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Abstract. Background: Mechanical ventilation is often employed as partial ventilatory support where both the 
patient and the ventilator work together. The ventilator settings should be adjusted to maintain a harmoni-
ous patient–ventilator interaction. However, this balance is often altered by many factors able to generate a 
patient ventilator asynchrony (PVA). The aims of this review were: to identify PVAs, their typologies and 
classifications; to describe how and to what extent their occurrence can affect the patients’ outcomes; to in-
vestigate the levels of nursing skill in detecting PVAs. Methods: Literature review performed on Cochrane Li-
brary, Medline and CINAHL databases. Results: 1610 records were identified; 43 records were included after 
double blind screening. PVAs have been classified with respect to the phase of the respiratory cycle or based 
on the circumstance of occurrence. There is agreement on the existence of 7 types of PVAs: ineffective effort, 
double trigger, premature cycling, delayed cycling, reverse triggering, flow starvation and auto-cycling. PVAs 
can be identified through the ventilator graphics monitoring of pressure and flow waveforms.  The influence 
on patient outcomes varies greatly among studies but PVAs are mostly associated with poorer outcomes. 
Adequately trained nurses can learn and retain how to correctly detect PVAs. Conclusions: Since its challeng-
ing interpretation and the potential advantages of its implementation, ventilator graphics monitoring can be 
classified as an advanced competence for ICU nurses. The knowledge and skills to adequately manage PVAs 
should be provided by specific post-graduate university courses.
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Introduction

Mechanical ventilation represents the main life 
supporting treatment in critically ill patients. How-
ever, it is however associated with various complica-
tions (1), such as ventilator-associated pneumonia (2), 
ventilator-induced lung injury (VILI) (3), ventilation-
induced diaphragm dysfunction (4) and patient venti-
lator asynchrony (PVA) (5). 

Technological evolutions in delivering and moni-
toring of mechanical ventilation has rapidly expanded, 

currently offering a wide array of tools. The ventilator 
graphics monitoring is one of the most important in-
struments available for doctors and nurses. Waveforms 
monitoring allows a bedside unique assessment of the 
interaction between patient and ventilator, allowing 
the prevention or early detection of asynchronies.

Mechanical ventilation is frequently employed 
as partial ventilatory support in situations where both 
the patient and the ventilator work together. Ideally, 
the ventilator settings should be adjusted to main-
tain a normal level of respiratory muscle activity and 
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a harmonious patient–ventilator interaction (6, 7). 
However, this fragile balance is often altered by many 
factors able to generate patient ventilator asynchronies 
(8). PVA can be defined as “a mismatch between pa-
tient breaths and ventilator-assisted breaths as well as 
the ventilator’s ability to meet the patient’s flow de-
mand” (5). Since this problem is associated with worse 
outcomes the prompt identification, management and 
thus reduction of PVAs have been recognized as fun-
damental actions during both invasive and non-inva-
sive ventilation (NIV) (9, 10).

Nurses can play a key role in the early detection 
of an improper interaction between patient and ven-
tilator. However, to date there’s no clarity about the 
diffusion of nurses’ knowledge and skills related to the 
ventilator waveforms interpretation and the detection 
of asynchronies. Moreover, there are a scarce number 
of handbooks and monographs facing the issue of pa-
tient-ventilator interaction from the nurses’ point of 
view. To the best of our knowledge, this kind of issue 
is rarely included in intensive care nursing educational 
programs.

Therefore, we have designed a literature review 
with the following aims: to identify and classify PVAs 
during invasive and noninvasive ventilation; to describe 

how and to what extent their occurrence can affect 
patients’ outcomes (such as mortality, duration of me-
chanical ventilation, work of breathing, VILI occur-
rence); lastly, to assess the degree of nursing skills in de-
tecting PVAs through ventilator graphics monitoring. 

Methods

A literature review was performed through medi-
cal and nursing scientific databases: Cochrane Library, 
PubMed-Medline and CINAHL. The references of 
the included full text papers were scanned, and the 
articles considered pertinent were retrieved and ana-
lyzed with same criteria. Three research questions were 
built using the PICO format (patient population, in-
tervention, comparison- intervention, and outcome of 
interest) and PECO format when applicable (patient 
population, exposure, comparation, outcome). The re-
search questions and keywords are reported in table 1. 

