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High-frequency oscillatory ventilation (HFOV) is a lung-protective strategy that can be utilized in the full spectrum of patient populations ranging from
neonatal to adults with acute lung injury. HFOV is often utilized as a rescue strategy when conventional mechanical ventilation (CV) has failed. HFOV
uses low tidal volumes and constant mean airway pressures in conjunction with high respiratory rates to provide beneficial effects on oxygenation and
ventilation, while eliminating the traumatic “inflate-deflate” cycle imposed by CV. Although statistical evidence supporting HFOV is particularly low,
potential benefits for its application in many clinical manifestations still remain. High-frequency oscillation is a safe and effective rescue mode of ventila-
tion for the treatment of acute respiratory distress syndrome (ARDS). All patients who have ventilatorinduced lung injury (VILI) or are at risk of develop-
ing VILI or ARDS would be suitable candidates for HFOV, especially those who have failed conventional mechanical ventilation. This narrative aims to
provide a review of HFOV vis-a-vis its indications, contraindications, hazards, parameters to monitoring, patient selection, clinical goals, mechanisms
of action, controls for optimizing ventilation and oxygenation, clinical application in ARDS, and a comparison with other modes of mechanical

ventilation.
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INTRODUCTION
High-frequency oscillatory ventilation (HFOV) is a rescue maneuver for
failed conventional mechanical ventilation. It utilizes the Taylor aug
mented dispersion of gases through a simple circuit in which bias flow
delivers small tidal volumes for patients with acute respiratory distress
syndrome (ARDS) and other medical conditions [1-4]. It prevents
ventilator-induced lung injury (VILI) by reducing the risk of volutrauma,
while providing adequate ventilation despite tidal volume sizes that are
far below dead space [3-6]. HFOV maintains alveolar inflation at a con-
stant, less variable airway pressure with a sinusoidal flow oscillation to
prevent the lung “inflate-deflate” cycle and provides improved oxygen-
ation [5, 7-12]. HFOV can be delivered by the Drager Babylog VN500
ventilator and Care Fusion Oscillator 3100A and 3100B ventilators [13].

Indications, contraindications, and hazards

The oscillator can be used in many clinical situations. Its benefits are
valued when there is failure of conventional ventilation, when refractory
hypoxemia is present and in clinical presentations comprising large air
leaks or systemic circulatory problems [3, 14, 15]. However, it is essential
to recognize situations in which the use of the oscillator carries the
propensity to lead to deleterious consequences and patient harm.
Commonly, patients receiving HFOV require a greater amount of seda-
tion and neuromuscular blockade, which can subsequently lead to
lengthier hospital stays [3, 16-19]. There are many common indications,
limitations, and hazards associated with HFOV (Table 1).

Currently, HFOV is only indicated as a rescue therapy. It is beneficial
for patients with severe respiratory failure who are failing conventional
ventilation or when conventional ventilation settings are approaching
harmful parameters, which could lead to trauma [1, 2, 9, 17, 20-22].

The mode is considered an alternative lung-protective ventilation strat-
egy for patients with VILI and ARDS [9, 20-22]. Additionally, HFOV
has been recommended as second-line therapy for the management of
the ventilated patient with a bronchopleural fistula [23]. In the neonatal
population, HFOV is indicated for patients with neonatal air leak syn-
drome, persistent pulmonary hypertension, and meconium aspiration
[24-26]. In the adult population, HFOV is beneficial in air leak syn-
dromes such as pneumothorax and pulmonary interstitial emphysema,
where the lungs are difficult to keep open [15, 19, 23, 24, 27].

There are no specific contraindications regarding HFOV, but there
are some adverse effects. HFOV is less effective in disease processes with
increased airway resistance, which can lead to air trapping and hyperin-
flation 7, 28]. If this goes unmonitored, it may lead to pulmonary baro-
trauma (7,9, 29, 30]. This includes pneumothorax, pneumomediastinum,
pneumopericardium, and pulmonary interstitial emphysema [7, 28].
The cardiovascular effects of HFOV include decreased venous return,
decreased cardiac output, intraventricular hemorrhage, and increased
intrathoracic pressures [11, 31]. When intubated the patient’s natural
defense mechanisms are removed, putting the patient at greater risk for
sepsis [7].

