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Abstract  
Background  
Patient–ventilator asynchronies (PVAs) are common during mechanical ventilation and 
are associated with adverse outcomes. While most research has focused on ventilator 
modes, pulmonary mechanics, and sedation, the influence of routine clinical practices 
remains largely unexplored. 

Objectives  
To document ventilatory asynchronies induced by routine clinical practices through 
systematic observation and to contrast these findings with a structured scoping review of 
the literature. 

Methods  
Systematic observation of ventilator waveforms was performed during routine clinical 
interventions in critically ill patients receiving invasive mechanical ventilation. In 
parallel, a scoping review was conducted across five databases (Scopus, ScienceDirect, 
PubMed, LILACS, and Cochrane), guided by the PCC framework (Population, Concept, 
and Context) and PRISMA-ScR recommendations. Study selection was carried out 
independently by two reviewers using Rayyan software, with disagreements resolved by 
consensus. 

Results  
Thirteen studies were included in the scoping review; only three addressed the eight 
PVAs described in the literature, and none reported induced asynchronies as a cause or 
risk factor. Our observational analysis demonstrated that routine interventions such as 
respiratory care, repositioning, and intrahospital transfers may trigger transient episodes 
of PVA. 

Conclusions  
Routine clinical practices,including suctioning, repositioning, and intrahospital 
transport, can unintentionally induce PVAs. To the best of our knowledge, this 
phenomenon has not previously been reported in the literature, as confirmed by our 
scoping review. These findings highlight an overlooked source of asynchrony with 
potential clinical implications. 
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INTRODUCTION 

Patient–ventilator asynchronies (PVAs) are frequent events 
during invasive mechanical ventilation, with reported inci
dences ranging from 25% to 93%, depending on the popu
lation studied and the sensitivity of detection methods.1‑4 

These disturbances in patient–ventilator interaction are far 
from benign: they have been linked to adverse clinical out
comes, including prolonged duration of ventilation, ex
tended intensive care unit (ICU) stays, and increased mor
bidity and mortality.5 The impact of these outcomes 
appears to depend not only on the frequency of asyn
chronies but also on their intensity, duration, and persis
tence over time.6 

Despite decades of research on this phenomenon, most 
studies have concentrated on intrinsic factors such as ven
tilator mode, pulmonary mechanics, and the depth of se
dation.7‑9 Nevertheless, important gaps remain in our com
prehensive understanding of PVAs,10 particularly regarding 
the influence of routine clinical interventions on pa
tient–ventilator synchrony. Essential ICU practices, such as 
oral hygiene, airway suctioning, patient repositioning, and 
intrahospital transport, may transiently disrupt respiratory 
mechanics and trigger episodes of asynchrony, especially 
in patients with partial spontaneous breathing or limited 
physiological reserve. 

Several authors have highlighted that many asyn
chronies remain undetected in daily clinical practice, either 
because of their transient nature or the absence of contin
uous waveform monitoring. These events have been docu
mented to occur at any phase of the ventilatory cycle, un
derscoring their clinical variability and complexity.11‑13 

In this context, the hypothesis that common clinical 
practices may unintentionally trigger PVAs represents a 
scarcely explored avenue of research. Although this phe
nomenon has been empirically acknowledged by experts in 
ventilator monitoring, no visual reports documenting its 
occurrence exist, nor are there studies directly linking it to 
specific routine care interventions, an important gap in our 
current understanding of patient–ventilator interaction. 

The aim of this observational exercise was to document, 
through real-time graphical monitoring, the occurrence of 
unintentional asynchronies triggered during common clin
ical interventions in critically ill patients. A clinical phe
nomenon frequently perceived but not formally described 
in the specialized literature. In addition, a structured litera
ture review was conducted to contrast and corroborate that 
this phenomenon has not been identified or reported as a 
potential cause of asynchrony in either current or previous 
reviews. 

METHODS 

This review followed the PRISMA-ScR checklist (Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
extension for Scoping Reviews)14 and was guided by the 
methodology developed by the Joanna Briggs Institute 
(JBI). The process included the following stages: formu
lation of the research question, identification of relevant 

studies, study selection, data extraction, synthesis and pre
sentation of the results, and conclusions. 