Studies performed on animals pediatric, and neo-
natal patients, and trauma patients were excluded.  The 
search was limited to Italian and English languages. 
No restriction to any study design and no restriction 
in time was applied in the search, but papers without 

Table 1 - Research questions based on the PICO/PECO Format
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an abstract were excluded. The upper time limit of this 
search was settled to June 2018.  

All abstracts and full texts of the retrieved records 
were independently reviewed by two reviewers (the 
authors EB and CF); any discrepancy resolved collegi-
ally. 

Results

A total of 1610 records were retrieved through 
database searches, and an additional 15 records were 
identified from manuscripts references. A total of 43 
records were included in the analysis. Figure 1 shows 
the flow-chart of the literature review and the over-
view of included studies.

PVAs classification and types of asynchronies 

The papers answering to this research question 
that were included in this review were 37 (11-47).

The need to identify and understand PVAs has led 
many authors to search and propose different classifi-
cation methods.

PVAs have been classified with respect to the 
phase of the respiratory cycle as: asynchronies of the 
triggering phase or just “trigger asynchronies” (inef-
fective efforts/delay triggering, auto-triggering, double 
triggering and reverse triggering); asynchronies during 
flow delivery phase or “flow asynchronies” (flow star-
vation in volume controlled ventilation and insufficient 
pressurization - rise time too slow in pressure support 
ventilation-); asynchronies during cycling phase or 
“cycling asynchronies” (late cycling and premature cy-
cling) (11-16). Some authors have identified a fourth 
category of asynchronies or “expiratory asynchrony” 
(shortened expiratory time) (12, 13). This classifica-
tion can facilitate the diagnosis at the bedside using 
ventilator’s waveforms analysis (12).

Subirà et al. have provided another kind of clas-
sification, based on the breathing cycle phase (17). 
Thus PVAs are distinguished in three groups: gener-
ated during the inspiratory period (trigger delay, in-
spiratory flow mismatching, short cycling and reverse 
triggering); during the transition from inspiration to 
expiration (double triggering due to short cycling or 

reverse triggering and expiratory muscle contraction 
due to prolonged cycling); during the expiratory pe-
riod (ineffective inspiratory effort, auto-triggering and 
expiratory muscle contraction).

Lastly, a new classification of PVAs based on the 
circumstances of occurrence has been introduced (18, 
19) to highlight the fact that PVAs occur primarily in 
the context of either high respiratory drive or low res-
piratory drive. As explained by Dress et al., in case of 
high respiratory drive we must discriminate whether 
the asynchronies (flow starvation, premature cycling, 
double triggering/breath stacking) are caused by an in-
sufficient level of ventilator assistance and unmatched 
needs, or whether they are intrinsic to the patient’s 
acute disease and thus best treated with additional 
sedation (18). At the other extreme, PVAs associated 
with low respiratory drive (reverse triggering – result-
ing in double cycling, delayed cycling, ineffective ef-
forts) may be due to distinct mechanisms as sedation 
or over-assistance (19). 

Ineffective effort and trigger delay

Also known as “ineffective triggering”, “missed 
triggering” or “wasted effort”, it is the most frequent 
type of asynchrony (20, 21), both in the early course of 
the disease, and during prolonged ventilation (22-24). 
This asynchrony is defined as inspiratory muscle ef-
fort not followed by a ventilator breath. The ventilator 
fails to detect the patient’s inspiratory efforts, which 
are characterized by an increase in trans-diaphragmat-
ic pressure and/or electrical activity of the diaphragm 
(EAdi) (12, 25, 26). 