Relative limitations associated with the use of the oscillator include
the unavailability of transport ventilators and intrinsic limitations per-
taining to loud or noisy machines that can inhibit the ability to perform
physical examination and recognition of co-occurring hazards [1].
Although there is no oscillator manufactured specifically for trans-
port purposes, a high-frequency percussive ventilation device, the
Bronchotron, may be utilized. This pneumatic device ventilates and oxy-
genates as well as HFOV at equivalent ventilator settings. In some situa-
tions, it may be necessary to intermittently pause the oscillator to
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TABLE 1

High frequency oscillatory ventilation

Indications, contraindications, and hazards associated with the use of HFOV.

Indications

Contraindications/hazards

Ventilator-associated lung injury [9, 21, 22, 29]

Alveolar hemorrhage

Large air leak with inability to keep lungs open [15, 19, 23, 24, 27]
Abdominal Compartment Syndrome [7]

Failure of conventional mechanical ventilation [5, 7]

Refractory hypoxemia [7, 11, 19, 23, 37]

Increased intracranial pressure [7, 38]

Persistent pulmonary hypertension [25]

Acute Respiratory Distress Syndrome [1, 5-7, 11, 22, 23, 25-27, 30-34]
Pulmonary Interstitial Emphysema [26]

Meconium aspiration [26]

Pulmonary hypoplasia [26]

Bronchopulmonary fistulae [23]

.

.

.

.

.

.

Higher intrathoracic pressures [11]

Right ventricular preload; require volume administration + inotropic support [11]
Pneumothorax [7, 28]

Migration/displacement of ETT [31]

Bronchospasm

Airway obstruction from mucus plugging, secretions, hemorrhage, or clot [7, 28]
Barotrauma [4, 7, 9, 20, 21, 30, 31, 39, 40]

Pneumomediastinum [7]

Subcutaneous emphysema [7]

Multiple organ failure [7]

Sepsis [7]

Refractory acidosis [3]

Intraventricular hemorrhage [31]

Cellular injury [31]

Increased pulmonary capillary wedge pressure [31]

TABLE 2
Parameters to monitor during the use of HFOV

Oscillator

Mean airway pressure [23, 26, 30, 46]
Frequency (Hz) [23, 46]

Bias flow [4, 26]
Fraction of inspired oxygen (F,O,)
[23, 26, 46]

Pressure amplitude [23, 46] Alarms

Patient

Oxygenation index [23]
P.,0,/F 0, [23, 30]
Arterial pH [23, 26]

Heart rate [46]

Blood pressure [46]
Alveolar—arterial oxygenation
difference [46]

Chest x-Ray [46, 47]

Right ventricular load [30]
Transpulmonary pressure [30]

P,CO, (mm Hg) [13, 23, 46]
P,O, (mm Hg) [23, 26, 46, 47]
SpO, [23, 26]

perform a patient assessment, especially cardiac status. This should be
performed minimally and with physician approval. Clinicians should
closely and continually monitor the patient’s clinical presentation and
be able to recognize the potentially deleterious effects associated with
utilizing this unique strategy of positive pressure ventilation.

An additional limitation associated with HFOV is alveolar derecruit-
ment precipitated by suctioning. Suctioning the patient receiving HFOV
may be beneficial to ensure patency of the endotracheal tube (ETT);
however, it should be used in moderation, as disconnecting the patient
from the oscillator leads to alveolar derecruitment [27]. Suctioning should
only be preformed per organizational policy or when clinically deemed
necessary. Suctioning may be indicated when chest wiggle is decreased or
absent, when a mucus plug or secretions are suspected, if there is a
decrease in SpO, or transcutaneous O, level, or when there is an increase
in the transcutaneous CO, levels [3, 32]. The deleterious effects caused by
suctioning may be minimized, but not fully eliminated, by utilizing a
closed suction system [32]. A sustained inflation recruitment maneuver
may be necessary following suctioning to compensate for the prior period
of derecruitment [33-35]. To prevent derecruitment, once the patient is
on the oscillator the patient should not be disconnected from the oscilla-
tor unless there is no other option [36].

