventilatory 
support is of pivotal importance to avoid providing over 
or under-assistance to the patients, causing respectively 
atrophy or muscular lesions. A high inspiratory effort 
is the pathophysiological mechanism leading to P-SILI. 
Promptly recognizing an increase of inspiratory effort 
can prevent a chain of events leading to the P-SILI.

Rationale
Monitoring respiratory effort during assisted ventilation 
can provide useful information to the clinician. In case of 
adequate neuro-mechanical coupling, patients with high 
inspiratory efforts will also have a high respiratory drive 
[46]. In a smaller percentage of patients, usually charac-
terized by respiratory muscles weakness, there is a neuro-
muscular decoupling, characterized by high respiratory 
drive that does not translate into high effort (Fig. 2).

As previously described, a high inspiratory effort, asso-
ciated with high transpulmonary pressures, may lead to 
P-SILI. Despite [47] this, measurement of respiratory 
effort is still rarely used in clinical practice, although it 
may be non-invasively estimated at the bedside [48].

In recent study, Telias and colleagues provide impor-
tant physiological insights into the impact of patient 
breathing effort during acute hypoxemic respiratory 

Fig. 2  Pathophysiological pathways leading to P-SILI and/or asynchronies based on respiratory drive and inspiratory effort
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failure [49]. The authors demonstrate that vigorous 
inspiratory effort is associated with increased indices 
of lung stress and strain, greater transpulmonary pres-
sure swings, and more pronounced alveolar pressure 
drops—effects that differ across modes of assisted ven-
tilation. These findings suggest that, while spontaneous 
effort may support gas exchange and diaphragm activ-
ity, excessive effort can exacerbate lung injury through 
P-SILI.

The reference method for the measurement of res-
piratory muscle effort is represented by the negative 
oscillations of esophageal pressure. This method is 
characterized by some drawbacks, which limit its dif-
fusion in the clinical practice; in particular, it requires 
the use of dedicated catheters and a certain level of 
expertise in calibration and interpretation of the trac-
ings [50].

To obtain an accurate measure, a careful calibration of 
the esophageal balloon is needed [51]. Different calibra-
tion methods have been proposed for paralyzed patients 
under controlled ventilation [52] and for patients with 
different degrees of spontaneous activity [50, 53]. Reli-
able indices for monitoring the inspiratory effort are the 
variation of the Pes oscillations, also known as delta Pes 
(ΔPes) [54], the work of breathing (WOBes) [55], the 
pressure–time product (PTPes) [56], and the pressure-
frequency product respiratory (PRPes) [56, 57]. The panel 
agrees on considering Pes the gold standard method for 
the measurement of the inspiratory effort [58] also in 
pediatric patients [59] but the calibration procedures 
require a certain level of experience and familiarity with 
the technique.

The negative deflection of airway pressure detected on 
the airway tracing (ΔPocc) during a single inspiratory 
effort against an occluded airway (i.e., during an end-
expiratory hold) is a simple, rapid, non-invasive, and reli-
able indicator of respiratory effort. This index is based on 
the principle that the negative pressure generated during 
an expiratory pause represents a reliable estimate of the 
pressure developed by the respiratory muscles to expand 
the lungs and the chest wall during an assisted breath [16, 
60–62].

The measurement of the activity electric of the dia-
phragm (EAdi) allows an estimation of inspiratory effort 
during assisted ventilation without the need for an 
esophagal balloon catheter by measuring the Pmus/EAdi 
ratio (PEI), also known as the index of “neuromuscular 
efficiency” [45] (i.e., the amount of pressure developed 
by the respiratory muscles per microvolts of diaphragm 
electrical activity).

1.	 Diaphragmatic ultrasonography allows to meas-
ure the displacement (excursion) and the thicken-

ing fraction of the diaphragm [63]. In subjects under 
spontaneous, unassisted breathing, values of excur-
sion < 1  cm, and diaphragmatic thickening fraction 
(Dtdi) < 30% are suggestive of diaphragmatic dysfunc-
tion. Recent studies have shown that, during partial 
ventilatory support, displacement is not very specific 
as it is influenced by the positive pressure generated 
by the ventilator, while a significant correlation was 
found between inspiratory effort and thickening frac-
tion. Monitoring of diaphragm function during inva-
sive assisted ventilation.