The inspiratory triggers are affected by delays 
due to the intrinsic reactivity of ventilators and their 
functioning characteristics (27). Nonetheless, there are 
some situations when there is a considerable delay be-
tween the time of respiratory muscle activation and the 
trigger activation, the so-called “trigger delay” (13-16, 
28, 29). Ineffective effort and trigger delay are similar 
asynchronies because they have the same mechanism 
although yielding a different result. During ineffective 
efforts the ventilator does not deliver the inspiratory 
assistance because the trigger is not activated; con-
versely, with ‘trigger delay’ the patient manages to acti-
vate the trigger after a considerable time.
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Figure 1. Flow chart of the literature review
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Ineffective effort and trigger delay may occur dur-
ing both the inspiratory or expiratory cycle. It can de-
pend on a variety of mechanisms, such as a weak res-
piratory drive and/or effort as when these are reduced 
by ventilator over-assistance (30, 31) and excessive se-
dation levels (24, 32). They may also occur with a high 
intrinsic positive end-expiratory pressure (PEEPi), or 
an excessively low ventilator trigger sensitivity setting 
(23, 24, 33).  The presence of ineffective effort is de-
tected on ventilator graphics by a downward concavity 
of the flow/time waveform (sign that the expiration is 
briefly interrupted) with a simultaneous upward con-
cavity of the pressure/time waveform (not apparent in 
some cases). When a nasogastric tube equipped with 
electrodes for EAdi recording is inserted, ineffective 
efforts can be promptly confirmed, i.e. the diaphrag-
matic depolarization - contraction - is not followed by 
the trigger activation and the consequent system pres-
surization (figure 2A).

Premature cycling and double-triggering

Premature or short cycling occurs when the neu-
ral time is greater than the ventilator’s inspiratory time. 
The ventilator ends flow delivery, but the patient’s in-
spiratory effort continues (17). Premature cycling de-
scribes a condition where the end of the ventilator in-
sufflation anticipates patient’s effort termination and it 
is more frequent in patients with low compliance, such 
as in Acute Respiratory Distress Syndrome (ARDS), 
or in case of inspiratory time set too short (34, 35). 
Moreover, this condition may result in double trig-
gering (36): if the patient’s effort exceeds the trigger 
threshold, it can activate another breath, generating a 
double-triggering. 

The premature cycling occurs at the beginning of 
expiratory phase. It can be detected by an expiratory 
flow waveform that start with a peak, but it returns rap-
idly to a level near to 0 (baseline). The airways pressure 
waveform (Paw) does not end at the PEEP level but 
draws a small depression (indicating that inspiratory 
muscles are still working and depressurizing the sys-
tem). The patient delays the expiration for few tenths of 
a second, as the EAdi waveform confirms (figure 2B).

Double-triggering, also named breath-stacking in 
Assist/Control (A/C) ventilation (37), is characterized 

by two consecutive ventilator cycles (triggered by the 
patient) separated by an expiratory time lower than 
one-half of the mean inspiratory time. The patient’s 
effort is not completed at the end of the first venti-
lator cycle and triggers a second ventilator cycle (23, 
38). On the ventilator’s graphic, double triggering is 
displayed as two breaths very close: as one inspiratory 
phase has ended, the next one starts immediately. Usu-
ally the double triggering is interpreted as a double ac-
tivation of inspiratory trigger. However, this activation 
is generated by an only one efforts of respiratory mus-
cles, as confirmed by the EAdi waveform. When the 
mechanical ventilator cycles to the expiratory phase, 
an immediate pressure drop occurs, due to the inspira-
tory muscles that are still in tension and activate the 
inspiratory trigger, determining a new mechanical in-
sufflation (figure 2C).

Double-triggering and premature cycling can also 
occur when the patient’s ventilatory demand is high 
and the ventilator inspiratory time is too short (35, 
39). These types of asynchrony occur more frequently 
in patients with severe lung injury and increased res-
piratory drive (19). 

Also, acute respiratory failure patients managed 
with low tidal volumes (≤6 ml/kg of ideal body weight) 
can easily develop double triggering. In these patients, 
the benefits hypothesized by a protective ventilation 
approach could be vanished when high tidal volumes 
are delivered due to this asynchrony (40). 

Auto-triggering

Auto-triggering also known as “auto-cycling” is 
defined as a cycle delivered by the ventilator without 
a prior airway pressure decrease, indicating that the 
ventilator delivered a breath that was not triggered by 
the patient (23). The occurrence of auto-triggering can 
be due to airleaks in the system, or to an excessively 
high trigger sensitivity. Moreover, changes in airway 
pressure and/or flow secondary to cardiac oscillations 
or water accumulation in ventilator tubing can errone-
ously be sensed as triggering efforts (41, 27, 15).