Parameters to monitor

Many variables must be closely monitored during the use of HFOV
(Table 2). Not only is it important to monitor the oscillator, but also the
patient’s clinical appearance [41]. An essential tool available to clinicians
for the assessment of the patient’s response to HFOV is the arterial
blood gas (ABG) [42]. An ABG should be obtained 15-30 minutes fol-
lowing the initiation of HFOV to determine PaCO, trending [43, 44].
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Subsequent ABGs should generally be obtained at 30- to 60-minute
intervals, until stabilization occurs [44, 45]. Once the patient is stabi-
lized, and there are minimal changes occurring with the oscillator set-
tings, ABGs can then subsequently be obtained every 6 hours [44, 45].

During oscillator use, minute ventilation and tidal volume are
affected by several factors including pressure amplitude, frequency, ETT
size, amount of cuff leak, and patient lung characteristics [4, 33, 41]. To
properly set a 5 cmH,0 cuff leak, air should carefully be withdrawn from
the ETT pilot balloon using a syringe, until mean airway pressure (mPaw)
drops 5 emH,O below the set mPaw. Afterwards, mPaw should be
increased back to the previous setting [1]. On the oscillator machine,
monitored parameters include the settings and alarms. While the patient
is receiving HFOV via oscillator, clinicians must pay close attention to
more than just their vital signs such as heart rate blood pressure, and
S,0,. Lab values are equivalently significant, as they provide valuable
information to assist the clinician in making precise changes to either
escalate or wean oscillator settings accordingly.

Patient selection

Use of HFOV via oscillator is typically limited to clinical situations in
which the patient is in an acute, critical, poor state of health. In the adult
and pediatric population, this can mean that they have suffered an
unfortunate trauma or are undergoing a major health crisis [3, 7, 8,
24, 31]. In the infant population, this is also due to unfortunate condi-
tions in which there is meconium aspiration or pulmonary interstitial
emphysema [7, 8, 24, 31]. All patients who have VILI or are at risk
of developing VILI or ARDS, would be suitable candidates for HFOV
[1,3-5,7,8, 13, 14, 18, 22, 26, 27, 37, 38]. Variations may be necessary
based on clinical disease state and patient population. Examples of this
include air leaks, fluid resuscitation to keep central venous pressure
between 8 and 12 mm Hg, and the presence of radiologically apparent
large and multiple cysts in the lungs [15, 26, 30].

Clinical goals

The primary goal for use of HFOV via oscillator is to limit lung injury and
improve clinical outcome. HFOV utilizes active inspiratory and expiratory
phases to produce small tidal volumes, usually equal to or less than dead
space [4, 5, 48]. The rapid respiratory rate helps maintain alveolar ventila-
tion, while the lungs maintain inflation through a constant mPaw [5, 7,
11, 13, 23, 26, 39]. HFQV delivers reasonable oxygenation to limit oxygen
toxicity [7, 11, 19, 46]. This method uses permissive hypercapnia to pro-
vide ventilatory support and maintain normal cellular function, allowing
PaCO, to rise while maintaining an arterial pH between 7.25 and 7.30.
This strategy minimizes VILI, reduces the incidence of secondary chronic
lung disease, improves ventilation/perfusion (V/Q) mismatch, does not
impair cardiac output, and improves lung recruitment without overdisten-

sion [1, 4, 5,9, 11, 13, 17, 18, 25, 26, 30, 31, 34, 40, 42].
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Mechanisms of action

Use of positive pressure ventilation carries the propensity to damage the
lungs. During CV there are large fluctuations in the zones of injury
resultant from the cycle changes between the inspiration and expiration
phases, leading to significant damage. During HFOV, the entire cycle
operates in the “safe window” to achieve homogeneous aeration of the
lung and avoid the injury zones [10, 11, 24, 47]. Injury can occur at both
ends of the safe window [49]. On the upper end, in the zone of overdis-
tension, injury occurs from mechanical disruption, surfactant dehydra-
tion, and fluid accumulation [49]. On the lower end, in the zone of
derecruitment, injury occurs due to atelectrauma and biotrauma [49].
HFOV works within the safe window allowing the recruitment of col-
lapsed alveoli and preventing atelectasis [50]. This is achieved through
the use of rapid, tiny oscillations produced by a reciprocating piston
[1, 5,9, 10]. Both inspiration and expiration are active processes second-
ary to the piston striking forward creating positive pressure in the airway
and then recoiling back, generating negative pressure [5]. The amplitude
of the wave, which is set by the power control, determines the forward
and backward excursion of the piston and helps determine the tidal vol-
ume [9]. Tiny tidal volumes are pushed in and out of the lungs, oscillat-
ing around a set pressure, hence the name of the unit—the oscillator [51].
A rigid ventilator circuit with low compliance is used in HFOV.