Statement 5.1
Based on the available evidence, the panel believes that 
monitoring of diaphragmatic function should be consid-
ered in patients undergoing invasive assisted mechani-
cal ventilation, especially after a prolonged period of 
controlled mechanical ventilation. The panel considers 
pivotal importance monitoring of the diaphragmatic 
function in cases of difficult or prolonged weaning.

Statement 5.2
Diaphragmatic function can be effectively monitored 
through invasive and non-invasive techniques. Invasive 
techniques are the monitoring of Pes and Pdi pressure, 
and the monitoring of EAdi. Diaphragm ultrasound is the 
most common non-invasive monitoring technique.

Rationale
A growing body of evidence shows that both lung and 
diaphragm function are crucial for the success of wean-
ing from mechanical ventilation [64, 65]. Despite this, 
diaphragmatic function monitoring is still not adequately 
implemented in the clinical practice [66]. The goals of 
diaphragmatic function monitoring can be summarized 
as follows:

i)	 To reduce P-SILI during assisted ventilation
ii)	 To reduce the risk of patient-ventilator asynchronies
iii)	To monitor the process of weaning and prevent its 

failure [66].

Compared to Pes, the measurement of Pdi allows a 
more accurate measurement of the inspiratory effort 
[35] and the overall quantification of the contribution of 
respiratory muscles to respiratory work [67, 68]. In daily 
clinical activity, Pdi and its derivative PTPdi require a 
longer time for the operations of calibration at the bed-
side [50, 53].

Diaphragm ultrasound can be used to monitor dia-
phragmatic function over time [69]. Different studies 
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have proposed techniques and indexes: diaphragm thick-
ness (Dt) and the Dtdi seem to correlate with the force 
detected through the Pdi and with EAdi [70]. For this 
reason, they have been proposed as indexes to monitor 
assisted ventilation, prevent fatigue, facilitate a recovery 
of diaphragmatic contractility, and evaluate the effect of 
sedation on diaphragmatic function [70–72]. Other indi-
ces have been proposed, both by exploiting the M-Mode 
[73, 74], and by using the Doppler [75] or by employing 
algorithms [68, 75]. However, some studies have high-
lighted the limits of these parameters and a poor correla-
tion with the Pdi, imposing caution in its use, especially 
in unexperienced hands [34, 76]. Recently, the same 
ultrasound approaches adopted for the diaphragm have 
also been proposed for the evaluation of the intercos-
tal and abdominal (expiratory) muscles, expanding the 
potential of ultrasound monitoring of respiratory muscle 
function [77]. The panel recommends using these non-
invasive techniques at the integration of other invasive 
assessment techniques and after an adequate learning 
curve [78, 79].

EAdi is the last technique of invasive monitoring intro-
duced in the market [80]. It is sensitive to the variations 
in patient drive effort both with its peak values (EAdipeak) 
[80] and with the integral under the EAdi curve (EAdiAUC​
) [81]. EAdi has shown excellent correlation with the 
Pes measures, resulting in a reliable quantification of 
the inspiratory effort [45], although with a high degree 
of individual variability. In the literature, various Eadi-
derived indexes have been described, among which some 
deserve interest for the monitoring of diaphragmatic 
functionality: (a) the neuro-ventilatory efficiency (NVE) 
[81], i.e., the ratio between tidal volume and EAdipeak; 
(b) the neuro-muscular efficiency index (NME), calcu-
lated as the ratio between delta airway pressure and delta 
EAdipeak (ΔPaw/ΔEAdipeak) during an expiratory occlu-
sion maneuver [82, 83]. This ΔPaw/ΔEAdipeak, however, 
is characterized by an extreme inter- and intra-patient 
variability imposing the execution of more than one 
maneuver to obtain a reliable result [84]. The ability to 
monitor both neural activity and the generated force has 
generated the concept of neuro-muscular-coupling that 
allows to detect discrepancies between alterations in the 
neural drive and its capacity to generate muscular work 
[85]. The possibility to monitor diaphragmatic function 
and to guide the ventilator proportionally to the patient’s 
drive, as provided by neurally adjusted ventilatory assist 
(NAVA) mode, has permitted a combined use of the 
EAdi traces to perform a monitored training of the dia-
phragm [85, 86]. Surface electromyography is a recently 
developed noninvasive technique that seems as reliable 
as EAdi for diaphragm activity monitoring [77, 87]. In 
addition, it allows the assessment of extra-diaphragmatic 