To detect the activation of inspiratory muscles on 
the ventilator’s graphics, the pressure-time waveform 
should be observed. A little deflection on the PEEP 
level immediately before the beginning of the inspira-
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tory phase indicates the presence of trigger activation. 
Auto-triggering can be spotted on ventilator’s graph-
ics by noticing the absence of trigger sign when this 
is expected (as during pressure support ventilation or 
assist-control ventilation) and a “passive-like” flow-
time waveform. The absence of diaphragmatic depo-
larization showed by the EAdi waveform confirms the 
presence of this asynchrony (figure 3A).

Reverse triggering 

Akoumianaki et al (42) described this type of asyn-
chrony in acutely ill patients undergoing controlled me-
chanical ventilation. Ventilator insufflations trigger dia-
phragmatic muscle contractions through activation of 
the patient’s respiratory center in response to passive in-
sufflation of the lungs. If the inspiratory effort is strong 
enough, a second breath can be delivered by the ventila-

tor, resulting in breath-stacking. As opposed to double-
triggering, during reverse triggering the first breath is 
triggered by the ventilator and is followed by a patient 
inspiratory effort (19). The exact causal mechanism is 
unknown, but this asynchrony was found in heavily se-
dated ARDS patients (42) and in brain-death (43). Re-
verse triggering might result in alterations of measured 
plateau pressures, increased oxygen consumption, and 
hemodynamic instability. This may also play a role in 
ventilator induced diaphragmatic dysfunction (11).

A reverse triggering example is showed in figure 
3B. A patient is supported with pressure-controlled 
ventilation. The ventilator starts the insufflation ac-
cording to the settled time (no sign of triggering, since 
the breath is mandatory). After some tenths of second 
the patient activates his/her inspiratory muscles. This 
activation is detected by the light deflection on the 
pressure-time waveform, while the flow-time wave-

Figure 2. (A) Ineffective effort during pressure support ventilation (PSV). (B) Premature cycling during PSV. (C) Double triggering 
during PSV
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form shows a light convexity. This kind of assessment 
on the ventilator’s graphics is not easy, and sometimes 
it’s impossible. If an EAdi waveform is available, the 
diagnosis of reverse triggering is simplified since the 
discrepancy between ventilator insufflation and the pa-
tient neural activation is clearly detectable. 

Delayed cycling 

When the ventilator inspiratory time exceeds the 
patients neural inspiratory time, an asynchrony known 
as late, prolonged or delayed cycling occurs (11). Me-
chanical insufflation continues after neural inspira-
tion has ceased or even during active expiration. Most 
frequent causes are an inappropriate timing in cycling 
setting (17) and airleaks (44, 45). Chronic obstruc-
tive pulmonary disease (COPD) and asthma are risk 
factors for delayed cycling, and the shorter expiratory 

time contributes to worsening hyperinflation in these 
patients (46).

An example of delayed cycling due to airleaks 
caused by a large bronchopleural fistula during PSV 
is showed in figure 4A. The ventilator displays a delay 
in the ventilator’s cycling as compared to the patient’s 
neural activity. In this case, the flow-time waveform 
shows a slow decrease and late activation of the ex-
piratory trigger, despite the patient has well began the 
neural expiration. Simultaneously, the pressure-time 
waveform records an increase in Paw between the end 
of neural inspiration and the end of the mechanical in-
spiration. These graphical aspects indicate that the pa-
tient truncated the inspiration before the ventilator has 
ended the inspiratory phase. This is confirmed by the 
EAdi waveform that displays the mismatch between 
the diaphragmatic relaxation and the end of mechani-
cal inspiration.

Figure 3. (A) Auto-cycling in PSV. (B) Reverse triggering during pressure-controlled ventilation (PCV)



Nurses and patient-ventilator asynchronies 13

Flow starvation

Gilstrap et al. have defined flow starvation as the 
PVA that “occurs when gas delivery fails to meet pa-
tients’ flow demand”. Inadequate gas delivery is com-
mon when ventilator flow is set inappropriately low, 
or the combination between VT and inspiratory time 
does not result in adequate flow to the injured lung, or 
when inspiratory flow demands are high and vary from 
breath to breath (15).