Optimizing oxygenation

The primary variables in achieving optimal oxygenation are mPaw and
F,O, [3]. Mean airway pressure is a pressure used to optimize lung volume
and, thus, to increase the alveolar surface area for gas exchange [5, 8, 51].
In turn, this directly affects the PaO, [1, 8, 31]. Mean airway pressure
should be utilized to recruit atelectatic alveoli while preventing
derecruitment. Although the lung must be recruited, this must be done
conservatively to avoid overdistension. Alveolar atelectasis or overdisten-
sion can result in an increase in pulmonary vascular resistance. To ini-
tially introduce mPaw, it should be set 3-5 cm H,O above the
corresponding mPaw used prior during conventional ventilation [5].
mPaw normal ranges are 25-30 cm H,O, with a maximum of 45-60 cm
H,O [1]. Adequate lung expansion in adults is accomplished by the visu-
alization of the ninth posterior rib above the level of the diaphragm. As
mPaw increases, the volume in the lung increases and the patient’s dia-
phragm is displaced downward; placement of the diaphragm via chest
x-ray usually correlates to an acceptable P,O,. The mPaw should not be
reduced during the first 24 hours to permit an adequate amount of time
for alveolar recruitment. The FiO, is titrated by a blender attached to the
oscillator [1, 5]. If the patient is overoxygenated, the FiO, and or mPaw

FIGURE 1

should be decreased. If the patient’s P,O, is low, the FiO, and mPaw
should be increased to increase oxygenation. Figure 1 depicts oxygen-
ation controls on the HFOV.

Optimizing ventilation

The primary variables in ventilation are tidal volume, chest wiggle, and
frequency [26]. Amplitude can be adjusted by the power control [1].
Adjusting the power control regulates the amount of piston displace-
ment by changing the amount of power going to the piston and the
backward-forward movement of the piston. The degree of deflection of
the piston (amplitude) determines the tidal volume. As the amplitude
increases, the pressure gradient increases and, therefore, the tidal volume
delivered to the patient increases [5]. The increase in amplitude depends
on the resistance the piston must work with to move forward [36]. If the
patient has low lung compliance the piston must work against a greater
pressure resulting in less change in tidal volume. The same can be said
for a patient with high airway resistance [36]. If the patient is under-
ventilated and the PaCO, level is high, the amplitude should be increased
to blow off more PaCQ,. If the patient is overventilated and the PaCO,
level is low, the amplitude should be decreased to allow less PaCO, to be
blown off. To set the amplitude, an ABG should be obtained on conven-
tional ventilation, and 20 should be added to the PaCO, level. The nor-
mal amplitude is set between 20 and 30 in neonates, with settings up to
90 cm H,O possible. Appropriateness of the power setting is determined
by observing the chest wiggle factor (CWF) [1, 5, 8]. Chest wiggle should
be visible from the level from the clavicles to the mid-thigh or the eigth
or ninth rib [4]. Increased amplitude will generate an increased chest
wiggle. Chest wiggle should always be reassessed after positional changes.
If CWF is diminished or absent, consider decreased pulmonary compli-
ance, ETT disconnect, ETT obstruction, or severe bronchospasm [36]. If
the CWF is unilateral, consider ETT displacement (right mainstem), or
pneumothorax [36]. Clinicians must be proactive and monitor patients
closely during the use of HFOV via oscillator.

