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Introduction
The Vortan Percussive NEB™ (P-NEB) is a compact single 

patient, multiple use and disposable high frequency percussive 
nebulizer intended for the clearance of endobronchial secretions 
in adult patients. According to the manufacturer’s specification, 
“During exhalation the pneumatic capacitor and pulmonary 
modulator cycle to deliver high frequency (typically 11-30Hz) 
pressure bursts to provide an effective intrapulmonary percussion 
treatment.” According to the product user guide, “the high 
frequency pressure bursts are identical to those delivered by a 
high frequency ventilator.” There no studies to support whether 
this device could be used to provide high frequency ventilation for  

 
infants. We demonstrated the potential for HFV using this device 
previously [1], but noted that the PEEP levels produced may be 
insufficient to support its use in situations greater PEEP greater 
than 6cm H2O. We hypothesized that P-NEB produced adequate 
flow to use as a high frequency nasal cannula ((HF)2NC) for infants. 

Methods 
Wall gas flow was connected to the P-NEB according to 

manfacturer’s specification. The P-NEB mouthpiece (outlet) 
was connected via an adapter in parallel with a Fleisch 
pnuemotachograph connected to a Validyne Flow and Pressure 
transducers. Flow to the P-NEB was varied from 35LPM to 50LPM 
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Abstract 

Introduction: The Vortan Percussive NEB™ (P-NEB) is a compact, disposable high frequency intrapulmonary percussive nebulizer for the 
clearance of endobronchial secretions in adults. According to the specification, “During exhalation the pneumatic capacitor and pulmonary 
modulator cycle to deliver high frequency (typically 11-30Hz) pressure bursts to provide an effective intrapulmonary percussion treatment”. 
We demonstrated the potential use for nasal cannula HFV with this device, but noted that the mean airway pressure (MAP) produced may be 
insufficient when required level exceeds 6cm H2O.

Hypothesis: We asked if the P-NEB produced adequate flow to use as a high frequency nasal cannula ((HF)2NC) device. 

Materials and methods: Variable gas flow was connected to the P-NEB with the device outlet connected in parallel with a Fleisch 
pnuemotachograph connected to Validyne Flow and Pressure transducers. Flow to the P-NEB was varied from 35-50LPM while the nebulizer 
“bias” control was “twisted” (or adjusted) to its maximal setting. The exit port of the pnuemotachograph was occluded to simulate low 
compliance. Data was sampled at 1kHz using Easy Sense (Validyne) sensor and analyzed using Matlab R2012b (8.0.0.783) (The Mathworks, 
Inc.) and Signal Processing Toolbox 6.18. Data were analyzed using Statistica 10 (Stat Soft, Inc. (2011). STATISTICA, version 10. www.statsoft.
com). 

Results: As shown for the 50 LPM setting, changes in the bias flow produced significant flow perturbations, as well as, a logarithmic 
increase in the positive proportion of time in high flow with increased “twists”. Frequency varied from 7.5 to 47Hz.

Discussion: Although the PEEP generated was to be at low end (4-6cm H2O), there may be application of this technology for nasal 
ventilation. High frequency nasal ventilation has been described previously using specific pressure settings. These results demonstrate the 
feasibility of a nasal cannula flow based oscillation using the P-neb that provides flow based nebulizer treatments. The frequency range 
measured extends beyond usual oscillation ranges that may enhance the usefulness of the device. At 35LPM (below stated minimum flow), the 
dynamic appeared flow “starved” with an erratic rise time. 

Conclusion: Although the P-NEB may not have sufficient flow to provide ventilation in all situations, its ability to generate an oscillating 
flow signatures may be useful in neonatal ((HF)2NC).
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while the nebulizer pressure “bias” control was systematically 
adjusted from minimal to maximal pressures. The exit port of the 
pneumotachograph was occluded to simulate a low compliance 
lung model in exhalation. Data were sampled at 1kHz using Easy 
Sense for the IBM PC (Validyne). Pressure and Flow scalers were 
analyzed with Matlab R2012b (8.0.0.783) (The Mathworks, Inc.) 
using the Signal Processing Toolbox 6.18. Data were analyzed and 
plotted using Statistica 10 (Stat Soft, Inc. (2011). STATISTICA (data 
analysis software system), version 10. www. statsoft.com). As the 
study did not involve human or animal subjects, approval by the 
hospital internal review board was neither sought nor indicated.

Results

Figure 1:

As illustrated in Figure 1 for the 50LPM setting, successive 
changes in the bias flow (“twists”) produced log based pressure 
gradient increases in peak pressure ventilation. As illustrated for 
the 50LPM setting, changes in the bias flow produced significant 
flow perturbations, as well as, a logarithmic increase in positive 
duty (proportion of time in high flow) with increased “twists”. 
Frequency varied from 7.5 to 47Hz. Increased twists produced 
a concomitant exponential fall in frequency with an increase 
in mean airway pressure. Up rise time (U_rise T) and down rise 
time (D_rise T) were characteristically different between flows. 
The rate of rise of the waveform (U_rate) and the rate of fall of the 
waveform (D_rate) were similar across the two flows studied (see 
graphics).