RESEARCH QUESTION 

This scoping review was guided by the PCC (Population, 
Concept, Context) framework, as recommended by the 
Joanna Briggs Institute (JBI): 

Population (P):  Adult patients admitted to the inten
sive care unit (ICU) undergoing invasive mechanical venti
lation. 

Concept (C):  Patient–ventilator asynchronies (PVA) in
duced by routine clinical practices (e.g., endotracheal suc
tioning, oral hygiene, patient repositioning, intrahospital 
transport). 

Context (C):  Hospital intensive care settings, including 
general and specialized ICUs. 

ELIGIBILITY CRITERIA 

The literature search was conducted in accordance with 
the proposed research question. We included randomized 
controlled trials (RCTs), descriptive or analytical observa
tional studies, and systematic or narrative reviews that re
ported or described any type of PVA, regardless of whether 
it was induced by routine clinical practices. This broad ap
proach was adopted to contrast the existing evidence and to 
identify the absence of studies explicitly addressing asyn
chronies induced by common care interventions. Given that 
no primary studies on this phenomenon were found, narra
tive reviews were included to ensure a comprehensive map
ping of what has and has not been investigated in the field, 
in line with JBI guidance for scoping reviews. No restric
tions were applied regarding the year of publication. Arti
cles published in English, Spanish, or Portuguese were con
sidered eligible. 

Two independent investigators (AMEP, HMPG) screened 
titles and abstracts and assessed full texts for eligibility. 
Discrepancies were resolved by consensus or, if necessary, 
by consultation with a third reviewer. 

EXCLUSION CRITERIA 

We excluded studies that did not involve adult patients re
ceiving invasive mechanical ventilation in an ICU setting. 
Studies focusing exclusively on non-invasive ventilation or 
pediatric populations were also excluded. Furthermore, we 
did not consider editorials, letters to the editor, expert 
opinions lacking primary data, or conference abstracts 
without full-text availability. 

INFORMATION SOURCES 

A comprehensive search was conducted in five electronic 
databases: Scopus, ScienceDirect, PubMed, LILACS, and the 
Cochrane Library. The search strategy incorporated both 
Medical Subject Headings (MeSH) and Descriptores en Cien
cias de la Salud (DeCS). The primary search terms included: 
“Asynchrony” OR “Patient–ventilator asynchrony” OR “Pa
tient–ventilator dyssynchrony” AND “Critical care” AND “Me
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chanical ventilation.” In addition, the reference lists of the 
included studies were manually screened to identify further 
eligible articles. 

SEARCH STRATEGY 

The research question was formulated using the PCC 
framework (Population, Concept, and Context), in accor
dance with Joanna Briggs Institute guidance. We combined 
controlled vocabulary (MeSH and DeCS) with free-text 
terms in English, Spanish, and Portuguese. Database-spe
cific search equations were developed in collaboration with 
an information specialist to ensure precision, comprehen
siveness, and adequate coverage. 

Duplicate records were removed, and study selection was 
performed in Rayyan15 (Rayyan Systems Inc., Doha, Qatar) 
to enable blinded, independent screening by two reviewers. 
Discrepancies were resolved by consensus or, when neces
sary, by a third reviewer. Screening proceeded in two stages 
(titles/abstracts, then full texts) against predefined eligibil
ity criteria; studies meeting all criteria were included. The 
complete search equations for each database are provided 
in the Supplementary Table S1.    

DATA SYNTHESIS AND EXTRACTION 

Data extraction was performed independently by two re
viewers using a standardized template specifically designed 
for this review. The extraction table included the following 
items: author, year of publication, study design, types of 
PVA, and reported causes of asynchronies. Discrepancies 
between reviewers were resolved by consensus or, when 
necessary, by consultation with a third reviewer. 

The extracted data were organized into structured ev
idence tables to allow comparison across studies and to 
highlight gaps in the literature. This process facilitated 
both the descriptive mapping of existing evidence and the 
identification of the absence of studies reporting asyn
chronies induced by routine clinical practices. 

OBSERVATIONAL ANALYSIS 

To document the occurrence of unintentional PVAs, a sys
tematic observational assessment of ventilator waveforms 
was conducted in patients receiving invasive mechanical 
ventilation. Waveforms were analyzed during three types of 
routine clinical interventions performed in the ICU. Asyn
chronies were identified and recorded through continuous 
graphical monitoring of pressure, flow, and volume curves 
across different ventilatory modes, without modifying the 
parameters previously set by the responsible clinical team. 