In HFOV frequency is derived from hertz that controls the time
allowed for the piston to move forward and backward. There is a reso-
nance frequency of the lungs in which optimal ventilation, through CO,
removal, occurs. Resonance frequency varies based on lung size, the
degree of lung injury, amount of lung function, type and extent of the
disease state, and the size of the patient. Gas transport becomes depen-
dent on tissue inertia, rather than elastance. If there is a disturbance of
normal gas flow, V/Q mismatch exacerbated by hypoxemia and worsen-
ing respiratory acidosis will occur. To overcome the effects of the reso-
nance frequency, clinicians can optimize ventilation by providing the

Care Fusion Oscillator 3100A: depicting oxygenation controls. (A) Mean airway pressure limit knob and (B) mean airway
pressure adjustment knob. Note: the 3100B does not have a mean airway pressure limit knob; the monitor is located in the

top left corner.
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correct frequency. One hertz is 60 breaths per minute [4]. The range of
hertz is 3-15 Hz, with typical initial settings of 5-6 Hz [4, 5, 8, 33].
Reducing the frequency causes greater volume displacement, resulting in
a greater tidal volume and subsequent minute ventilation. In conven-
tional mechanical ventilation, the respiratory rate is increased to blow
off CO,, but HFOV operates in opposition to this. To decrease the
P CO,, the frequency should be decreased. If the patient is overventi-
lated, the frequency should be increased. Figure 2 shows ventilation con-
trols on the HFOV.

Other controls

Although controls relating to oxygenation and ventilation are of vital
importance to managing successful outcomes in HFOV, there are other
controls of similar importance. Bias flow (BF) controls and indicates the
rate of continuous flow of humidified blended gas through the circuit
[4, 52]. The control knob is a 15-turn pneumatic valve, which increases
flow when turned clockwise. The rate of flow is indicated by a ball float
and ranges from 0-60 L per minute in 5 L per minute increments
[1, 4, 5]. BF is typically the first parameter set by the clinician, because
it is part of the oscillator peruse calibration. If the BF is set too low, it
may result in increased P,CO, secondary to inadequate circuit washout
[52]. If the BF is set too high, it may inhibit CO, elimination. On the
contrary, an increase bias gas flow will increase airway pressure, thus
improving oxygenation [36]. Inspiratory time % (IT%) represents the
portion of the respiratory cycle that the piston spends in forward
motion [1, 5, 8, 9]. It may assist in CO, elimination, although to a lesser
extent than amplitude and frequency. The initial setting is 33% (inspi-
ratory:expiratory ratio 1:2) [1, 4, 9]. For some patients, an [T% of 50%
may improve ventilation and lung recruitment, but it is generally main-
tained at 33% [1].

Amplitude, frequency, and inspiratory time are commonly adjusted
during HFOV to increase gas displacement and improve CO, elimina-
tion, but piston-position adjustments can be viewed as an additional tool
in the management of patients requiring HFOV via oscillator [53]. More
optimal placement of the piston may allow for increased CO, elimina-
tion during HFOV [53]. This is especially important in the premature
population, as a slight deviation of the piston to either side can cause
CO, retention, which could be detrimental.

It is essential for the alarms to be set properly during the use of
HFQV via oscillator to monitor the patient’s clinical status. There are
many factors that can affect the mPaw. In spontaneously breathing
patients the clinical status of the patient, sedation level, or insufficient
bias flow rate can all affect the mPaw [54]. In this case, it may be neces-
sary to readjust the mPaw. The high-pressure alarm should be set
3 ¢m H,O to 5 cm H,O above the set mPaw. It is best practice to consult

FIGURE 2

High frequency oscillatory ventilation

the institutional protocol for HFOV alarms, as this alarm limit value
will vary accordingly. If there is an obstruction on the expiratory limb
or in the pressure sensing line, the high-pressure alarm will sound, and
the patient circuit must be replaced [54]. Lastly, if the patient circuit
temperature rises, the mPaw may be affected, so the circuit temperature
must be maintained accordingly [54]. The low-pressure alarm should be
set 5 cm H,O below the set mPaw. The mPaw will be low if there is a
leak in the humidifier or patient circuit, which will require the leak to
be fixed [54]. The patient circuit leak is most commonly noted from the
cap diaphragm [54]. If the water trap stopcock is open, the mPaw will
trigger alarm as low, and the stopcock must be closed to resolve the issue
[54]. Figure 3 shows other important controls such as bias flow, inspira-
tory time percent, alarms, and piston position and displacement.

