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Abstract
Background: High frequency percussive ventilation (HFPV) combines diffusive (high frequency mini-bursts) and
convective ventilation patterns. Benefits include enhanced oxygenation and hemodynamics, and alveolar recruitment,
while providing hypothetic lung-protective ventilation. No study has investigated HFPV-induced changes in lung
aeration in patients with early acute respiratory distress syndrome (ARDS).
Methods: Eight patients with early non-focal ARDS were enrolled and five swine with early non-focal ARDS were
studied in prospective computed tomography (CT) scan and animal studies, in a university-hospital tertiary ICU and an
animal laboratory. Patients were optimized under conventional “open-lung” ventilation. Lung CT was performed using
an end-expiratory hold (Conv) to assess lung morphology. HFPV was applied for 1 hour to all patients before new CT
scans were performed with end-expiratory (HFPV EE) and end-inspiratory (HFPV EI) holds. Lung volumes were
determined after software analysis. At specified time points, blood gases and hemodynamic data were collected.
Recruitment was defined as a change in non-aerated lung volumes between Conv, HFPV EE and HFPV EI. The
main objective was to verify whether HFPV increases alveolar recruitment without lung hyperinflation. Correlation
between pleural, upper airways and HFPV-derived pressures was assessed in an ARDS swine-based model.
Results: One-hour HFPV significantly improved oxygenation and hemodynamics. Lung recruitment significantly
rose by 12.0% (8.5–18.0%), P = 0.05 (Conv-HFPV EE) and 12.5% (9.3–16.8%), P = 0.003 (Conv-HFPV EI). Hyperinflation
tended to increase by 2.0% (0.5–2.5%), P = 0.89 (Conv-HFPV EE) and 3.0% (2.5–4.0%), P = 0.27 (Conv-HFPV EI). HFPV
hyperinflation correlated with hyperinflated and normally-aerated lung volumes at baseline: r = 0.79, P = 0.05 and
r = 0.79, P = 0.05, respectively (Conv-HFPV EE); and only hyperinflated lung volumes at baseline: r = 0.88, P = 0.01
(Conv-HFPV EI). HFPV CT-determined tidal volumes reached 5.7 (1.1–8.1) mL.kg-1 of ideal body weight (IBW).
Correlations between pleural and HFPV-monitored pressures were acceptable and end-inspiratory pleural pressures
remained below 25cmH20.
(Continued on next page)
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Conclusions: HFPV improves alveolar recruitment, gas exchanges and hemodynamics of patients with early non-focal
ARDS without relevant hyperinflation. HFPV-derived pressures correlate with corresponding pleural or upper airways
pressures.
Trial registration: ClinicalTrials.gov, NCT02510105. Registered on 1 June 2015. The trial was retrospectively registered.
Keywords: High frequency percussive ventilation, Acute respiratory distress syndrome, Alveolar hyperinflation, Lung
morphology, Alveolar recruitment, Mechanical ventilation

Background
Conventional mechanical ventilation (CMV) is a cornerstone treatment for acute respiratory distress syndrome
(ARDS). However, although being life-saving, CMV can
induce ventilator-induced lung injury (VILI) [1]. Openlung ventilation (OLV) can be applied to improve gas
exchange and decrease VILI. Different strategies can be
used to perform OLV. Conventional ventilation, combining low tidal volume [2], tailored positive end-expiratory
pressure (PEEP) [3], prone positioning [4] and recruitment
maneuvers (RM) [5] currently comprise the regular
approach. High frequency ventilation, including high frequency oscillatory ventilation (HFO), high frequency percussive ventilation (HFPV) and jet ventilation, have been
used. Two recent large randomized controlled trials [6, 7]
argued for withdrawal use of HFO in adult patients with
ARDS. For technical and safety issues, jet ventilation is no
longer used in the ICU. HFPV has been used in neonates
[8], burn patients [9–12], trauma patients [13] and
patients with chronic obstructive lung disease [14]. HFPV
has also been used in ARDS [15], or as rescue therapy [16, 17]. Its theoretical properties include the
delivery of low tidal volume ventilation with effective
recruitment and enhanced secretion clearance [18].
Gases are administered through pulsatile Flow VentilationTM Phasitron®, an open circuit device that is believed
to adapt ventilation to patient lung volumes, regardless of
compliance [19]. During HFPV, high frequency oscillatory
diffusive ventilation is superimposed to conventional tidal
volume convective ventilation, resulting in a rapid increase
in arterial oxygenation [15, 18]. However, despite positive
effects on lung alveolar recruitment [18], hyperinflation
might be induced by HFPV during ARDS, thus possibly
limiting its use only as a rescue therapy in severe ARDS.
Therefore, we designed a study to determine changes in
lung aeration assessed by CT scan. Moreover, monitoring
of alveolar pressures and especially plateau pressure is not
obtained from the HFPV Monitron®, since no endinspiratory hold is possible. We conducted an animal
experiment in a pig model of ARDS to monitor upper airway and pleural pressures, in order to investigate correlation between Monitron®-based and pressures recorded in
vivo. Some of the results of this study have been previously reported in the form of an abstract [20].

