Synchrony and the Art of Mechanical Ventilation
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Life is short,

Puw PEEP
And art long, 14 10
Opportunity fleeting,
Experimentations perilous,
And judgment difficulr.

—Hippocrates, Aphorisms

IFE is short, and art
long,” wrote Hippocrates
in his Aphorisms. Only as one
begins to develop some mastery in
the practice of medicine does one
begin to conceive of the complexi-
ties of caring for the sick and to
acquire the art of managing those
complexities. Artistry—even the
mere appreciation of it—comes as
the clinician matures in practice.
Although  Hippocrates ~ was
probably not thinking of mechani-
cal ventilation when he wrote
Aphorisms, his proverb very much
applies to this rapidly evolving and
critically  important

indeed.”’

cine. Clinicians managing ventilation must juggle multiple

technologic
intervention in modern medi-

competing concerns: adequate acid-base homeostasis, venti-
lator-induced lung injury, ventilator-induced diaphragm dys-
function, and sedation-related immobility. Moreover, there is
now a burgeoning body of literature on the complex challenge
of synchronizing patient and ventilator exemplified by the rig-
orous and insightful study of Rolland-Debord ez 4/.,' published
in this issue of AnestHEsIOLOGY. As the field matures, the art of
mechanical ventilation has become very complex indeed.

The mechanical ventilator can be conceived of as an
adjunctive respiratory muscle. This muscle functions most
effectively when its action is coordinated synchronously
with the patient’s own inspiratory muscles: they should drive
inspiratory gas flow simultaneously and passively permit
expiratory gas flow simultaneously. The technologic chal-
lenges of achieving this synchrony are not insignificant;
modern ventilators are exquisitely responsive to changes in
flow and pressure within the circuit resulting from patient
inspiratory effort. Nevertheless, these mechanical signals of
patient respiratory muscle effort are sometimes absent or
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“The art of mechanical
ventilation...synchronizing
patient and ventilator...
has become very complex

misinterpreted by the ventilator,
resulting in dyssynchrony. The
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adjunct mechanical respiratory
M:A7_13Feb 2014 muscle (the ventilator) may fail
to “contract” when the patient
inspires (ineffective triggering), it
may contract without any patient
inspiratory effort (autotriggering),
it may contract twice during a
single patient breath (double trig-
gering), it may continue to con-
tract when the patient attempts
to exhale (delayed cycling),

its contraction may stimulate
the patient’s respiratory muscles
to contract in response (reverse
triggering).

Dyssynchrony is thus a physi-
ologically complex and varied
phenomenon, and real skill and
mastery are required to detect and
effectively treat dyssynchrony. Such
efforts are motivated by a concern
for the patient’s well-being, and
this naturally raises the question
as to whether dyssynchrony has any important impact on
clinical outcome. Rolland-Debord ez al. took up this ques-
tion, focusing on the period when patients transition from
controlled ventilation to partially assisted ventilation. They
conducted a secondary analysis of a previous randomized
controlled trial comparing pressure support ventilation with
neurally adjusted ventilatory assist ventilation in patients
recovering from acute respiratory failure® using two different
approaches to ascertain dyssynchrony. They found that the
estimated prevalence of dyssynchrony is considerably higher
when the diaphragm electrical activity signal is used to detect
the patient’s inspiratory effort and timing and the rate of dys-
synchrony (ascertained by either technique) was not associ-
ated with clinical outcomes including duration of ventilation,
duration of intensive care unit stay, and risk of death.

The absence of an association between dyssynchrony and
outcome in this study is somewhat surprising given other
recent studies that found a significant association between
dyssynchrony and patient outcomes.> An association may
not be detected for several reasons, including misclassification
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of exposure or outcome, confounding that masks the true
effect of exposure on outcome, or because there truly is no
effect to be detected. Several issues merit consideration.

First, the challenges of accurately classifying the exposure
(dyssynchrony) are highlighted by the extreme variance in
the estimates of prevalence between the two methods used
by Rolland-Debord ez al. Using the conventional method of
assessing airway pressure and flow tracings, they found that
only 7% of patients exhibited severe asynchrony, whereas
86% met criteria for severe asynchrony when using the dia-
phragm electrical activity signal. In the absence of respira-
tory muscle tracings (esophageal pressure or diaphragm
electrical activity), dyssynchrony is notoriously difficult to
detect, even for experts.® It is therefore not surprising that
reported prevalence was markedly higher when diaphragm
electrical activity was considered. Yet the rate of severe asyn-
chrony ascertained based on diaphragm electrical activity
seems excessively high and raises questions as to whether
the definitions used were overly sensitive such that noise
from misclassification might mask a true signal for effect
of dyssynchrony on outcome. Interestingly, the frequencies
(per minute) of most forms of dyssynchrony were actually
relatively low in this study; it may be that the asynchrony
index does not always reliably reflect the true burden of dys-
synchrony. Moreover, recent work suggests that clinically
significant dyssynchrony tends to occur in clusters, making
it more difficult to detect without continuous monitoring.*

Second, the putative causal pathway from dyssynchrony
to patient outcome is complex,” and not every form of
dyssynchrony is likely to carry the same pathophysiologic
significance. Dyssynchrony might delay liberation from ven-
tilation by several mechanisms: ineffective triggering is likely
to increase the work of breathing, oxygen consumption, and
respiratory distress, leading to increased sedation require-
ments and possible load-induced diaphragm injury.® Double
triggering can cause lung injury by preventing complex exha-
lation of each tidal breath, increasing lung stress.” Reverse
triggering may increase tidal volume and induce eccentric
diaphragm contractions. However, dosage (not merely fre-
quency) is likely key for both of these forms of dyssynchrony.
Validated criteria for these forms of dyssynchrony would
ideally take into account not only the phenomenology of
the event but also the pathophysiologic impact.” Efforts to
develop validated definitions of dyssynchrony supported by
independent physiologic and outcome data—similar to the
approach used in the Berlin definition of acute respiratory
distress syndrome'*—may yield clinically relevant estimates
of the prevalence of dyssynchrony.

Third, all of the observational studies examining the rela-
tionship between dyssynchrony and outcome are at high
risk of bias from confounding: patients with dyssynchrony
are likely systematically different than those without dys-
synchrony. To address this challenge, the case for or against
causation could be bolstered by examining the relationship
between dyssynchrony and putative causal pathways—lung
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or diaphragm injury, for example—that are believed to
mediate poor patient outcomes. Ultimately, a causal effect
of dyssynchrony on patient outcome can only be con-
firmed or refuted in a randomized trial of an intervention
known to reduce dyssynchrony. In fact, Rolland-Debord e#
al. have already conducted a preliminary version of such a
trial: in comparison to pressure support ventilation, neurally
adjusted ventilatory assist ventilation (which reduces dyssyn-
chrony) was associated with intriguing nonsignificant trends
toward improvement in certain patient outcomes? (the trial
was not powered for those endpoints). Future larger trials
could use mediation analysis to evaluate the extent of the
role of dyssynchrony in the causal pathway to outcome.

In the end, synchronizing patient and ventilator may be of
value, irrespective of any impact (or lack thereof) on outcome.
Dyssynchrony might contribute to dyspnea, a prevalent and
distressing symptom in mechanically ventilated patients.'?
Relieving such distress is an important patient-centered pri-
ority. Detecting dyssynchrony and adjusting ventilation to
improve synchrony require astute attention to detail and
mastery of the technique of mechanical ventilation. If medi-
cine (and mechanical ventilation) is an art as much as it is a
science, then for the artful clinician synchrony is surely an
end worth pursuing, however difficult it may be to attain.
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