
High-Frequency Oscillatory Ventilation:
The Devil May Be in the Details

The study by Sun et al1 in this issue of RESPIRATORY

CARE, comparing high-frequency oscillatory ventilation
(HFOV) and conventional mechanical ventilation, merits
close attention because it is one of few studies demon-
strating clear benefit from HFOV, relative to conventional
mechanical ventilation, in preterm infants. In the study,
336 preterm infants (gestational age � 32 weeks, birth
weight � 1,500 g) who developed respiratory distress syn-
drome and required intubation and ventilator support within
the first 24 hours of life were randomized to either HFOV
(SLE5000 infant ventilator) or conventional synchronous

SEE THE ORIGINAL STUDY ON PAGE 159

intermittent mandatory ventilation (Maquet Servo-i). The
criteria for respiratory distress syndrome included a PaO2

/
FIO2

� 200 mm Hg and radiographic evidence of severe
respiratory distress syndrome. Two major Chinese neona-
tal ICUs, at Zhengzhou Children’s Hospital and Nanjing
Children’s Hospital, participated in the study. Randomiza-
tion was computer-generated and stratified by sex and ges-
tational age (� 28 weeks or � 28 weeks). Both conven-
tional mechanical ventilation and HFOV ventilator
strategies employed “high lung volume” in conjunction
with “lung-protective” approaches. The infants were
weaned as tolerated, using their respective ventilator strat-
egies, and crossover was not allowed. Infants managed
with HFOV had fewer deaths, a lower incidence of bron-
chopulmonary dysplasia, shorter duration of ventilation
and hospital stay, and better neurological outcomes as-
sessed at 18 months of age. The 2 groups were well matched
for baseline characteristics, including sex, gestational age,
birth weight, use of antenatal steroids, and maternal risk
factors.

The results of this study contradict the conclusions of
Cools et al2 in their meta-analysis of 17 randomized con-
trolled trials of HFOV versus conventional mechanical
ventilation in preterm infants. Cools et al found no clear
benefit from HFOV. The reason for improved outcomes in
the infants ventilated with HFOV in the study by Sun
et al,1 relative to previous studies, is unclear. Differences
in gestational age, birth weight, time of enrollment, ven-
tilator strategies, and use or non-use of antenatal steroids
and postnatal surfactant make direct comparisons across

studies difficult. The study by Sun and colleagues enrolled
infants with somewhat higher gestational ages and greater
birth weights, relative to the 2 most recent and largest
multicenter trials. Courtney et al3 enrolled only infants
600–1,200 g, and described similar increases in “alive
without bronchopulmonary dysplasia” and earlier extuba-
tion with HFOV. However, in the same journal a study by
Johnson et al4 enrolled infants with gestational ages 23–
28 weeks and found no differences in outcomes. Consis-
tent with that study, but contrary to the HIFI study5 and the
study by Moriette et al,6 neither study demonstrated ad-
verse effects with HFOV. None of these studies reported
long-term neurological outcomes.

What possibly accounts for the improved outcomes with
HFOV, compared to conventional mechanical ventilation,
in the Sun et al study? The patient populations were well
matched, the conventional mechanical ventilation strategy
was consistent with current approaches, and the investiga-
tors included all relevant outcomes. Nearly all outcomes
were improved with HFOV. I think the most likely reasons
are Sun et al’s approach to optimizing lung volume and
avoidance of hypocarbia and/or excessive tidal volumes
during HFOV. The initial large randomized controlled HIFI
Trial5 found no benefit from HFOV, but was criticized for
taking a “low volume” approach to HFOV, which was
purported to inadequately recruit the lung. The meta-anal-
ysis by Cools et al2 suggested that a “high volume” (rel-
ative to “low volume”) HFOV strategy had superior out-
comes, and subsequent investigators have largely adopted
the high volume approach. How to operationalize a high
volume strategy, however, has never been made adequately
explicit. This is particularly problematic in multicenter
trials, where multiple institutions and clinicians may dif-
ferently interpret how to achieve optimal lung volume.

Sun and colleagues describe a practical, objective, and
likely reproducible approach to what they term “optimal
continuous distending pressure” to recruit and maintain
lung volume. They employed a step-wise increase in con-
tinuous distending pressure until FIO2

could be decreased
to 0.25 (or no further improvement in oxygenation was
achieved); this was termed the lung “opening pressure.”
They then stepped down the distending pressure, by in-
crements of 1–2 cm H2O, until oxygenation deteriorated;
this was termed the lung “closing pressure.” Finally, they
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then again increased the pressure to the opening pressure
to re-recruit the lung, and set the final pressure to 2 cm H2O
above the pressure at which oxygenation had deteriorated
(that is, 2 cm H2O above closing pressure). This they
called the optimal continuous distending pressure. As has
been the case in other studies, the optimal continuous dis-
tending pressure resulted in a mean airway pressure (or
continuous distending pressure) generally 2–3 cm H2O
above that of conventional ventilation. The same step-wise
approach was repeated if the child subsequently received
exogenous surfactant. Sun et al also utilized a unique fea-
ture of the SLE5000 ventilator, the “gas-transport coeffi-
cient,” to adjust the expired tidal volume, to assess changes
in lung compliance with changes in continuous distending
pressure, and to normalize PaCO2

. This may have prevented
the initial hypocarbia that can occur with HFOV, and which
has been associated with an increased rate of intracranial
hemorrhage.5 Both aspects are unique to this study.

