
Overcoming Jet Lag:
Optimizing Aerosol Delivery With and Without Jet Nebulizers

Early studies have shown that only a small fraction of
the nominal nebulizer dose (1–12%) is available for de-
livery to the lungs in intubated children and adults.1-3 Since
then, the characterization of forces governing aerosol de-
livery in ventilated patients has led to improvements in
techniques, and the development of newer aerosol gener-
ators with the ability to deliver as much drug to ventilated
patients as seen in the ambulatory setting.4 Optimizing
aerosol nebulization in mechanically ventilated patients
requires careful consideration of several factors that affect
aerosol drug delivery. Major factors identified in the lit-
erature include nebulizer type and position within the cir-
cuit, timing of nebulization with respect to respiratory cy-
cle, and humidification of the inspired gas.5 However,
despite advances in the field, there is still no agreed upon
or universally recommended method of aerosol delivery to
ventilated patients. This may be due in part to difficulty
reconciling disparities among various studies. The lack of
standardization, and the introduction of numerous vari-
ables known to influence aerosol delivery, such as endo-
tracheal tube size, tidal volumes, loading volume, inspira-
tory flow rates, bias flow, the external flow to jet nebulizers,
and the overall volume of ventilator tubing used, create
incongruences that hinder comparisons and, by extension,
the development of definitive recommendations. This is
especially important considering the higher cost of some
of the more efficient systems described in the literature.

SEE THE ORIGINAL STUDY ON PAGE 1124

In this issue of RESPIRATORY CARE, Berlinski and Willis2

test 4 different nebulizers (2 jet nebulizers, an ultrasonic,
and a vibrating mesh nebulizer) in 4 different positions
(A � proximal to the ventilator, B � proximal to the
humidifier, C � at the Y-piece, and D � 30 cm before the
Y-piece), with different loading doses and volumes of al-
buterol, to identify the ideal device and operating condi-
tions for aerosol drug delivery in an in vitro pediatric
model with bias flow. Although many of these variables
have been independently studied for adults, their relation-
ship has not been previously defined in a pediatric study.

They found that when placed at either position B or A
(respectively, with albuterol 2.5 mg/3 mL), the vibrating
mesh nebulizer outperformed all the other nebulizers at all

locations, a relationship also observed in a recent study by
Ari et al.6 The efficiency of the vibrating mesh nebulizer
was independent of fill volume. It delivered twice as much
as the second highest, the ultrasonic nebulizer, and 5–6
times that of the jet nebulizers at that location.

Positioning any nebulizer at or near the Y-piece (posi-
tions D and C) led to the least amount of drug being
delivered to the endotracheal tube, regardless of nominal
starting dose or fill volume. The jet nebulizers performed
best when placed proximal to the ventilator or the humid-
ifier. This finding is in agreement with prior data from the
adult literature,7-9 yet differed from prior pediatric litera-
ture,6 possibly due to the use of varying amounts of ex-
ternal gas powering the nebulizers (2.5 L/min in prior
study vs 6 L/min in this study). Device specific analysis
reveals that, although the Salter jet nebulizer did perform
better at the humidifier and worst at the Y-piece (4.6% vs
2.8, respectively), the difference between the percent neb-
ulized at the ventilator versus Y-piece is likely insignifi-
cant (3.1% vs 2.8%).

Nebulizer type is known to be a major determinant of
aerosol drug delivery during mechanical ventilation. De-
spite being less efficient than other nebulizer types, jet
nebulizers are still commonly used to deliver aerosols in
intubated patients. The nebulized dose in these devices
may be as little as 50% of the starting dose, with resultant
high residual volume, of up to 1.5 mL.10,11 Jet nebulizer
efficiency varies with the pressure of the driving gas, dif-
ferent fill volumes, and presence or absence of bias flow.
As illustrated in this study, moving the device back prox-
imal to the ventilator or humidifier can increase its effi-
ciency. Heating and humidified circuits have also been
shown to reduce aerosol delivery by � 40%,5 due to pos-
sible hygroscopic growth of the aerosol particles and pre-
sumed impaction or settling within the circuit. Intermittent
operation during inspiration, although not studied in this
series of experiments, has been shown to also greatly im-
pact the delivery of aerosols in ventilator circuits.5 Con-
tinuous flow jet nebulization is being used less frequently,
as most modern ventilators utilize breath-actuated jet neb-
ulization.

Vibrating mesh nebulizers produce a relatively low ve-
locity aerosol plume (compared to jet nebulizers), aerosol-
izing 90% of the nominal dose with minimal residual vol-
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ume (0.1–0.3 mL),12 but with generally larger particle
sizes than jet nebulizers. As Berlinski and Willis2 illustrate
in their Table 1, the vibrating mesh nebulizer is the lightest
of all the nebulizers studied, has the least dead space, does
not affect the temperature of the medication, does not add
additional flow to the circuit, and does not require a sep-
arate external gas source. However, at first glance the
apparent 10-fold difference in price does not seem to jus-
tify the above advantages. However, the cost over time to
operate (120 treatments, or 30 d based on 4 treatments a
day, as calculated) differs only by about 30 cents, making
the vibrating mesh nebulizer overall cost-effective.

It is important to note, however, that this study does not
report the range of particle sizes generated by the different
devices, and hence make an inference regarding true “lung
deposition,” nor does it address efficacy in vivo. While it
is human nature to champion for the most efficient system
to be used at the bedside, it is not clear that the greater
aerosol delivery seen in vitro with the vibrating mesh neb-
ulizer leads to increased clinical efficacy at the beside.
This is because, unlike converting an enteral dose of a
drug to its bioavailable parenteral equivalent, aerosolized
medications lack standard bioavailable dosing guidelines.
In this respect, the clinical realm lags behind advances
made at the bench, and continues its love affair with the jet
nebulizer. The true usefulness of this study, however, lies
not only in providing inter-device comparison for the pe-
diatric population, but in the fact that it provides insight on
how to best “optimize” aerosol delivery, given one’s ex-
isting supplies. Using the data presented by Berlinski and
Willis,2 one can choose to utilize different nebulizer po-

sitions, fill volumes, and/or loading dosages to enhance
aerosol delivery to ventilated patients with one’s current
equipment. In doing so, the authors provide multiple op-
tions for overcoming the “jet lag.”
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