muscles function [77, 87, 88], but further research is 
needed to fully validate its use.

The panel underlines that these monitoring tools are 
commonly employed during weaning tests: unfortu-
nately, the difference in weaning test settings across the 
studies made comparison and unified interpretation 
quite hard [89]. The panel reiterates the crucial impor-
tance of monitoring diaphragmatic function with at least 
one of the proposed monitoring methods (preferably at 
least 2) and using a predefined weaning protocol to guar-
antee a standardized approach.

Monitoring of respiratory drive during invasive assisted 
ventilation
Statement 6.1
Monitoring of respiratory drive is extremely helpful for 
the proper setting of the level of ventilator assist during 
partial ventilatory support, preventing muscle atrophy or 
fatigue, and ultimately interrupting the cascade of events 
leading to P-SILI.

Rationale
Respiratory drive refers to the stimulus sent by the respir-
atory centers located in the brainstem to the respiratory 
muscles, determining the intensity of their contraction 
[90]. These centers also regulate the timing of respira-
tory muscle activation, thus defining the RR. Respiratory 
drive is primarily modulated by blood gases through cen-
tral and peripheral chemoreceptors, mechanoreceptors 
located in muscle fibers and within the lung parenchyma, 
and stimuli associated with psychological alterations 
such as anxiety and agitation originating from the central 
nervous system. The activity of the respiratory centers is 
also influenced by medications, mainly sedatives, and by 
the level of ventilator support provided during mechani-
cal ventilation [91].

Statement 6.2
Variations in respiratory drive, in the presence of appro-
priate neuro-mechanical coupling, result in proportional 
increases in inspiratory effort [46] (Fig. 1). Prompt recog-
nition of increased respiratory drive allows the identifica-
tion and management of the cascade of events leading to 
P-SILI [47].

Rationale
Two techniques are available to assess respiratory drive 
in the clinical setting: integrated EAdi [44], which allows 
breath-by-breath measurement of respiratory drive; and 
the change in airway pressure measured during the first 
100 ms of the inspiratory phase with an occluded airway 
(P0.1) [92]. EAdi guarantees the possibility of monitoring 
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both the neural RR and the amount of the neural drive 
via the EAdipeak [80] and/or the EAdiAUC​ [81].

P0.1 is automatically or semi-automatically measured 
by most commercially available mechanical ventilators, 
although it cannot be assessed breath-by-breath. The opti-
mal target for respiratory drive remains uncertain, but cur-
rently, a P0.1 > 4 cmH2O is considered high and predictive 
of excessive inspiratory effort by the patient, with a sensi-
tivity of 92% and a specificity of 89% [15, 93, 94].

Monitoring patient‑ventilator synchrony during invasive 
assisted ventilation
Statement 7.1
The panel recommends close monitoring of patient-
ventilator synchrony in patients with ARF undergoing 
assisted ventilation after a period of controlled mechani-
cal ventilation or in those experiencing difficult and/
or prolonged weaning. Additionally, the panel advises 
monitoring of ventilator waveforms (pressure, flow, and 
volume) when evaluating patient-ventilator synchrony. 
In cases of challenging evaluation and/or assisted venti-
lator settings difficult to manage, advanced monitoring 
methods, such as EAdi or Pes measurements, should be 
employed.

