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HYPOTHESIS
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Abstract: Although the pathophysiology of chronic obstructive pulmonary disease
(COPD) is multifactorial, central airway collapse is reported to have a great impact on
symptom severity. In COPD patients, positive pressure formed by hyperinflated lungs
compressing the tracheal wall and negative changes in intratracheal static pressure due to
rapid expiratory flow velocity at the beginning of expiration collapse the trachea. This
phenomenon can be explained by fluid dynamics theory. Our hypothesis is that ventila-
tory strategy focusing on minimization of expiratory flow rate may be advantageous for
patients receiving mechanical ventilation for COPD. If appropriate counter pressure could
be applied on exhalation, patients may be able to exhale slowly with reduced expiratory
flow rates which may prevent negative changes of the intratracheal static pressure. We
devised a new conceptual ventilation mode “minimized expiratory flow rate ventilation
(MExV)” which applies regulated counter pressure on exhalation. The conceptual wave-
forms of “minimized expiratory flow rate ventilation” including flow rate, volume, and
airway pressure are shown, compared with typical waveforms of the conventional
ventilation modes.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a type of obstructive lung
disease that poses a major health and economic burden worldwide.' Acute exacer-
bation of COPD forms a major component of COPD-related mortality.” After the
onset of acute exacerbation, patients present with signs of increased work of
breathing and reduced forced expiratory volume in 1 second (FEV1).?

Although the pathophysiology of COPD is multifactorial, central airway col-
lapse may have a great impact on symptom severity.* Once the trachea collapses
immediately after the beginning of exhalation, expiratory flow is severely limited,
resulting in a decrease in FEV1. Nearly half of the patients with COPD were
reported to have their tracheas collapsed during exhalation. This finding was
confirmed by dynamic airway CT imaging and bronchoscopy.*”> While coexistence
of tracheomalacia has been explained to be responsible for this change, fluid
dynamics theory revealed that positive pressure formed by hyperinflated lungs
compressing the tracheal wall and negative changes in intratracheal static pressure
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due to rapid expiratory flow velocity on expiration leads to
tracheal collapse in COPD patients.®’

A new conceptual ventilator setting, “minimizing
expiratory flow rate ventilation (MExV)” may avoid tra-
cheal collapse and may be useful in both non-invasively
and invasively ventilated patients with COPD.

Hypothesis
The ventilatory strategy of minimizing expiratory flow rate
may be advantageous for ventilated patients with COPD.

A Volume Control Ventilation

Fluid Dynamics Equations
When removing the effect of gravity, the Bernoulli equa-
tion for steady frictionless incompressible flow implies the
following:
L,
p—&—ipu = const. (N
where:

p is the static pressure at the chosen point [Pa]
(=[N/m*]=[kg/m"s°]),
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Figure | Minimized expiratory flow rate ventilation. The curves of pressure, flow, and volume during a respiratory cycle in the conceptual ventilation mode “minimized
expiratory flow rate ventilation” are shown compared with those of current volume control ventilation (A) and pressure control ventilation (B).
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p 1is the density of the fluid at all points in the fluid [kg/
m’], and

u is the fluid flow velocity at a point on a streamline
[m/s].

“%pu?” is known as “dynamic pressure”.

From Equation (1), it can be said that the rapid expira-
tory flow through the trachea increases local dynamic

pressure and results in decreased local static pressure.

Conceptual Ventilation Mode

In mechanically ventilated patients, inspiration is forced by
externally applied positive pressure. In contrast, exhalation is
passive and depends on the time constant of the total respira-
tory system in most of the commercially available ventilation
modes. A large pressure gradient is created upon opening of
exhalation valve, and expiratory flow rate rapidly increases to
a peak. If appropriate counter pressure could be applied on
exhalation, patients may be able to exhale slowly with
reduced expiratory flow rates which may prevent negative
changes of the intratracheal static pressure. Thus, counter
pressure on exhalation may prevent central airway collapse
and lung hyperinflation. This mechanism is similar to
“pursed lip breathing” often seen in these patients.®’

From these hypotheses, we devised a new conceptual
ventilation mode “minimized expiratory flow rate ventilation
(MExV)” which applies regulated counter pressure on exhala-
tion. This mode could be added as an optional setting to the
expiratory phase of conventional pressure- or volume-control
ventilation. Figure 1 shows the conceptual waveforms of
MEXV including flow rate, volume, and airway pressure, com-
pared with typical waveforms of conventional ventilation

modes.
The latest ventilators released (Evone, Ventinova
Medical B.V.,, Eindhoven, the Netherlands) have

a ventilation mode called “flow-controlled ventilation
(FCV)”. FCV is a mode based on controlled inspiratory and
expiratory flow. The inspiratory flow is continuously con-
trolled by advanced mass flow regulators; the expiratory flow
is controlled by regulated suctioning.'®'" This mode allows
the patient to exhale slowly by maintaining the expiratory
flow rate at a constant rate, and thus, patients with obstructive
lung disease may be an ideal target. However, FCV cannot be
successfully achieved when there is a leakage in the respira-
tory circuit, making this mode available only in invasive
ventilation with a cuffed endotracheal tube. MExXV limits
the expiratory flow rate by adding counter pressure on
expiration enabling this mode to be available in both invasive
and non-invasive ventilation. As patients with COPD are

most often elderly and frail, non-invasive ventilation is the
gold standard of respiratory management. Thus, MExV
could be a promising strategy for these patients.

Limitation

First, we have no actual patient data for this article.
Second, airway obstruction in COPD patients is caused
not only by central airway collapse, but also by small
airway remodeling, sputum bolt, and inflammatory infiltra-
tion. It is well accepted that rapid expiratory flow helps
loosen and protrude sputum bolts. Therefore, the strategy
to reduce expiratory flow rate may impair airway hygiene
in these patients. However, central airway collapse due to
rapid air flow velocity significantly limits expiratory flow,
paradoxically leading to impaired airway clearance.
Patients with severe COPD have decreased forced vital
capacity compared with slow vital capacity.'? This may
reflect central airway collapses in these patients.

Abbreviations

COPD, chronic obstructive pulmonary disease; FEVI,
forced expiratory volume in 1 second; MExXV, minimizing
expiratory flow rate ventilation; FCV, flow-controlled
ventilation.
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