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A B S T R A C T

Background

Respiratory failure due to lung immaturity is a major cause of mortality in preterm infants. Although the use of intermittent positive
pressure ventilation (IPPV) in neonates with respiratory failure saves lives, its use is associated with lung injury and chronic lung disease. A
newer form of ventilation called high frequency oscillatory ventilation has been shown in experimental studies to result in less lung injury.

Objectives

The objective of this review was to determine the e�ect of the elective use of high frequency oscillatory ventilation (HFOV) as compared
to conventional ventilation (CV) on the incidence of chronic lung disease (CLD), mortality and other complications associated with
prematurity and assisted ventilation in preterm infants who were mechanically ventilated for respiratory distress syndrome (RDS).

Search methods

Searches were made of the Oxford Database of Perinatal Trials, MEDLINE, EMBASE, previous reviews including cross references, abstracts,
conference and symposia proceedings; and from expert informants and handsearching of journals by The Cochrane Collaboration, mainly
in the English language. The search was updated in January 2009 and again in November 2014.

Selection criteria

Randomised controlled trials comparing HFOV and CV in preterm or low birth weight infants with pulmonary dysfunction, mainly due to
RDS, who required assisted ventilation. Randomisation and commencement of treatment needed to be as soon as possible aMer the start
of CV and usually in the first 12 hours of life.

Data collection and analysis

The methodological quality of each trial was independently reviewed by the review authors. The standard e�ect measures were relative risk
(RR) and risk di�erence (RD). From 1/RD the number needed to benefit (NNTB) to produce one outcome was calculated. For all measures
of e�ect, 95% confidence intervals (CIs) were used. For interpretation of subgroup analyses, a P value for subgroup di�erences as well as

the I2 statistic for between-subgroup heterogeneity were calculated. Meta-analysis was performed using both a fixed-e�ect and a random-
e�ects model. Where heterogeneity was over 50%, the random-e�ects model RR was also reported.
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Main results

Nineteen eligible studies involving 4096 infants were included. Meta-analysis comparing HFOV with CV revealed no evidence of e�ect on
mortality at 28 to 30 days of age or at approximately term equivalent age. These results were consistent across studies and in subgroup
analyses. The risk of CLD in survivors at term equivalent gestational age was significantly reduced with the use of HFOV but this e�ect was
inconsistent across studies, even aMer the meta-analysis was restricted to studies that applied a high lung volume strategy with HFOV.
Subgroup analysis by HFOV strategy showed a similar e�ect in trials with a more strict lung volume recruitment strategy, targeting a
very low fraction of inspired oxygen (FiO2), and trials with a less strict lung volume recruitment strategy and with a somewhat higher

or unspecified target FiO2. Subgroup analyses by age at randomisation, routine surfactant use or not, type of high frequency ventilator

(oscillator versus flow interrupter), inspiratory to expiratory (I:E) ratio of high frequency ventilator (1:1 versus 1:2) and CV strategy (lung
protective or not) could not su�iciently explain the heterogeneity. Pulmonary air leaks, defined as gross air leaks or pulmonary interstitial
emphysema, occurred more frequently in the HFOV group, whereas the risk of severe retinopathy of prematurity was significantly reduced.

Although in some studies an increased risk of severe grade intracranial haemorrhage and periventricular leukomalacia was found, the
overall meta-analysis revealed no significant di�erences in e�ect between HFOV and CV. The short-term neurological morbidity with HFOV
was only found in the subgroup of two trials not using a high volume strategy with HFOV. Most trials did not find a significant di�erence in
long-term neurodevelopmental outcome, although one recent trial showed a significant reduction in the risk of cerebral palsy and poor
mental development.

Authors' conclusions

There is evidence that the use of elective HFOV compared with CV results in a small reduction in the risk of CLD, but the evidence is
weakened by the inconsistency of this e�ect across trials. Probably many factors, both related to the intervention itself as well as to the
individual patient, interact in complex ways. In addition, the benefit could be counteracted by an increased risk of acute air leak. Adverse
e�ects on short-term neurological outcomes have been observed in some studies but these e�ects are not significant overall. Most trials
reporting long-term outcome have not identified any di�erence.

P L A I N   L A N G U A G E   S U M M A R Y

Elective high frequency ventilation compared to conventional mechanical ventilation in the early stabilization of infants with
respiratory distress

Review question. Does the elective use of high frequency oscillatory ventilation as compared to conventional ventilation reduce lung
damage and other complications associated with prematurity and assisted ventilation in preterm infants who are mechanically ventilated
for respiratory distress syndrome (RDS)?

Background. Respiratory failure due to lung immaturity is a major cause of deaths in preterm infants. Although the use of intermittent
positive pressure ventilation in newborns with respiratory failure saves lives, its use is associated with lung injury and chronic lung disease.
A newer form of ventilation called high frequency oscillatory ventilation has been shown in experimental studies to result in less lung injury.

Study characteristics. Nineteen eligible studies involving 4096 infants met our inclusion criteria.

Results. Insu�icient evidence exists to support the routine use of high frequency oscillatory ventilation instead of conventional ventilation
for preterm infants with lung disease who are given positive pressure ventilation. High frequency oscillatory ventilation is a way of providing
artificial ventilation of the lungs that theoretically may produce less injury to the lungs and therefore reduce the rate of chronic lung disease.
This review of the evidence from 19 randomised controlled trials showed that although a small protective e�ect towards the lungs can be
seen, this moderate benefit is highly variable between studies and should be weighed against possible harm.
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B A C K G R O U N D

Pulmonary disease continues to be the major cause of morbidity
and mortality in very preterm infants. Although assisted ventilation
with intermittent positive pressure ventilation (IPPV) has decreased
mortality, morbidity from lung injury is high. Acute injury such
as pulmonary air leak was common prior to the availability of
surfactant. Chronic lung disease (CLD) develops in up to one third
of preterm infants with respiratory distress syndrome (RDS) who
receive IPPV (Ehrenkrantz 1992; Northway 1992). In addition to
immaturity, over distention of the lung and oxygen toxicity are
thought to be important factors in the pathogenesis of CLD (Jobe
2000).

In order to avoid distortion of the lung caused by the large swings
in pulmonary pressures during conventional ventilation (CV) at
rates of 30 to 80 breaths per minute, high frequency oscillatory
ventilation (HFOV) at rates of 600 to 800 breaths per minute was
developed. In animal models, the use of HFOV results in more
uniform lung inflation, improves oxygenation and reduces the
severity of lung pathology produced by IPPV (Truog 1984; de Lemos
1987).

As discussed by Clark 2000, there are strategies that reduce lung
injury with both HFOV and CV. Animal studies show that lung
volume maintenance with HFOV prevents lung injury (McCulloch
1988). The e�ectiveness of HFOV might also be enhanced by
the use of more powerful piston driven ventilators compared
with those that generate the oscillations by flow interruption
(Jouvet 1997) and even by certain settings with the same type
of ventilator (inspiratory to expiratory ratio of 1:1 versus 1:2)
(Pillow 1999). Various strategies with CV appear to reduce acute
lung injury. These include avoiding high tidal volumes, using
positive end expiratory pressure (PEEP) and using short inspiratory
times and faster rates. Allowing carbon dioxide blood levels to
rise (permissive hypercapnia) rather than increasing ventilation
may also reduce lung injury in preterm infants (Woodgate 2006).
Many of these treatment strategies and their e�ects on lung
injury are based on pathophysiological studies in animal models
(increased cytokine release with higher tidal volumes and reduced
PEEP) (Meredith 1989) or trials in adults with RDS (Petrucci 2007).
There is evidence in preterm infants that strategies to synchronise
ventilation (higher rates and patient triggered ventilation) reduce
the rate of pneumothorax and the duration of ventilation, although
there is no evidence that these strategies reduce CLD at 36 weeks
postmenstrual age (Greenough 2008).

O B J E C T I V E S

The objective of this review was to determine the e�ect of the
elective use of high frequency oscillatory ventilation (HFOV) when
compared to conventional ventilation (CV) on the incidence of
chronic lung disease (CLD), mortality and other complications
associated with prematurity and assisted ventilation in preterm
infants who were mechanically ventilated for respiratory distress
syndrome (RDS).

The following subgroup analyses were pre-specified.

(1) Management of HFOV: a strategy to maintain lung volume has
the potential for better alveolar recruitment compared to a strategy
to maintain low volume and thus might result in better outcomes in
terms of CLD. A 'high volume strategy' (HVS) with HFOV was defined

as one in which two or more of the following treatment approaches
were explicitly stated in the methods: initial use of a higher mean
airway pressure than on CV; initial weaning of fractional inspired
oxygen concentration (FiO2) before weaning mean airway pressure;

or use of alveolar recruitment manoeuvres. The FiO2 is considered

as being a useful clinical parameter for lung volume recruitment.
Optimal alveolar recruitment is reflected by the ability to wean the
FiO2 below 0.30 or even 0.25. Therefore, trials were classified either

as 'no high lung volume strategy', 'high lung volume strategy with
a target FiO2 > 0.3 or not specified', and 'high lung volume strategy

with a target FiO2 ≤ 0.30'.

(2) Surfactant replacement: surfactant replacement therapy would
increase alveolar recruitment, attenuate RDS, and lead to less lung
injury and CLD. A similar pulmonary benefit could occur in infants
whose mothers received antenatal corticosteroids.

(3) Birth weight and gestational age: outcomes might di�er in
groups of infants born at di�erent weights and gestational ages.
Infants born at very low gestation or with very low birth weight, or
both, have a higher incidence of CLD and may benefit more from
HFOV. On the other hand, these infants are more susceptible to
neurological complications such as intraventricular haemorrhage
(IVH) and periventricular leukomalacia (PVL).

In order to explain persisting heterogeneity in the meta-analyses in
previous versions of this review, the following subgroup analyses
were added for the 2007 update.

(4) Type of HFOV ventilator: true (piston) HFO ventilators might be
more e�ective in maintaining lung volume and lead to di�erent
e�ects compared with those ventilators that use flow interruption.
Also, di�erences in inspiratory to expiratory times on HFOV may
a�ect the incidence of lung injury.

(5) Management of CV: lung protective strategies on CV (short
inspiratory times, rates of ≥ 60/minute, PEEP of 4 to 6 cm H20,

limiting tidal volume, patient triggering or permissive hypercapnia)
may a�ect the di�erences between HFOV and CV.

(6) Duration of ventilation prior to randomisation or age at
randomisation: the treatment that infants receive prior to
randomisation could alter outcomes and this could be measured
by duration of ventilation prior to randomisation or age at
randomisation, or both.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomised or quasi-randomised controlled trials.

Types of participants

Preterm or low birth weight infants with pulmonary dysfunction,
mainly due to RDS, who were considered to require IPPV.

Types of interventions

Elective HFOV versus CV: randomisation was accomplished early
in the course of RDS soon aMer mechanical ventilation was begun.
Such trials were classified as ' elective'. Trials were classified as
'rescue', and therefore excluded from this review when patients

Elective high frequency oscillatory ventilation versus conventional ventilation for acute pulmonary dysfunction in preterm infants
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were randomised aMer failure to adequately ventilate on CV or
when complications of CV developed or were likely to develop.
The use of HFOV as rescue therapy and the use of elective high
frequency jet ventilation are the subject of other reviews (Bhuta
2003; Henderson-Smart 2005). Trials were not eligible if cross-over
of interventions was mandatory.

Types of outcome measures

Outcomes from trials were not eligible if there was a 20% or greater
rate of missing or unreported data.

Primary

1. Mortality at 28 to 30 days and at term equivalent age.

2. Chronic lung disease (CLD):

• oxygen dependency at 28 to 30 days (with and without chest x-
ray changes);

• oxygen dependency or use of assisted ventilation at 36 to 37
weeks postmenstrual age (PMA) or at discharge.

3. Death or CLD.

Secondary

4. Failure of allocated treatment to maintain gas exchange, leading
to cross-over to alternate treatment.

5. Pulmonary air leak syndromes: all, including pulmonary
interstitial emphysema (PIE) and gross extrapulmonary air leak
(such as pneumothorax).

6. Intraventricular haemorrhage:

• all grades;

• grades 3 (ventricles distended with blood) or 4 (parenchymal
involvement).

7. Periventricular leukomalacia.
8. Retinopathy of prematurity (ROP) ≥ grade 2.
9. Use of hospital resources (length of hospital stay, duration of
IPPV).
10. Long-term growth and neurodevelopment.