In our unit, physiotherapists (PTs) with ICU training are 
responsible for both invasive and non-invasive ventilatory 
support. This includes ventilator assembly, programming, 
and continuous monitoring. The mechanical ventilator 
used was CARESCAPE™ R860. 

This observational component followed a naturalistic, 
descriptive design. No clinical variables such as sedation 
level, disease severity, ventilator-related factors beyond 
routine settings, or provider expertise were controlled or 

manipulated, as the objective was to document real-world 
patient–ventilator interactions during usual care. Accord
ingly, the observational findings are descriptive and ex
ploratory, intended to generate preliminary visual evidence 
rather than establish causal relationships. 

The analysis was structured around three commonly en
countered care scenarios: 

INTERVENTIONS RELATED TO RESPIRATORY CARE 

In patients with an artificial airway, ensuring the appropri
ate delivery of the programmed tidal volume is essential. 
This section examined the asynchronies observed during 
procedures such as oropharyngeal suctioning, oral hygiene, 
and airway clearance manoeuvres. These procedures were 
performed by the PT on duty. 

ASSISTED POSTURAL CHANGES 

Patients receiving sedoanalgesic agents often have limited 
mobility and therefore require external assistance for repo
sitioning and mobilization. We documented asynchronous 
events triggered during routine passive mobilization aimed 
at preventing complications associated with prolonged im
mobility. The postural changes were carried out by the 
nursing assistants, and the ventilatory graphs were ana
lyzed by the PT. 

INTRAHOSPITAL TRANSPORT 

During transport for diagnostic or therapeutic procedures 
within the facility, PVA episodes were identified at specific 
moments, such as navigating ramps, entering lifts, or repo
sitioning during connection and disconnection from exter
nal support systems. In this section, the PT on duty was 
present throughout the entire transfer, from departure to 
return to the cubicle, ensuring the artificial airway and 
monitoring the ventilatory waveforms. 

ETHICAL CONSIDERATIONS 

This study was approved by the Research Committee of the 
SES Hospital Universitario de Caldas under Record CI dated 
28 August 2025. 

RESULTS 

In the initial search, 348 articles were retrieved from five 
databases. After removing 300 duplicates and excluding 25 
articles, 13 studies remained and were included in our re
view (Figure 1 ). 

CHARACTERISTICS OF THE INCLUDED STUDIES 

The selected studies were published between 2000 and 
2025, with the highest number appearing in 2018.20‑22 Re
garding methodology, the most frequently employed ap
proach was the narrative review.16,18‑28 In contrast, only 
one prospective study was identified.17 
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Figure 1. Study selection flowchart    

REPORTED PATIENT–VENTILATOR ASYNCHRONIES 

The most frequently reported PVAs, in relation to their un
derlying causes, were Ineffective Triggering16‑18,20‑24,26‑28 

and Delayed Cycling, and Premature Cycling.18‑28 Only three 
publications documented all categories of PVAs24,26,28 (Ta
bles  1  and  2). 

GRAPHICAL ANALYSIS OF VENTILATOR WAVEFORMS 
DURING THREE DIFFERENT INTERVENTIONS 

The patients included in the analysis presented a range of 
predominant critical conditions, mainly respiratory, neu
rovascular, renal, and surgical. The most commonly used 
sedative and analgesic medications were midazolam, fen
tanyl, dexmedetomidine, and propofol. 

In terms of timing, as the interventions analyzed cor
responded to routine clinical care, respiratory procedures, 
specifically airway clearance, had a maximum duration of 3 
minutes. Postural changes, performed every 3 hours, typi
cally lasted between 5 and 8 minutes. In contrast, intrahos
pital transfers were more time-consuming; from the mo
ment the patient left the unit until their return, the 
duration could vary between 15 and 20 minutes. 

With regard to the PVAs, these were short in duration, 
as they were transient and tended to be exacerbated during 
routine clinical care. They were observed for a maximum 
continuous period of 1 minute. The PT on duty made ad
justments when necessary; however, in most cases, no in
tervention was required, as once the stimulus provoking the 
asynchrony ceased, the patient returned to ventilatory syn
chrony. 

We found that induced asynchronies may occur indepen
dently of the ventilatory mode and that double triggering 
was observed across all three interventions (Figures  2,  3,  
and  4). 