Methods
Additional details are provided in Additional file 1.
Human studies
Ethical statements

Our institutional review board approved the protocol
(CPP Sud-Est VI, approval number AU 1138). All participants, or their next-of-kin, provided written consent to
participate in this study. The clinical trial is registered at
http://www.clinicaltrials.gov (NCT02510105).
Study design

Consecutive patients were enrolled in this prospective
non-randomized monocentric study within 24 hours of
moderate to severe ARDS onset [21]. CMV was optimized
by the ICU physician, following the ExPress study settings
aimed at increasing alveolar recruitment [3] (Engström
Carestation, General Electrics Healthcare). HFPV settings
were obtained following manufacturer’s recommendations
and equivalent to previously published ones [13, 15].
Further information is in Additional file 1: Table S1, with a
pressure waveform example.
CT protocol

Baseline lung CT was performed during CMV endexpiratory holds. Lung morphology was assessed following
ARDS study group criteria for the CT scan [22]. Diffuse
and patchy patterns were considered non-focal [23].
Patients were ventilated with HFPV for 1 hour using the
stand-alone ventilator VDR-4 (Volumetric Diffusive Respirator, Percussionaire® Corporation), with a mandatory
maximal mean pressure (30 cmH2O) and a CMV equivalent mean PEEP. CT was performed during endinspiratory and end-expiratory holds, by clamping the
endotracheal tube. Arterial blood gases were obtained
prior to inclusion (time 0 (T0)), every 10 minutes during
HFPV (T10–T60) and 10 minutes after resuming CMV
(T-after).
CT scan analyses

CT scans were computed to obtain 5-mm-thick contiguous sections (Advance Workstation, General Electrics
Healthcare). Qualitative assessment of lung aeration, was
obtained using the UCLA color-coding table (http://
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osirixfoundation.com/, OsiriX, Switzerland) and digital
post-processing to convert purple into white pixels
(http://gimp.org, GNU Image Manipulation Program,
Version 2.8.20). Quantitative assessment was performed
using dedicated software (Maluna 3.17, University Hospital of Göttingen, Germany). Regions of interest were
drawn manually including only lung parenchyma and
excluding large vessels and bronchi. Lung gas content,
lung weight and aeration distribution were measured as
previously reported [23]. Lung tissue aeration was
divided into four compartments according to their
Hounsfield Units (HU): hyperinflated (densities from
−1000 to −900 HU), normally aerated (−900 to −500
HU), poorly aerated (−500 to −100 HU) and nonaerated tissue (−100 to 100 HU). Two ICU physicians
(TG and JMC) and a senior radiologist (JMG) reviewed
CT scans and manual drawings.
Recruitment was computed during both endinspiratory and end-expiratory holds as the decrease in
non-aerated lung volumes:
Alveolar recruitment (mL) = (CMV non-aerated lung
volume (mL))–(HFPV non-aerated lung volume (mL)).
HFPV tidal volume was defined by volume difference
between end-inspiratory and end-expiratory holds.
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coefficient was calculated to assess the relationship between HFPV-induced hyperinflation and CMV volumes,
and animal pulmonary pressures monitoring. Monitored
and measured pressure was compared by Bland and
Altman analysis for multiple measurements. P < 0.05
(two-sided) was considered significant.