Search methods for identification of studies

Searches were made of the Oxford Database of Perinatal Trials;
Cochrane Central Register of Controlled Trials (CENTRAL) in The
Cochrane Library 2008, Issue 4; MEDLINE and EMBASE (using
MeSH headings 'high-frequency-ventilation' and 'infant, preterm')
from 1983 to January 2009; previous reviews including cross
references; abstracts conference and symposia proceedings; and
from expert informants and handsearching of journals by The
Cochrane Collaboration, mainly in the English language. An expert
informant's search in the Japanese language was made by
Professor Y Ogawa in 1996. Abstracts of the annual meetings of the
Society for Pediatric Research (1996 to 2009 inclusive) were also
searched. The searches in MEDLINE, EMBASE and CENTRAL were
updated in November 2014.

Data collection and analysis

The standard methods of The Cochrane Collaboration and the
Cochrane Neonatal Review Group (CNRG) were used to evaluate

the methodological quality of each trial. Trials were reviewed
independently by each author for eligibility. Data were extracted
separately by each author, then compared and any di�erences
resolved.

Additional information was obtained from Ogawa 1993; Gerstmann
1996; Rettwitz-Volk 1998; Thome 1998; Plavka 1999; Moriette 2001;
and Johnson 2002 regarding trial methodology. Schreiber 2003
re-analysed their trial data on the use of nitric oxide to evaluate
outcomes related to HFOV and CV to which the infants were also
randomised. Clark 1992 and Plavka 1999 provided information
on infants excluded post-randomisation, which allowed for an
intention-to-treat analysis. Plavka 1999; Moriette 2001; and Van
Reempts 2003 provided additional outcome information from their
trials (see the table 'Characteristics of included studies' for details).

Results for outcomes requiring survival to a given age were reported
with survivors as the denominator (IPPV, CLD). Survival was used
as the denominator for ROP, where the number examined was not
given (HIFI 1989; Schreiber 2003; Van Reempts 2003).

The standard method of the CNRG was used to analyse the data.
Treatment e�ects were expressed using relative risk (RR) and risk
di�erence (RD). From 1/RD the number needed to benefit or to
harm (NNTB or NNTH, respectively) to produce one outcome was
calculated. For each measure the 95% confidence interval (CI)
was routinely given. Between-study heterogeneity was considered
statistically significant if the P value for heterogeneity was < 0.10.
Since some degree of variation between studies can be due to

chance alone, the I2 statistic (%) was used to express the proportion
of the observed variation between studies that was due to true
between-study di�erences instead of chance. Subgroup analyses

were interpreted in a similar way, using a P value and I2 for between-
subgroup heterogeneity. Meta-analysis was performed using both a
fixed-e�ect and a random- e�ects model. Where considerable true

heterogeneity (I2 > 50%) was present, the random-e�ects model RR
was also reported.

Because lung volume recruitment (high volume strategy or HVS)
with HFOV is now considered as being the most appropriate
strategy for HFOV in preterm infants, meta-analyses were
performed both including all trials as well as aMer exclusion of trials
that failed to use an HVS. For the same reason, trials that did not
use an HVS were not included in the subgroup analyses, except for
the subgroup analysis by HFOV strategy.

R E S U L T S

Description of studies

Included studies

Overall, 28 randomised controlled trials of HFOV versus CV were
found, of which 19 met the eligibility criteria and full trial data were
available. Details of each of these included studies (HIFI 1989; Clark
1992; Ogawa 1993; Gerstmann 1996; Rettwitz-Volk 1998; Thome
1998; Plavka 1999; Durand 2001; Moriette 2001; Courtney 2002;
Johnson 2002; CraM 2003; Schreiber 2003; Van Reempts 2003; Vento
2005; Dani 2006; Lista 2008; Salvo 2012; Sun 2014) are given in the
table 'Characteristics of included studies'.
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Participants

All but six of the included studies (Clark 1992; Plavka 1999; Van
Reempts 2003; Vento 2005; Dani 2006; Lista 2008) were multicentre
studies. The total number of infants randomised in each study
varied from 25 (Dani 2006) to 797 (Johnson 2002). All studies
included preterm infants, although the upper limit for birth weight
or gestation di�ered. This upper limit for birth weight was 1001
grams in one study (CraM 2003), 1200 grams in two (Durand 2001;
Courtney 2002), 1500 grams in five (Rettwitz-Volk 1998; Plavka
1999; Vento 2005; Salvo 2012, Sun 2014), 1750 grams in one
(Clark 1992) and 2000 grams in three (HIFI 1989; Ogawa 1993;
Schreiber 2003). Upper gestational age limits were 36 weeks in
one study (Gerstmann 1996), 35 weeks in one (Clark 1992), 34
weeks in two (CraM 2003; Schreiber 2003), 32 weeks in three (Van
Reempts 2003; Lista 2008; Sun 2014), 31 weeks in one (Plavka
1999), 30 weeks in four (Thome 1998, Moriette 2001; Dani 2006;
Salvo 2012) and 29 weeks in two (Johnson 2002; Vento 2005).
The average age at randomisation varied from less than one hour
(Thome 1998; Johnson 2002; Vento 2005; Dani 2006) to 12 hours
(Schreiber 2003). Each trial stratified infants at randomisation by
weight or gestational age, although few data were reported by
these subgroups.

Prenatal corticosteroid use was not reported in two trials (HIFI 1989;
Ogawa 1993); they were used in a minority of women in two studies
(Clark 1992; Gerstmann 1996), were an exclusion criterion in one
(Salvo 2012) and used in 50% to 100% of women in the remaining
14 studies.

Interventions

Di�erent ventilators were used to deliver HFOV. Eight trials used
the Sensormedics 3100 (Clark 1992; Gerstmann 1996; Plavka 1999;
Durand 2001; Courtney 2002; Schreiber 2003; Dani 2006; Salvo
2012), two used the Hummingbird (HIFI 1989; Ogawa 1993), one
used a Stephan piston oscillator (Rettwitz-Volk 1998), one used
an Infant Star ventilator (Thome 1998), one used a French piston
oscillator (Moriette 2001), two trials used the Dräger Babylog
ventilator (Vento 2005; Lista 2008) and one trial used the SLE5000
(Sun 2014). Two trials used more than one type of ventilator:
Van Reempts used either the Sensormedics 3100 (83%) or Infant
Star (17%) (Van Reempts 2003) and in the United Kingdom
Oscillation Study (UKOS) (Johnson 2002) a variety of ventilators
(Sensormedics, SLE, Dräger) were used. HFOV was delivered at 10
to 15 Hz in 12 trials and at 15 to 20 Hz in one (Rettwitz-Volk 1998).

The three criteria used to define a high volume strategy (HVS) with
HFOV are given in the objectives. All 17 trials with a HVS used
a higher mean airway pressure (MAP) on HFOV than on CV. In
addition, three trials (Thome 1998; Moriette 2001; Salvo 2012) used
both alveolar recruitment manoeuvres and weaning of FiO2 prior to

weaning MAP, while Gerstmann 1996; Clark 1992; and Van Reempts
2003 used weaning of FiO2 first and Ogawa 1993 used alveolar

recruitment manoeuvres. In one trial (Sun 2014) a lung volume
recruitment manoeuvre was applied to reach optimal alveolar
recruitment as described in detail by De Jaegere et al (De Jaegere
2006). In eight trials, lung volume recruitment was defined as the
ability to wean to an FiO2 to 0.30 or less (Gerstmann 1996; Thome

1998; Johnson 2002; Vento 2005; Dani 2006; Lista 2008; Salvo 2012,
Sun 2014), whereas in the other trials the targeted FiO2 was higher

than 0.30 or not specified. Two trials (HIFI 1989; Rettwitz-Volk 1998)
did not use a HVS for HFOV.

In all trials, CV was administered using time cycled, pressure limited
ventilators. There was a large variation in the specific methods of
administration of CV that might provide lung protection. Details are
given in the table 'Characteristics of included studies'.

Surfactant therapy with animal derived extracts was used as
therapy for RDS in the majority of participants in all but two trials
(HIFI 1989; Clark 1992).

Postnatal corticosteroids for CLD were used in 41% to 61% of infants
in three trials (Rettwitz-Volk 1998; Thome 1998; Courtney 2002),
in 20% of infants in one trial (Johnson 2002) and in less than
8% of infants in three trials (Moriette 2001; Van Reempts 2003;
Salvo 2012). Plavka 1999 reported cumulative dosage and Courtney
2002 reported mean days of therapy in each group. In all studies,
the usage of postnatal steroids was similar in the two treatment
groups, with the exception of the trial of Veemto and colleagues
(Vento 2005), in which corticosteroids were administered to 35% of
survivors in the HFOV group and to 60% of survivors in the CV group.

In Durand 2001 and Courtney 2002 prophylactic indomethacin was
given routinely to all infants.

Outcomes

Not all outcomes were reported in each study. The definitions of
CLD at 28 days di�ered between studies. CLD was assessed at 28
days of age in six studies (HIFI 1989; Ogawa 1993; Rettwitz-Volk
1998; Thome 1998; Moriette 2001; Van Reempts 2003; Schreiber
2003) and 30 days of age in the other two (Clark 1992; Gerstmann
1996). In five studies, the definition of CLD at 28 days of age was
based on oxygen therapy alone (Rettwitz-Volk 1998; Thome 1998;
Plavka 1999; Moriette 2001; Schreiber 2003) while in the remainder
both oxygen therapy and an abnormal chest x-ray were required.

Late CLD at term equivalent age varied from 36 weeks PMA (Clark
1992; Thome 1998; Plavka 1999; Moriette 2001; Courtney 2002;
Johnson 2002; Salvo 2012 ; Sun 2014) or 37 weeks PMA (Rettwitz-
Volk 1998) to at discharge (Gerstmann 1996) (mean PMA 37.1 (95%
CI 36.5 to 37.9) weeks in the HFOV group and 37.5 (95% CI 36.6
to 38.0) weeks in the CV group). The criterion for CLD at term
equivalent age was based on use of oxygen therapy in nine trials,
on clinical score (oxygen plus signs) in one trial (Plavka 1999), on
oxygen or use of assisted ventilation in two trials (Courtney 2002;
Van Reempts 2003) and on oxygen use plus an abnormal chest
radiograph in one trial (Schreiber 2003).

In most trials, cross-over to the other treatment was allowed
when predetermined failure criteria were reached. These criteria
(hypoxaemia or hypercarbia, or both) were similar in each trial
and for each treatment group, but the decision to cross over
was leM to the clinician. In two trials (Clark 1992; Rettwitz-Volk
1998) the additional criterion for cross-over of severe pulmonary
interstitial emphysema was applied only to the CV group. Because
of the variable definition of 'failure of assigned treatment' between
treatment groups, this outcome has not been included in the meta-
analysis. When cross-over occurred, the participants were analysed
in the groups as randomised. In the Sun 2014 trial, cross-over was
not allowed.

Excluded studies

The study by Froese 1987 has not been included because
aMer randomisation of infants (unknown gestation range) with
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presumed RDS, 5 of 11 in the HFOV group and an unknown
number from the CV group were excluded from the comparisons
between treatments. Only data on infants < 29 weeks with RDS
were reported. Lombet 1996 has been excluded because there was
a 22% loss aMer randomisation. Pardou 1993 reported results for
only 13 (54%) of the 24 infants randomised to the high frequency
flow interrupter or CV.

Cambonie 2003 was not included as the trial only examined
haemodynamic status during HFOV compared to CV and clinical
outcomes were not reported.

HiFO 1993 was excluded since HFOV was used as rescue therapy.
This study was included in a separate review of HFOV (Henderson-
Smart 2005). The study by Ramanathan 1995, which has only been
published in abstract form, was excluded because there was a
mandatory cross-over from HFOV to CV at 96 hours of age. Some

information from these latter two trials concerning rates of IVH is
considered in the discussion.

Nazarchuk 2010 was excluded because the study was restricted to
a population of very low birth weight infants with omphalocoele.
Singh 2012 was excluded because 27% of infants were excluded
post-randomisation and because the main outcome was the
oxygenation index in the first 24 hours.

Prashanth 2012 was excluded because it was not a randomised
controlled study.

Risk of bias in included studies

Details of the methodological quality of each study are available in
the table 'Characteristics of included studies' and summarized in
Figure 1 and Figure 2.

 

Figure 1.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Randomisation: the majority of the studies had an adequate,
documented method of random sequence generation. In only
seven studies su�icient information was provided to assess the
quality of allocation concealment.

Blinding of treatment: due to the nature of the intervention
blinding of the experimental and control interventions was not
possible for care-givers. This could possibly introduce bias in all the
trials. Blinding of participants was not relevant.