DISCUSSION 

Our findings provide compelling evidence that routine clin
ical interventions, such as patient mobilization and endo
tracheal suctioning, can transiently yet consistently trigger 
PVAs. Although these interventions are essential compo
nents of care in patients receiving invasive ventilatory sup
port, their unintentional impact on patient–ventilator in
teraction has been overlooked, likely due to the absence 
of literature explicitly addressing this phenomenon. To the 
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Table 1. Historical review on the causes of ventilator asynchronies – part 1            

# Authors 
and year 

Types of ventilatory asynchrony, causes and factors 

Study 
design 

Ineffective Triggering Auto-Triggering Double Triggering Reverse Triggering 

1 Tobin, et 
al. 
200016 

Narrative 
review 

Increased elastic recoil pressure, elevated 
intrinsic PEEP, shortened expiratory time 

2 Thille, et 
al. 
200617 

Prospective 
study 

Excessive pressure support, high tidal 
volume, prolonged neural inspiratory time, 
elevated bicarbonate levels, and alkalemia 

High patient ventilatory demand, 
excessively short ventilator 
inspiratory time, and volume-
controlled assisted ventilation 

3 Mellott, 
et al. 
200918 

Narrative 
review 

Excessive intrinsic positive end-expiratory 
pressure, delayed termination dyssynchrony, 
mismatched sensitivity level 

Sensitivity level out of 
adjustment, excessive 
water in the circuit, air 
leaks in the 
endotracheal tube cuff, 
ventilator circuit and 
chest tube, Cardiac 
oscillations 

Premature termination 

4 Carrillo, 
et al. 
201619 

Narrative 
review 

Presence of water in 
the circuit, air leaks, 
cardiac oscillations, 
low central inspiratory 
threshold, low 
respiratory rate, and 
high stroke volume. 

Persistence of the patient’s 
inspiratory effort after closure of the 
inspiratory valve, mechanical 
inspiratory time exceeding the 
patient’s neural inspiratory time, and 
activation of the expiratory muscles 
during exhalation against a still 
pressurised airway. 

Dynamic hyperinflation, low 
central respiratory drive, muscle 
weakness, high levels of 
assistance, delayed expiratory 
valve opening, and mechanical 
inspiratory time exceeding neural 
inspiratory time. 

5 Bulleri, et 
al. 
201820 

Narrative 
review 

Weak respiratory drive and/or reduced 
effort, ventilator over-assistance, excessive 
levels of sedation, high intrinsic positive end-
expiratory pressure (auto-PEEP), and overly 
sensitive ventilator trigger settings. 

Air leaks within the 
system, excessively 
high trigger sensitivity, 
and changes in airway 
pressure or flow 
secondary to cardiac 
oscillations or water 
accumulation in the 
ventilator tubing 

Ventilator insufflations triggering 
diaphragmatic contractions in 
response to passive lung inflation, 
patient inspiratory efforts strong 
enough to initiate a second 
ventilator breath, heavily sedated 
patients with acute respiratory 
distress syndrome, and brain-
dead patients. 

6 Subirà, et 
al. 
201821 

Narrative 
review 

The patient's attempt does not reach the 
ventilator activation threshold 

Sustained inspiratory effort that 
persists beyond the ventilator's 
inspiratory time 

Ventilator inflations may trigger 
diaphragmatic muscle 
contractions through activation 
of the patient’s respiratory centre 
in response to passive lung 
inflation. The patient’s 
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# Authors 
and year 

Types of ventilatory asynchrony, causes and factors 

Study 
design 

Ineffective Triggering Auto-Triggering Double Triggering Reverse Triggering 

inspiratory effort may begin later 
in the inspiratory phase, as 
ventilator flow decreases, and 
may persist into the expiratory 
phase. 

