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Abstract

Mechanical ventilation supports the work of breathing, improves gas exchange, and unloads the
respiratory muscles, all of which require good synchronization between the patient and the ventilator.
Asynchronies occur when the ventilator’s breath delivery does not match the patient’s neural ventilatory
pattern or is inadequate to meet the patient’s flow demand.

Patient—ventilator asynchrony can be easily detected by observing the patients in those extreme
situations in which they fight the ventilator; nevertheless, the vast majority of asynchronies occur without
major clinical signs and go undetected or corrected without measuring patient's respiratory effort (either
esophageal pressure or electrical activity of the diaphragm).

Synchrony problems are common, occurring in perhaps as many as 25% of patients receiving invasive
ventilation and up to 80% of patients receiving noninvasive ventilation.

In this concise review, we describe work shifting and double triggering asynchronies.
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Mechanical ventilation supports the work of
breathing, improves gas exchange, and unloads the
respiratory muscles, all of which require good
synchronization between the patient and the
ventilator. 1

Asynchronies occur when the ventilator’s breath
delivery does not match the patient’s neural
ventilatory pattern or is inadequate to meet the
patient’s flow demand. 24

Patient—ventilator asynchrony can be easily detected
by observing the patients in those extreme situations
in which they fight the ventilator; nevertheless, the
vast majority of asynchronies occur without major
clinical signs and go undetected or corrected without
measuring patient's respiratory effort (either
esophageal pressure or electrical activity of the
diaphragm). 5

Synchrony problems are common, occurring in
perhaps as many as 25% of patients receiving
invasive ventilation and up to 80% of patients
receiving noninvasive ventilation. ¢

Patient ventilator asynchronies are more prone to
occur when patients start to wake up (directly
correlated with sedation management) and
spontaneous efforts start to appear, so a mismatch
between patient's breathing pattern and that
programmed on the ventilator may occur. 7

Several classifications have been proposed, based
on the beginning (trigger) and pressurization of the
inspiratory phase, and the cycling to the expiratory
phase. 389

Patient ventilator asynchronies are often classified in
two groups: 1) asynchronies occurring when the
ventilator flow delivery is inadequate to match the
patient's ventilatory flow demand, named “flow
asynchrony” and 2) asynchronies occurring because
neural breath is not in the same phase with the
mechanical breath either during triggering phase or

cycling phase, usually named “phase asynchrony”.
3,10

Classically named flow starvation occurs when the

ventilator does not satisfy the patient's flow demand.
11,12

Flow asynchrony is a common problem, and the flow
setting may be the most frequently incorrectly set
ventilator parameter. 12
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Although not clearly impacting major outcomes, flow
asynchrony might contribute to dyspnea, a prevalent
and distressing symptom in mechanically ventilated
patients. '3

It is more common in volume-controlled ventilation
mode (fixed flow) when sedatives are removed and
the patient increases his ventilatory demand. 7 A
breath in pressure-control ventilation mode better
matches the patient’s ventilatory needs because the
flow is the dependent variable during the delivery of
inspiratory pressure, which means it reproduces the
physiologic descendent flow profile better. 4
Nevertheless, the setting of pressure-rise time (i.e.,
the time taken to reach the pressure set on the
ventilator) may determine the flow output and
consequently the asynchrony due to gas delivery.
15,16 The clinician can also adjust the inspiratory
pressure target up or down according to the level of
ventilatory support desired. 7

In volume-control ventilation, this asynchrony is
detected in pressure airway tracing by a concave
depression during inspiratory phase (figure 1).

Proposed remedial action: increase tidal volume
(under lung protective strategy), consider switching
mode to pressure support, if possible, increase
inspiratory time, consider more sedation, analgesia,
or neuromuscular blocking agents. 7

As mentioned, this asynchrony can also occur in
pressure-control ventilation with variable flow which
depends on various factors, including set target
pressure, patient effort, and respiratory-system
compliance and resistance. '2 The presence of
muscle pressure (Pmus) is identified by deformations
in the flow and in the pressure waveform (figure 2).