Blinding of outcome assessment was not relevant for most
outcomes (death, oxygen dependency). For outcomes that needed
interpretation of images, such as head ultrasound or chest x-ray,
and for long-term neurodevelopmental assessment, blinding was
variable between outcomes and studies. Assessment of chest x-
rays for the diagnosis of CLD was blinded as to treatment group
in studies by Clark 1992; Ogawa 1993; Plavka 1999; Moriette 2001;
and Schreiber 2003. Blinded head ultrasound assessments were
carried out in the HIFI 1989; Clark 1992; Ogawa 1993; Durand 2001;
Moriette 2001; Courtney 2002; Johnson 2002; Van Reempts 2003;
and Schreiber 2003 trials.

Exclusions aMer randomisation were minimal for primary outcomes
(all less than 8%), so low risk of bias. For long-term neurological
assessment follow-up rates were lower (for some studies as low as
51% to 57%).

EAects of interventions

Nineteen trials involving 4096 infants were included.

Mortality

There were no significant di�erences in the rates of mortality by
28 to 30 days (Analysis 1.1) (2148 infants in 10 trials; summary
RR 1.09, 95% CI 0.88 to 1.34) or in the rates of mortality by
36 to 37 weeks PMA or discharge (Analysis 1.6) (3329 infants in
17 trials; summary RR 0.95, 95% CI 0.81 to 1.10). There was no
heterogeneity between studies for this outcome (I2 = 0%). Only
one individual trial (Sun 2014) showed a significant reduction in
mortality before discharge (RR 0.31, 95% CI 0.10 to 0.94). Subgroup
analyses including use of volume recruitment on HFOV, routine
use of surfactant, use of piston oscillators, use of lung protective
strategies on CV, and inspiratory to expiratory ratio on HFOV also
failed to show any significant di�erences in e�ect on mortality rates
between subgroups.

Chronic lung disease (CLD) at 28 to 30 days

The use of oxygen therapy at 28 to 30 days was reported for 1043
infants in six trials. There was no significant di�erence between the
HFOV and CV groups in the individual trials or in the meta-analysis
(Analysis 1.3) (summary RR 0.98, 95% CI 0.88 to 1.10).

CLD in survivors at 28 to 30 days of age, based on the use of
oxygen or mechanical ventilation and the presence of an abnormal
chest x-ray, was reported for 820 infants in four trials (Analysis
1.4). Two trials (Clark 1992; Gerstmann 1996) showed a significantly
lower incidence of this outcome in the HFOV group and there
was a trend towards a reduced incidence in the overall analysis
(summary RR 0.86, 95% CI 0.74 to 1.01). This latter meta-analysis

showed significant heterogeneity (P = 0.02; I2 = 71.3%), and when
a random-e�ects model was used the summary RR was 0.66 (95%
CI 0.41 to 1.07). When only trials that used HVS were considered

for analysis (thereby excluding the High Frequency Ventilation in
Premature Infants (HIFI) trial), heterogeneity disappeared (I2 = 0%)
and a significant reduction in the need for oxygen at 28 to 30 days
was shown (summary RR 0.53, 95% CI 0.36 to 0.76).

Five trials involving 1160 infants reported both mortality and CLD
at 28 to 30 days (Analysis 1.5). Two showed a significant decrease of
this combined outcome in the HFOV group (Clark 1992; Gerstmann
1996). In the overall analysis, there was a non-significant trend
towards a reduced risk of death or CLD at 28 to 30 days in the HFOV
group (summary RR 0.94, 95% CI 0.85 to 1.04). Again, significant
heterogeneity existed for this outcome (I2 = 74%), which persisted
when only trials that used HVS were considered (I2 = 83%). The
random e�ects model summary RR for this combined outcome was
0.83 (95% CI 0.65 to 1.07).

CLD at 36 to 37 weeks postmenstrual age (PMA) in survivors

CLD in survivors at 36 to 37 weeks PMA or at discharge was reported
for 2786 infants in 17 trials (Analysis 1.7). Five trials (Clark 1992;
Gerstmann 1996; Durand 2001; Vento 2005; Sun 2014) found a
significant decrease in the HFOV group. In the overall analysis using
a fixed-e�ect model, there was a significant reduction of CLD in the
HFOV group (summary RR 0.86, 95% CI 0.78 to 0.96; summary RD
-0.05, 95% CI -0.08 to -0.02; NNTB 20, 95% CI 12 to 50). There was

significant heterogeneity in this meta-analysis (P = 0.002; I2 = 59%),
and using a random-e�ects model the summary RR was 0.80 (95%
CI 0.65 to 0.99), which was borderline significant. Heterogeneity
persisted if only trials that used HVS were considered.

Subgroup analyses

The subgroup analysis by high volume strategy (HVS) on HFOV
(Analysis 2.2) showed similar results in the subgroups: HVS with
target FiO2 ≤ 0.30 (8 trials, 1483 infants; summary RR 0.87, 95% CI

0.76 to 0.99) and HFV with target FiO2 > 0.30 or unspecified (8 trials,

1216 infants; summary RR 0.86, 95% CI 0.73 to 1.00). Only one trial
not using HVS reported CLD at 36 weeks PMA and had no cases of
CLD to contribute to the overall analysis (Rettwitz-Volk 1998). The

test for subgroup di�erence was not significant (P = 0.50; I2 = 0%)
and heterogeneity persisted within the subgroups.

In the subgroup analysis by use of routine surfactant (Analysis 3.2)
only 1 small trial of 51 infants (Clark 1992) reporting CLD at 36 weeks
did not use surfactant. This trial showed a significant and marked
reduction in the HFOV group (RR 0.23, 95% CI 0.07 to 0.73). This
result was significantly di�erent from the subgroup analysis of the
15 trials involving 2648 infants in which surfactant was used. The
latter result is similar to the overall analysis of CLD at 36 weeks PMA
(summary RR using fixed-e�ect model 0.88, 95% CI 0.80 to 0.97)

with persisting heterogeneity (I2 = 48%).

Subgroups by use of di�erent types of oscillator (flow interrupters,
true piston oscillators, or both) only showed a statistically
significant di�erence between the summary RRs of the subgroups
when a fixed-e�ect model was used (test for subgroup di�erence

P = 0.06; I2 = 64.4%), not when a random-e�ects model was used
(test for subgroup di�erence P = 0.14; I2 = 50%) (Analysis 4.2).
For the subgroup of 11 trials involving 1737 infants that used HF
piston oscillators (including the Van Reempts trial, where 83%
of study patients were ventilated with an HF oscillator and 17%
were ventilated with a flow interrupter) there was a significant
reduction in CLD in the HFOV group (summary RR 0.77, 95% CI 0.67
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to 0.90; summary RD -0.07, 95% CI -0.11 to -0.03; NNTB 14, 95% CI
9 to 33). However, significant heterogeneity persisted within this

subgroup (P = 0.003; I2 = 63%), and using a random-e�ects model
the summary RR was 0.77 (95% CI 0.67 to 0.90).

Similarly, for the subgroup analysis based on lung protective
strategies (LPS) on CV (Analysis 5.2), the outcome was significantly
di�erent between subgroups when using a fixed-e�ect model (test
for subgroup di�erence P = 0.008; I2 = 74.9%) but not when using

a random-e�ects model (test for subgroup di�erence P = 0.15; I2 =
43.5%). The largest benefit was seen in the subgroup of trials that
definitively did not use LPS (fixed-e�ect model summary RR 0.48,
95% CI 0.31 to 0.75; summary RD -0.24, 95 CI -0.37 to -0.10; NNTB 4,
95% CI 4 to 10; random-e�ects model summary RR 0.42, 95% CI 0.18
to 1.02). There was persisting heterogeneity within the subgroups,
with I2 varying from 52% up to 77%.

The subgroup analysis by age at randomisation (less than 2 hrs, 2 to
6 hrs, greater than 6 hrs) showed a significant di�erence between
the summary RRs of the subgroups using the fixed-e�ect model (P

= 0.01; I2 = 78.3%) but not using the random-e�ects model (P = 0.29;

I2 = 18.2%) (Analysis 6.2).

Subgroups by inspiratory:expiratory time ratio on HFOV (I:E = 1:1,
1:2 or variable or unknown) showed no statistically significant
di�erence (test for subgroup di�erence P = 0.49; I2 = 0% using fixed-

e�ect model and P = 0.77; I2 = 0% using random-e�ects model)
between the summary RRs of the subgroups (Analysis 7.2).

Death or CLD at 36 weeks postmenstrual age

There was a small reduction in the risk of the combined outcome
of death or CLD at 36 to 37 weeks PMA or at discharge in the
HFOV group (Analysis 1.8) (summary RR 0.90, 95% CI 0.84 to 0.97;
summary RD -0.05, 95% CI -0.08 to -0.01; NNTB 20, 95% CI 12 to
100; 17 trials, 3329 infants) using the fixed-e�ect model. There was

significant heterogeneity for this outcome (P = 0.001; I2 = 58%). The
summary RR using a random-e�ects model was RR 0.85 (95% CI
0.73 to 0.99).

Subgroup analyses

The subgroup analysis by high lung volume strategy for HFOV
showed no significant di�erences between subgroups for this

outcome (test for subgroup di�erence P = 0.76; I2 = 0%) (Analysis
2.3). In the subgroup analysis by surfactant use (Analysis 3.3), the
one trial that did not use surfactant routinely (Clark 1992) showed a
significantly larger reduction in the risk for death or CLD at 36 weeks
PMA (RR 0.52, 95% CI 0.29 to 0.94) as compared to the subgroup
of trials that used surfactant (summary RR 0.87, 95% CI 0.75 to
1.01; 15 trials, 3168 infants) (test for subgroup di�erence using

fixed-e�ect model P = 0.07; I2 = 70%). For the subgroup analysis
by type of HFO ventilator (Analysis 4.3) subgroup di�erences were
not statistically significant when a random-e�ects model was used

(test for subgroup di�erence P = 0.15; I2 = 46.7%). In the subgroup
analysis by CV strategy (Analysis 5.3) results were significantly
di�erent between subgroups both when using a fixed-e�ect model
and a random-e�ects model (test for subgroup di�erence for

random-e�ects model P = 0.02; I2 = 69.6%). The largest benefit from
HFOV was seen in the subgroup of trials that definitively did not use
an LPS (summary RR 0.55, 95% CI 0.38 to 0.81). For the subgroup
analysis by age at randomisation (Analysis 6.3), the summary RRs
of subgroups were only significantly di�erent when using the fixed-

e�ect model (test for subgroup di�erence P = 0.007; I2 = 79.9%),
and not when using the random-e�ects model (test for subgroup

di�erence P = 0.19; I2 = 40.7%). In the subgroup analysis by I:E
ratio (Analysis 7.3), there were no significant between-subgroup
di�erences.

Duration of oxygen therapy

The duration of oxygen therapy was reported in nine trials. The
statistical reporting of this outcome di�ered substantially between
trials so meta-analysis was not undertaken.

Gerstmann 1996 found no significant di�erence in the duration of
oxygen therapy in infants with birth weights of one kilogram or less,
but a shorter duration of oxygen therapy in HFOV infants with birth
weights over one kilogram (median days 13.2, 95% CI 6.6 to 24.3
versus 27.6, 95% CI 14.3 to 37.7; P ≤ 0.05). Two studies reported
means and standard deviations (SDs) for days of oxygen that were
similar in the two groups: Van Reempts 2003, HFOV 23.6 (SD 28.2)
versus CV 22.7 (SD 28.5); and Dani 2006, HFOV 20.3 (SD 14.6) versus
CV 22.0 (SD 15.9). No significant di�erence in the median days
of oxygen therapy between treatment groups was found in the
three other studies: Thome 1998, 36 versus 39.5; Plavka 1999, 20
(95% CI 1 to 86) versus 29 (95% CI 4 to 107); Moriette 2001, 22
(interquartile range (IQR) 47) versus 22 (IQR 41). CraM 2003 reported
mean (and range) for days of oxygen therapy for the two subgroups
by birthweight; 500 to 750 grams, HFOV 75.5 (3 to 136) versus CV
95.1 (3 to 196); 751 to 1000 grams, HFOV 59.9 (1 to 119) versus CV
53.0 (27 to 93). These di�erences were not statistically di�erent.
Vento 2005 reported the mean (SD) hours of oxygen therapy, which
was significantly lower in the HFOV group (mean 760, SD 473)
compared with the CV group (mean 1445, SD 1297) (P = 0.03). Lista
2008 reported a significantly longer duration of oxygen dependency
in the HFOV group (mean 36 days, SD 23) and in the CV group (mean
19 days, SD 11).

