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Noninvasive ventilation (NIV) has significant advantages over invasive ventilation in certain situations,
such as hypercapnic respiratory failure due to an acute exacerbation of chronic obstructive pulmonary
disease (COPD), acute cardiogenic pulmonary oedema, respiratory failure in immunocompromised
patients and weaning from invasive ventilation in patients with COPD, in terms of reducing mortality,
duration of hospital stay, the need for intubation and infectious complications [1–5].

Effective ventilation requires interaction between the patient and ventilator. The machine must deliver a
breath and allow the patient to breathe out when they want. The onset and offset of each part of the
respiratory cycle should be synchronous with that of the machine’s cycle. A distinction must be made
between breaths that are initiated by the machine, usually described as timed or controlled, and those by
the patient, assisted or triggered. For an assisted breath, it is important that the ventilator should have a
sensitive trigger with a short response time; flow triggers are more sensitive than pressure triggers and are
the norm on modern ventilators. The ventilator cycles in to expiration either after a predetermined time,
time cycled, or when a predetermined flow rate is achieved, usually a percentage of the peak flow.

The machine can only “see” a patient’s inspiratory effort when airflow is detected within the ventilator
circuit. Trigger failure may occur either because there is inadequate flow, which can occur in
neuromuscular patients with very severe muscle weakness or in patients with COPD with significant
intrinsic positive end-expiratory pressure, in whom the first part of the neural inspiratory cycle is spent
decompressing positive pressure within the alveoli, rather than delivering inspiratory airflow. Trigger
failure will also occur if the trigger sensitivity is low, usually because of an inappropriate setting, or
because the presence of a leak makes it easier for air to be drawn in around the mask rather than through
the ventilator circuit. Leaks can also affect the machine’s ability to cycle into expiration. With a
pressure-limited device, the machine will increase flow to try to maintain the preset pressure; as a result,
the flow rate does not reach the threshold for cycling into expiration.

Lack of standardisation makes studying the prevalence and severity of asynchrony difficult; most studies
have been performed on intubated patients receiving mechanical ventilation. There is no consistency
between studies of how and when asynchronies are measured. Because asynchrony may be episodic, short
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periods of observation may miss asynchronies that would be picked up in studies with longer periods of
observation, suggesting a higher prevalence, which is not in fact the case. Asynchrony also depends on
patient factors that are dynamic and prevalence will also depend on at what point in the patient’s journey
the observations are made; a higher prevalence is usually found in the first 24 h [6]. The method of
detecting asynchrony also influences the estimation of prevalence. More invasive methods, using
oesophageal pressure or electrical activity in the diaphragm (EAdi), allow measurement of inspiratory and
expiratory time and effort more precisely. Analysis of ventilator waveforms can be used, but may lead to
over- or underestimation of asynchrony [7–9]. Taking all these factors into account, it’s not surprising that
the prevalence of asynchrony in invasively ventilated patients varies widely, with some studies reporting an
asynchrony index (number of asynchronous breaths as percentage of total number) as high as 50–80%
[10–12]. During invasive mechanical ventilation, ineffective efforts represent the most prevalent
asynchrony [12, 13], mainly due to over-assistance, and can be limited by reducing the amount of support
both in terms of tidal volume and inspiratory time [14, 15].

Significant levels of asynchrony have also been reported with patients receiving NIV [16–19]. The same
limitations described above apply to estimating the prevalence of asynchronies during NIV. This is further
compounded by the fact that if asynchrony between the patient and ventilator is a major cause of
intolerance, these patients will not be included in any analysis performed in patients established on NIV.
In other words, the patients with the worst asynchrony may have been excluded. VIGNAUX et al. [19]
reported an asynchrony index (AI) of >10% in 43% of their patients receiving NIV, with mask leak being
the most significant contributor, along with the level of pressure support, in a multivariate analysis.
During NIV, in addition to ineffective efforts, autotriggering and delayed cycling appear due to leaks
around the mask, and reflect more the ventilator’s ability to cope with leak than the settings chosen by the
clinician [19, 20]. CARTEAUX et al. [21] showed a much lower level of asynchrony during NIV when
dedicated NIV machines were used.