7 Holanda, 
et al. 
201822 

Narrative 
review 

Improper sensitivity adjustment or 
malfunction of the sensitivity mechanism, 
prolonged inspiratory time, respiratory 
muscle weakness, decreased neural drive, 
dynamic hyperinflation 

Excessive sensitivity, 
system leak, 
condensation in the 
ventilator circuit, 
transmission of 
pressure or flow 
fluctuations due to 
cardiac activity 

Inspiratory time too short in relation 
to neural inspiratory time, low tidal 
volume 

Muscular effort resulting from 
mechanical inflation 

8 de Haro, 
et al. 
201923 

Narrative 
review 

Inadequate trigger sensitivity, excessive 
assistance, overdistension, air trapping, low 
respiratory drive, low partial pressure of 
carbon dioxide, and oversedation 

Inappropriate ventilator inspiratory 
time setting, inadequate trigger 
sensitivity, improper circuit 
pressurization, excessively strong 
patient effort, and reverse triggering 

Oversedation, overdistension, 
and air trapping 

9 Mirabella, 
et al. 
202024 

Narrative 
review 

Low trigger sensitivity, weak respiratory 
drive or effort secondary to deep sedation, 
excessive ventilatory support or 
diaphragmatic dysfunction, presence of a 
high threshold load such as intrinsic PEEP, 
delayed cycling—particularly in pressure 
support mode or under obstructive 
conditions—and NIV in the presence of 
intentional leaks when using a ventilator 
unable to compensate for them. 

Excessively long 
inspiratory time in a 
time-cycled breath, 
high trigger sensitivity, 
leaks, random noise in 
the circuit, cardiac 
oscillations, water 
condensation in the 
ventilator circuit, and 
abundant 
tracheobronchial 
secretions. 

Short cycles due to insufficient 
assistance from fixed flow or lower 
tidal volumes in patients with high 
inspiratory flow demand in assisted/
controlled mode, and short cycles 
resulting from a high expiratory 
trigger threshold in pressure support 
mode in patients with low 
respiratory system compliance and 
high respiratory drive. 

Overassistance and deep 
sedation 

10 Oto, et al. 
202125 

Narrative 
review 

Sensitive trigger 
settings, flow 
triggering, heart rate, 
fluid in the circuit, air 
leaks. 

The initial ventilator breath 
triggers a subsequent breath 
initiated by the patient. 

11 Saavedra, 
et al. 
202226 

Narrative 
review 

Excessively high trigger sensitivity setting, 
prolonged inspiratory time, respiratory 
muscle weakness, decreased respiratory 
drive, inappropriate set PEEP, and dynamic 

Air leaks in the 
mechanical ventilation 
circuit, low-sensitivity 
trigger settings, fluid 

Low tidal volume, inadequate or low 
inspiratory flow, high respiratory 
drive, short inspiratory time, 
presence of premature cycling, and 

Ventilator-induced stimulation of 
stretch receptors, prolonged 
mechanical lung insufflation, low 
inspiratory flow rates, and high 
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# Authors 
and year 

Types of ventilatory asynchrony, causes and factors 

Study 
design 

Ineffective Triggering Auto-Triggering Double Triggering Reverse Triggering 

hyperinflation (auto-PEEP). condensation within 
the circuit, and 
transmission of 
intrathoracic pressure 
variations due to 
vigorous cardiac 
activity. 

use of a volume-controlled mode. tidal volumes. 

12 Varón, et 
al. 
202427 

Narrative 
review 

Weak patient effort that does not generate 
sufficient pressure variation, inadequate 
trigger limit. 

Inspiratory effort that persists 
beyond the programmed inspiratory 
time, insufficient flow demand from 
the ventilator, tidal volume delivered 
below the patient's history, 
pathologies that require protective 
ventilation strategies 

Volume delivered by the 
ventilator that activates 
pulmonary reflexes by passive 
insufflation, programming of 
short inspiratory times, 
programming of low tidal 
volumes, inadequate sedation 

13 Costa V, 
et al. 
202528 

Narrative 
review 

Inadequate inspiratory triggering, auto-PEEP, 
improperly set external PEEP, ventilator 
overassistance, and diaphragmatic atrophy 

Vigorous cardiac 
oscillations, leaks in 
the ventilator circuit, 
presence of secretions 
or fluid within the 
circuit, and chest 
drains with high 
negative pressure 

Increased respiratory drive, 
insufficient inspiratory pressure 
support, tidal volume below patient 
demand, inspiratory flow below 
demand, and patient neural 
inspiratory time exceeding the 
mechanical inspiratory time 

Patients under deep sedation 
without neuromuscular blockade, 
reflex diaphragmatic stimulation, 
activation of mechanoreceptors, 
and reflex diaphragmatic 
contraction induced by scheduled 
mechanical breaths. 