Inspiratory Pmus will increase tidal volume and flow.
17

During the inspiratory phase, a convex deflection in
the airway pressure indicates a strong effort, the
higher the effort, the higher the convexity. The effect
on the flow is usually apparent on the decelerating or
the descending flow but not the constant flow, with a
concavity of the curve correlates to the patients’
muscle pressure. '8

Additionally, flow starvation results in an increasing
load to the patients’ respiratory muscles. '°® The
maximum expression of flow asynchrony is when
airway pressure is less than or equal to the
programmed PEEP, indicating that there is no
ventilator inspiratory support. 7
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Figure 1. Severe work shifting in a patient undergoing volume-control ventilation recognized in the flow-time curve
by the fixed rectangular flow. From top to bottom: pressure-time, flow-time and volume-time curves. Spontaneous
respiratory efforts by the patient blunt the airway pressure (green arrow) from the theoretical tracing (blue line). The
pressure waveform is deformed due to the presence of Pmus; the pressure crosses the baseline. The patient is
doing work against the ventilator. It needs immediate clinician attention. In the third breath we can see a double
triggering (red rectangle) when closing the inspiratory valve the patient persists with his inspiratory effort and occurs
a pressure drop that can reshoot a inspiratory cycle.
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Figure 2. Work shifting in a patient undergoing pressure-control ventilation. From top to bottom: pressure-time, flow-
time and volume-time curves. The pressure waveform is deformed toward baseline due to the presence of Pmus.
Orange line demonstrates where the pressure waveform would be if there was not Pmus. Light blue line
demonstrates the passive flow waveform. Additional flow above this line is due to Pmus (yellow arrow). We can
aslo see: Delayed cycling (green rectangle). Expiratory flow during inspiratory phase: active exhalation valve allows
expiration during inspiratory time (red arrow)
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The nomenclature describing abnormal patient-
ventilator synchrony is not consistent in the literature.
Synchrony issues, by definition, have to do with
timing. As such there are two defined timing points in
a breath; for the patient, the beginning and end of the
effort; and for the ventilator, the trigger and cycle of
inspiration. 20

During inspiration and expiration the main issues are
not related to timing but to work of breathing. 2° Work
of breathing refers to both the patient and ventilator
work and their relation. This work relationship has
been interpreted by some as need for more flow
being delivered by the ventilator. In extreme cases,
this is described as flow starvation. However, some
authors think it is more accurate to use the term work
shifting. 17

Work shifting refers when pressure delivered by the
ventilator (Pvent) and pressure generated by patient
respiratory effort (Pmus) are active together, some
portion of the total work is done by the ventilator and
some by the patient. 20 It can occur in any phase of
inspiration, as it will depend on when the Pmus is
active, the ventilator settings (mode, inspiratory time,
trigger sensitivity, cycle threshold), and patient-
ventilator interaction. 7

Notice that when work shifting becomes extreme (i.e.,
high ventilatory drive due to hypoxemia or metabolic
acidosis), this can result in either diaphragm or lung
injury (i.e., tidal volume overdose), and no mode or
mode setting will ameliorate it. Sedation and
paralysis may be required. "7

Double triggering consists of a sustained inspiratory
effort that persists beyond the ventilator’s inspiratory
time, triggering a second ventilator breath, which may
or may not be followed by a short expiration, where
all or part of the volume of the first breath is added to
the second breath (figure 1). The resulting larger than
expected tidal volume could cause ventilator-induced
lung injury. 21

It can occur due to early cycling of the inspiratory
phase to expiration (short ventilator inspiratory time).
If deep and long enough, the persistent inspiratory
effort could produce a fall in airway pressure leading
to double triggering and breath stacking. 7 However,
passive insufflation by the ventilator in sedated
patients may also trigger a contraction of the
diaphragm causing a reverse triggering asynchrony
(entrainment). 2
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An observational study in 67 patients showed that
double triggering occurred in all patients, but was
patient triggered (breath stacking) in 65% and
reverse triggered in 35% of cases. 23
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