Rationale
The primary aim of mechanical ventilation is to assist 
or take over the patient’s respiratory function, enabling 
recovery from the underlying illness and enhancing clini-
cal outcomes. However, optimizing ventilator settings, 
tailored to individual patients, can often be challenging, 
as [90, 95–97]. Significant inter- and intra-patient vari-
ability in respiratory mechanics and subsequent adapta-
tion to MV [98–101] may lead to suboptimal care and 
outcomes.

Specifically, suboptimal ventilator settings during 
assisted ventilation modes can cause a temporal dis-
crepancy between the patient’s respiratory effort and 
the ventilator’s support. This discrepancy is referred to 
as “patient-ventilator asynchrony.” More specifically, 
patient-ventilator asynchrony represents a lack of coor-
dination between the patient and the ventilator, caused 
either by a mismatch between the patient’s neural respir-
atory timing and the mechanical timing set on the ven-
tilator or by a disparity between the ventilator’s support 
and the patient’s demands [102–105]. Unfortunately, this 
is a very common issue among mechanically ventilated 
patients, with an incidence as high as up to 80% [106].

As demonstrated by de Haro et  al. [107], asynchro-
nies were detected in 97% of mechanically ventilated 
patients, including also those under deep sedation 
or neuromuscular blockade, with a median asyn-
chrony index of 3.41% (IQR 0.96–8.39). These findings 

highlight that asynchronies are pervasive, even in sup-
posedly fully controlled conditions, underscoring the 
importance of continuous monitoring and ventilator 
optimization to minimize their occurrence.

Several studies [108, 109] have demonstrated that 
significant patient-ventilator asynchrony (defined as an 
asynchrony index > 10%) [53] is associated with worse 
clinical outcomes, such as prolonged mechanical ven-
tilation, prolonged ICU and hospital stays, increased 
ICU and in-hospital mortality, and higher risks of 
pneumonia and tracheostomy [109].

The ability to accurately identify and monitor asyn-
chronies in real-time provides critical information to 
guide and personalize the respiratory support in criti-
cally ill patients.

Recent advances in artificial intelligence and machine 
learning have significantly improved the automated 
detection and characterization of patient–ventilator 
asynchronies. Contemporary reviews provide compre-
hensive overviews of AI-driven algorithms capable of 
accurately identifying asynchrony patterns, supporting 
real-time monitoring, and facilitating personalized ven-
tilatory management [110, 111].

Patient-ventilator asynchronies are categorized into 
major types (e.g., ineffective efforts, auto-triggering, 
double-triggering, and reverse triggering) and minor 
types (e.g., premature or short cycling, prolonged or 
delayed cycling, and inspiratory or expiratory trigger 
delays) [112] (Table 2).

Currently, visual assessment of ventilator waveforms 
(pressure and/or flow) is one of the main methods used 
to identify patient-ventilator asynchronies at the bed-
side, especially major types [113, 114]. However, this 
highly subjective method requires specific training 
and experience. Studies have shown that less than 25% 
of ICU healthcare providers can correctly identify all 
types of patient-ventilator asynchronies [115, 116]. Fur-
thermore, each type requires specific therapeutic strat-
egies to reduce the asynchrony itself and mitigate the 
risk of prolonged weaning [117].

To address the subjectivity of waveform analysis and 
the lack of continuous patient-ventilator interaction 
monitoring, research has focused on developing real-
time automated asynchrony detection systems using 
machine learning approaches, not influenced by “noise” 
due to secretions or patient movements [118–122].

Chen et al. [123] evaluated and designed a software 
able to detect ineffective efforts using a computerized 
algorithm based on flow waveform characteristics 
and pressure deflections. They applied this software 
to 14 mechanically ventilated adults and showed a 
sensitivity and specificity of > 90% for detecting inef-
fective efforts.
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Younes et  al. [124] developed a system to improve 
patient-ventilator interaction monitoring using signals 
generated from the equation of motion. This system 
integrates signals from volume, airway pressure, flow, 
and esophageal pressure waveforms, and estimates the 
patient’s respiratory system elastance and resistance. It 
provides a real-time visual trace reflecting the patient’s 
respiratory muscle pressure output, alongside airway 
pressure and flow, enabling visual detection of asynchro-
nies, such as excessive inspiratory and expiratory trigger 
delays and ineffective efforts.