Use of mechanical ventilation

Twelve trials reported on the total duration of mechanical
ventilation (MV). Overall, the trend was for shorter durations of
ventilation in the HFOV groups, but only two trials (Salvo 2012; Sun
2014) showed a significant di�erence. Seven trials provided data
that could be combined in a meta-analysis but because of extreme

heterogeneity between studies for this outcome (P = 0.00001; I2 =
97%) and strong dominance of the meta-analysis by one trial (Sun
2014) with 89% of the total weight, the result of this meta-analysis
is not reported.

In the Gerstmann 1996 trial the median days on MV (95% CI) in
those with a birth weight less than 1 kg was 24.7 days (95% CI 3.7
to 61.4) in the HFOV group and 53.7 days (95% CI 28.4 to 103) in
the CV group, a trend that was not significantly di�erent. In this
trial there was also a similar median duration of MV in infants with
birth weights over 1 kg; 4.1 days (95% CI 1.7 to 6) in the HFOV group
versus 4.5 days (95% CI 3 to 6.1) in the CV group. Clark 1992 reported
medians and ranges for the days on MV for all infants entered in
the study, which were not significantly di�erent between the HFOV
group (16 days, 1.8 to 67) and the CV group (30.3 days, 0.5 to
222). Ogawa 1993 reported similar mean (± SD) days of mechanical
ventilation in the HFOV group (17.3 ± 24.4) and CV group (13.5 ±
21). Plavka 1999 reported means with 95% CIs for duration of MV
and no di�erence between the HFOV and CV groups (5, 95% CI 1
to 70 versus 7, 95% CI 3 to 52) was shown. Moriette 2001 found

Elective high frequency oscillatory ventilation versus conventional ventilation for acute pulmonary dysfunction in preterm infants
(Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

9



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

similar mean (IQR) durations of MV between HFOV and CV groups (9,
IQR 17 versus 9, IQR 16). Van Reempts 2003 reported similar means
and SDs for days of MV in the two groups (HFOV 7.7, SD 9.7) versus
CV 4.9, SD 9.1). CraM 2003 reported mean (and range) for days of
mechanical ventilation for the two subgroups by birthweight; 500
to 750 grams, HFOV 43.3 (range 1 to 136) versus CV 59 (range 3 to
133); 751 to 1000 grams, HFOV 37.7 (range 1 to 83) versus CV 20.1
(range 1 to 56). These di�erences were not statistically di�erent.
Vento 2005 reported the mean (SD) hours of MV, which were not
significantly di�erent between the HFOV group (mean 310, SD 313)
and the CV group (mean 656, SD 981) (P = 0.15). Dani 2006 and
Lista 2008 showed no significant di�erences in mean days (SD) of
MV between the HFOV group and the CV group: 4.1 (SD 1.1) versus
4.5 (SD 2.2) respectively for Dani 2006; and 9.6 (SD 4) versus 10 (SD
2) respectively for Lista 2008. Salvo 2012 and Sun 2014 reported a
significantly shorter duration of MV in the HFOV group as compared
with the CV group (mean ± SD): 45 ± 17 hours versus 177 ± 84 hours
(P < 0.01) for Salvo 2012; 4.0 ± 4.0 days versus 5.7 ± 5.0 days (P <
0.001) for Sun 2014.

Failed treatment

Two trials reported failure to maintain gas exchange with the
allocated treatment. Thome 1998 reported a non-significant trend
towards more infants failing based on oxygenation index criteria
in the HFOV group (7/140 versus 4/144), while Gerstmann 1996
reported more failures with CV (1/64 versus 9/64, P = 0.008).

Eight trials reported cross-over to the alternate treatment, a
decision that was leM to the judgement of individual clinicians. In
the HIFI 1989 trial there was a significant increase in treatment
failures (failure to maintain adequate gas exchange) in the HFOV
group leading to cross-over of treatment (85/346 in the HFOV group
and 60/327 in the CV group, P = 0.01). Moriette 2001 reported a
switch in ventilator mode for fewer infants assigned to HFOV than
to CV (15% versus 29%; OR 0.43, 95% CI 0.24 to 0.78). Johnson 2002
found the same rate of failure of assigned treatment (10% in each
group), while Courtney 2002 reported that more infants exited the
assigned mode of treatment in the CV group compared to the HFOV
group (52/254 versus 31/244 respectively, P = 0.02). Van Reempts
2003 reported 17 (11.6%) failures in the HFOV group and 10 (6.5%)
failures in the CV group, a non-significant di�erence. In Durand
2001, two infants crossed over from HFOV and seven infants crossed
over from CV at the discretion of clinicians. In CraM 2003, one infant
crossed over from HFOV and none crossed over from SIMV. Salvo
2012 reported one treatment failure in each group; both of those
infants subsequently died. These data have not been combined in
a meta-analysis as there were di�erences in definitions between
trials and possibly in clinician uptake of the option to cross over.

Two trials had the additional failure criterion of PIE in the CV group.
These trials reported cross-over to be similar between groups
(Rettwitz-Volk 1998: 8/46 versus 9/50) or to be more common in the
CV group (Clark 1992: 5/30 versus 9/26, P = 0.01).

Pulmonary air leak syndromes

Thirteen trials involving 2854 infants reported any pulmonary air
leak (Analysis 1.9). Two trials showed a significant increase in any
air leak in the HFOV group (Thome 1998: RR 1.38, 95% CI 1.01 to
1.89; Schreiber 2003: RR 1.67, 95% CI 1.15 to 2.43). Overall analysis
of the 13 trials showed a small but significant increase in the risk
of air leak in the HFOV group (fixed-e�ect model summary RR 1.19,
95% CI 1.05 to 1.34; summary RD 0.04, 95% CI 0.01 to 0.07; NNTH 25,

95% CI 14 to 100), which remained similar when only HVS trials were
considered (11 trials, 2085 infants; fixed-e�ect model summary RR
1.19, 95% CI 1.01 to 1.40; summary RD 0.04, 95% CI 0.00 to 0.07).
Results were consistent across trials (P for heterogeneity = 0.49; I2 =
0% for all trials and 13% for HVS trials).

Gross pulmonary air leak (excluding PIE alone) was reported for
2185 infants in 11 trials (Analysis 1.10). One trial (Sun 2014) showed
a significant reduction with HFOV in the risk of gross air leak (RR
0.48, 95% CI 0.23 to 0.99). The meta-analysis, however, showed a
non-significant trend towards an increased risk in the HFOV group
(summary RR 1.13, 95% CI 0.88 to 1.45). When only HVS trials were
considered, the summary RR was 1.15 (95% CI 0.90 to 1.49). There

was no significant heterogeneity for this outcome (P = 0.27; I2 =
18%).

Subgroup analyses of gross pulmonary air leak

None of the subgroup analyses showed a significant di�erence
between the summary RRs of the subgroups (P value for between-
subgroup heterogeneity > 0.10). However, in the subgroup analysis

by type of HFO ventilator, a considerable proportion (I2 = 59.3%
with fixed-e�ect model) of the observed heterogeneity between the
subgroups was due to true between-subgroup di�erences rather
than chance. In this subgroup analysis a clear trend towards an
increased risk of gross pulmonary air leak was seen in the subgroup
of trials using a high frequency flow interrupter (summary RR 1.88,
95% CI 0.96 to 3.67) as compared to the subgroup of trials using a
true oscillator (summary RR 1.06, 95% CI 0.80 to 1.39).

Intraventricular haemorrhage (IVH)

Twelve trials involving 3084 infants reported all grades of IVH
(Analysis 1.11). There was no significant di�erence in the rate of IVH
(all grades) between the treatment groups in individual trials or in
the overall analysis (summary RR 1.04, 95% CI 0.95 to 1.14). When
only HVS trials (10 trials, 2315 infants) were included, the summary
RR was 1.00 (95% CI 0.90 to 1.11). There was no heterogeneity
between trials for this outcome.

Eighteen trials involving 4069 infants reported the rates of the more
severe grades of IVH, grade 3 or 4 (Analysis 1.12). Two trials reported
significantly higher rates in the HFOV group: the large HIFI 1989
study, which contributed most weight in the overall analysis (RR
1.41, 95% CI 1.06 to 1.88); and the trial by Moriette 2001 (RR 1.73,
95% CI 1.04 to 2.87). Moriette 2001 reported an increased rate of
severe IVH in the HFOV group, both in infants born at less than 28
weeks gestation (HFOV 26/81 versus CV 15/72) and in infants born at
28 or 29 weeks gestation (HFOV 8/58 versus CV 4/61). Overall, there
was no significant di�erence in the rates of more severe grades of
IVH between the HFOV and CV groups (summary RR 1.10, 95% CI
0.95 to 1.27). When only HVS trials (16 trials, 3300 infants) were
included, the summary RR was 1.00 (95% CI 0.84 to 1.19). This
finding was consistent across trials (P for heterogeneity = 0.30; I2 =
13%).

A significantly di�erent e�ect of HFOV on severe IVH was seen in
the subgroup analysis by lung volume strategy: in the subgroup of
trials not using a HVS the risk was significantly increased (summary
RR 1.45, 95% CI 1.09 to 1.93; summary RD 0.07, 95% CI 0.02 to 0.13;
NNTH 14, 95% CI 8 to 50) whereas in the subgroup of trials with
a HVS targeting an FiO2 ≤ 0.30 the summary RR was 0.84 (95% CI

0.65 to 1.08) (test for between-subgroup di�erence P = 0.02; I2 =
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76%). No significant between-subgroup di�erences were found for
the subgroup analyses by surfactant use, type of HFO ventilator, CV
strategy and age at randomisation. For the subgroup analysis by I:E
ratio, a significantly increased risk was seen in the trial that used an
I:E ratio of 1:1 (Moriette 2001) (RR 1.73, 95% CI 1.04 to 2.87; RD 0.10,
95% CI 0.01 to 0.20; NNTH 10, 95% CI 5 to 100) as compared to the
other subgroups (I:E ratio of 1:2, and range of I:E ratios or unknown)

(test for subgroup di�erence P = 0.08; I2 = 61%).

Periventricular leukomalacia (PVL)

PVL was reported for 3983 infants in 17 studies. There was a non-
significant trend towards an increased rate with HFOV in HIFI 1989
(RR 1.61, 95% CI 0.99 to 2.60) but no significant di�erence overall
(summary RR 1.03, 95% CI 0.81 to 1.31) (Analysis 1.13).

In the subgroup analysis by HFOV strategy (Analysis 2.6), there was
a significant between-subgroup heterogeneity (test for subgroup

di�erence P = 0.08; I2 = 61%) with a significantly increased risk
for PVL in the subgroup of trials that did not use a HVS (summary
RR 1.64, 95% CI 1.02 to 2.64). Both subgroups of trials using HVS
showed no significant di�erence in the risk of PVL (summary RR
0.91, 95% CI 0.55 to 1.48 for subgroup HVS with target FiO2 ≤ 0.30;

and 0.85, 95% CI 0.60 to 1.21 for subgroup HVS with target FiO2 >

0.30 or not specified).

For the subgroup analyses by type of HFO ventilator, CV strategy,
age at randomisation and I:E ratio, where only trials that used an
HVS with HFOV were included, no significant di�erences between
subgroups were found.

Retinopathy of prematurity (ROP)

Twelve trials with 2781 surviving infants reported significant ROP
(stage 2 or greater) (Analysis 1.14). The overall analysis showed
a significant decrease in the HFOV group with no heterogeneity
(summary RR 0.81, 95% CI 0.70 to 0.93; summary RD -0.04, 95% CI

-0.07 to -0.01; NNTB 25, 95% CI 14 to 100) (I2 = 0%). When only trials
that used HVS were considered, the summary RR was 0.75 (95% CI
0.63 to 0.89).

Pulmonary function tests, symptoms and growth at follow-up

No significant di�erences in pulmonary function test results were
found during the neonatal period (Abbasi 1991) or at discharge
(Gerhardt 1989) in subgroups of infants from individual centres in
the HIFI 1989 trial. Long-term follow-up assessments (in 82% of
survivors), including pulmonary function tests (in 43% of survivors
from 7 of the 10 centres), were carried out at nine months
corrected age in infants from HIFI 1989 (The HIFI Study Group
1990a). There were no significant di�erences in respiratory function
tests (compliance, resistance, lung volumes) or in the incidence
of respiratory tract infections, hospital re-admissions, respiratory
symptoms and signs (retractions and episodes of wheezing) or in
growth.

Twelve month follow-up of patients in the Ogawa 1993 trial showed
persistence of abnormal fibrous or emphysematous shadows on
chest x-ray in two of the infants in the HFOV group and four in the
CV group.