“Open up the lung and keep the lung open” is a strategy
first clearly articulated by Lachmann.7 In conventional ven-
tilation, opening the lung is achieved with positive inspira-
tory pressure, and PEEP maintains the lung open during
the expiratory phase. The propensity of injured lung to
“close” during exhalation can be counteracted by increas-
ing the PEEP, but higher PEEP then necessitates higher
inspiratory pressure to achieve adequate ventilation. Re-
peated opening and closing of lung regions and high peek
airway pressure are associated with ventilator-induced lung
injury, through atelectrauma and barotrauma. Both are im-
plicated in the development of bronchopulmonary dyspla-
sia. By maintaining the lung at high volume while accom-
plishing ventilation with small tidal volumes and a rapid
respiratory rate, HFOV has the potential to avoid both.
Unfortunately, this has not been consistently demonstrated
in practice. The approach taken by Sun and colleagues to
optimizing lung volume, in conjunction with careful at-
tention to tidal volumes (and resultant PaCO2

), with HFOV
may offer a practical and reproducible method to allow
uniformity across institutions in multicenter trials. These
details may be critical in HFOV studies, particularly when
multiple institutions and numerous caregivers are involved,
and may partly explain the results obtained by Sun et al.1

The study by Sun et al has several limitations. The
inconsistent use of surfactant adds an element of uncer-

tainty to the analysis, although substantially more conven-
tional-ventilation babies received surfactant. Sun et al also
failed to correct for multiple comparisons in their statisti-
cal analysis, likely rendering some of the comparisons not
statistically different. Additionally, the 3-times-higher rate
of cerebral palsy in the conventional-ventilation group is
unexplained in the absence of differences in the rates of
intraventricular hemorrhage or periventricular leukomala-
cia. No plausible biological basis for this difference is
discussed. It should be noted, however, that follow-up of
infants was performed blinded to the intervention.

On the whole, Sun et al should be congratulated on a
well designed and executed study. Given the dramatically
different results from previous studies of HFOV versus
conventional ventilation, it is likely to be met with skep-
ticism in the neonatal community. There appears to be
little enthusiasm for yet another HFOV trial in preterm
babies. Perhaps these results will prompt other investiga-
tors to reexamine this issue with attention to the important
HFOV details that Sun et al controlled in their study.

Douglas F Willson MD
Pediatric Critical Care

Virginia Commonwealth University
Richmond, Virginia

REFERENCES

1. Sun H, Cheng R, Kang W, Xiong H, Zhou C, Zhang Y, et al.
High-frequency oscillatory ventilation verses synchronized intermit-
tent mandatory ventilation plus pressure support in preterm infants
with severe respiratory distress syndrome. Respir Care 2013;59(2):
159-169.

2. Cools F, Henderson-Smart DJ, Offringa M, Askie LM. Elective high
frequency oscillatory ventilation versus conventional ventilation for
acute pulmonary dysfunction in preterm infants (Review). Cochrane
Database Syst Rev 2009;(3):CD000104.

3. Courtney SE, Durand DJ, Asselin JM, Hudak ML, Aschner JL,
Shoemaker CT. High frequency oscillatory ventilation versus con-
ventional mechanical ventilation for very low birth weight infants.
N Engl J Med 2002;347(9):643-652.

4. Johnson AH, Peacock JL, Greenough A, Marlow N, Limb ES, Mar-
ston L, Calvert SA. High frequency oscillatory ventilation for the
prevention of chronic lung disease of prematurity. N Engl J Med
2002;347(9):633-642.

5. The HIFI Study Group. High frequency oscillatory ventilation com-
pared with conventional mechanical ventilation in the treatment of
respiratory failure in preterm infants. N Engl J Med 1989;320(2):
88-93.

6. Moriette G, Paris-Llado J, Walti H, Escande B, Magny JF, Cambonie
G, et al. Prospective randomized multicenter comparison of high-
frequency oscillatory ventilation and conventional ventilation in pre-
term infants of less than 30 weeks with respiratory distress syn-
drome. Pediatrics 2001;107(2):363-72.

7. Lachmann B. Open up the lung and keep the lung open. Intensive
Care Med 1992;18(6):319-321.

The author has disclosed no conflicts of interest.

Correspondence: Douglas F Willson MD, Pediatric Critical Care, Vir-
ginia Commonwealth University, 1001 E Broad Street, Suite 205A, Rich-
mond VA 23219. E-mail: dwillson@mcvh-vcu.edu.

DOI: 10.4187/respcare.03087

HIGH-FREQUENCY OSCILLATORY VENTILATION: THE DEVIL MAY BE IN THE DETAILS

298 RESPIRATORY CARE • FEBRUARY 2014 VOL 59 NO 2