#: number, PEEP: Positive End-Expiratory Pressure, NIV: Non-Invasive Ventilation 
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Table 2. Historical review on the causes of ventilator asynchronies – part 2            

# Authors 
and year 

Types of ventilatory asynchrony, causes and factors 

Study 
design 

Excessive Flow Insufficient Flow Delayed Cycling Premature Cycling 

1 Tobin, et 
al. 
200016 

Narrative 
review 

High inspiratory flow, 
Increased lung volume 
at the end of 
inspiration, Mismatch 
between mechanical 
inflation and neural 
timing 

The initial flow setting is too 
low 

2 Thille, et 
al. 
200617 

Prospective 
study 

3 Mellott, 
et al. 
200918 

Narrative 
review 

Mechanical respiration that 
does not end when the 
patient's muscular inspiration 
is completed 

Mechanical ventilation ends sooner than the patient 
wishes. 

4 Carrillo, 
et al. 
201619 

Narrative 
review 

The patient's flow demand is 
not met by the flow provided 
by the ventilator, prolonged 
ramp time 

Mechanical inspiratory time 
longer than neural inspiratory 
time 

Programmed pressure too low in pressure support mode. 

5 Bulleri, et 
al. 
201820 

Narrative 
review 

Inappropriate ventilator flow 
settings, inadequate 
combination of tidal volume 
and inspiratory time, and high 
inspiratory flow demands 
varying between breaths. 

Inappropriate timing in the 
cycling phase and air leaks 

Patient neural inspiratory time longer than ventilator 
inspiratory time, excessively short ventilator inspiratory 
time, high patient ventilatory demand, presence of 
severe lung injury with increased respiratory drive, and 
the use of low tidal volumes in patients with acute 
respiratory failure 

6 Subirà, et 
al. 
201821 

Narrative 
review 

The patient initiates 
exhalation while the 
ventilator is still delivering 
flow, inadequate cycling 
settings, inspiration ends 
according to a time criterion 

Neural inspiratory time greater than ventilator 
inspiratory time. 

7 Holanda, 
et al. 
201822 

Narrative 
review 

The flow setting is too 
high, the applied 
pressure is too high. 

The flow setting is too low, 
the applied pressure is too 
high, patient with low and 
long rise time, increased 
neural drive 

The inspiratory time is too 
long in relation to the 
patient's inspiratory time, 
obstructive respiratory 
mechanics 

The inspiratory time is too short in relation to the 
patient's inspiratory time, restrictive respiratory 
mechanics 

8 de Haro, 
et al. 

Narrative 
review 

Inadequate gas flow, 
dyspnea, delirium, and pain 
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# Authors 
and year 

Types of ventilatory asynchrony, causes and factors 

Study 
design 

Excessive Flow Insufficient Flow Delayed Cycling Premature Cycling 

201923 

9 Mirabella, 
et al. 
202024 

Narrative 
review 

Excessively short 
pressure rise time in 
pressure control 
mode 

Volume-controlled 
ventilation with a low-flow 
gas delivery ring 

Shorter ventilator inspiratory 
time. 

Longer ventilator inspiratory time. 

10 Oto, et al. 
202125 

Narrative 
review 

Flow is titrated 
excessively to avoid 
no flow, rise times are 
excessively fast, 
inspiratory pressure is 
set too high 

The rise time is set too slow, 
the flow rate is below the rate 
desired by the patient 

Machine inspiratory time 
exceeds neural inspiratory 
time, excessive tidal volume, 
inspiratory time too long 

Neural inspiratory time is longer than machine 
inspiratory time, Inappropriately short inspiratory time, 
inappropriately small tidal volume. 

11 Saavedra, 
et al. 
202226 

Narrative 
review 

Excessive inspiratory 
flow, excessively high/
set inspiratory 
pressure, and overly 
short rise time 

Low inspiratory flow, low 
tidal volume, and high 
respiratory drive due to 
agitation, pain, or fever 

Mechanical inspiratory time 
longer than the patient’s 
neural inspiratory time, with 
the ventilator continuing to 
deliver flow after the patient 
has ended inspiration. 

Prolonged set inspiratory time and delayed cycling 
parameter 

12 Varón, et 
al. 
202427 

Narrative 
review 

Programmed inspiratory time 
exceeding the patient's neural 
time, programming a 
prolonged cycle time. 