Eighty-seven per cent of the infants in Gerstmann 1996 were
followed up at a mean age of 6.4 years. Improved respiratory
function tests (decreased peak expiratory flow, increased residual

lung volume, maldistribution of ventilation) were found in the
HFOV group but there were no significant di�erences in symptoms
(pulmonary illness, asthma, hospitalisation) between the groups.

Of 185 survivors from 12 centres in Johnson 2002, 149 were invited
for respiratory function tests and these were successfully carried
out in 76 at 11 to 14 months of age (Thomas 2004). No di�erences
were found between the HFOV and CV groups in any of the
measures (functional residual capacity, inspiratory and expiratory
resistance, respirator rate). Respiratory symptoms, treatments and
growth were assessed at two years of age (Marlow 2006) and there
were no di�erences between the HFOV and CV groups. A larger
cohort of adolescent survivors (n = 319) was followed by Zivanovic
2014. The HFOV group had superior results on a test of small-
airway function, forced expiratory volume in 1 second, forced vital
capacity, peak expiratory flow, di�using capacity, and impulse-
oscillometric findings. As compared with the conventional-therapy
group, the HFOV group had significantly higher ratings from
teachers in three of eight school subjects assessed, but there were
no other significant di�erences in functional outcomes.

A two years of age assessment of 138 (82%) of survivors in the NOVA
study (Schreiber 2003), re-analysed by type of ventilation, revealed
no di�erence in the mean height, weight or head circumference of
children in the HFOV and CV groups.

Neurodevelopmental outcomes at follow-up

Neurodevelopmental status at follow-up was reported for eight
studies (HIFI 1989; Ogawa 1993; Gerstmann 1996; Moriette 2001;
Johnson 2002; Schreiber 2003; Van Reempts 2003; Sun 2014). The
age and methods of assessment varied between studies so the
results were presented in the text and not included in a meta-
analysis.

Neurodevelopmental status was assessed at 16 to 24 months
corrected age in 77% of survivors of the HIFI 1989 study (185 HFOV
& 201 CV) using Bayley psychometric tests and central nervous
system examinations (The HIFI Study Group 1990b). The rate of
moderate to severe abnormality (Bayley's scores more than one
SD below the mean, or neurological abnormality) was higher in
the HFOV group (RR 1.28, 95% CI 1.02 to 1.60). The rate of cerebral
palsy was 11% in both groups. There was an increase in the rate
of hydrocephalus in the HFOV group (RR 2.08, 95% CI 1.07 to 4.06).
Using logistic regression, abnormal neurological status was shown
to be associated with the increased rate of severe grade 3 or 4 IVH
in this study.

One year follow-up in the trial by Ogawa 1993 showed no significant
di�erence in motor or mental development, although the method
of neurological assessment was not given.

Gerstmann 1996 reported neurodevelopmental status at a mean
of 6.4 years for 87% of the infants. Assessment of mental function
using the Wechsler Scale for Children, and motor function using the
Bruinink-Oseretsky test showed no significant di�erence in mean
scores between the two groups.

Moriette 2001 assessed neuromotor outcome at the corrected age
of two years in 192 of 212 survivors (90%) using a physician
questionnaire. Despite a non-significant increase in severe IVH rate
in the HFOV group as compared with the CV group, the risk of spastic
cerebral palsy was significantly lower for infants ventilated with
HFOV (4% versus 17%; OR 0.87, 95% CI 0.79 to 0.96), even aMer
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adjustment for multiple factors. Survival without cerebral palsy was
significantly more likely in the HFOV group than in the CV group (OR
1.89, 95% CI 1.04 to 3.44).

Johnson 2002 reported neurodevelopmental outcomes at 22 to 28
months (corrected for prematurity) based on paediatric report for
73% of survivors and on parent questionnaires for 49% of survivors.
No di�erences between the HFOV and CV groups were found.

Van Reempts 2003 followed up a subgroup of infants who were
less than 30 weeks gestation or 1250 grams at birth, or had
intracranial lesions on ultrasound. This included 70 infants in the
HFOV group and 68 in the CV group, representing 57% and 51%
respectively of survivors in the whole trial. Bayley motor and
mental developmental indices, as well as motor diagnoses, were
assessed at 7 to 12 months corrected age. There was no significant
di�erence between the groups, with 60% of HFOV infants and
70% of CV infants being completely normal. Follow-up of only the
'abnormal' infants at 18 to 24 months corrected age revealed that
none of the infants in the HFOV group and four of the infants in the
CV group were persistently abnormal, which was not statistically
di�erent.

Schreiber 2003 re-analysed the follow-up data from the NOVA study
according to mode of ventilation. Of the 168 survivors to two years
of age (84 in each group), data were available for 66 (78.6%) of those
in the HFOV group and 72 (85.7%) in the CV group. Based on blinded
assessments using Bayley's Scales (mean scores and number with
scores < 70) and Pediatric neurological assessment there were no
di�erences between the groups.

Sun 2014 assessed neurodevelopmental outcomes at 18 months of
corrected age in 145 infants of the HFOV group (84% of survivors)
and in 143 infants of the CV group (86% of survivors). Cerebral
palsy occurred significantly less in the HFOV group (3% versus
10% in the CV group, P = 0.03), and the risk of having a mental
developmental index < 70 was significantly lower in the HFOV group
as compared to the CV group (20% versus 31%, P = 0.03). The rate of
visual impairment and severe hearing loss was comparable in both
groups.

Length of stay and hospital costs

The total hospital costs from a subgroup of patients from one centre
(Gerstmann 1996) suggested that the median hospital costs were
less in 42 patients randomised to HFOV compared with 41 in the CV
group. In this trial, similar di�erences were found for those infants
with birth weights of one kilogram or less and those of more than
one kilogram. There were no significant reductions in the median
length of hospital stay or in median duration of IPPV in this trial,
nor in Rettwitz-Volk 1998 and Clark 1992, although the trend in
each case was towards a reduction in the HFOV group. Johnson
2002 reported similar median and range of days of hospital stay
in survivors between treatment groups (HFOV 94 days, range 73
to 114; CV 89 days, range 70 to 112). In the trial by Salvo 2012 a
significantly shorter duration of hospital stay was found in the HFOV
group (mean days ± SD): 53 ± 21 versus 77 ± 33 in the CV group, P <
0.05. In the Sun 2014 trial a significantly shorter duration of hospital
stay was found in the HFOV group (mean days ± SD): 27.0 ± 20.2
versus 31.6 ± 21.7 in the CV group (P = 0.04).

Other outcomes

Subgroup analyses based on baseline patient risk factors have been
performed in an individual patient data meta-analysis reported
elsewhere Cools 2010). No di�erences in e�ect were found between
HFOV and CV on the outcomes of death or bronchopulmonary
dysplasia (BPD) at 36 weeks and death or severe adverse
neurological event for subgroups based on gestational age at
birth (< 26 wk, 26 to 28 wk, 29 to 31 wk, ≥ 32 wk), oxygenation
index at study entry (< 4, 4 to 9, > 9), treatment with antenatal
corticosteroids or not, age at intubation (< 1 hr, 1 to 4 hr, > 4 hr) and
age at randomisation (< 1 hr, 1 to 4 hr, > 4 hr).

Use of surfactant was not a pre-specified outcome in this review.
Four trials (Gerstmann 1996; Plavka 1999; Moriette 2001; Salvo
2012) reported less use of surfactant in the group receiving HFOV.
In four trials there was no significant di�erence in surfactant use
(Durand 2001; Courtney 2002; Johnson 2002; Van Reempts 2003).

D I S C U S S I O N

In this review, the search revealed 19 trials that met pre-specified
eligibility criteria and 10 trials that were excluded. It is possible
that there are other trials that have not been published or were
published in a language not covered by this systematic review.
The review authors would be most interested in hearing of other
published, unpublished or ongoing trials.

Limitations of this review

The studies have been carried out over a long time period (25
years), during which changing obstetric and neonatal practices may
have influenced the conditions under study such as RDS, IVH and
CLD. Participants in early trials could be up to 34 weeks gestational
age or 2000 grams birth weight, whereas recent trials have been
confined to more immature infants, for example of less than 30
weeks gestational age or less than 1200 grams birth weight, or to
a more selected population of preterm infants who are at higher
risk of developing CLD, for example preterm infants who did not
receive antenatal corticosteroids or with more severe lung disease
as expressed by an index of oxygenation.

Interventions varied markedly by type of ventilator and the strategy
used for HFOV and CV. Over time it was more likely that HFOV was
delivered using a HVS, which would be likely to improve the e�ect of
HFOV, while CV was more likely to be delivered using lung protective
strategies (LPS), which could reduce the comparative e�ectiveness
of HFOV. In the light of the more recent discussion about the
importance of obtaining an 'optimal alveolar recruitment' during
HVS by aiming at a FiO2 below 0.30 or even 0.25 during the phase of

lung volume recruitment, the subgroup analysis by HFOV strategy
was further refined by looking separately at HVS trials that targeted
a FiO2 ≤ 0.30 and HVS trials that targeted a FiO2 > 0.30. However,

this subgroup analysis is based on the intended or prescribed
ventilation strategy, which might not always reflect the actually
used ventilation strategy in the trial. This might be further explored
in the individual patient data meta-analysis using multivariate
analysis techniques. The LPS to prevent CLD in CV is di�icult to
define. There are variable manoeuvres that principally a�ect acute
lung injury rather than CLD. In this review, four categories were
used to evaluate trials that used most strategies ('definite LPS')
compared with the other extreme of none ('definitively no LPS') and
two intermediate groups. These summary data are based on mixed,
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soM evidence and might also be able to be explored further in the
above mentioned individual patient data meta-analysis.

The quality of the studies was generally high, as most attempted
to conceal the randomisation process. However, the interventions
were not blinded in any study and this could be associated with
bias regarding the use of co-interventions and the ascertainment of
outcomes, such as duration of mechanical intervention and oxygen
therapy. Ascertainment of outcomes was generally complete or
made so by author clarification. Since the treatment could not be
blinded in any study, outcomes that were care-giver dependent,
such as the duration of oxygen therapy or diagnosis of CLD, may be
less valid.

Pulmonary outcomes

A ventilation strategy with HFOV aiming at optimal alveolar
recruitment is now widely considered as being the most
appropriate strategy for the use of HFOV in preterm infants in order
to avoid lung injury. In this review, only two trials were identified
that failed to use a high lung volume strategy (HIFI 1989; Rettwitz-
Volk 1998). Because of the clinical relevance of such a strategy,
meta-analyses were not only performed including all trials but also
aMer excluding trials that failed to use a lung volume recruitment
strategy with HFOV.

Possibly, the use of HFOV is associated with short-term
pulmonary benefits. Several studies report a shorter duration
of mechanical ventilation, although not always statistically
significant. Unfortunately, meta-analysis was not possible for this
outcome due to di�erences in reporting. The finding is supported
by results from the individual patient data meta-analysis, showing
a significant reduction in postmenstrual age at final extubation for
the HFOV group (9 trials, 2480 infants; weighted mean di�erence
-0.35 weeks, 95% CI -0.57 to -0.12) (Cools 2010) and in the
postmenstrual age at which CPAP could be discontinued in the
HFOV group (4 trials, 737 infants; weighted mean di�erence -0.42
weeks, 95% CI -0.85 to 0.00) (Cools 2010).

This potential benefit, however, is counteracted by a possible
increased risk of acute lung injury. A significantly increased risk
in pulmonary air leaks was found in the HFOV group in the meta-
analysis when both pulmonary interstitial emphysema and gross
pulmonary air leaks were considered in a combined outcome.
When only gross pulmonary air leak is considered, which consists
mainly of pneumothorax, a non-significant trend towards an
increased risk was found. This finding was consistent across trials.

Combining all trials that used a high volume strategy (HVS), a small
but statistically significant reduction in the risk of CLD at term
equivalent age (36 to 37 weeks gestation or at discharge) was seen
with the use of HFOV. However, substantial heterogeneity existed
between trials for this outcome, meaning that this benefit was not
consistently reproducible in every trial. This was further explored
with subgroup analyses.

Although the feasibility of achieving optimal alveolar recruitment
with HFOV, thereby aiming at an FiO2 < 0.30, has been clearly

demonstrated (De Jaegere 2006) and the importance of such a strict
HVS has been advocated on many occasions, subgroup analysis
by strictness of HFOV strategy ('strict' HVS with target FiO2 ≤ 0.30

versus 'less strict' HVS with target FiO2 > 0.30 or not specified)

did not reduce this heterogeneity. This might be explained by the

fact that the intended or prescribed ventilation strategy did not
always reflect the strategy that was actually applied in the trial.
Data from the individual patient data meta-analysis support this
idea by showing that in several trials more than 50% of infants in
the HFOV group never reached the FiO2 that was set as a target for

lung volume recruitment (unpublished data).