The pressure-time waveform is typically “sucked 
down” by the patient’s inspiratory effort (figure 4B). 
The delivered flow is markedly lower than patient’s de-
mand and excessive muscle loading may occur. When 
flow starvation is severe, the pressure–time waveform 
during inspiration can be pulled below the baseline 
airway pressure by a high patient’s flow demands” (15, 
16).

Flow asynchronies appear to be more common 
with ventilatory settings that deliver a fixed flow (flow-
targeted breaths) rather than with a flow that can vary 
with effort (pressure-targeted breaths) (47)

Influence of PVAs on patient outcomes 

The papers answering to this research question 
that were included in this review were 10 (21-24, 29, 
35, 40, 44, 48, 50).

Chao et al (22) showed that 10.9% of 174 stud-
ied patients experienced ineffective breathing ef-
forts. These patients had lower weaning success rates 
(p<0.001). In fact, the mean time of weaning in pa-
tients with asynchronies was 72 days versus 33 days in 
those well adapted to the ventilator (p=0.013).

The asynchrony index (AI, number of asynchro-
nous breaths/total number of breaths X 100) >10% has 

Figure 4. (A) Late cycling during PSV. (B) Flow starvation during volume controlled ventilation. The dot line shows the shape of 
the waveform in absence of flow starvation
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been associated to longer mechanical ventilation dura-
tion (p=0.005) and higher incidence of tracheostomy 
(p=0.007), but not to mortality rates (p=0.36) (23). On 
the contrary, Blanch et al. found that values of AI>10% 
were associated to ICU mortality (p=0.011) and hos-
pital mortality (p=0.044), but not to a larger mechani-
cal ventilation duration time (p=0.061) (21).

During NIV the airleaks from the interface can 
determine a prolonged pressurization of the ventilator, 
causing an insufficient fall of the flow to reach the ex-
piratory cycling threshold (44). Consequently, the ven-
tilator cycling is considerably delayed, and the work 
of breathing increases (44), with consecutive decreased 
patient’s compliance to NIV support.

Tokioka et al. (35) evaluated the effects of PSV 
cycling in patients recovering from acute lung injury, 
with flow-cycling at 1%, 5%, 20%, 35%, and 45% of 
peak inspiratory flow. The higher flow-cycling percent-
ages resulted in premature cycling, double-triggering, 
lower tidal volumes, higher respiratory rate (p<0.001), 
and higher work of breathing (p<0.001). On the con-
trary, in patients with COPD higher percentages of 
expiratory trigger levels seem to decrease the extent of 
delayed cycling, reduce the intrinsic PEEP level, and 
the ventilator triggering effort (29).

De Wit et al. (24) found that the increase of inef-
fective trigger index (ITI, number of ineffective trig-
gers/number of total breaths) was associated to deeper 
levels of sedation. In fact, lower Richmond Agitation 
and Sedation Scale scores were associated to higher 
rates of ineffective breathing efforts (p=0.04). In that 
study, patients who were awake showed about one-
fifth of the total number of ineffective efforts when 
compared with not-awake patients (p=0.04) (24). 
The same authors (48) found that ITI ≥10% (if com-
pared to ITI <10%) was an independent predictor for 
longer mechanical ventilation duration (10 days vs. 4, 
p=0.0004) and shorter ventilator-free survival (14 days 
vs. 21, p=0.03). Patients with ITI ≥10% had a longer 
ICU length of stay (8 days vs. 4, p=0.01) and hospital 
length of stay (21 days vs. 8, p=0.03). Mortality was 
similar in the two groups, but patients with ITI ≥10% 
were less likely to be discharged home (44% vs. 73%, 
p=0.04) (48).

Vaporidi et al (49) have introduced a new con-
cept of events defined “clusters” of ineffective efforts 

(IE). These events are defined as more than 30 inef-
fective efforts in a time period of 3 minutes (about half 
the number of breaths per minute in a patient with a 
respiratory rate of 20 breaths per minute). This study 
showed that the ineffective effort index ≥10% had no 
correlation with critically ill patient’s outcome; the 
presence of clusters of IE was associated with longer 
duration of mechanical ventilation (even in presence of 
IE index <10%) and higher hospital mortality.

