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Abstract Objective: The incidence,
pathophysiology, and consequences
of patient-ventilator asynchrony
are poorly known. We assessed the
incidence of patient-ventilator asyn-
chrony during assisted mechanical
ventilation and we identified asso-
ciated factors. Methods: Sixty-two
consecutive patients requiring me-
chanical ventilation for more than
24 h were included prospectively as
soon as they triggered all ventilator
breaths: assist-control ventilation
(ACV) in 11 and pressure-support
ventilation (PSV) in 51. Measure-
ments: Gross asynchrony detected
visually on 30-min recordings of
flow and airway pressure was quan-
tified using an asynchrony index.
Results: Fifteen patients (24%) had
an asynchrony index greater than
10% of respiratory efforts. Ineffec-
tive triggering and double-triggering
were the two main asynchrony pat-
terns. Asynchrony existed during
both ACV and PSV, with a median
number of episodes per patient of
72 (range 13–215) vs. 16 (4–47)

in 30 min, respectively (p = 0.04).
Double-triggering was more common
during ACV than during PSV, but no
difference was found for ineffective
triggering. Ineffective triggering
was associated with a less sensitive
inspiratory trigger, higher level of
pressure support (15 cmH2O, IQR
12–16, vs. 17.5, IQR 16–20), higher
tidal volume, and higher pH. A high
incidence of asynchrony was also
associated with a longer duration
of mechanical ventilation (7.5 days,
IQR 3–20, vs. 25.5, IQR 9.5–42.5).
Conclusions: One-fourth of patients
exhibit a high incidence of asyn-
chrony during assisted ventilation.
Such a high incidence is associated
with a prolonged duration of mech-
anical ventilation. Patients with
frequent ineffective triggering may
receive excessive levels of ventilatory
support.

Keywords Mechanical ventilation ·
Patient-ventilator interaction · Inef-
fective triggering · Pressure-support
ventilation

Introduction

An important objective of assisted or patient-triggered
mechanical ventilation is to avoid ventilator-induced
diaphragmatic dysfunction by allowing the patient to
generate spontaneous efforts [1, 2]. A second objective
is to reduce the patient’s work of breathing by delivering
a sufficient level of ventilatory support [3]. Finally,
intuition suggests that a good match between patient

respiratory efforts and ventilator breaths optimizes patient
comfort and reduces work of breathing, although this
point remains unverified [4]. Patient-ventilator asynchrony
can be defined as a mismatch between the patient and ven-
tilator inspiratory and expiratory times [4, 5, 6]. Although
inspiratory and expiratory delays are almost inevitable
with most ventilatory modes [7], several patterns of major
asynchrony exist and can be easily detected by clinicians.
Among these, ineffective triggering occurs when the
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patient’s inspiratory effort fails to trigger a ventilator
breath. Factors associated with ineffective triggering
include a weak inspiratory effort and presence of intrinsic
positive end-expiratory pressure (PEEPi), which increases
the effort required to trigger the ventilator [6, 8]. Another
easily detected asynchrony is double-triggering, which oc-
curs when the patient’s ventilatory demand is high and the
ventilator inspiratory time too short [9]. Lastly, autotrig-
gering is a cycle delivered by the ventilator in the absence
of patient effort and can be generated by cardiogenic
oscillations or leaks in the ventilator circuit [10].

The incidence of major patient-ventilator asynchrony
during mechanical ventilation is unknown. To our knowl-
edge, only a single study has addressed the prevalence of
ineffective triggering during weaning from mechanical
ventilation [11]. Chao et al. [11] found that more than
10% of patients admitted to a weaning center exhibited
patient-ventilator asynchrony while receiving assisted
mechanical ventilation. Furthermore, weaning was less
often successful in the patients with asynchrony. Thus,
wasted diaphragmatic energy expenditure may have
a deleterious effect on weaning from mechanical venti-
lation. Identifying factors that increase the incidence of
asynchrony may help optimize ventilator settings and
minimize patient-ventilator mismatches.

The aims of our study were to prospectively and non-
invasively evaluate the incidence of major asynchrony dur-
ing assisted mechanical ventilation and to identify patient
characteristics and ventilation parameters associated with
a high incidence of asynchrony. The preliminary results of
this present study were presented at the 2004 meeting of
the European Society of Intensive Care Medicine [12].