HFOV and ARDS

Although medically necessary, mechanical ventilation can potentiate
lung damage through a variety of mechanisms collectively referred to as
VILI [55]. Traditionally, VILI contributed to mechanical stress and
strain within the lungs, as the mechanical force applied to the pulmo-
nary epithelium lining the airway and the alveoli initiates a resultant
inflammatory response within the lungs [22, 47]. This can spread to
other organs causing biotrauma [47]. To combat this, the Acute
Respiratory Distress Syndrome Network (ARDSnet) found that mortal-
ity can be significantly reduced through the use of lower tidal volumes
for patients with ARDS [23, 56]. HFOV is the ideal technique to achieve
this. HFOV generates a tidal volume that is less than dead space
(1-3 mL/kg) in conjunction with high positive end expiratory pressure
(PEEP) [4, 22, 30]. Low tidal volumes have been associated with improved
outcome because it avoids the cyclic opening and closing of collapsed
alveoli applied during each tidal breath [1, 4, 11, 57]. HFOV works to
recruit noncompliant, atelectatic regions of the lungs, thus providing a
subsequent increase in overall lung volume [47]. With the use of the
oscillator, there is less pulmonary and systemic inflammation, less histo-
logic evidence of lung injury, and lower mortality [7].

HFOV vs. APRV

Modern day technology has advanced ventilator management, yet
31%-38% of ARDS patients die from respiratory failure [36]. Secondary
to this, alternative rescue modes of mechanical ventilation have been
developed, including airway pressure release ventilation (APRV) and
HFOV [36]. Both of these methods work to improve oxygenation of the
lungs by keeping them inflated for an extended period of time, also
known as the open-lung concept [36]. These modes should be consid-
ered when a patient’s FO, is greater than 60%, PEEP is greater than
15 em H,0O, and plateau pressures are greater than 30 em H,O [36].

Care Fusion Oscillator 3100A: depicting ventilation controls. (A) Power control (amplitude) and (B) frequency (hertz).
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FIGURE 3

Care Fusion Oscillator 3100A: depicting other important controls. (A) bias flow, (B) inspiratory time percent, (C) piston

position and displacement, and (D) alarms.
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Although the mortality benefit of these modes has not been consistent,
these modes may be beneficial for certain patient populations [36].

APRV is a rescue strategy for failure of CV, which provides increased
airway pressures to facilitate alveolar recruitment [23, 24, 36, 58]. APRV
is an alternative method to the ARDSnet approach. This mode is
designed to promote oxygenation by providing continuous positive air-
way pressure (CPAP) with intermittent releases of airway pressure [36].
Ventilatory support is determined by the two CPAP levels, pressure high
(Py;) and pressure low (Py,) [36]. P, is generally set at zero, otherwise
known as zeep, so the tidal volume is dependent on the P, [36]. When
compared with conventional ventilation, APRV is associated with sig-
nificantly lower peak and plateau airway pressures for a given tidal vol-
ume [36]. In ARDS patients, more compliant regions of the lungs receive
more flow and fibrotic alveoli collapses earlier during exhalation [36].
Based off of this, APRV has the potential to cause volutrauma on inha-
lation and atelectrauma on exhalation [36]. One of the largest benefits
of APRV is that it allows spontaneous breathing, facilitating a lower level
of required sedation [1]. Patient interaction is essential in APRV, so the
use of paralysis is not necessary [36]. APRV has been associated with a
reduction in ICU length of stay and duration of mechanical ventilation,
but studies have failed to show consistent reduction in ARDS-related
mortality [1, 36].

HFOV delivers small tidal volumes at a constant mean airway pres-
sure [1, 12, 23]. This strategy minimizes barotrauma, volutrauma, and
atelectrauma [1, 4, 12, 29, 31, 39, 47]. HFOV maximizes alveolar recruit-
ment thus improving oxygenation. Both HFOV and APRV improve oxy-
genation in patients with ARDS but there are contradicting opinions
regarding the use of HFOV in comparison with APRV [36]. Some believe
that HFOV reduces the risk of further lung injury, leading to maximal
lung recruitment and minimal overdistension [47, 48, 57]. Others believe
that like APRV, HFOV has failed to show consistent reductions in
ARDS-related mortality [14, 40, 47, 58-61]. A major difference in the
two modes is that APRV allows spontaneous ventilation, whereas HFOV
does not [36]. Thus APRYV is associated with decreased amounts of seda-
tion and decreased number of ventilator days [36]. On the other hand,
HFOV keeps the lungs open at all times, running less risk of VILI [36].
An additional advantage of APRV is that its ventilators are battery pow-
ered and can be used for patients who require transportation to imaging,
operations, etc. Further comparison studies between the two modes