Discussion
Although the measured range of mean airway pressure 

delivered is below where most high frequency ventilation 
occurs (Figure 2), there may be application of this technology 
to nasal ventilation especially during transport given the small 
size of the device. At 35LPM (below stated minimum flow), the 
dynamic appeared flow “starved” (needs to be better explained). 
At the higher flow rates (50LPM), there may be insufficient flow 

entrainment for larger pediatric or adult patients. Further, the 
higher than “usual” requisite flow rates may limit the usefulness 
of this technology during transport. A dampening effect is evident 
at the higher settings with respect to the peak pressures.

Figure 2:

This may be related to an internal “dumping” mechanism 
within the device to prevent excessive pressure delivery; although 
a more physiologic test lung compliance or just a higher lung 
may change the propagation at the higher end of the curve. The 
frequency range measured extends below the manufacturer 
specification, which may in fact enhance the usefulness of the 
device. Although similar changes were noted with pressure and 
flow at entrainment of 35LPM (below stated minimum flow), 
there were situations where a number of settings appeared 
flow attenuated. Even at the higher end (50LPM), there may be 
insufficient flow entrainment for larger pediatric or adult patients. 
Although the mobilization component of the P-Neb was not studied 
in this model, there may be alterations in parameters based on 
the simultaneous entrainment of water vapor. This can result in 
deeper or more thorough gas mixing and rapid CO2 clearance. 

Turbulence from these entrained instantaneous high flow rates 
and pulsations may be responsible for augmented diffusion. Deep 
airway pulsation as well as an asynchronous filling of lung units 
may establish what is commonly known as the “Pendelluft” effect 
with rapid emptying and equilibration of CO2 across these areas 
of the lung where closely associated alveolar unit have unequal 
time constants. Direct bulk flow, Taylor dispersion, Pendelluft, 
asymmetric velocity profiles, cardiogenic mixing, and molecular 
diffusion have been suggested as mechanisms which may be 
responsible for rapid CO2 removal on high frequency ventilation 
[2] and may be applicable in this model. Optimal (HF)2NC produced 
by the P-NEB may produce these same effects especially if optimal 
magnitude and amplitude matching is used, resulting in improved 
lung volume recruitment, improved oxygenation, and lower pCO2 
observed when supplemented by the infant’s own spontaneous 
respiratory drive. 
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Pillow et al. [3] has termed these frequencies as “noise.” 
Measurements of terminal airway resistance [4] in collapsed 
canine lungs during slow volume recruitment of terminal airways 
have been found to be governed by power-law distribution arising 
from vibratory changes associated with threshold phenomena 
propagating down a branching structure such as the airways 
[5]. Application of variable respiratory rates and tidal volumes 
in porcine oleic acid model of lung injury has demonstrated 
improved oxygenation and compliance [6]. 

Fetal lambs (gestational age) ventilated using a high frequency 
CPAP device had higher pH, paO2, reduced alveolar protein, 
decreased paCO2, and improved ventilation homogeneity [7]. The 
P-NEB provides a vibratory component to the pressure waveforms 
superimposed on the desired mean CPAP setting set by the user 
that varies depending on gas flow, “twists setting” and compliance 
of the respiratory system. These vibratory pressure fluctuations, 
when superimposed on the infant’s spontaneous respiratory 
rate may promote airway opening and lung volume recruitment 
resulting in improved gas exchange.

 In fact, there are discrete frequencies and mean airway 
pressures that appear to be associated with increased “twists”. 
This may improve gas exchange over continuous flow CPAP and 
produce a clinically significant reduction in paCO2 in infants 
with Respiratory Distress Syndrome. Similar to High Frequency 
Ventilation, application of a vibratory CPAP may be protective. 
The (HF)2NC produced by the P-NEB in the presence of non-
homogenous lung expansion may recruit alveoli without marked 
pressure waveforms generation thereby protecting the lungs.

Conclusion
We conclude that the P-Neb produces a clinically meaningful 

vibration that may reduce CPAP failure. Ongoing clinical studies 
continue to define the benefits of vibration in terms of reductions 
in paCO2 and improvement in paO2 when used as an alternative 
to continuous flow CPAP. Adaption of the “P-NEB may have 
value in providing high frequency ventilation in selected clinical 
applications, although it may not be powerful enough in all 
circumstances. Clinical trials are need to establish the ability to 
generate an oscillating flow signature may be useful in neonatal 
(HF)2NC.
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