HFOV not only varied from trial to trial in terms of the ventilation
strategy but also with regard to the type of ventilator (piston
oscillators versus flow interrupters) and ventilator settings (I:E ratio
of 1:1 versus 1:2). Experimental studies have shown that ventilators
perform di�erently depending on the technique that is used (Pillow
2001) and that changes in I:E ratio can a�ect intrapulmonary
pressures (Pillow 1999). In this review, however, no consistently
significant between-subgroup di�erences in e�ect were found in
the subgroup analyses by type of ventilator or by I:E setting. In
some trials (Johnson 2002) more than one type of ventilator was
used, making classification of such trials problematic. Although the
individual patient data meta-analysis was able to overcome this
limitation, it failed to show any significant subgroup interaction
(Cools 2010).

In the subgroup analysis by CV strategy, no consistently significant
di�erence in e�ect could be demonstrated between the subgroups,
and considerable heterogeneity persisted between the trials within
subgroups. Due to a lack of detailed information regarding the
ventilation strategy, trials were di�icult to classify. It should be
noticed that the two trials that definitely did not use a lung
protective ventilation strategy with CV (Clark 1992; Gerstmann
1996) both found a significant reduction in the risk for CLD at term
equivalent age in the HFOV group.

The subgroup analysis by age at randomisation did not show a
significant subgroup di�erence when the random-e�ects model
was used. The two trials in the subgroup > 6 hours, however, had
contradictory results (a significant benefit in Clark 1992 versus
a trend towards harm in Schreiber 2003) suggesting that these
trials probably di�ered in many other aspects than just the age
at randomisation. In contrast with the subgroup < 2 hours, in the
subgroup 2 to 6 hours a significant reduction in the risk for CLD
at term equivalent age was found, and this result was consistent
across the four trials in this subgroup. Although hypothetical, the
fact that randomisation at 2 to 6 hours of age compared with 0 to
2 hours may have included infants with more definite lung disease,
rather than a mixed group including those with hypoventilation at
birth, might be a plausible explanation.

Probably many factors have been interacting in those trials, such
as the use of antenatal steroids, the use of surfactant and the
ventilation strategy. The individual patient data meta-analysis
might be able to clarify the complex interaction of all these factors
by using more elaborate multivariate analyses.

Neurodevelopmental outcomes

Increased rates of IVH or PVL occurred in some individual trials but
not overall. The pathophysiological factors that might have led to
an increased rate of IVH or PVL are not certain. The authors of HIFI
1989 suggested that the nearly constant high mean airway pressure
during HFOV might restrict venous return, increase intracranial
venous pressure, and decrease cerebral blood flow. However,
animal studies (Kinsella 1991) and human studies (Laubscher 1996)
failed to show these cardiovascular changes. The latter study
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reported that cardiac output fell when on HFOV. In a single centre
involved in the study of Johnson 2002, echocardiography was
carried out in 45 infants (Osborn 2003). Superior vena cava flow
was reduced (< 50 ml/kg/min) in more HFOV infants (48%) than
CV infants (20%) but this di�erence was not significant. Cambonie
2003 examined the haemodynamic changes during HFOV versus CV
and found no di�erence in cardiac function but did find a lower
end diastolic velocity and a higher resistance index in the anterior
cerebral artery.

The tendency for higher rates of IVH or PVL found in this review in
association with failure to use HVS was also shown in two other
reviews of the evidence of e�ectiveness of HFV (both oscillation
and jet ventilation) (Bollen 2003; Thome 2005) and in a review of
elective jet ventilation versus CV (Bhuta 2003). Failure to recruit
lung volume and the consequent cardiorespiratory instability
has been implicated (Bryan 1991). Whether it was one of these
mechanisms or just lack of experience with a new technology at
the time is di�icult to say. The large HIFI 1989 trial dominated this
analysis.

In five of the seven trials reporting long-term neurodevelopmental
outcome no di�erence was apparent, although in some studies
there was considerable loss to follow-up. In only one trial (Sun 2014)
a significant benefit was seen from HFOV on the risk of cerebral
palsy or having a poor mental development at 18 months corrected
age.

Research questions raised by this review

These include the following.

1. Is there a specific population of preterm infants at high risk
of CLD that would benefit from early HFOV? The individual
patient data meta-analysis failed to identify such a group
based on gestational age at birth, antenatal treatment with
corticosteroids or not, early oxygenation index, or intrauterine
growth but has limitations because of its retrospective design.
The most recent trials that were included in this update also
aimed at answering this question by including only infants who
did not benefit from antenatal corticosteroids (Salvo 2012) or
who had more severe lung disease (Sun 2014). Only one of those
trials (Sun 2014) showed a significant benefit from HFOV, the
other had a small sample size and the incidence of CLD in the
control group was rather low (8%).

2. In the past decade, the early management of RDS in preterm
infants has moved away from early invasive mechanical
ventilation towards di�erent forms of non-invasive respiratory
support (nasal continuous positive airway pressure (CPAP), high
frequency nasal CPAP, nasal IPPV, synchronised nasal IPPV)
combined or not with early surfactant administration (INSURE
method, minimally invasive surfactant administration). What
are the e�ects of elective HFOV compared to CV when used
as early rescue intervention aMer failure of these initial non-
invasive respiratory interventions?

3. Are there di�erences in pulmonary outcomes and adverse
e�ects by type of ventilator used to generate HFOV? Although

the individual patient data meta-analysis did overcome some
limitations of the aggregate data meta-analysis in addressing
this question, possible confounding by other trial-related factors
cannot be excluded. The question would be answered best by a
head to head trial of HFOV using a true oscillator versus a flow
interrupter.

4. Long-term neurological and pulmonary follow-up data from the
trials are still limited. Therefore, it remains uncertain what the
long-term growth and development of infants treated with HFOV
versus CV are.

5. Are there di�erences in the costs compared to benefits of HFOV?
Only one small study (Gerstmann 1996) suggested that HFOV
reduced costs of care.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

There is evidence that the use of elective HFOV results in a small
reduction in the risk of CLD when compared with CV, but the
evidence is weakened by the inconsistency of this e�ect across
trials. Probably many factors, both related to the intervention itself
as well as to the individual patient, interact in a complex way. In
addition, the benefit could be counteracted by an increased risk of
acute air leak. So, presently the preference for a specific ventilation
mode remains a matter of clinical judgement requiring a balance
between a relatively small benefit and a possible short-term harm.
Adverse e�ects on short-term neurological outcomes have been
observed in some studies, but these e�ects are not significant
overall. Most trials reporting long-term outcome have not identified
any di�erence.

Implications for research

Any future trials on elective HFOV should target those infants who
are at most risk of CLD (extremely preterm infants, infants who
did not benefit from antenatal corticosteroids), compare di�erent
strategies for generating HFOV, examine the e�ects of elective
HFOV as an early rescue intervention aMer failure of non-invasive
respiratory support, and report important long-term pulmonary
and neurodevelopmental outcomes. Economic analysis should
also be incorporated.
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Characteristics of included studies [ordered by year of study]

 

Methods Multicentre (11) randomised controlled trial

Participants Inclusion criteria:

- birth weight 750 to 2000 g

- respiratory failure in first 24 hrs of life; those at 1250 to 2000 g only eligible if severe RDS

- receiving < 12 hrs of mechanical ventilation

Exclusion criteria: meconium aspiration; neuromuscular disease; hydrops fetalis; major congenital
malformations; hypoplastic lungs

Stratification: by centre; by birth weight (from 750 to 1500 g in 250 g strata, 1501 to 2000 g in single stra-
tum)

673 infants enrolled (12 withdrawals, died or consent withdrawn before treated)

Mean gestational age: 28.4 ± 2.3 wk in HFOV, 28.3 ± 2.2 in CV

Mean birth weight: 1092 ± 294 g in HFOV, 1087 ± 281 g in CV

Antenatal corticosteroids: not reported

HIFI 1989 
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Mean age at randomisation: 6.1 ± 4.6 hrs in HFOV, 5.8 ± 4.0 hrs in CV

Interventions HFOV: OSC using Hummingbird. Settings: initial MAP same or below MAP on CV, 15 Hz

HVS: no. Hypoxaemia first treated by increasing FiO2, and thereafter by increasing MAP

CV: IMV. Settings: rate 20 to 40/min, IT 0.3 to 1.0 sec, PIP 20 to 25 cmH2O, PEEP 2 to 5 cm H2O.

LPS: no.

Target PCO2: 35 to 60 mmHg

Duration of assigned treatment: until extubation, unless infant meets failure criteria

Cross-over: if infants meet failure criteria (failure to oxygenate or ventilate adequately with assigned
ventilator)

Outcomes Chronic lung disease (CLD) = oxygen therapy at 28 days and abnormal chest x-ray; mortality at 28 days;
pulmonary air leak (± pneumothorax); all IVH; grade 3 and 4 IVH; PVL; mechanical ventilation at 28
days; failure of assigned treatment (PaO2 < 45 mmHg or PaCO2 > 65 mmHg; NEC; use of vasopressors;

pulmonary function at 9 months (432, 82% of survivors); neurodevelopmental outcome at 16 to 24
months (386, 74% of survivors)

Notes Surfactant: not used (not available)

Cross-over: 26% in HFOV, 17% in CV

Postnatal corticosteroids: 12% in HFOV, 9% in CV

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "computer generated randomisation scheme"

Allocation concealment
(selection bias)

Unclear risk No information on randomisation procedure

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Blinding was not possible for care-givers and not relevant for patients

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Blinding of outcome assessment was not relevant for most outcomes (death,
oxygen dependency). No information on blinding for other outcomes

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Complete follow-up for primary outcome (CLD, 98.3%); completeness of fol-
low-up for longer-term outcomes: 74% to 82%

HIFI 1989  (Continued)

 
 

Methods Single centre randomised controlled trial

Participants Inclusion criteria:
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- gestational age < 35 weeks

- birth weight < 1751 g

- requiring mechanical ventilation

- younger than 24 hours

Exclusion criteria: positive blood culture; lethal congenital anomaly; hydrops fetalis; congenital dia-
grammatic hernia

Stratification: by birth weight: < 1001 versus 1001 to 1750 g; by age: 0 to 12 versus 12 to 24 hrs

152 infants eligible, 98 (63%) enrolled: 78% inborn; RDS chest x-ray score at entry HFOV > CV; 15 post-
randomisation exclusions in publication - data retrieved from author

Mean gestational age: 28 ± 3 wk in HFOV and in CV

Mean birth weight: 1080 ± 310 g in HFOV, 1080 ± 340 g in CV

Antenatal corticosteroids: 12% in HFOV and 13% in CV

Mean age at randomisation: 7 hrs in HFOV, 9 hrs in CV

Interventions HFOV: OSC using Sensormedics 3100. Settings: MAP 1 to 2 cm H2O higher than CV, 10 Hz, I:E ratio 1:2

HVS: yes; increase MAP to optimise oxygenation, wean FiO2 first, once FiO2 < 0.6 priority to wean MAP

CV: time-cycled, pressure-limited ventilation; no synchronisation. Settings: IT 0.3 to 0.6 sec, rate 25 to
40/min, PEEP 4 to 6 cm H2O, PIP 20 to 27 cm H2O

LPS: no

Target PCO2: 35 to 55 mmHg

Duration of assigned treatment: HFOV until extubation

Cross-over: balanced crossover design, offering patients failing to respond to the assigned mode a trial
of the alternative mode. Failure criteria: failure to maintain adequate oxygenation (PO2 > 50 mmHg) or

ventilation (PCO2 > 60 mmHg) for 3 hrs

Outcomes Chronic lung disease (CLD) = oxygen therapy at 30 days + abnormal chest x-ray; oxygen therapy at 36
weeks postmenstrual age; failure of assigned treatment to maintain PaO2 > 50 mmHg or PaCO2 < 60

mmHg or in CV group development of pulmonary air leak; pulmonary air leak (± pneumothorax); all
IVH; grades 3 or 4 IVH; mortality at 30 days

Notes Surfactant: no (not available)

Cross-over: 9% in HFOV, 35% in CV

Postnatal corticosteroids: not reported

Additional arm to the trial consisted of HFOV for 72 hrs then switch to CV (not analysed here)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "random cards"

Allocation concealment
(selection bias)

Unclear risk Quote: "blind draw"

Clark 1992  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Blinding was not possible for care-givers and not relevant for patients

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Blinding of outcome assessment was not relevant for most outcomes (death,
oxygen dependency). No information on outcomes such as brain ultrasound

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Complete follow-up (after additional data from author)