Results
Study patients

Between February and July 2015, eight patients with
moderate to severe non-focal ARDS were enrolled
within 24 hours of disease onset. Table 1 summarizes
the baseline characteristics.
Prior to inclusion, mean CMV time, arterial oxygen
tension (PaO2)/fraction of inspired oxygen (FiO2) ratio and tidal volume (Vt) were 8 (4.5–16.5) hours,
111 (76–141) mmHg and 5.9 (5.8–7.1) mL.kg-1 of
ideal body weight (IBW), respectively. PEEP and plateau pressures were respectively 14.5 (12.0–18.0) and
31.5 (28.5–33.0) cmH20. Lung static compliance was
20.5 (17.3–36.3) mL.cmH2O-1. Lung morphology was
exclusively non-focal. HFPV settings are presented in
Additional file 1: Table S1.
Changes in hemodynamics and respiratory parameters

Animal experiments

This study was approved by the National Ethics Committee on animal research (approval number 01505.01),
and was carried out in accordance with the International
Guiding Principles for Biomedical Research Involving
Animals [24].
Briefly, after general anesthesia induction, animals
were equipped with right lateral thoracic surgical drainage (Seldinger Chest Drainage Kit, Portex®, Smith
Medical), to monitor pleural pressure (Ppl). A rigid 30cm-long catheter was inserted into the endotracheal
tube (diameter 8) towards the distal lumen to monitor
tracheal upper airways pressure (Paw). Injurious mechanical ventilation was completed with hydrochloric acid
tracheal instillation to model severe ARDS as adapted
from Ambrosio [25]. Animals were ventilated with VDR4 with random pressure levels.
Statistical analysis

Categorical data were expressed as numbers and percentages, and quantitative data as mean (SD) or median
(IQR). Distribution normality was tested using the
Shapiro-Wilk test. Continuous variables analyses were
performed using Student’s t test or the non-parametric
Mann-Whitney U test. Changes in arterial blood gases
and hemodynamic data were analyzed by longitudinal
analysis using mixed models to take into account
between-subject and within-subject variability (with patient as random effect). Spearman’s rank correlation

Arterial blood gases showed substantial increase in
PaO2/FiO2 30 minutes after HFPV initiation (T30),
which persisted while under HFPV (Fig. 1a). Oxygenation benefits disappeared after resuming CMV (Fig. 1a,
T-after). No PaCO2 change was observed (Fig. 1b).
Mean arterial pressure (MAP) increased significantly
between T10 and T30 (Fig. 1c) while norepinephrine
doses dropped from 0.34 (0.24–0.63) (T0) to 0.19
(0.08–0.32) μg.kg-1.min-1 (T60, Fig. 1d). Benefits disappeared after resuming CMV (0.26 (0.04–0.53)
μg.kg-1.min-1, T-after, Fig. 1d). Vasopressor index (VI)
and vasopressor dependency index [26] followed similar trends (Additional file 1: Figure S1).
A significant increase in lung compliance was observed (T-after, 28.5 (24.5–32.3) versus T0, 20.5
(17.8–28.8) mL.cmH2O-1, P = 0.04), without any airway resistance change (13.5 (12.5–14.0) versus 14.5
(11.0–15.5) mL.cmH2O-1, P = 0.58, T-after vs T0,
respectively). (Additional file 1: Table S2).
CT scan analysis

Tidal volumes remained stable over treatment duration:
5.9 (5.8–7.1) versus 5.7 (1.1–8.1) versus 6.1 (5.8–6.2)
mL.kg-1 ideal body weight (IBW) (T0 versus HFPV
versus T-after, P = 0.90). Alveolar recruitment, defined as
the change in non-aerated lung volumes, increased significantly between CMV and HFPV (12.0% (8.5–18.0), P
= 0.05 and 12.5% (9.3–16.8), P = 0.003, end-expiratory
and end-inspiratory holds, respectively, Additional file 1:
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Table 1 Characteristics of patients
Patient Etiology
number

Comorbidity IBW
(kg)

ARDS
FiO2
onset (h) (%)

PaO2/FiO2 PEEP
(mmHg) (cmH2O)

Tidal volume Compliance Pplat
(mL/kg IBW) (mL.cmH2O-1) (cmH2O)

ARDS
phenotype

1

Infectious
Pneumonia

Acute
leukemia

18

50

154

8

7.6

20

33

NF

2

Infectious
Pneumonia

Myelofibrosis 70

6

100

127

16

5.9

25

33

NF

3

Infectious
Pneumonia

Acute
leukemia

55

24

70

109

18

5.8

21

33

NF

4

Infectious
Pneumonia

47

4

100

75

12

5.7

13

28

NF

5

Infectious
Pneumonia

Acute
leukemia

54

10

60

145

13

6.3

18

31

NF

6

Aspiration

Cardiac
arrest

73

4

100

50

12

5 .8

17

30

NF

7

Aspiration

Gastrectomy 77

8

Viral
pneumonia

63

12

100

80

18

5.5

20

28

NF

64

6

70

113

20

7.4

18

32

NF

Median

63.5

8.0

85

111

14.5

5.9

19.0

31.5

IQR

(55.0–70.8) (5.5–13.5) (68–100) (79–132)