In this issue of ERJ Open Research, LONGHINI et al. [22] present a multicentre study looking at the ability of
clinicians to identify asynchronies during NIV using ventilator pressure/flow waveforms. They compared
clinicians of varying experience, from different geographical locations and the type of interface used on
sensitivity and specificity on the estimation of prevalence of asynchronies during NIV. 70 clinicians (35
with >3 years and 35 with <3 years, but a minimum 6 months of NIV experience) were shown tracings
from 40 patients (20 using a face mask and 20 a helmet interface). They were asked to report on the type
of asynchronies and whether there was significant asynchrony (defined as AI >10%). The standard was set
by three experts independently reviewing the waveforms, with additional information from EAdi. The
sensitivity to detect asynchrony by breath-by-breath analysis was low (∼20%) and was not affected by
experience or location but was higher with mask ventilation compared to the helmet. The specificity was
high (∼90%). Significant asynchrony (AI >10%) was present in 18%. The authors concluded that detecting
asynchrony solely by inspecting waveforms in NIV is difficult but that invasive means to detect precisely
the patient’s own respiratory activity, like EAdi, are not feasible for most patients needing NIV. These
results are similar to those from studies in invasively ventilated patients. In a study by YOUNES et al. [8],
20% of ineffective breaths were missed by visual waveform analysis. Similarly, COLOMBO et al. [9] showed
that the ability of intensive care unit (ICU) physicians to recognise patient–ventilator asynchronies by
visual analysis of waveforms was low (sensitivity and positive predictive values with breath-by-breath
analysis, 22% and 32%, respectively) and worsens with a higher prevalence of asynchrony. It is surprising
that experienced clinicians were no better than the relatively inexperienced; this suggests that detecting
asynchronies from waveforms is difficult even for the experienced eye. In other studies in invasively
ventilated patients, automated analysis of pressure changes and flow has been used, and had a sensitivity
and specificity of 91% and 96% of detecting asynchrony, respectively, with an oesophageal balloon used as
the reference standard [7]. Other studies have also used computerised algorithms to detect asynchrony [23, 24].
Asynchrony can potentially be recognised earlier and measures taken to correct the cause.

The key question, however, is whether this matters. Do asynchronies that may be subtle and cannot be
easily detected have any adverse effect upon outcomes? In theory, in the absence of synchronous activity,
the patient does not receive the full benefit of the pressure increase during inspiration, leading to less
reduction in the work of breathing and less benefit on gas exchange. Asynchrony may cause patient
discomfort and agitation [25]. These factors might reasonably be expected to contribute to failure of
ventilation in an unsedated, non-paralysed patient. FABRY et al. [10] showed that seven out of 11 patients
studied had “substantial asynchrony”, defined as >10% breaths untriggered. This arbitrary 10% cut off has
been subsequently adopted in many studies as marker of significant asynchrony and observational studies
in invasively ventilated patients have shown that an AI >10% can adversely affect outcomes in terms of
longer ICU stay, the need for tracheostomy, survival and the likelihood of discharge home [6, 12, 13].
Asynchrony can also impact outcomes for patients receiving NIV [19]. These studies have all focussed on
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the acute situation. Asynchronies, measured using parasternal electromyography (EMG) with good
interobserver reliability, also occur during sleep in patients receiving NIV at home for chronic respiratory
failure. In the studies by RAMSAY and co-workers [26, 27], triggering asynchrony was most frequent,
observed in 24% of breaths, followed by ineffective efforts in 16%. Severe asynchrony was identified in the
majority of patients, irrespective of the aetiology of the respiratory failure, but did not compromise the
effectiveness of NIV in terms of gas exchange. No data were given, however, regarding sleep quality,
though in a conference presentation, the same group reported that patient comfort and adherence were
unaffected, again questioning the clinical significance of asynchrony.

LONGHINI et al. [22] mention that the absence of the patient was one of the limitations of their study; this
meant that clinicians were unable to see the way that the patient was interacting with the ventilator. It is
relatively easy for an experienced clinician to see that the patient is “fighting” the ventilator or that there is
significant mask leak. Such obvious asynchrony may be more clinically relevant. Direct observation of the
patient is an important clinical skill that is an important part of monitoring of the patient receiving
assisted ventilation [28]. Clinical experience and common sense suggest that the patient who appears to be
comfortable on a noninvasive ventilator, with apparent good synchrony between patient and machine, is
likely to tolerate NIV better than the one who does not. Whether more subtle asynchronies that are not
readily apparent to an experienced clinician, and may also not be to the patient, matter remains to be seen.

With current knowledge, it is reasonable to try to abolish clinically apparent asynchronies but the use of
more invasive tests to detect subtle asynchronies cannot be justified. The further development of
noninvasive techniques, such as computerised wave form analysis or the use of surface EMG, may result in
better application of NIV, but it needs to be confirmed in clinical studies whether this impacts upon
outcome.
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