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During the past decade the unprecedented improvements
in technology for delivery of inhaled drugs were
matched by an equally impressive growth in clinical ap-
plications. Especially notable were the impressive gains
in knowledge and understanding of methods to deliver
inhaled therapies to mechanically ventilated patients. In
the recent past optimal techniques for delivery of inhaled
drugs to patients receiving mechanical ventilation were
defined, and they are now widely applied in clinical
practice. Early on investigators employed g-scintigraphy
after administration of radiolabeled aerosols to deter-
mine lung deposition in ventilator-dependent patients [1,
2]. These investigators suggested that the efficiency of
aerosol delivery is significantly lower in mechanically
ventilated than in ambulatory patients. Thus in the early
1990s the consensus of opinion was that the ventilator
tubing and endotracheal tube are formidable barriers to
effective drug delivery in ventilator-supported patients.
The reduced efficiency of drug delivery meant that much
larger doses of drugs than those employed in ambulatory
patients were needed in mechanically ventilated patients.
Recently several investigators reported that when the
technique of administration is carefully employed, aero-
sol delivery in mechanically ventilated patients is com-
parable to that in ambulatory, nonintubated patients [3,

4]. In fact, with some of the newer generation of aerosol
devices that are designed specifically for use in ventila-
tor circuits aerosol delivery in ventilator-supported pa-
tients may surpass that in ambulatory patients [5].

In vitro tests are invaluable in determining the contribu-
tion of each of a host of factors that influence aerosol de-
livery during mechanical ventilation [3]. With bench mod-
els that simulate the conditions in a ventilator-supported
patient the effects of ventilator settings and circuit condi-
tions, aerosol generating device configuration, and drug
formulation on drug delivered to the lower respiratory tract
are by now well known. The results of in vitro investiga-
tions contribute significantly to the development of logical
recommendations for use of nebulizers and metered dose
inhalers (MDIs) in ventilator-dependent patients [3, 4].
Careful application of these techniques maximizes clinical
responses in mechanically ventilated patients.

The major drawback of in vitro tests is that measure-
ment of drug delivery is relatively straightforward, but
the amount of drug deposited and its site of deposition in
the lung cannot be determined with these techniques. The
ventilator tubing and endotracheal tube serve as an ex-
tended baffle that filters out higher velocity, larger drug
particles within the aerosol. The finer, well-entrained
drug particles are trapped on filters placed at the distal
end of the ventilator tubing or endotracheal tube. The
amount of drug deposited on the filter is representative of
lower respiratory tract delivery; the implicit assumption
is that these finer particles (mostly 1–2 µm in size) within
the aerosol should deposit diffusely within the lung.
However, the amount of exhaled drug cannot be deter-
mined by in vitro tests alone. This drawback can be par-
tially overcome by using a “mass balance” technique that
matches ventilator circuits and ventilatory parameters to
determine the correlation between the results of in vitro
tests and those in patients receiving mechanical ventila-
tion [6]. Despite the drawbacks mentioned above, care-
fully performed in vitro tests are important for guiding
aerosol therapy during mechanical ventilation.



In their contribution to Intensive Care Medicine Hess
and colleagues [7] compared aerosol delivery during
pressure-controlled (PCV) to that during volume-con-
trolled ventilation (VCV). Although PCV is a commonly
employed mode of ventilation in the intensive care unit,
there was no information about the efficiency of aerosol
delivery from jet nebulizers and pressurized MDIs with
this mode of ventilation. Aerosol delivery is likely to dif-
fer between PCV and VCV because the pattern of inspi-
ratory flow, i.e., the inspiratory waveform, differs in the
two modes of ventilation. Moreover, the lung mechanics
affect the inspiratory flow pattern and the duration for
which inspiratory flow is provided during PCV. Hess and
coworkers [7] employed a bench model to compare albu-
terol delivery with two inspiratory flow patterns during
VCV (constant flow or descending ramp flow) to that
obtained during PCV. The authors also varied the lung
mechanics by selecting two settings of resistance and
compliance to represent high or low time constants. For
each condition they measured the amount of aerosol 
delivered with inspiratory times of 1 or 2 s. Efficiency of
the jet nebulizer to deliver aerosol was influenced by the
inspiratory time, pattern of inspiratory flow, and lung
mechanics. In contrast, the efficiency of drug delivery
from a MDI was not influenced by any of the factors
mentioned above and was remarkably steady under the
various conditions of the study. The consistency and reli-
ability of dose delivery, regardless of the inspiratory
flow pattern and lung mechanics, favor the use of MDIs
over jet nebulizers for aerosol delivery during mechani-
cal ventilation. Notably, efficiency of the jet nebulizer
during PCV was significantly lower than during VCV

(p=0.03). Significant variations in drug delivery could
influence optimal patient management when a jet nebu-
lizer is employed to administer bronchodilators to pa-
tients with acute exacerbations of asthma or chronic ob-
structive pulmonary disease who are receiving mechani-
cal ventilation with PCV.

Slower inspiratory flows increase aerosol delivery to
the lower respiratory tract in ambulatory [8] and in venti-
lator-dependent patients [3, 9, 10]. Previous investigators
have also observed a direct correlation between aerosol
delivery with a higher duty cycle (inspiratory time
(TI)/duration of total breathing cycle (TTOT) [9, 10, 11].
With a jet nebulizer Hess and coworkers [7] also found
greater albuterol delivery with a longer inspiratory time.
In contrast to the findings of Fink and colleagues [9, 10],
the present study did not report a greater amount of aero-
sol delivery with a higher duty cycle when a MDI was
employed. Although longer inspiratory times (higher
TI/TTOT) improve aerosol delivery, routine clinical use of
longer inspiratory times may be complicated by worsen-
ing dynamic hyperinflation if the expiratory time is un-
duly shortened. For routine clinical use slower inspirato-
ry flow rates should be preferred over longer inspiratory
times to maximize aerosol delivery [10]. In addition, it is
crucial for aerosol generation to be synchronized with
inspiratory flow from the ventilator. When an aerosol is
employed for drug therapy in a ventilator-dependent pa-
tient, it is best to “Go with the flow and go slow.”
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