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Dear Editor,

Reverse triggering with breath stacking is a form of dys-
synchrony in mechanically ventilated patients with ARDS
which may contribute to ventilator-induced lung injury
(VILI) through the delivery of large tidal volumes (Vt)
[1]. It occurs when an initially passive breath is followed
during the expiratory phase by a reflexive or purpose-
ful diaphragmatic contraction of sufficient force to trig-
ger the delivery of an additional breath. Differentiating
reverse triggering from other causes of breath stacking
(e.g. double triggering) is challenging using standard time
tracings. Our group has recently employed the Camp-
bell diagram, which uses esophageal pressure (P,) to
demonstrate the pressure—volume characteristics of the
chest wall, to phenotype breathing patterns [2]. This is an
ideal tool for identifying the subtle inspiratory differences
associated with reverse triggering.

We generated Campbell diagrams in patients with
ARDS from a prior study [3] to identify reverse trig-
ger events by visual inspection (Fig. 1). Approval was
obtained from the Institutional Review Board at Beth
Israel Deaconess Medical Center. Subjects received lung
protective ventilation (control mode with Vt 6 cc/kg)
with PEEP adjusted per protocol and sedation adjusted
on an individual basis. Maximal transpulmonary pres-
sure (PL) fluctuations and volume during reverse trigger
events were recorded for each patient and compared to
the closest prior normal breath. For patients exhibiting
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multiple reverse triggers, the average values for the first,
last and middle (defined as the n/2+1 event, rounded
down, where n is the total number of events) events were
used. Statistical analysis was performed with a paired,
two-tailed ¢ test.

Of 56 total patients, 17 exhibited reverse triggering
events. Reverse triggering was found in 171 of 3849 total
breaths over 144.7 min of recording. Diaphragmatic con-
traction was initiated during the late-inspiratory phase
and early-expiratory phase in 70 (40.9%) and 101 (59.1%)
instances, respectively. Reverse triggers resulted in sig-
nificantly larger Vt (593.2+157.8 mL vs. 413.8+84.7 mL,
p=0.0002) and maximal PL fluctuations (22.6+7.1 cm
H,0 vs. 17.74+5.9 cm H,0, p=0.001) compared to pas-
sive breaths.

The clinical consequences of reverse triggering may
depend on the context, frequency and degree of excess
Vt and PL fluctuation. In a milieu of other dyssynchro-
nous patient efforts, reverse triggering may be harmful
and contribute to VILI [1], and our work suggests the
mechanism is not just volutrauma but also barotrauma,
which is an important distinction. On the other hand,
it is possible that infrequent/rare events could have the
opposite impact in other patients, in whom we observed
reverse triggering intermittently during periods of rela-
tive synchrony. Just as “sighs” on the ventilator have
been postulated to help maintain lung recruitment and
improve oxygenation [4], occasional reverse triggering
could similarly act as miniature recruitment maneuver.
Indeed, diaphragmatic contraction during the expira-
tory phase might help maintain lung recruitment, even
when the effort is insufficient to trigger an additional
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Fig. 1 Campbell diagrams of reverse trigger events. a Reverse trigger
and stacked breath following a diaphragmatic contraction initiated
during the late-inspiratory phase of an initial ventilator-initiated,
passive breath. Note that the negative P, deflection, which repre-
sents diaphragmatic contraction, starts prior to completion of the
inspiratory phase, when the full volume of the initial breath has not
yet been completely delivered. b Reverse trigger and stacked breath
following a diaphragmatic contraction initiated during the early-
expiratory phase of an initial ventilator-initiated, passive breath. Note
that the negative P, deflection starts as the expiratory phase begins,

after the intended volume has already been delivered

ventilator-delivered breath [5]. Differentiating the con-
texts in which these events are potentially harmful or
helpful is critical. To further study these phenomena, we

are currently working towards using the Campbell dia-
gram in a more comprehensive analysis on a larger data
set.
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