In 2000 the ARDS network clearly showed that a 
lung-protective ventilation strategy can reduce mortal-
ity in patients with acute respiratory distress syndrome 
(ARDS) (50). Moreover, in ARDS patients ventilated 
in assist-control-volume (ACV) mode, tidal volumes 
of 4-6 mL/kg of IBW have been recommended to 
reduce VILI. However, Pohlman et al demonstrated 
that tidal volumes settled in ml/kg IBW had a strong 
association with the occurrence of breath-stacking 
(p=0.007) (40). Therefore, the beneficial effects of low-
er tidal volume ventilation may be decreased when this 
asynchrony is present.

Nursing detection skills 

The papers answering to this research question 
that were included in this review were 4 (51-54).

Published studies about nurses’ knowledge and/
or skills in ventilator’s graphics monitoring are scarce. 
Chacòn et al. in 2012 (51) investigated the level of 
nurses skills in detecting patients’ ineffective breathing 
efforts through the monitoring of ventilators’ graph-
ics. 2 ICU nurses underwent to ad hoc education for 
monitoring ventilator’s graphics, before undergoing 
a test about ineffective efforts. The answers of nurses 
were compared to those of 5 expert physicians (ref-
erence standard). The results indicate that nurses, if 
adequately skilled with specific courses, can detect 
patients’ ineffective efforts with the same accuracy of 
expert clinicians (k=0.92 for the first nurse, and k=0.74 
for the second one) (51).

The ability of nurses in detecting patient-venti-
lator asynchronies through graphics monitoring was 
confirmed by the before-after study performed by 
Fusi et al. (52). The authors have assessed the nurs-
es’ knowledge before a specific course on ventilator’s 
graphics and after 6 months from its end. They record-
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ed a significant increase in knowledge at the end of the 
training (p<0.001) which was retained after 6 months 
(p<0.001) (52).

Lynch-Smith et al. in 2016 (53), evaluated the 
influence on the mean duration of mechanical venti-
lation exerted by the education on patient-ventilator 
interaction performed on nurses and respiratory thera-
pists. The study showed an increase of knowledge in 
nurses and respiratory therapists (p<0.001), but failed 
to demonstrate a relevant reduction in duration of me-
chanical ventilation (53). During the same year, Ram-
irez et al. (54) performed a survey on 25 hospitals in 
Chile that was administered to different professional 
roles in the ICUs with the aim to understand the fac-
tors affecting the ability to detect patient-ventilator 
asynchronies. The authors found that the only signifi-
cant factor associated with an increased detection of 
PVAs was to have received previous training in ven-
tilator waveform analysis (p<0.001). The professional 
role and the experience of the ICU team members did 
not influence the correctness in detecting the patient-
ventilator asynchronies.

Discussion and conclusion

Salient findings of this review are: 1) PVAs have 
been classified with respect to the phase of the res-
piratory cycle or based on the circumstance of occur-
rence but there is agreement on the existence of 7 types 
of PVAs: ineffective effort, double trigger, premature 
cycling, delayed cycling, reverse triggering, flow star-
vation and auto-cycling; 2) the influence on patient 
outcomes varies greatly among studies but PVAs are 
mostly associated with poorer outcomes; 3) adequately 
trained nurses can learn and retain how correctly de-
tect PVAs. 

The PVAs classification according to the phases of 
breathing cycle, has been made with the intent to ease 
the healthcare professional comprehension and detec-
tion through the ventilator waveforms. The classifica-
tion offered by Dress et al. (18) and Pham et al. (19), 
based on the circumstances of PVAs occurrence, could 
simplify the treatment approach to the PVAs. How-
ever, there are no published studies showing that the 
use of PVAs classification methods could improve the 

detection and fixing of the PVAs. Beyond the diverse 
classifications, there is agreement on the existence of 7 
types of PVAs, even if some incongruencies still per-
sist among the definitions of the single typologies of 
PVA. This element could generate confusion in the 
understanding and approaching of PVAs, especially 
among the less trained professionals.  Since the last 20 
years, modern ventilators are equipped with continu-
ous respiratory waveform monitoring on their displays 
useful in the detecting of asynchronies. Pressure and 
flow waveforms are available in all the modern ventila-
tors, being a fundamental tool to understand patient-
ventilators interactions (12). However, they have some 
limitations: visual inspection of waveforms in search of 
patient-ventilator asynchronies is objectively difficult 
(55). Moreover, the healthcare professionals’ ability to 
recognize PVAs can be very low and affected by train-
ing in ventilator waveform analysis (54). In addition, 
some PVA are hardly recognizable if only the pressure-
time and flow-time waveforms are used (18). In fact, 
sometimes the ventilator’s waveforms could appear 
“normal” also when an asynchrony is occurring (56).