Clark 1992  (Continued)

 
 

Methods Multicentre (9) randomised controlled trial

Participants Inclusion criteria:

- birth weight 750 to 2000 g

- requiring mechanical ventilation soon after birth

Exclusion criteria: if > 12 hrs old; presence of IVH within 1 hr after birth for inborns and within 6 hrs for
transferred babies

Stratification: by birth weight (750 to 1249 g, 1250 to 1999 g)

92 infants enrolled and analysed

Mean gestational age: 29 ± 2.3 wk in HFOV, 29 ± 2.1 in CV

Mean birth weight: 1243 ± 322 g in HFOV, 1250 ± 318 g in CV

Antenatal corticosteroids: not reported

Mean age at randomisation: 2.0 ± 1.6 hrs in HFOV, 1.7 ± 1.5 hrs in CV

Interventions HFOV: OSC using Hummingbird. Settings: high initial MAP, 15 Hz

HVS: yes. Alveolar recruitment by manual bagging and use of high MAP. Target FiO2 not reported

CV: pressure-limited time-cycled, method not stated, using Bear Cub or Sechrist

Target PCO2: 35 to 50 mmHg

Duration of assigned treatment: not reported

Cross-over: allowed if infant meets failure criteria (same as in HIFI trial)

Outcomes Primary outcome all IVH and grade 3 or 4 IVH; chronic lung disease (CLD) = oxygen therapy at 28 days
and abnormal chest x-ray; mortality at 28 days; failure of assigned treatment (as for HIFI 1989); pul-
monary air leak; PVL; mechanical ventilation at 28 days; duration of mechanical ventilation; neurode-
velopmental outcome at 12 months (all survivors)

Notes Surfactant: bovine surfactant given in case of "clinical diagnosis of RDS"; 78% of infants received sur-
factant in both groups

Cross-over: 9% in HFOV, 2% in CV

Ogawa 1993 
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Postnatal corticosteroids: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "eligible for randomisation"

Allocation concealment
(selection bias)

Low risk Quote: "randomisation with opaque envelopes"

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Blinding was not possible for care-givers and not relevant for patients

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Blinding of outcome assessment was not relevant for most outcomes (death,
oxygen dependency). No information on blinding of assessment of head ultra-
sound or chest x-ray

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Complete follow-up for primary outcome and for long-term follow-up

Ogawa 1993  (Continued)

 
 

Methods Multicentre (3) randomised controlled trial

Participants Inclusion criteria:

- gestational age < 36 wk

- requiring mechanical ventilation shortly after birth

- at least moderate respiratory insufficiency (Pa/AO2 < 0.5; poor ventilation)

Exclusion criteria: patients > 12 hrs old; severe congenital defects; pre-existing air leak

Stratification: by birth weight (≤ 1000 g, >1000 g); by age at randomisation (≤ 4 hrs, > 4hrs)

125 infants enrolled

Mean gestational age: 30.8 ± 2.2 wk in HFOV, 30.1 ± 2.7 wk in CV

Mean birth weight: 1560 ± 460 g in HFOV, 1460 ± 470 in CV

Antenatal corticosteroids: 30% in HFOV, 18% in CV

Mean age at randomisation: mean 2.9 hrs (range 2.4 to 3.3) in HFOV, mean 2.0 hrs (range 1.4 to 3.0) in CV

Interventions HFOV: OSC using Sensormedics 3100(A). Settings: initial MAP 1 to 2 cm H2O > with CV, I:E ratio 0.33, 10

to 15 Hz

HVS: yes. Increase MAP to improve oxygenation with target FiO2 < 0.30

CV: IMV using Sechrist. Synchronisation: no. Settings: IT 0.35 to 0.55 sec, rate < 60/min, PEEP 3 to 7 cm
H2O, PIP up to 30 cm H2O if < 1 kg and up to 35 cm H2O if > 1 kg

Gerstmann 1996 
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LPS: no

Target PCO2: 35 to 45 mmHg

Duration of assigned treatment: HFOV until extubation or switched to CV if insufficient respiratory drive

Cross-over: if infants meet failure criteria (insufficient oxygenation or ventilation for > 2 hrs; persistent
haemodynamic problems; destabilizing problem of air leak; requiring hand ventilation)

Outcomes Chronic lung disease (CLD) = oxygen therapy at 30 days and abnormal chest x-ray; oxygen at discharge
(mean age 37 weeks PMA); mortality at 30 days; failure of assigned treatment (PaO2 < 50 or PaCO2 > 60

mmHg for > 2 hrs, or excessive pressures of IPPV); pulmonary air leak; all IVH; grade 3 or 4 IVH; PVL; me-
chanical ventilation at 28 days; NEC; use of vasopressors; PDA (treated); ROP; BAER; hospital cost

Notes Surfactant: all infants received at least one dose of bovine surfactant after enrolment in the trial. In-
fants in the HFOV group received significantly fewer surfactant doses than infants in the CV group

Cross-over: 2% in HFOV, 15% in CV

Postnatal corticosteroids: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Randomisation was by blind card draw from separate sets of..."

Allocation concealment
(selection bias)

Unclear risk Insufficient information regarding concealment procedures

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Blinding was not possible for care-givers and not relevant for patients

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Blinding of outcome assessment was not relevant for most outcomes (death,
oxygen dependency). Neurodevelopmental assessment was blinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Complete follow-up for primary outcome. Long-term follow-up of infants of 1
centre: 87% completeness of follow-up

Gerstmann 1996  (Continued)

 
 

Methods Multicentre (3) randomised controlled trial

Participants Inclusion criteria:

- birth weight 750 to 1500 g

- respiratory distress syndrome

Exclusion criteria: congenital anomalies; hydrops fetalis

Stratification: by birth weight (750 to 1000 g, 1001 to 1500 g)

96 infants enrolled and analysed

Rettwitz-Volk 1998 

Elective high frequency oscillatory ventilation versus conventional ventilation for acute pulmonary dysfunction in preterm infants
(Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

24



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Mean gestational age: 28.5 ± 0.9 wk in HFOV, 28.4 ± 0.95 wk in CV

Mean birth weight: 1107 ± 112 g in HFOV, 1111 ± 116 g in CV

Antenatal corticosteroids: 24% in HFOV, 18% in CV

Mean age at randomisation: 1.16 ± 0.50 hrs in HFOV, 0.66 ± 0.33 hrs in CV

Interventions HFOV: OSC using Stephan SHF 3000 piston oscillator. Settings: initial MAP and amplitude to show good
chest movements, 15 to 20 Hz, I:E ratio 1:1

HVS: no. Weaning of MAP first

CV: IMV using Stephan HF 300 or Dräger Babylog 8000. Synchronisation: not reported. Settings: PIP to
show good chest expansion, IT 0.25 to 0.45 sec, I:E at least = 1:2, PEEP 3 to 4 cm H2O

LPS: no

Target PCO2: 35 to 48 mmHg

Duration of assigned treatment: until extubation or allowed switched to CV if FiO2 < 0.30 and MAP 3 to 4

cm H2O

Cross-over: allowed if infant meets failure criteria (inadequate oxygenation of ventilation with assigned
mode; for patients on CV: development of PIE)

Outcomes Mortality before discharge, CLD (O2 at 37 weeks PMA), failure of assigned treatment (PaO2 < 45 mmHg

or PaCO2 > 60 mmHg), pulmonary ALS ± pneumothorax, IVH, PVL

Notes Surfactant: bovine surfactant (Survanta) was administered after randomisation when chest x-ray
showed RDS grade II and FiO2 > 0.60 was necessary to achieve PO2 > 50 mmHg

Cross-over: 17% in HFOV, 18% in CV

Postnatal corticosteroids: 43% in HFOV, 60% in CV (all patients still on oxygen therapy at 7 days of age
received a 21 day course of dexamethasone)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "balanced block randomization scheme"

Allocation concealment
(selection bias)

Unclear risk No information on procedures to conceal allocation

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Blinding was not possible for care-givers and not relevant for patients

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Blinding of outcome assessment was not relevant for most outcomes (death,
oxygen dependency). No information on assessment of head ultrasound or
chest x-ray

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Complete follow-up for primary endpoint

Rettwitz-Volk 1998  (Continued)
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Methods Multicentre (6) randomised controlled trial

Participants Inclusion criteria:

- inborn

- gestational age 24 to 29 wk

- requiring mechanical ventilation within 6 hrs of birth

Exclusion criteria: major congenital or chromosomal anomalies, hydrops fetalis

Stratification: by centre; by gestational age (24 to 25 wk, 26 to 27 wk, 28 to 29 wk)

289 infants enrolled; 4 infants excluded because of congenital malformation and 1 infant excluded be-
cause of pneumothorax before randomisation; 284 infants analysed

Median (range) gestational age: 27.0 wk (23.4 to 29.9 wk) in HFOV, 27.3 wk (24.0 to 29.9 wk) in CV

Median (range) birth weight: 888 g (420 to 1830 g) in HFOV, 870 g (370 to 1395 g) in CV

Antenatal corticosteroids: 81% in HFOV, 86% in CV

Median (range) age at intubation: 12 minutes (0 to 360) both in HFOV and in CV

Median (range) duration of positive pressure ventilation before randomisation: 28 minutes (0 to 90) in
HFOV, 0 minutes (0 to 90) in CV

Interventions HFOV: HFFI using Infant Star ventilator (software version 83). Settings: initial MAP 1 to 2 cm H2O higher

than with CV or 10 to 12 cm H2O if HFV started immediately, 10 Hz

HVS: yes. Stepwise increase of MAP until target FiO2 < 0.30 is reached. Mild sustained inflations (MAP +5

cm H2O during 15 sec) after tracheal suctioning

CV: IPPV time-cycled pressure-limited ventilation using various ventilators (Dräger Babylog 8000,
Stephan HF300, Infant Star, Sechrist IV-100B). Settings: initial rates 60 to 80/min, aimed at lower PIP
and PEEP ≥ 3 cm H2O

LPS: yes

Target PCO2: 40 to 60 mmHg, up to 70 mmHg from day 7

Duration of assigned treatment: until extubation or for 10 days

Cross-over: in first 10 days allowed if infant meets failure criteria (air leak, oxygenation index as defined
in primary outcome), decision leM to the attending physician

Outcomes "Treatment failure" (ALS < 10 days, oxygenation index > 35 , 40 or 45 in the 3 gestation strata, CLD at 36
weeks or death before discharge), CLD = oxygen or ventilatory support at 36 weeks, ALS = PIE or gross
air leaks; IVH; PVL; ROP

Notes Surfactant: if FiO2 was > 0.30 in HFOV group, or > 0.40 in CV group. Bovine or porcine surfactant given to

68% of HFOV and 71% of CV

Cross-over: not reported

Postnatal corticosteroids: 39% of HFOV, 41% of CV

Risk of bias

Thome 1998 
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "randomly assigned"

Allocation concealment
(selection bias)

Low risk Quote: "consecutively numbered computer-printed opaque envelopes"

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Blinding was not possible for care-givers and not relevant for patients

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Blinding of outcome assessment was not relevant for most outcomes (death,
oxygen dependency). Assessment of chest x-ray was blinded, but not reported
for head ultrasound

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Complete follow-up (98.3%)

Thome 1998  (Continued)

 
 

Methods Single centre randomised controlled trial

Participants Inclusion criteria:

- birth weight 500 to 1500 g

- gestational age < 31 wk

- respiratory insufficiency

Exclusion criteria: small for gestational age infants; major congenital anomalies or neuromuscular dis-
ease; ventilated for CNS disorder or circulatory reason

Stratification: no

43 infants enrolled and analysed

Mean gestational age:

Mean birth weight:

Antenatal corticosteroids:

Mean age at randomisation: selective intubation in the delivery room with immediate randomisation
and transfer to the NICU to start assigned ventilation mode. Initiation of ventilation within 20 minutes
after birth

Interventions HFOV: OSC using Sensormedics 3100A. Settings: MAP stepwise increased, 15 Hz, I:E ratio 1:2

HVS: yes. MAP stepwise increased to reach optimal lung inflation; target FiO2 not reported

CV: (S)IMV time-cycled, pressure-limited using Bearcub 2100 or Infant Star. Synchronisation: not in all
patients. Settings: rate 30 to 60/min, IT 0.3 to 0.5 sec, PEEP 3 to 5 cm H2O, PIP to reach adequate chest

rise

LPS: probably not

Plavka 1999 
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Target PCO2: not specified ("normocapnia")