would be beneficial [36].
HFOV vs. CV

Charlie Bryan, a physiologist and pediatric intensivist, stumbled upon
what later became known as HFOV while performing a study using
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forced oscillations to examine the effects of neuromuscular blockers on
the lungs [47]. Since then, there have been several large multicenter ran-
domized trials to compare HFOV and CV regarding their impact in
ARDS [29-31, 47, 62-64]. In the area of HFOV, these studies generally
did not result in positive patient outcomes. In fact, the first multicenter
randomized trial of HFOV in 1989 was stopped early because of high
rates of intraventricular hemorrhage [31].

The OSCILLATE trial enrolled adults with moderate to severe
ARDS in ICUs in several different countries [47]. According to the
patient’s severity of hypoxemia, the HFOV protocol was applied using
recruitment maneuvers and high mPaw [33, 41, 47]. The CV protocol
used low tidal volumes [47]. The OSCILLATE trial found that high
mPaw applied by HFOV significantly impaired hemodynamics,
including cardiac output, and may have contributed to worsening
conditions [22, 47]. The study was stopped early secondary to mortal-
ity in the HFOV group being significantly higher than in the CV
group [47, 59, 65].

The OSCAR trial enrolled patients with severe ARDS in the
United Kingdom [47]. A complex algorithm was used to titrate
HFOV, with goals to improve lung recruitment for oxygenation
while reducing frequency as needed to improve CO, clearance [47].
Unlike OSCILLATE, OSCAR used lower PEEP in the CV protocol.
This study found no difference in mortality between HFOV and CMV
[22, 47, 65].

The RESTORE study found the use of HFOV in ARDS patients
required an increased amount sedation and length of hospital stay, yield-
ing an overall negative impact on ARDS [47]. Contrary to these studies,
HFOV is a great strategy for improving oxygenation. A meta-analysis
found an interaction between baseline PO,/FO, and the effect
of HFQV, with increasing harm when HFOV is used with higher
P O,/F,O,values [60]. The exact value at which HFOV changes from
harm to benefit is uncertain [60]. This suggests that HFOV should not
be used for patients with mild or moderate ARDS, but still remains a
potential modality for patients with severe hypoxia with ARDS [60].
Overall, this study concluded that HFOV might improve survival of
patients with severe hypoxemia while on conventional mechanical venti-
lation, especially when alternative approaches such as proning or extra-
corporeal membrane oxygenation are unavailable [60]. An ongoing
study, EPOCH, is comparing a strategy of preventing atelectrauma with
a transpulmonary pressure of 0 cmH,O at end expiration with transpul-
monary pressure of 15 using CV and HFOV [47].

Despite the less than impressive numbers in reference to ARDS there
still remain clinical situations where HFOV could prove beneficial [14,

47, 61, 65].
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SUMMARY

HFOV maximizes alveolar recruitment and is a great tool in alveolar
recruitment that can be beneficial in preventing lung injury. The strategy
utilizes volumes that are less than dead space, while providing a constant
mPaw to maintain alveolar recruitment thereby preventing VILL. HFOV
maintains lung inflation at a constant; less variable airway pressure with
a sinusoidal flow oscillation to prevent the lung inflate-deflate cycle and
provides improved oxygenation. To optimize oxygenation, manipulate
the mean airway pressure and FiO,. To optimize ventilation, manipulate
the amplitude, chest wiggle, and Hz. It is necessary for clinicians to assess
patients noting chest wiggle, endotracheal tube placement, and provide
therapy or adjustment of settings when necessary based on the findings.
ARDS results in severe morbidity and mortality. HFOV is an alternative
solution to combat ARDS through the use of active inspiratory and expi-
ratory phases and small tidal volumes at a constant mPaw to limit addi-
tional injury to the lung while working in the safe window. This
maximizes alveolar recruitment and improves oxygenation. Reducing the
cyclic opening and closing of alveoli leads to a reduction in inflamma-
tory markers. APRV also utilizes the safe window approach by limiting
overdistention and using high constant positive pressure to recruit alve-
oli. In this mode, patients can breathe spontaneously, and require less
sedation. There is no evidence supporting APRV or HFOV in relation to
mortality and morbidity.
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