Patient's neural inspiratory time greater than the 
programmed inspiratory time, Lack of coordination 
between the patient's neural time and the programmed 
inspiratory time 

13 Costa V, 
et al. 
202528 

Narrative 
review 

Increased pressure 
support and short rise 
time. 

Reduced and inadequate 
pressure support, reduced 
and inadequate assisted 
volume, and inappropriately 
prolonged rise time 

Mechanical inspiratory time 
shorter than the patient’s 
neural inspiratory time, with 
the ventilator ending 
inspiration before the patient. 

Excessive patient inspiratory efforts, inadequately short 
cycling parameters, and brief machine inspiratory times 

#:number 
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Figure 2. Involuntarily induced asynchronies associated with respiratory care        
A: Controlled mode; A1: Controlled mode before intervention, A2: Controlled mode during intervention. B: Bilevel mode; B1: Bilevel before intervention, B2: Bilevel during interven
tion. C: Spontaneous mode; C1: Spontaneous before intervention, C2: Spontaneous during intervention. 

Figure 3. Involuntarily induced asynchronies associated with position changes        
A: Controlled mode; A1: Controlled before intervention, A2: Controlled during intervention. B: Bilevel mode; B1: Bilevel before intervention, B2: Bilevel during intervention. C: 
Spontaneous mode; C1: Spontaneous before intervention, C2: Spontaneous during intervention. 

best of our knowledge, this is the first study to document 
the presence of induced asynchronies through real-time 
waveform analysis. 

To clarify the scope of our observations, we have empha
sized that the graphical analysis aimed to document a real-
world clinical phenomenon rather than establish causal in
ferences. The transient nature of these induced 

asynchronies required a descriptive, naturalistic design 
aligned with routine ICU practice. 

In our structured review, despite covering an extensive 
25-year period, none of the published studies identified 
routine clinical interventions as direct or indirect contrib
utors to PVAs, representing a critical omission. Several fac
tors may explain this gap. From the early use of negative-
pressure ventilation with the “iron lung,” graphical 
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Figure 4. Involuntarily induced asynchronies associated with intrahospital transport        
A: Controlled mode; A1: Controlled before transport, A2: Controlled during transport. B: Spontaneous mode; B1: Spontaneous before transport, B2: Spontaneous during transport. 

monitoring was unavailable, and even the first positive-
pressure ventilators lacked such functionality, making it 
difficult to identify the causes of PVAs. In this context, Har
rison (1962) appears to have been the first to introduce the 
concept of patient–ventilator interaction, whereas Branson 
(2011) provided a comprehensive update on PVAs over the 
preceding 40 years. However, the notion of asynchronies in
duced by routine clinical practices was not mentioned.29‑31 

This reinforces that our findings should be interpreted as 
preliminary visual evidence within a field where method
ological gaps persist, and not as results derived from a con
trolled comparative design. 

At present, the interventions analyzed are considered es
sential and are performed several times a day. For example, 
Jongerden et al.32 reported that airway clearance proce
dures may be performed 8-17 times per day, potentially in
creasing the incidence and severity of asynchrony episodes 
in mechanically ventilated patients. In our study, ventila
tor waveforms were synchronous before the interventions, 
with PVAs consistently occurring during all three. By doc
umenting and demonstrating this omission against the ev
idence, we confirm its lack of recognition in the literature 
and establish this previously unconsidered cause. 

This observation carries important clinical implications. 
Over the past two decades, considerable efforts have been 
made to elucidate the aetiology and consequences of PVAs. 
Seminal works by Blanch et al.2 and Kyo et al.5 have demon
strated associations between PVAs and adverse outcomes, 
particularly when the asynchrony index (AI) exceeds 10%. 
In our study, we observed AI values greater than 10% in 
volume-controlled modes, a threshold linked to poor clini
cal outcomes, further reinforcing the need to examine how 
routine care practices may inadvertently disrupt pa
tient–ventilator synchrony. Although these observations 
suggest potential physiological relevance, we acknowledge 
that the exploratory design of this study does not permit 
the determination of causality or the quantification of risk. 

Several authors, including Habtamu et al.10 and Alcân
tara et al.,11 have highlighted major gaps in knowledge re
garding patient–ventilator interaction. They also empha
size that many PVAs go undetected in routine practice 
owing to limited training, insufficient monitoring, or in
adequate waveform interpretation. We extend this concern 
further: these events are not only overlooked, but their 

clinical significance may also be systematically underesti
mated. This is particularly concerning given that poten
tially life-threatening PVAs, such as double triggering, were 
observed in our study during intrahospital transport. 