Recently, Blanch et al. [125] validated a software capa-
ble of detecting major asynchronies during invasive 
mechanical ventilation, such as ineffective efforts, dou-
ble-triggering, and short and prolonged cycling. Simi-
larly, Mojoli et  al. [126] demonstrated the effectiveness 
of ventilator waveform analysis conducted by three expe-
rienced physicians and one resident specifically trained, 
showing that waveform interpretation can reliably evalu-
ate patient activity and patient-ventilator interaction 
at the bedside when a standardized analysis method is 
adopted after specific training.

For patients who are difficult to ventilate using stand-
ard assisted modes (i.e., pressure support ventilation, 

PSV) or who experience difficult or prolonged weaning, 
proportional ventilation modes like NAVA and propor-
tional assist ventilation plus (PAV +) have proven effec-
tive in improving patient-ventilator interaction and 
reducing respiratory work [80, 127–129].

However, a recent multicenter randomized trial by 
Bosma and colleagues demonstrated that PAV⁺ did not 
significantly reduce the time to successful liberation from 
mechanical ventilation compared with pressure-support 
ventilation. Although PAV⁺ is based on a physiologically 
sound rationale by proportionally adjusting assistance to 
patient effort, the negative primary outcome highlights 
that theoretical advantages do not necessarily translate 
into clinical benefit. These findings suggest that, in het-
erogeneous critically ill populations, the potential advan-
tages of proportional modes require further confirmation 
before widespread clinical adoption [130].

Nevertheless, during difficult weaning, invasive moni-
toring of respiratory drive and mechanics, through an 
esophagal probe to assess Pes or a dedicated gastric probe 
to measure EAdi, can be useful. Studies on patient-venti-
lator synchrony have shown that Pes monitoring, when 
integrated with airway flow and pressure waveforms, can 
help assess and monitor patient-ventilator synchrony 

Table 2  Patient-ventilator asynchronies

Asynchrony Type Definition Possible solutions

Ineffective efforts Asynchrony between respiratory drive 
and inspiratory trigger

The ventilator is unable to detect 
the neural effort of the patient 
despite the presence of an inspiratory 
effort

Optimizing the sensitivity of the inspira-
tory trigger
Reducing sedation or use of drugs with lit-
tle or no effect on the respiratory drive
Reducing respiratory support Correct-
ing metabolic alkalosis Increasing PEEP 
or counterbalancing the intrinsic PEEP
Reducing mechanical inspiratory time, 
optimizing expiratory trigger in case 
of COPD patient
If the asynchronies persist, consider 
a neural trigger

Auto trigger Asynchrony between respiratory drive 
and inspiratory trigger

Mechanical act not activated 
by the inspiratory neural effort 
of the patient

Optimizing sensitivity of the inspiratory 
trigger
Reducing the noises present in the circuit
Eliminating the leaks

Double trigger Asynchrony between neural inspiratory 
time and ventilator variables

Two mandatory acts that can or cannot 
be separated by a brief expiratory time

Increasing the inspiratory time, in time 
cycled act
Increasing the inspiratory flow
Optimizing the expiratory trigger thresh-
old in PSV
Optimizing the pressurization ramp in PSV
Removing the causes of reverse triggering

Reverse triggering Asynchrony in variables of the cycle 
of the ventilator

The insufflation of the ventilator activates 
the diaphragm

Reducing the assistance of the ventilator
Reducing sedative medications
Myoresolution

Cycling asynchrony Asynchrony between the patient’s neural 
inspiratory time and the cycling variables 
of the ventilator

A mismatch between brainstem respira-
tory center output and ventilator inspira-
tory time

Optimizing inspiratory time and threshold 
of the expiratory trigger in PSV
Avoiding excessive assistance
Using proportional modes
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[131]. For example, Pes monitoring has allowed the 
identification of an otherwise undetectable type of asyn-
chrony that is reverse triggering [132]. However, while 
this technique is a potential standard for evaluating and 
monitoring patient-ventilator synchrony, it is rarely used 
in clinical practice due to its technical complexity and 
the expertise required for positioning and calibrating the 
esophagal probe [119, 132].