Material and methods

Patients

Over a 21-week period, we treated 143 patients requiring
invasive mechanical ventilation in our intensive care unit
(ICU). Patients were included in the study as soon as they
triggered all ventilator breaths during assist-control ven-
tilation (ACV) or pressure-support ventilation (PSV). Ex-
clusion criteria were shock or agitation at the time of pos-
sible study inclusion. There were 75 patients who either
received ventilation for less than 24 h (n = 22) or were not
able to trigger all ventilator breaths before death or trans-
fer (n = 53). Recordings could not be obtained in 6 of the
68 remaining patients, leaving 62 patients for the study.
The characteristics of these 62 patients are summarized
in Table 1. The ventilatory mode was ACV in 11 patients
(18%) and PSV in 51 patients (82%). In our ICU, patients
are switched from ACV to PSV as soon as possible when
they are awake and able to trigger the ventilator. Patients
with severe illness, hypoxemia (FIO2 > 70%), or persistent
coma are kept on ACV. The level of pressure support is set

Table 1 Characteristics of the patients (n = 62) (IQR interquartile
range, SAPS Simplified Acute Physiology Score, SOFA Sequential
Organ Failure Assessment, COPD chronic obstructive pulmonary
disease, ACV assist-control ventilation, PSV pressure-support ven-
tilation)

Age (years; IQR) 70 (48–77)
Male sex 47 (76%)
SAPS II at admission, median (IQR) 59 (44–70)
SOFA at inclusion, median (IQR) 5 (3–9)
COPD 16 (26%)
Ramsay scale, median (IQR) 3 (2–5)
ACV 11 (18%)
PSV 51 (82%)
PaO2/FIO2, median (mmHg; IQR) 263 (194–320)
Duration of ventilatory support 4.5 (3–7)
before study, median (days; IQR)
Duration of ventilatory support, 10 (5–27)
median (days; IQR)
Tracheostomy 6 (10%)
Mortality 22 (35%)

to obtain a tidal volume around 6–8 ml/kg and a respira-
tory rate less than 30 cycles/min. The standard cycling-off
criterion is 25% of peak inspiratory flow. ACV is usually
set at a tidal volume of 6–8 ml/kg delivered with a 60 l/min
square inspiratory flow and with no inspiratory pause. As
a result the inspiratory time is fairly short during ACV.

Protocol

To minimize interference with patient-ventilator interac-
tions, asynchrony was detected noninvasively using only
flow and airway pressure signals. Airway pressure was
measured at the distal end of the circuit using a differ-
ential pressure transducer (Validyne MP45, 100 cmH2O,
Northridge, Calif., USA). Flow was recorded using
a Fleisch no. 2 pneumotachograph (Fleisch, Lausanne,
Switzerland). Patients were ventilated with various ven-
tilators: Evita 2 and Evita 4 (Dräger, Germany); Puritan
Bennett 840 (Tyco, USA); Vela, T. Bird, and Bird 8400
(Viasys, USA). The signals were recorded continuously
over a 30-min period after endotracheal suctioning.
The ventilatory mode and all ventilatory settings were
previously adjusted by the clinician before the recordings
except the back-up rate set at the minimal value in patients
ventilated in ACV (3–5 breaths/min). Investigators were
not involved in setting the ventilator. Our institutional
review board approved the study. The requirement for
informed consent was waived because of the observational
nature of the study.

Patterns of major patient-ventilator asynchrony

Asynchrony was detected by visual inspection of the
recordings. Thus we investigated patterns of major asyn-
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Fig. 1 Flow and airway pressure tracings showing ineffective trig-
gering, i.e., a wasted effort, defined as an airway pressure drop si-
multaneous to a flow decrease during the expiratory period and not
followed by a ventilator cycle, indicating that the patient’s effort was
not detected by the ventilator (arrows)

Fig. 2 Flow and airway pressure recordings showing ineffective ef-
forts occurring both during the expiratory phase and during the in-
spiratory phase

Fig. 3 Flow and airway pressure recordings showing double-
triggering, defined as two consecutive ventilator cycles separated
by an expiratory time less than one-half the mean inspiratory time.
Double-triggering occurs when the ventilator inspiratory time is
shorter than the patient’s inspiratory time. The patient’s effort is
not completed at the end of the first ventilator cycle and triggers
a second ventilator cycle

chrony that are easily detected by clinicians. Ineffective
triggering was defined during both ACV and PSV as an
abrupt airway pressure drop (≥ 0.5 cmH2O) simultaneous
to a flow decrease (in absolute value) and not followed
by an assisted cycle during the expiratory period (Fig. 1).
In PSV only, ineffective triggering could also happen
during the inspiratory period but related to a flow increase
(Fig. 2). Double-triggering was defined as two cycles sep-
arated by a very short expiratory time, defined as less than
one-half of the mean inspiratory time, the first cycle being
patient-triggered (Fig. 3). Autotriggering was 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. A short cycle
was defined as an inspiratory time less than one-half the
mean inspiratory time. A prolonged cycle was defined as
an inspiratory time greater than twice the mean inspiratory
time. The inspiratory time was defined as the time during
which flow was positive, and mean inspiratory time was
calculated over 30 cycles.

