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ABSTRACT 
 
High frequency percussive ventilation (HFPV) is an ad-
vanced ventilatory strategy which has proven very effec-
tive in patients with acute respiratory failure. The airway 
pressure measured by HFPV ventilator represents the sum 
of the endotracheal tube pressure drop and the tracheal 
pressure dissipated to inflate a lung. The estimation of the 
difference between the peak airway and tracheal pressure 
∆Pp may be very useful to the clinician to avoid lung inju-
ry. The aim of this study is to provide an in vitro estima-
tion of ∆Pp based only on the ventilator set parameters 
(i.e. peak pressures, pulsatile frequencies) and the pa-
tient’s respiratory system resistance and compliance. The 
model for the estimation of ∆Pp was determined by using 
the Least Absolute Shrinkage and Selection Operator 
(LASSO) regularized least-squares regression technique. 
The identified model was successively assessed on test 
data set. 
 

Index Terms— HFPV, respiratory signal processing, 
model identification, LASSO, endotracheal tubes   
 

1. INTRODUCTION 
 
High frequency percussive ventilation (HFPV) is a non-
conventional ventilatory strategy which associates the 
beneficial aspects of conventional mechanical ventilation 
(CMV) with those of high-frequency ventilation (HFV) 
[1]. HFPV acts as a rhythmic cyclic ventilation with phys-
ically servoed flow regulation, which produces a con-
trolled staking tidal volume by pulsatile flow [2]. This 
particular high frequency ventilation modality delivers a 
series of high-frequency sub-tidal volumes, by pulsatile 
flow (200-900 cycles/min), in combination with low-
frequency breathing cycles (10-15 cycles/min). 

HFPV was developed and introduced by F. M. Bird in 
the early 1980's and initially used for the treatment of burn 
patients with acute respiratory failure caused by burns and 
smoke inhalation [3]. Over the years, HFPV has proven 
highly useful in the treatment of several different patho-
logical conditions: closed head injury [4], newborns with 
hyaline membrane disease and/or acute respiratory dis-
tress syndrome (ARDS) [5], patients with severe gas ex-
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change impairment [6]. The efficacy of HFPV has been 
demonstrated also in removing bronchial secretions under 
diverse conditions [7]. 

Endotracheal tubes (ETT) are regularly used in clinical 
practice to connect an artificial ventilator to the airway of 
a patient undergoing mechanical ventilation. However, its 
presence involves an extra mechanical load to the total 
respiratory system impedance, causing different pressure 
values at the proximal and the distal end of the ETT [8]. 
The airway pressure measured (Paw) by ventilator (Figure 
1) represents the sum of the endotracheal tube pressure 
drop (ΔP) and the tracheal pressure (Ptr) dissipated to 
inflate lung. Hence, peak pressure (Pawpeak) measured by 
the ventilator does not correspond to the peak pressure 
actually present in the patient’s trachea (Ptrpeak). Meas-
urement of Ptr during HFPV cannot be done invasively in 
every day clinical practice. The estimation of ∆P may be 
very useful to the clinician, especially to avoid the devel-
opment of barotrauma and an erroneous estimate of the 
volume delivered to the patient [9]. 

The ETT pressure-flow relationship was widely stud-
ied in conventional [9,10] and high frequency ventilation 
[11-12]. Several approaches for estimation of ΔP based on 
flow dependent model and flow measurement have been 
developed [9-12]. Recently, the Blasius flow dependent 
model was identified as the most adequate for the pressure 
drop ∆P(t) estimation over time in adult [11] and pediatric 
[12] endotracheal tubes during HFPV. 

Currently, the HFPV ventilator measures only airway 
pressure and corresponding Pawpeak, while flow measure-
ment is not provided. For a correct ∆P(t) estimation over 
time, the flow measurement is mandatory, but in some 
clinical scenarios this measurement may be difficult to 
perform. In these cases, estimation of difference between 
airway and tracheal peak pressure ∆Pp may represent an 
alternative approximate estimation of ∆P(t) over time. ∆Pp 
flow independent model should be based on ventilatory 
parameters, which values are known at the beginning of 
the HFPV treatment. 

HFPV is characterized by a pulsatile flow delivery that 
can be varied by changing the device’s peak pressure 
(Pawpeak) and percussive frequency (f). Furthermore, the 
performance of the HFPV varies according to the physio-
logical/physical feedback, i.e., resistive (R) and compli-
ance (C) parameters of the respiratory system of the venti-
lated subject [2]. 
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