EAdi measurement, on the other hand, is relatively 
simple and can be continuously monitored using dedi-
cated software [118]. As a direct measure of the patient’s 
neural respiratory drive, EAdi signals can be used to reg-
ulate the initiation and termination of mechanical inspi-
ration during NAVA, or to monitor the patient’s effort, 
to detect patient-ventilator asynchrony, and to optimize 
neuro-ventilatory coupling during other assisted modes 
[42, 129, 133–135]. Several studies have shown that EAdi 
is useful not only to monitor patient-ventilator synchrony 
(the gold standard method [46]) but also to adjust venti-
lator settings during PSV, thereby improving patient-ven-
tilator interaction [135].

In conclusion, the panel of experts recommends moni-
toring patient-ventilator synchrony in all patients who are 
difficult to ventilate in standard invasive assisted modes 
(e.g., PSV), following a period of controlled mechanical 
ventilation, or experiencing difficult and/or prolonged 
weaning. Monitoring can be performed visually after 
adequate training, using automated ventilator waveform 
analysis systems, or through Pes or EAdi monitoring.

Monitoring for the discontinuation of invasive assisted 
ventilation
Statement 8.1
An integrated approach combining the monitoring of 
respiratory parameters, gas exchanges, neuro-ventilatory 
“drive,” respiratory workload, lung, and diaphragmatic 
ultrasound, can provide pivotal information for the pro-
cess of weaning from assisted ventilation.

Statement 8.2
The use of assisted ventilation with proportional modes 
can be useful to lower the risk of respiratory muscle dys-
function and to favor weaning from invasive assisted 
mechanical ventilation.

Rationale
Several studies have shown that monitoring ventilatory 
parameters such as Vt, RR, and oxygenation is relevant 
for clinical decisions about weaning from invasive ven-
tilatory support, although they may be insufficient to 
predict the risk of re-intubation [136]. Over time, alter-
native methods have been proposed. Among these, the 
RSBI, calculated as the ratio between RR and Vt (RR/

Vt), and the integrative weaning index (IWI), which is 
calculated as the product of respiratory system compli-
ance and the ratio of arterial oxygen saturation to RSBI 
(IWI = Crs × SaO2/RSBI), have shown moderate predic-
tive power for successful extubation [30, 137, 138].

Although these indices are simple to apply in clinical 
practice, recent evidence highlights the need for a multi-
factorial approach towards the weaning process, consid-
ering also the mode of ventilatory support. Compared to 
PSV, which delivers constant support irrespective of the 
patient’s physiological demands, methods such as NAVA 
or PAV + are associated with better adaptation to assisted 
ventilation, reduced asynchrony index, and improved 
respiratory muscle tropism.

Although conclusive evidence is lacking, preliminary 
studies suggest that proportional modes may accelerate 
the weaning process and reduce the risk of re-intubation 
[139–141]. Monitoring the central neuro-ventilatory 
drive and respiratory muscle workload has proven crucial 
in making clinical decisions about discontinuing ventila-
tory support [142].

Currently, EAdi is considered the reference method to 
assess neuro-ventilatory drive (normal values 5–15  µV) 
[143]. P0.1 is also a readily interpretable measure of the 
neuro-ventilatory drive (normal values 1–4 cmH2O) 
[15, 92]. Similarly, the measurement of maximum nega-
tive deflection during an expiratory occlusion maneu-
ver (ΔPocc) provides a reliable estimate of Pmus 
without requiring esophageal pressure monitoring, which 
remains the gold standard but is rarely used in routine 
clinical practice [16, 144]. Ultrasound, a non-invasive 
method widely adopted in intensive care, can also pro-
vide pivotal information for the weaning timing. Several 
studies have demonstrated that an integrated approach 
between lung, cardiac, and diaphragmatic ultrasound 
may reduce the risk of premature or delayed extubation 
[145–147]. Data from critically ill patients under assisted 
ventilation suggest that Dtdi < 20% during respiratory 
cycles correlates with an increased risk of extubation 
failure [147]. In the immediate post-extubation phase, 
the diameter of the inferior vena cava and the presence 
of B-lines on lung ultrasound are also associated with 
a higher risk of re-intubation within 48  h from extuba-
tion [145, 146]. Electrical impedance tomography (EIT), 
although less widespread than ultrasound, allows non-
invasive, bedside patient monitoring during the process 
of weaning from mechanical ventilation [148]. Evidence 
suggests that a heterogeneous distribution of tidal vol-
ume between the non-dependent (ventral) and depend-
ent (dorsal) lung regions negatively affects the success of 
extubation [149]. Finally, prospective observational stud-
ies have highlighted that the use of electroencephalogra-
phy (EEG) and peripheral perfusion index (derived from 