(17.8–20.3)

(29.5–33.0)

(12.0–18.0) (5.8–6.6)

Data are presented as median (IQR). Abbreviations: ARDS acute respiratory distress syndrome, IBW ideal body weight (Lorentz formula), FiO2 fraction of inspired
oxygen, PaO2 arterial oxygen tension, NF non-focal, PEEP positive end-expiratory pressure, Pplat plateau pressure

Table S3). When recruitment was assessed as the change
in non-aerated and poorly aerated lung volumes, no
significant evolution was observed between CMV and
HFPV (12.0% (5.0–18.0) with end-expiratory hold, P
= 0.27 and 11.0% (6.0–22.0) with end-inspiratory hold,
P = 0.10, Additional file 1: Table S3).

No significant change in hyperinflated lung volumes
was observed: 2.0% (0.5–2.5) (CMV versus HFPV endexpiratory hold, P = 0.89) and 3.0% (2.5–4.00 (CMV versus HFPV end-inspiratory hold, P = 0.27) (Fig. 2 and
Additional file 1: Table S3). Complete changes in lung
volumes and masses are presented in Additional file 1:

Fig. 1 Evolution of arterial oxygen tension (PaO2) to inspiratory oxygen fraction (FiO2) ratio and arterial carbon dioxide tension (PaCO2) (upper graphs)
and hemodynamic parameters (lower graphs): Mean arterial pressure (MAP) and Norepinephrine doses during the experimental procedure. *P < 0.05
versus time 0 (T0). HFPV high frequency percussive ventilation
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Table S4. Global increases in end-expiratory lung volume (EELV), total lung volume and normally-aerated
lung volumes were observed.
Evolution of lung volumes’ absolute ratios according
to aeration status and West zone are presented in
Additional file 1: Figures S2 and S3. End-expiratory
non-aerated volumes significantly decreased especially
in posterior (dependant) lung zones. Normally aerated
lung volumes increased in posterior lung regions. Hyperinflated and poorly aerated lung volumes remained
stable. HFPV end-expiratory hold hyperinflated lung
volume was correlated with CMV normally aerated (r =
0.79, P = 0.05) and hyperinflated (r = 0.79, P = 0.05) lung
volumes. HFPV end-inspiratory hold hyperinflated lung
volume was correlated with CMV hyperinflated lung
volumes (r = 0.88, P = 0.01) (Additional file 1: Table S4).

Animal experiments

Additional file 1: Table S5 presents correlations and
bias between Ppl or Paw and absolute values of Monitron®-derived PEEP, mean and peak pressures. Figure 3
presents graphic illustration of interactions between
maximal end-inspiratory Ppl and Monitron®-derived
mean pressure. When considering the 58 pairs of
measurements, bias (lower to upper limits of agreement) between absolute values of maximal endinspiratory Ppl and HFPV mean pressure was 6.1
(−7.3 to 19.5) cmH2O, without any correlation (r =
0.19, P = 0.16). Maximal end-inspiratory Ppl remained
below 25cmH2O despite elevated HFPV mean pressures. Further analyses and correlations are presented
in Additional file 1.
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Discussion

This study is, to our knowledge, the first to demonstrate
HFPV effects on lung aeration and tidal volume. Significant alveolar recruitment and tidal volume close to
6 ml/kg IBW were observed in patients with early nonfocal ARDS receiving short-term HFPV. This study is
also the first to investigate in vivo correlation between
Phasitron and transpulmonary pressures.