Asynchrony detection was based on flow and airway
pressure signals only. We evaluated the validity of this
approach using two methods. First, we assessed accuracy
and reliability by examining recordings from another
study including not only airway pressure and flow but
also esophageal pressure signals [13]. Based on these
recordings, we conducted a blind comparison of the
number of asynchrony events detected using esophageal
pressure signals and the number estimated from flow
and airway pressure signals only. Second, we assessed
reproducibility by having two investigators each perform
two blinded analyses of all the study recordings.

Counting asynchrony events

We used an asynchrony index [11], defined as the num-
ber of asynchrony events divided by the total respiratory
rate computed as the sum of the number of ventilator cy-
cles (triggered or not) and of wasted efforts: asynchrony
Index (expressed in percentage) = number of asynchrony
events/total respiratory rate (ventilator cycles +wasted ef-
forts) × 100. We defined a high incidence of asynchrony
as an asynchrony index greater than 10%, based on a study
by Vitacca et al. [14] evaluating the effect of several ven-
tilator settings on the percentage of ineffective effort. The
study showed that the mean value plus the standard devia-
tion of the percentage of ineffective efforts did not exceed
10% when pressure support was removed.

Statistical analysis

Continuous data are expressed as medians and interquar-
tile range (IQR) unless stated otherwise. Qualitative data
were compared using the χ2 test and Fisher’s exact test
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and quantitative data using the Mann-Whitney U test. All
p values at or below 0.05 were considered significant. To
evaluate the validity of the method we used Spearman’s
correlation coefficient and the κ test. The statistical anal-
ysis was performed using the statistical software package
SPSS 13.0 (SPSS, Chicago, Ill., USA).

Results

Validity of the method used to detect asynchrony

Based on 11 recordings (including four with an asyn-
chrony index ≥ 10%), the number of asynchrony events

Table 2 Asynchrony according to ventilatory mode. Mean ± stan-
dard deviation number of asynchrony per patient and per minute for
all patients. Comparison between patients ventilated in assist-control
ventilation (ACV) versus pressure-support ventilation (PSV)

ACV (n = 11) PSV (n = 51) p

Asynchronies 4.3 ± 4.8 1.9 ± 3.8 0.04
Ineffective triggering 3.0 ± 4.9 1.8 ± 3.7 0.38
Double-triggering 1.2 ± 2.3 0.1 ± 0.4 0.01

Table 3 Factors associated with a high prevalence of ineffective and double triggering (IQR interquartile range, SAPS Simplified Acute
Physiology Score, SOFA Sequential Organ Failure Assessment, COPD chronic obstructive pulmonary disease, ACV assist-control ventila-
tion)

Ineffective triggering Double triggering
Index < 10% Index ≥ 10% < 1/min ≥ 1/min
(n = 51) (n = 11) (n = 57) (n = 5)