Some additional tools to face these limitations are 
available on the market: esophageal pressure monitor-
ing and EAdi monitoring. The esophageal pressure is 
a surrogate of pleural pressure, providing useful data 
for the respiratory mechanics and pulmonary stress 
evaluation (57). This parameter allows an accurate 
interpretation of patient-ventilator interactions and 
asynchronies (6), but the esophageal pressure meas-
urement is often underused in clinical settings due to 
lack of knowledge (58). EAdi signal allows to measure 
the size of diaphragmatic depolarization, expressed in 
µV. The nasogastric tube for EAdi records directly the 
respiratory drive and it’s very accurate in revealing the 
beginning and the duration of neural inspiration and 
expiration (32). Its widespread use is limited by the 
need to have available a specific mechanical ventilator 
equipped with a patented technology and software.

PVAs are associated to poor outcomes, but it’s not 
still clear if the occurrence of asynchronies is a factor 
directly affecting these outcomes or if it’s an indica-
tor of illness severity. In fact, the predisposing factors 
for PVAs are often related to the patients’ severe clini-
cal conditions, the presence of COPD, the ventilation 
modes and the changes of ventilator settings (22, 23).
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Incidence of PVAs is affected by large variabil-
ity in case definition, patients’ conditions, ventilator 
modes, time and methods of observation, with studies 
reporting AI >10% rates ranging from 12 to 43% (21, 
38). Among the occurrence of asynchronies, ineffec-
tive efforts are those with the highest percentages (20, 
49). One of the main and frequent limits in the stud-
ies on incidence of PVAs and their effects on patients’ 
outcomes is the short times of observations. In order 
to overcome this limitation, some researchers have 
studied the occurrence of asynchronies using adequate 
software for the continuous recording of the patient-
ventilator interaction (21, 49).

The nurse could potentially play a crucial role in 
the early detection of PVA, since he/she is the profes-
sional figure spending the most part of the working 
time at the bedside. The detection of auto-cycling dur-
ing brain death assessment is one enlightening exam-
ple. In fact, the lack of detection of this asynchrony 
can potentially delay the brain death diagnosis (59) 
with consequences as longer ICU management times, 
and increased risk of losing potentially transplant-
able organs (60). The correct interpretation of venti-
lator waveforms could improve the multidisciplinary 
workflow in ICU and the therapeutic interventions 
(61). The effective early identification of double trig-
gering, cluster of ineffective efforts and asynchronies 
between neural times and ventilator times could de-
crease the risk of complications. However, to date only 
few nurse researchers have faced the complex area of 
patient-ventilator interaction. In particular there is a 
lack of studies on the effectiveness of ventilator graph-
ics monitoring performed by nurses.

The few available studies indicate that nurse-led 
ventilator waveform analysis is a practice rarely per-
formed (13, 20, 54, 61, 62). Potential reasons for this 
can be found in the complexity of this kind of moni-
toring, the lack of specific educational courses and 
shortage of resources and didactic tools (61-63). These 
findings hint to a wide knowledge-gap in the patient-
ventilator interaction domain that should be tackled by 
the clinical and academic community. 

In conclusion, PVA are variously defined and 
classified, but the achievement of a unique and widely 
shared definition of the typologies of asynchronies 
should be desirable. Asynchronies have been associ-

ated to ICU and in-hospital mortality, and have the 
potential to compromise important clinical objectives. 
However, it’s not clear if PVAs represent the root 
cause or are simply proxies of patients’ illness severity 
level. Monitoring system to detect PVAs are currently 
available and effective, but scarcely implemented for 
the lack of skills, shortage of resources and education. 
Since its difficult interpretation and the potential im-
plication of its implementation, the ventilator graphics 
monitoring can be classified as an advanced compe-
tence for nurses. The knowledge and training to man-
age adequately this issue should be provided by specific 
post-graduate university courses.
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