Alveolar recruitment

Alveolar recruitment was statistically significant. Under
CMV, alveolar recruitment is induced either by PEEP
incremental increases and tidal recruitment (e-sigh) or
transpulmonary pressure transient increase [27]. Although alveolar recruitment remains difficult to assess at
the bedside [28], it can be measured by analysis of lung
CT scans [22]. The effects of RM on lung morphology
have already been reported [23], and alveolar recruitment (poorly aerated and non-aerated volumes decrease)
[29] was effective in both focal and non-focal ARDS following an RM (40 cmH2O, 40 seconds). Recruitment
reached 6 ± 6% and 18 ± 8% in focal and non-focal ARDS
(P = 0.004) [23], whereas we observed recruitment gains
in around 12% depending on alveolar recruitment definition and HFPV end-expiratory or end-inspiratory holds
(Additional file 1: Table S3). High frequency mini-bursts
may allow a progressive move from alveolar collapse to
re-opening, through discrete jumps [30]. The pragmatic
definition of lung recruitment that we used clearly
depicts HFPV effects over CMV in terms of alveolar recruitment. Indeed, no significant change in poorly aerated volumes was observed (Fig. 4). Lung recruitment

Fig. 2 UCLA color encoding of lung computed tomography (CT) attenuation in a patient with non-focal acute respiratory distress syndrome (ARDS)
phenotype. Direct visualization of lung aeration was performed after processing CT scan images with CT attenuation color-encoding. In this patient with
non-focal ARDS, high frequency percussive ventilation (HFPV) resulted in an important recruitment of non-aerated (red) lung zones, and increasing normally aerated (blue) ones. HFPV allowed large alveolar recruitment and was associated with almost no concomitant hyperinflation
(white) of aerated lung regions. Consecutive images were recorded using: (1) an end-expiratory hold during conventional mechanical ventilation, (2)
an end-expiratory hold or (3) an end-inspiratory hold during HFPV. Color encoding of CT attenuation: hyperinflation (white), normal aeration (blue),
poor aeration (green) and absent aeration (red). CMV conventional mechanical ventilation
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Fig. 3 Correlation and Bland and Altman bias between maximal end-inspiratory pleural pressure and high frequency percussive ventilation (HFPV)
mean pressures considering all pairs of measurements performed during the study. a N = 58, red line: 95% confidence ellipsis; b N = 58, lines: bias
(black dotted) and +2SD/-2SD limits of agreement (red dotted). SD standard deviation

seems predominant in posterior zones where nonaerated volumes are observed. Of note, CMV preliminary optimization and absence of zero-PEEP endexpiratory CT scan may have conducted to lesser HFPV
effects on alveolar recruitment.
Alveolar hyperinflation

Alveolar hyperinflation is often associated with alveolar
recruitment since intra-thoracic pressure increase may
preferentially inflate normally aerated (high compliance)
more than non-aerated (low compliance) lung regions, if
there is lung inhomogeneity. No difference was observed
between HFPV-induced and CMV-induced hyperinflation, in line with a previous report [31]. Hyperinflation
was significantly correlated with baseline normally

aerated and hyperinflated lung volumes, whereas our
group reported a single correlation with normally aerated ones [23]. Those results agree with previous observations from Terragni, who reported that tidal
hyperinflation persists despite protective ventilation [32].
Of particular interest in focal ARDS, high PEEP levels
might sustain hyperinflation of non-dependent lung regions [33], as observed. Moreover, tidal recruitment/derecruitment might worsen the patient’s status by exposing lung regions to shear stress [34], as observed in focal
ARDS. Those observations were negligible in non-focal
ARDS. Early identification of lung morphology should
be of the highest importance in adapting mechanical
ventilation strategies [35]. HFPV was suggested to better
adapt Vt and lung pressures to dynamic changes in gas

100%
90%
80%

% Non
70%

% Norm

60%
50%

% Poor

40%

% Over

30%
20%
10%
0%

conv

expi

inspi

Fig. 4 Evolution of lung volumes under conventional ventilation and high frequency percussive ventilation (HFPV). Abbreviations: conv conventional
ventilation, expi expiratory hold during HFPV, inspi inspiratory hold during HFPV, Non non-aerated lung volume, Norm normally aerated lung volume,
Over overdistended lung volume, Poor poorly aerated lung volume. Data are presented as percentages of total lung volume. *P < 0.05 versus
conventional ventilation
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distribution [36], thus hampering prediction of its pathophysiological effects.
In our study, hyperinflation remained stable within all
three West zones. As previously reported [23, 35], low
hyperinflated lung regions have been observed while performing an RM, when dealing with a non-focal ARDS
phenotype (in comparison to focal ARDS).
Finally, HFPV use as RM and open-lung strategy
surrogates remains uncertain. RM has been reported
to increase hyperinflation by 8 ± 9% and 24 ± 14% in
patients with non-focal and focal ARDS [23]. In our
study, hyperinflation was negligible in non-focal
ARDS, at 2.0% (1.0–4.0).
Tidal volume