Age (years; IQR) 70 (48–75) 72 (67–79) 70 (48–77) 69 (48–71)
Male sex 36 (71%) 11 (100%)∗ 42 (74%) 5 (100%)
COPD 10 (20%) 6 (55%)∗ 16 (29%) 0
SAPS II at admission (IQR) 59 (42–68) 60 (51–75) 57 (43–67) 74 (53–88)
SOFA at inclusion (IQR) 5 (3–9) 5 (3–7) 5 (3–8) 9 (5–9)
Use of corticosteroids 17 (33%) 2 (18%) 16 (28%) 3 (60%)
and/or paralytics agents
Ramsay scale (IQR) 3 (2–5) 3 (2–4) 3 (2–4) 6 (3–6)∗∗
pH (IQR) 7.44 (7.39–7.49) 7.49 (7.45–7.51)∗ 7.45 (7.40–7.50) 7.45 (7.33–7.48)
Bicarbonates (mmol/l; IQR) 24 (21–30) 28 (23–35)∗ 24 (22–30) 28 (22–30)
PaCO2 (mmHg; IQR) 36 (32–42) 41 (31–49) 36 (32–43) 40 (39–42)
PaO2/FIO2 (mmHg; IQR) 260 (192–316) 285 (194–395) 272 (201–320) 132 (131–187)∗∗
Ventilatory mode: ACV 9 (18%) 2 (18%) 7 (12%) 4 (80%)∗∗
VT (ml; IQR) 500 (400–550) 650 (500–700)∗ 500 (450–600) 450 (430–500)
Respiratory rate 25 (20–30) 18 (11–25)∗ 22 (17–30) 30 (28–30)
ventilator (breaths/min; IQR)
Respiratory rate 25 (20–30) 31 (13–35) 24 (20–33) 30 (28–30)
patient (breaths/min; IQR)
Inspiratory time (s; IQR) 0.85 (0.65–1.10) 1 (0.75–1.10) 0.90 (0.70–1.10) 0.60 (0.55–0.60)∗∗
Trigger (l/min; IQR) 1.0 (1.0–1.0) 1.5 (1.0–3.0)∗ 1.0 (1.0–1.5) 2.0 (1.0–3.0)
Peak inspiratory pressure 20 (17–25) 25 (23–27)∗ 20 (18–24) 28 (26–37)∗∗
(cmH2O; IQR)
PEEP (cmH2O; IQR) 5 (4–6) 6 (5–7) 5 (4–6) 10 (8–10)∗∗
Pressure support (cmH2O; IQR) 15 (12–16) 18 (16–20)∗ 15 (13–16) 16 (16–16)

∗ p < 0.05 high vs. low prevalence of ineffective triggering (Mann Whitney test)∗∗ p < 0.05 high vs. low prevalence of double triggering (Mann Whitney test)

detected using esophageal pressure signals was corre-
lated closely with the number detected using flow and
airway pressure signals only (n = 11, ρ = 0.99, p < 0.01).
Based on the recordings of the present study using flow
and airway pressure signals only, the numbers of asyn-
chrony events detected by the two observers were closely
correlated (n = 62, ρ = 0.94, p < 0.01), indicating good
reproducibility. The κ test comparing the ability of the two
observers to detect patients with asynchrony index values
greater than 10% showed very high agreement, with a κ
value of 0.96 (p < 0.01). These data support the reliability
of noninvasive asynchrony detection based on flow and
airway pressure signals, as suggested previously [15].

Study population

Median inspiratory time was shorter during ACV than dur-
ing PSV [0.60 s (IQR 0.55–0.78) vs. 0.90 s (0.70–1.10);
p < 0.01]. Compared to patients receiving PSV, those re-
ceiving ACV had a higher respiratory rate [(32 breaths/min
(29–37) vs. 23 (17–30); p < 0.01], higher Ramsay score [6
(3.5–6) vs. 3 (2–4); p < 0.01], longer duration of mechani-
cal ventilation [20 days (14–33) vs. 8 (4–24); p = 0.03) and
higher mortality rate (91% vs. 24%; p < 0.01).



1519

Asynchrony index < 10% Asynchrony index ≥ 10% p
(n = 47) (n = 15)

Duration of mechanical 7 (3–20) 25 (9–42) 0.005
ventilation (days; IQR)
Duration of mechanical 23 (49%) 13 (87%) 0.01
ventilation ≥ 7 days
Tracheostomy 2 (4%) 5 (33%) 0.007
Mortality 15 (32%) 7 (47%) 0.36

Table 4 Comparison of the
outcome between patients with
and without a high prevalence of
asynchronies (IQR interquartile
range)

Prevalence of asynchrony

The median asynchrony index was 2.1% (IQR 0.7–8.6).
Fifteen patients (24%) had an asynchrony index of 10%
or greater, with a median of 26% (18–37). Ineffective
triggering and double-triggering contributed more than
98% of the total number of asynchrony events (85%
were ineffective triggering events, and 13% were double-
triggering events). Among ineffective triggering events
78% occurred during the expiratory period and 7% during
the inspiratory period. Autotriggering, short cycle, and
prolonged cycle each contributed less than 1% of the
asynchrony events. Asynchrony events were detected
during both ACV and PSV. Double-triggering was more
common during ACV than during PSV, but ineffective
triggering was similar with the two modes (Table 2).