Page 13 of 17Colombo et al. J Anesth Analg Crit Care            (2025) 5:90 	

pulse oximetry) can provide important information on 
the chance of weaning success [150, 151].

In conclusion, the discontinuation of invasive assisted 
ventilation requires an integrated approach that accounts 
for the ventilatory pattern and supports the use of pro-
portional methods, monitors the neuro-ventilatory 
drive and respiratory workload, employs lung and dia-
phragmatic ultrasound to optimize weaning timing, and 
reduces the risk of re-intubation.

Limitations
This consensus is not based on a systematic literature 
review, and this limitation has to be clearly acknowl-
edged. We opted for a consensus based on clinical exper-
tise, well aware that this approach has weaknesses.

Conclusions
At the conclusion of the consensus process, the panel 
emphasized the importance of comprehensive patient 
monitoring during assisted ventilation, encompassing all 
relevant physiological variables (see Table 3). The authors 
also recommended developing standardized local pro-
tocols and procedures to ensure that all team members 
acquire adequate proficiency with the various techniques 
and adopt a consistent, evidence-informed clinical 
approach.

Abbreviations
Crs	� Respiratory system compliance
Dtdi	� Diaphragm thickening fraction
EIT	� Electrical impendence tomograph
EAdi	� Electrical activity of the diaphragm
EAdipeak	� Peak of the electrical activity of the diaphragm
EAdiAUC​	� Area under the curve of electrical activity of the diaphragm
EXdi	� Diaphragm excursion
IQR	� Interquartile range
ΔP	� Driving pressure (pressure support–positive end expiratory 

pressure)
ΔPocc	� Variation of occlusion pressure (the maximum negative deflec-

tion during an expiratory occlusion maneuver)
MV	� Mechanical ventilation
NAVA	� Neurally adjusted ventilatory assist
NME	� Neuro-muscular efficiency index
NVE	� Neuro-ventilatory efficiency
PAV + 	� Proportional assist ventilation plus
Paw	� Airway pressure
Paw/EAdi	� Airways pressure on electrical activity of the diaphragm ratio
Pdi	� Trans-diaphragmatic pressure
Pes	� Esophageal pressure
PEEP	� Positive end expiratory pressure
Pmus	� Respiratory muscle pressure
PMI	� Pressure-muscular index (the difference between the plateau air-

way pressure obtained during a tele-inspiratory pause, and the 
sum of PEEP and pressure support)

P0.1	� Inspiratory negative pressure during the first 100 ms of the effort
Pplat	� Plateau pressure
P-SILI	� Patient self-inflicted lung injury
PSV	� Pressure support ventilation
PTPes	� Esophageal pressure time product
RR	� Respiratory rate
VE	� Minute ventilation

Table 3  Monitoring parameters and their role in the different items. In bold and gray background parameters that the authors agreed 
on defining as standard of practice/gold standard for that specific items
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RSBI	� Rapid shallow breathing index (RR/Vt)
WOBes	� Esophageal work of breathing
Tdi	� Diaphragm thickening
Ti/TTOT	� Inspiratory time on total respiratory time ratio
VIDD	� Ventilator-induced diaphragmatic dysfunction
Vt	� Tidal volume
Vt/Ti	� Tidal volume on inspiratory time ratio
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