The difference between end-inspiratory and endexpiratory volumes approximated the Vt. HFPV-induced
Vt remained within recommended limits. This observation supports an HFPV lung-protective ventilation strategy. Vt measurement on CT scans might be affected by
oxygen consumption and stress relaxation. However, acquisition lasted a few seconds and was similar between
both holds.
Oxygenation

HFPV markedly improved oxygenation. HFPV-induced
alveolar recruitment may improve gas exchange surface
and decrease ventilation/perfusion mismatch. Also,
effective gas volume administered does not only include
Vt but also volume from high frequency mini-bursts.
Lucangelo showed in a single compartment lung model,
that Vt accounts for approximately 10–40% of total
administered volume [36]. Diffusive ventilation may
therefore allow large inflow and out-flow, thus increasing alveolar gas mixing (O2 in and CO2 out).
Hemodynamics

Hemodynamics improved significantly during HFPV, the
effect remaining unclear. As compared to RM-induced
transient increase in intra-thoracic pressure, HFPV treatments did not decrease arterial pressure or induce
serious adverse hemodynamic events. HFPV may reduce
shunts through improved alveolar recruitment, and
enhance peripheral arterial vasoconstriction by improving arterial oxygenation [37, 38]. In addition, HFPV may
rapidly increase alveolar recruitment, lung aeration and
arterial oxygenation, thus improving pulmonary vascular
function and facilitating right ventricle output.
Monitoring of pressure

Monitron® device monitored high pressure during HFPV.
Phasitron®-delivered pressures (recorded before endotracheal tube) are higher and correlate with Ppl. Intrathoracic and transpulmonary pressures evaluations [39, 40]
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are relevant tools in understanding HFPV effects. Careful
measurement of Ppl through the pleural drain and Paw
through the intra-tracheal catheter allowed useful comparisons. We found good correlation (despite large agreements
limits) between the Monitron® and measured pressures. Of
high interest, Ppl remained within the protective limits:
alveolar pressure was always below 30 cmH2O (and especially, below 25cmH2O in our experiments) whatever the
Monitron® pressure, even with apparently excessive pressure
settings. This 30-cmH20 pressure seems to limit the risk of
distension-related lung injury as reported by Boussarsar [41]
and Tobin [42]. A recent study elucidated pressure drops
through endotracheal tubes [43]. During the mini-burst
inspiratory phase, pressure drops were: 9.28 (4.95–12.93),
9.48 (5.05–13.47), and 10.04 (5.62–16.97) cmH2O for diameters 8, 7.5 and 6.5, respectively [44]. Administered pressures
are strongly dampered through the endotracheal tube and
airways. This phenomenon might explain low measured Ppl,
well below the Monitron®-specified ones.
Limitations

Our study has several limitations. First, only eight
patients were enrolled. Results presented herein only
reflect HPFV effects on the lungs of patients with nonfocal early ARDS. This could limit generalizability and/
or dampen the strength of current associations. Further
studies on patients with focal ARDS are necessary.
Nevertheless, we believe that our findings represent an
important first step in vivo to elucidate HFPV effects on
the lungs in early non-focal ARDS. Second,
hemodynamic improvements remain unexplained since
no specific monitoring was used in our study, and further investigations are warranted. Third, only patients
with early ARDS were included and extrapolation to
later phases of ARDS remains uncertain. Fourth, CMV
was optimized following “open-lung” ventilation recommendations; to what extent ventilator settings may have
influenced our results remains unknown. Indeed, the
Express study ventilator settings and strategy are supposed to optimize alveolar recruitment. No comparison
with RM strategies was conducted and alveolar recruitment maximization remains empirical. Finally, the
absence of a zero end-expiratory CT scan could have
underestimated patients at risk of tidal hyperinflation,
but remains delicate to be proposed to severe-tomoderate ARDS patients.

Conclusions
This study elucidates HFPV morphological effects in
patients with early non-focal ARDS. Besides impressive
improvements in arterial oxygenation and hemodynamics,
HFPV-induced alveolar recruitment was significant.
Therefore, HFPV might be used as a rescue therapy in
early non-focal ARDS patients when CMV fails to
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improve oxygenation and lung aeration. However, further
investigations are needed to assess HFPV effects on patient outcomes during ARDS, with a special focus on focal
and non-focal lung phenotypes.
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