Factors associated with a high incidence of asynchrony

Among the 15 patients with a high incidence of asyn-
chrony (asynchrony index ≥ 10%) 11 exhibited a high

Fig. 4 Level of pressure support and frequency of ineffective
triggering. Box plots show median, interquartile range (25–75th
percentiles), and outliers (5–95th percentiles) of pressure support in
patients with and without a high prevalence of ineffective triggering
(> 10%). Pressure support was higher in patients with a high
incidence of ineffective triggering. *p < 0.05 (Mann-Whitney test)

incidence of ineffective triggering (≥ 10% of respiratory
efforts) and 4 a high incidence of double-triggering (> 1
per min). One patient with an asynchrony index less
than 10% exhibited a high incidence of double-triggering
(Table 3). Factors associated with a high incidence of
double-triggering were a low PaO2/FIO2 ratio, ACV as
the ventilatory mode, a shorter inspiratory time, a high
maximal inspiratory pressure, and a high level of PEEP.
Patient factors associated with a high incidence of in-
effective triggering were male sex, presence of chronic
obstructive pulmonary disease (COPD), elevated bicar-
bonates, and alkalosis. Severity of illness as assessed
using the Simplified Acute Physiology Score II at ad-
mission [16] and Sequential Organ Failure Assessment
score at inclusion [17] was similar in the two groups,
with or without a high incidence of ineffective triggering.
Ventilatory parameters associated with a high incidence of
ineffective triggering were a poorly sensitive trigger, high
tidal volume, high peak inspiratory pressure, and high
level of pressure support (Fig. 4). True patient respiratory
rates were similar in the groups with and without a high
incidence of ineffective triggering, but the ventilator
respiratory rate was lower in the ineffective triggering
group.

Outcome

Patients whose asynchrony index was greater than 10%
had a longer duration of mechanical ventilation that did
the other patients (Table 4). In addition, mechanical venti-
lation for more than 7 days and tracheostomy were more
common in the group with a high incidence of asynchrony.
Mortality was similar in the two groups. Among the 51 pa-
tients ventilated in PSV mode, those with a high incidence
of asynchrony had a longer median duration of mechani-
cal ventilation than the other patients [17 days (8–40) vs. 7
(3–20); p = 0.04].

Discussion

In our study approximately one-fourth of patients
ventilated for more than 24 h and able to trigger the
ventilator had a high incidence of asynchrony during
assisted mechanical ventilation. Ineffective triggering
and double-triggering were the two main patterns of
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asynchrony. A high pressure support level, high tidal
volume, and alkalosis were associated with ineffective
triggering. Patients with a high incidence of double-
triggering had deeper hypoxemia with higher values of
peak inspiratory pressure and PEEP, suggesting greater
severity of lung injury. The duration of mechanical
ventilation was longer and the risk of tracheostomy
higher when the incidence of asynchrony was greater
than 10%.

Ineffective triggering

Our results suggest that patients with frequent ineffective
efforts may receive an excess of pressure support. Pressure
support and tidal volume delivered by the ventilator were
higher in this group, and arterial pH and bicarbonate
levels were also higher. Ineffective triggering is associated
with auto-PEEP resulting from a large tidal volume and
the continuation of the mechanical inspiration into the
neural expiration [5, 6, 7]. The frequency of ineffective
triggering increases with the pressure support level, most
notably in patients with COPD because high pressure
levels generate dynamic hyperinflation ascribable to
the larger tidal volume and shorter expiratory time [5,
8, 11, 14, 18, 19]. External PEEP has been shown to
decrease ineffective triggering in patients with high
auto-PEEP [18] by reducing the work of breathing
needed to trigger the ventilator [20, 21, 22]. However,
Chao et al. [11] found that the most effective method
for eliminating asynchrony consisted in reducing the
level of ventilator support and noted that application of
external PEEP reduced but did not eliminate ineffective
triggering.

Several studies have found that most patients with
mismatching to the ventilator have COPD, although
ineffective triggering also occurred in patients without
this disease [11, 23]. Similarly, we found that presence
of COPD was associated with ineffective triggering.
A high frequency of ineffective triggering was also
associated with alkaline pH and bicarbonate elevation.
Mechanical ventilation for acute COPD exacerbation
may produce alkalemia via excessive PCO2 reduction in
patients with chronic bicarbonate elevation. Alkalemia in
this situation is related both to an excess in ventilatory
support and to a high baseline bicarbonate level. This
high bicarbonate level may reflect a higher chronic PCO2
level or an associated cause of metabolic alkalosis such
as diuretic therapy. Alkalemia can depress the respi-
ratory drive and increase the incidence of ineffective
triggering [24].

A less sensitive trigger threshold was associated with
a higher incidence of ineffective triggering (flow triggering
only was used). Flow triggering is known to be associated
with a low triggering effort [25], but this effort increases
with the inspiratory trigger threshold.