Saavedra et al.25 have described multiple types of lung 
injury associated with PVAs, including increased respira
tory workload, reduced patient comfort, and an elevated 
risk of patient self-inflicted lung injury (P-SILI). We ob
served such phenomena in patients on pressure support 
ventilation, in which the number of spontaneous breaths 
increased during interventions, potentially increasing res
piratory workload. 

Our study provides a comparative perspective across 
three ventilatory modes, demonstrating that asynchronies 
can occur regardless of the selected mode. This represents 
a meaningful step forward in understanding PVAs in real-
world clinical scenarios. Another contribution of our man
uscript is that it highlights an ongoing challenge for pro
fessionals responsible for ventilatory support. As visually 
documented, PVAs may occur at any time, even during crit
ical situations such as intrahospital transfers. This under
scores the need for staff not only to develop the ability 
to accurately identify asynchronies but also to intervene 
promptly whenever they arise, thereby ensuring consistent 
delivery of lung-protective ventilation. 

By documenting these induced asynchronies, we intro
duce a novel research area with direct implications for pa
tient safety. Since such clinical interventions are unavoid
able, it becomes essential to evaluate how they are 
performed. Future research should therefore focus on de
veloping integrated care protocols aimed at minimizing 
transient ventilatory disruptions, ultimately improving the 
quality and safety of mechanical ventilation. 

It is important to note that this observational exercise 
did not control for clinical variables such as sedation level, 
disease severity, provider expertise, or ventilator-related 
factors beyond routine practice. These aspects were inten
tionally not manipulated, as the objective was to capture 
real-world interactions under usual care conditions. Ac
cordingly, the findings should be viewed as descriptive 
rather than causal. 

Although our small sample size is an acknowledged lim
itation, we believe this report provides an essential foun
dation for further investigation. An additional limitation is 
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that most of the available literature on PVA consists of nar
rative reviews rather than primary studies. While this re
flects the weakness of the existing evidence base, it also 
highlights a key finding of our work: across more than two 
decades of publications, no study, primary or secondary, 
has identified routine clinical interventions as potential 
contributors to PVA. This gap underscores the need for 
larger, methodologically robust studies to quantify the 
prevalence and impact of this phenomenon, explore its 
pathophysiological and prognostic implications, and in
form strategies that promote safer, more synchronized, and 
patient-centred mechanical ventilation. 

For this reason, we have revised the manuscript to frame 
these observations as an initial foundation rather than de
finitive evidence. By documenting a previously undescribed 
phenomenon and clarifying the exploratory nature of our 
approach, this study provides an early step towards un
derstanding the potential effects of routine clinical inter
ventions on patient–ventilator interaction. Importantly, it 
also highlights the need for more robust and controlled 
research designs capable of determining the prevalence, 
mechanisms, and clinical significance of these induced 
asynchronies. 

CONCLUSION 

Patient–ventilator asynchronies have been extensively 
studied in relation to ventilatory modes, pulmonary me
chanics, and sedation depth. However, our observational 
analysis provides preliminary visual evidence of an aspect 
not previously documented in the literature: the occurrence 
of transient asynchronies associated with routine clinical 
interventions in the ICU. These findings suggest that es
sential care practices may briefly disrupt patient–ventilator 
synchrony, particularly in patients with limited physiologi
cal reserve. 

In parallel, the scoping review identified a long-standing 
gap in the evidence: over more than two decades, no pri
mary studies have explored routine clinical interventions 
as potential contributors to PVAs. This absence underscores 
the need to investigate how procedures such as airway hy

giene, repositioning, or intrahospital transport may influ
ence patient–ventilator interaction. 

Given the descriptive and naturalistic design of the ob
servational component, these findings should be inter
preted with caution and not as causal inferences. More ro
bust and controlled studies are required to quantify the 
prevalence of these induced asynchronies, examine their 
physiological determinants, and clarify their clinical signif
icance. Nonetheless, the present work provides an initial 
foundation for a new line of inquiry and highlights the op
portunity to design strategies aimed at preserving ventila
tory synchrony during unavoidable components of critical 
care. 
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