The Paradox of Occlusion Pressure
at 0.1 s (Pg ;) Measurement
Without Airway Occlusion

To the Editor:

Almost 50 years after its birth in re-
spiratory physiology,'? we are seeing a
growing interest in the airway-occlusion
pressure at 0.1 s (Pg ;) parameter as an
expression of the mechanical output of
the respiratory drive and, therefore, of
the inspiratory effort made by the patient.
The assessment of Py; in patients with
acute hypoxemic respiratory failure may
help in decision making regarding me-
chanical ventilation and sedation, with the
aim to protect the patient from self-
induced lung and diaphragm injury.>*
The measurement of Py is offered by
a few mechanical ventilators according
to different technologies: either a short
patient-triggered occlusion performed

on demand by closure of the ventilator
valves or a continuous breath-by-breath
analysis of airway pressure during the
short interval preceding inspiratory trig-
ger activation.

In turn, continuous Py ; monitoring is
based on two different methods. The
mini-occlusion method was designed in
the 1990s and is based on the measure-
ment and extrapolation to 100 ms of the
maximum slope of the airway-pressure
drop during the short—but full—occlu-
sion associated with pressure-trigger-
ing.>¢ It was shown to provide accurate
Py, assessments even on trigger intervals
< 100 ms.® The non-occlusive method
was developed later for the pneumatics
of modern ventilators with flow-trigger-
ing associated with a substantial, adapt-
ive flow-by during expiration and no
occlusion during the trigger interval.

Continuous Py ; monitoring provides
obvious advantages over performing
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Fig. 1. Bland-Altman plots comparing ventilator continuous airway-occlusion pressure at 0.1
s (Pg.1) and reference Py 1 by end-expiratory occlusion for the Hamilton-G5 with software
v2.91 (panel A) and Hamilton-C6 with software v1.2.3 (panel B). The solid line represents
bias, and the dashed lines represent 95% limits of agreement. The white dots refer to the nor-
mal simulation model, the black dots to the obstructive model.
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punctual measurements, especially if we
consider the breath-by-breath variability
of spontaneous breathing and thus of Py ;.
However, 3 studies found relevant accu-
racy limitations for continuous Py ; moni-
toring, contrarily to Py; measurements
from occlusions on demand. The non-
occlusive continuous method resulted in
significant underestimation of Py; both
on the bench* and in a clinical study.’
These results have been recently con-
firmed by the bench study of Katayama et
al,¥ who found a relevant underestimation
for the non-occlusive method and also an
overestimation for the mini-occlusion
method, both proportional to the magni-
tude of the Py ; value.

Wondering whether the attractive
concept of continuous Py ; monitoring
be destined to fatally die as affected by
insufficient accuracy, we performed
additional bench tests. We analyzed two
different ventilators: a Hamilton-G5
for the mini-occlusion method and a
Hamilton-C6 for the non-occlusive
method (Hamilton Medical, Bonaduz,
Switzerland). Of note, the P, ; measure-
ment algorithm of Hamilton-C6 has been
recently modified (software v1.2.3). Using
an ASL 5000 simulator (IngMar Medical,
Pittsburgh, Pennsylvania) and the ventila-
tor settings as published by Katayama
et al,® we reproduced the same 42 sce-
narios (normal model and obstructive
model, with sinusoidal wave pattern of
muscular pressure).

In the comparison with reference Py
measurements obtained by formal end-
expiratory occlusion maneuvers, the bias
of continuous Py ; was 0.20 cm H,O with
95% limits of agreement (as an expres-
sion of precision) of £ 0.86 cm H,O as
performed by Hamilton-G5 with the
mini-occlusion method (Fig. 1 panel A)
and —0.04 cm H,O with 95% limits of
agreement of = 2.35 cm H,O as per-
formed by Hamilton-C6 with the non-
occlusive method (Fig. 1 panel B).
Among the different simulation scenarios,
the plots show no relevant dependence of
the bias on the magnitude of Py;. The
mini-occlusion method maintains a good
precision within the entire explored
range, while the non-occlusive method
shows a moderate decrease in precision
with increasing Py, values. This is pri-
marily caused by a tendency toward an
overestimation with the normal simu-
lation model and a slight underestima-
tion with the obstructive model.
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Continuous Py ; measurement by mini-
occlusion was designed when pressure-
trigger was the only inspiratory synchro-
nization technology available. Our results
show that the subsequent evolution of
ventilator pneumatics did not impede to
maintain the good accuracy that was orig-
inally reported.® However, the applicabil-
ity of the mini-occlusion method is
restricted to pressure-triggering, while
flow-triggering is probably the most com-
mon choice in current clinical practice.
Continuous measurement of Py in the
pneumatic condition of flow-triggering is
obviously quite challenging, the ultimate
goal being to obtain an occlusion pressure
measurement while the ventilator circuit
is open. Our results show that, although a
true occlusion is lacking, the trigger inter-
val can provide the information for a P ;
calculation of sufficient accuracy to give
the clinician an unequivocal understand-
ing of the magnitude of inspiratory effort
performed by the patient.

In conclusion, the accuracy of continu-
ous Py; measurement is good with the
mini-occlusion method and sufficient for
clinical use with the non-occlusive method.
Whereas the paradox of measuring an
occlusion pressure without occlusion ma-
neuver has been technically overcome, a
semantic issue probably remains open. For
sake of clarity, perhaps a different name
should be used for this non-occlusive
equivalent of Py ;.
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Reply to The Paradox of Occlusion
Pressure at 0.1 s (P, ;) Measurement
Without Airway Occlusion

Dear Editor,

We read the letter from Iotti et al' with
great interest and would like to first
express our appreciation for their efforts
to enable continuous measurement of
airway-occlusion pressure at 0.1 s (Pg ).
We concur that the ability to measure Py ;
without the need for a manual occlusion
test by medical staff each time is impor-
tant, as it may aid in preventing patient
self-inflicted lung injury and ventilator-
induced diaphragm dysfunction. We also
thank them for elucidating the measure-
ment of continuous Py ;, along with the 2
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methods, the mini-occlusion and the non-
occlusive. Especially, we agree that flow
triggering is commonly used in current
ventilator triggers and that continuous
Py.; measurement using the non-occlusive
method is indeed crucial.

We appreciate that the accuracy of the
Hamilton-C6 Py 1, as reported that there is
room for improvement in our study,” has
been enhanced through a swift software
update. The figure provided by Iotti et al
shows a marked improvement in accuracy
compared to our research findings.
However, as Iotti et al have shown, the
accuracy of the non-occlusive method
is somewhat variable, although it can
be used clinically. The results showed
that the non-occlusive method demon-
strates a moderate decline in precision
with increasing Py ; values. They sug-
gest this problem is primarily due to a
tendency toward overestimation in the
normal simulation model and a slight
underestimation in the occlusion model.
We hope that this advanced measure-
ment of Py will further improve accu-
racy and patient outcomes in clinical
practice.

The disparity in Py, values observed
in Hamiton-G5 between the 2 studies
may be due to the difference in the exper-
imental environment, including ventilator
and simulator calibration, ventilatory
circuit, and heating/humidifying device.
Continuous efforts to enhance measure-
ment accuracy will be needed because
variation in Py; may occur even with
the mini-occlusion method under cer-
tain environmental conditions.

In conclusion, continuous monitor-
ing of Py is a valuable clinical tool,
but there is still room for improvement
regarding accuracy. It is imperative that
clinicians and manufacturers maintain
open dialogue and collaboration to
refine these technologies and ensure
optimal ventilation support for patients.
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