Double-triggering

Five patients had a high incidence of double-triggering,
defined as more than one double-triggering event per
minute. Double-triggering occurs when the patient’s
ventilatory demand is high, and the inspiratory time set
on the ventilator is too short [9]. Double-triggering was
associated with a short inspiratory time and with ACV. The
PaO2/FIO2 ratio was lower and peak inspiratory pressure
was higher than in patients without this asynchrony, sug-
gesting that double-triggering is associated with greater
severity of lung injury and probably with a greater drive
to breathe as indicated by a higher respiratory rate. The
lower number of double-triggering events during PSV
than during ACV may be due to the partial dependency
of inspiratory time on the patient’s ventilatory demand
whereas it is preset on the ventilator during ACV. In
addition, the inspiratory time during PSV tends to be
longer than the patient’s neural inspiratory time [7]. The
shorter inspiratory time during ACV may explain the
higher frequency of double-triggering than with PSV.

Outcome and duration of mechanical ventilation

Although the duration of mechanical ventilation at the time
of recording was similar, patients with a high incidence of
asynchrony required a longer duration of mechanical ven-
tilation than those with a low incidence. This may indicate
greater disease severity, but no difference existed in terms
of illness severity score, or inappropriate ventilator settings
in the patients with frequent asynchrony. Nava et al. [18]
found that a lower level of pressure support was not associ-
ated with an increase in diaphragmatic energy expenditure
because wasted efforts were less common. Optimization
of pressure support and PEEP level reduces the frequency
of wasted efforts and may improve the quality of sleep in
chronically ventilated patients [26]. Wasting of energy ex-
penditure by the diaphragm may have a deleterious effect
on weaning from mechanical ventilation by promoting an
injurious diaphragmatic pattern, decreasing patient com-
fort, or leading to errors in the assessment of readiness for
weaning.

Limitations of the study

We used a noninvasive method based on flow and airway
pressure readings, which could not accurately define the
start and end of patient inspiration. Although esophageal
pressure or diaphragm electrical activity would have
ensured greater accuracy in detecting asynchrony, these
methods are invasive, and insertion of an esophageal
catheter may alter patient-ventilator interactions. More-
over, indirect estimates of the onset and duration of neural
inspiratory time based on esophageal pressure and flow
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also lead to errors, compared to neural inspiratory time
measurement using diaphragmatic electromyography [27].
We focused only on gross asynchronies easily identified
without an invasive method. Consequently, one limit of
our study is to miss other asynchronies such as delayed
triggering or delayed cycling [6, 7]. Although delayed
cycling can sometimes be suggested by an abrupt increase
in airway pressure signal pressure during the final part of
ventilator pressurization generated by an active expiratory
effort, the same phenomenon can also be caused by
the relaxation of inspiratory muscles [28]. Our method
did not allow this expiratory asynchrony to be detected,
which, however, can be an important problem especially
in obstructive patients.

Simultaneous recordings of esophageal pressure ob-
tained in another study were used to assess the validity of
our method for detecting asynchrony based on flow and
airway pressure. We found a good correlation between
ineffective triggering detected from flow/airway pressure
and from esophageal pressure signals. Giannouli et al. [15]
compared estimates of ineffective efforts using the two
techniques and also reported excellent agreement. Further-
more, reproducibility was evaluated by having a second
observer examine the recordings. The results showed
a close correlation between the numbers of asynchrony
events detected by the two observers.

The incidence of asynchrony is a reflection of any
center’s practice and expertise of mechanical ventilation;
therefore the figures reported here might be applicable to
that center only. Another limitation is that various types
of ventilators were used in the study patients. Ventilator
performance may affect the occurrence of asynchrony,
as the trigger function and pressurization process differ
across ventilators [29]. However, no difference was found
concerning the incidence of asynchrony between turbine
and classical servo valve ventilators.

Conclusion

Patient-ventilator asynchrony is common during as-
sisted mechanical ventilation. Ineffective triggering and
double-triggering are the two main patterns of asynchrony.
Asynchrony may have deleterious effects related to
increased energy expenditure, abnormal diaphragmatic
pattern or problems in identifying readiness to wean. In
our study patients with high rates of asynchrony also had
longer times on mechanical ventilation. Whether opti-
mization of ventilatory settings would shorten the duration
of mechanical ventilation by reducing the occurrence of
asynchrony cannot be determined from the present study
and should be the subject of future investigations.
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