Duration of assigned treatment: HFOV until extubation

Cross-over: from HFOV to CV if inadequate oxygenation or ventilation despite optimum lung inflation
(confirmed by chest x-ray) and arterial normotension; from CV to HFOV if inadequate oxygenation or
ventilation with MAP ≥ 15 cm H2O, PIP ≥ 35 cm H2O and FiO2 ≥ 80%

Outcomes Mortality at 30 days and at 36 weeks PMA, any air leak, pneumothorax, CLD 30 days and 36 weeks PMA,
any IVH and severe grade 3 or 4 IVH, PVL, ROP > grade 2

Notes Surfactant: administered within first 3 hrs of life if criteria for surfactant treatment (not reported) are
fulfilled; 42% of infants in HFOV group, and 94% of infants in CV group received surfactant

Cross-over: 0% in HFOV, 10% in CV

Postnatal corticosteroids: median (range) cumulative dose of dexamethasone 1.6 mg/kg (0 to 11.3) in
HFOV, 2.75 mg/kg (0 to 17.5) in CV
Author provided additional data on rates of IVH and pulmonary air leaks in excluded early deaths

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "table of random numbers"

Allocation concealment
(selection bias)

Low risk Quote: "sealed envelopes"

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Blinding was not possible for care-givers and not relevant for patients

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Blinding of outcome assessment was not relevant for most outcomes (death,
oxygen dependency). Chest x-rays reviewed by blinded observers. No informa-
tion on assessment of head ultrasound

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Complete follow-up; 2 excluded (1 CNS abnormality in HFOV group and 1 con-
genital heart disease in CV)

Plavka 1999  (Continued)

 
 

Methods Multicentre (7) randomised controlled pilot study

Participants Inclusion criteria:

- birth weight 501 to 1200 g

- mechanically ventilated within 4 hrs after birth

- received 1 dose of surfactant

- FiO2 ≥ 0.25

- expected to need ventilation > 24 hrs

Durand 2001 
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Exclusion criteria: growth not appropriate for gestational age; 5 minute Apgar < 3; base deficit > 14; se-
vere hypotension

Stratification: by weight (501 to 800 g, 801 to 1200 g), by antenatal steroids

48 infants enrolled

Mean gestational age: 25.9 ± 2.1 in HFOV, 26.1 ± 1.7 in CV

Mean birth weight: 823 ± 215 g in HFOV, 856 ± 206 in CV

Antenatal corticosteroids: 42% in HFOV, 50% in CV

Mean age at randomisation: 2.8 ± 1.2 hrs in HFOV, 2.4 ± 1.0 in CV

Interventions HFOV: OSC using Sensormedics 3100A. Settings: initial MAP 2 cm H2O higher than with CV, 15 Hz, I/T

0.33

HVS: yes. Increase MAP to optimise oxygenation with target FiO2 < 0.40

CV: SIMV using Dräger Babylog, Bearcub, VIP Bird. Settings: Rate < 60/min, PEEP 4 to 6 cm H2O, Ti 0.25

to 0.35 sec, target Vt 5 to 6 ml/kg

LPS: yes.

Target PCO2: 40 to 55 mmHg (45 to 65 mmHg for infants with CLD)

Duration assigned treatment: until death or extubation or development of CLD

Cross-over: no

Outcomes Death by 36 weeks, CLD at 36 weeks in survivors, IVH grades 3 or 4, PVL, mean number of doses of sur-
factant

Notes Surfactant: all infants received Survanta before enrolment

Cross-over: 8% in HFOV, 29% in CV

Postnatal corticosteroids: 42% in HFOV, 62% in CV

Pilot study for Courtney 2003 - subjects not include in later study

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "Randomly assigned"

Allocation concealment
(selection bias)

Unclear risk No information on randomisation procedure

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Blinding was not possible for care-givers and not relevant for patients

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Blinding of outcome assessment was not relevant for most outcomes (death,
oxygen dependency). No information on blinding of other outcomes

Durand 2001  (Continued)
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Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Complete follow-up - 2 infants withdrawn from HFOV arm at parental request

Durand 2001  (Continued)

 
 

Methods Multicentre (10) randomised controlled trial

Participants Inclusion criteria:

- gestational age 24 to 29 wk

- requiring mechanical ventilation before 6 hrs of life

- PaO2/FiO2 < 200

- chest x-ray compatible with RDS

Exclusion criteria: IVH grade 3 or 4; pre-existing pneumothorax; ROM before 24 wk gestational age; se-
vere congenital malformation or hydrops fetalis

Stratification: by centre; by gestational age (24 to 27 wk, 28 to 29 wk)

292 infants randomised; 7 inclusion errors, 8 withdrawals of consent

273 infants analysed

Mean gestational age: 27.5 ± 1.4 wk in HFOV, 27.6 ± 1.5 wk in CV

Mean birth weight: 976 ± 219 g in HFOV, 997 ± 245 g in CV

Antenatal corticosteroids: 52% in HFOV, 55% in CV

Mean age at randomisation: 2.42 ± 1.58 hrs in HFOV, 2.37 ± 1.97 hrs in CV

Interventions HFOV: OSC using OHF1 piston oscillator (Dufour, France). Settings: initial MAP 2 cm H2O > than on CV,

I:E ratio 1:1, 15 Hz, high volume strategy (higher mean airway pressure, sighs)

HVS: yes. Increase MAP to optimise oxygenation; use of 'sighs'; target FiO2 < 0.40

CV: SIMV using Dräger babylog 8000. Synchronisation: yes. Settings: TI < 0.45 sec, PEEP 4 to 5 cm H2O,

minimal PIP to achieve target PCO2

LPS: probably yes.

Target PCO2: 40 to 50 mmHg

Duration of assigned treatment: 10 days

Cross-over: allowed during first 10 days if infant meets failure criteria (criteria for ventilatory failure, cri-
teria for radiographic failure such as air leak)

Outcomes Death (neonatal and before discharge)
Use of > 1 dose of surfactant
Pulmonary air leak (PIE and pneumothorax)
ROP (? grade)
CLD (oxygen at 28 days and oxygen at 36 weeks
Duration of IPPV, O2 therapy, hospitalisation

Grade 3/4 IVH (7 to 10 day ultrasound (U/S))

Moriette 2001 
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PVL (28 day U/S)

Notes Surfactant: all infants received first dose of surfactant (Curosurf, 200 mg/kg) after randomisation

Cross-over: 15% in CV, 29% in CV

Postnatal corticosteroids: 54% in HFOV, 52% in CV

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "computer-generated randomization"

Allocation concealment
(selection bias)

Low risk Quote: "using sealed envelopes"

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Blinding was not possible for care-givers and not relevant for patients

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Blinding of outcome assessment was not relevant for most outcomes (death,
oxygen dependency). Assessment of head ultrasound and chest x-rays was
blinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Complete follow-up: yes (7% loss)

Moriette 2001  (Continued)

 
 

Methods Multicentre (25) randomised controlled trial

Participants Inclusion criteria:

- gestational age 23 to 28 wk

- inborn

- requiring mechanical ventilation from birth

Exclusion criteria: transfer to another hospital shortly after birth; congenital malformations

Stratification: by centre; by gestational age (23 to 25 wk, 26 to 28 wk)

870 infants randomised; 66 infants were ineligible and excluded; 7 infants withdrawn (5 deemed ineligi-
ble, 2 at parent's request. 797 infants included in analyses

Mean gestational age: 26.5 wk for total study population

Mean birth weight: 853 ± 185 g for total study population

Antenatal corticosteroids: 91% in HFOV, 92% in CV

Mean age at randomisation: all infants were randomised within the first 60 minutes after birth

Johnson 2002 
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Interventions HFOV: mix of OSC using SLE2 2000 (187 infants) or Sensormedics 3100A (38 infants), and HFFI using
Dräger Babylog 8000 (165 infants). Settings: 10 Hz, MAP 6 to 8 cm H2O; I:E 1:1 or 1:2, FiO2 weaned before

MAP (high volume strategy)

HVS: yes. Increase MAP until FiO2 < 0.30

CV: (S)IMV using different ventilators: SLE 2000 (193 infants), Drager Babylog 8000 (192 infants), other
ventilators (12 infants). Settings: IT 0.4 sec, initial rate 60/min

LPS: probably yes

Target PCO2: 34 to 53 mmHg

Duration of assigned treatment: after 120 hrs the clinician could choose the ventilation mode

Cross-over: if infants meet failure criteria (failure to achieve adequate oxygenation or ventilation dur-
ing > 1 hr)

Outcomes Death by 36 weeks PMA, chronic lung disease at 36 weeks PMA (oxygen therapy or other assisted venti-
lation), failure of assigned treatment, IVH, PVL, pulmonary air leak (not defined), ROP grade 2 or more,
NEC, length of hospital stay

Notes Surfactant: protocol recommended surfactant treatment as soon as possible after birth; 97% of HFOV
group and 99% of CV group received surfactant

Cross-over: 10% in HFOV, 10% in CV

Postnatal corticosteroids: 31% in HFOV, 28% in CV

Follow-up of pulmonary function: Thomas 2004 and Zivanovic 2014

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "infants were randomly assigned"

Allocation concealment
(selection bias)

Unclear risk No information on randomisation procedure

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Blinding was not possible for care-givers and not relevant for patients

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Blinding of outcome assessment was not relevant for most outcomes (death,
oxygen dependency). Assessment of brain ultrasound was blinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Complete follow-up for primary outcome

Johnson 2002  (Continued)

 
 

Methods Multicentre (26) randomised controlled trial

Participants Inclusion criteria:

Courtney 2002 
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- birth weight 601 to 1200 g

- appropriate growth for gestational age

- received 1 dose of surfactant

- requiring mechanical ventilation with FiO2 ≥ 0.25 and MAP ≥ 6 cm H2O

- less than 4 hours old

- expected to require ventilation for > 24 hrs

Exclusion criteria: 5 minute Apgar < 3; base deficit ≥ 15; severe hypotension; chromosomal or congeni-
tal anomalies, neuromuscular disease

Stratification: by centre; by birth weight (601 to 700 g, 701 to 800 g, 801 to 1000 g, 1001 to 1200 g); by
antenatal steroids

498 infants enrolled

Mean gestational age: 26.0 ± 1.6 wk in HFOV, 26.1 ± 1.6 in CV

Mean birth weight: 859 ± 161 in HFOV, 848 ± 160 in CV

Antenatal corticosteroids: 74% in HFOV, 71% in CV

Mean age at randomisation: 2.7 hrs in both groups

Interventions HFOV: OSC using SensorMedics 3100A. Settings: initial MAP 2 cm H2O > CV, 10 to 15 Hz, IT 0.33 (I:E ratio

1:2)

HVS: yes; increase MAP to optimise oxygenation in order to keep FiO2 ≤ 0.40

CV: SIMV using VIP Bird, Dräger Babylog 800, Bear Cub with volume monitor or Bear Cub 750vs. Setting:
Vt 4 to 7 ml/kg, IT 0.25 to 0.40 sec, rate < 60/min

LPS: yes

PaCO2 target: 45 to 60 mmHg

Duration of assigned treatment: HFOV until extubation or for 28 days

Crossover: if infants met "clear exit criteria". Analysis according to intention-to-treat

Outcomes Death by 36 weeks PMA, chronic lung disease at 36 weeks PMA (oxygen therapy or other assisted venti-
lation), IVH, PVL, pneumothorax, ROP grade 2 or more, NEC, duration of IPPV

Notes Surfactant: first dose before study entry; subsequent doses if FiO2 ≥ 0.30

Prophylactic indomethacin

Cross-over: 10% in HFOV, 19% in CV

Postnatal corticosteroids: 46% in HFOV, 55% in CV

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "randomly assigned"

Allocation concealment
(selection bias)

Unclear risk No information on randomisation procedure

Courtney 2002  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Blinding was not possible for care-givers and not relevant for patients

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Blinding of outcome assessment was not relevant for most outcomes (death,
oxygen dependency). Radiologist assessing cranial ultrasound was blinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 4% loss in HFOV and 2% loss in CV by 36 weeks PMA

Courtney 2002  (Continued)

 
 

Methods Multicentre (2) randomised controlled trial

Participants Inclusion criteria:

-gestational age between 23 and 34 weeks

- birth weight < 1000 g

- requiring mechanical ventilation

Stratification: by birth weight (500 to 750 g versus 751 to 1000 g)

46 infants enrolled

Mean birth weight: 22 infants in group '500 to 751 g' and 24 infants in group '751 to 1000 g'

Antenatal corticosteroids (full course): 45% in HFOV, 54% in CV

Mean age at randomisation: nor reported

Interventions HFOV: HFFI using Infant Star. Settings: MAP to obtain optimal lung volume, 10 to 12 Hz, amplitude set to
meet goal PCO2

HVS: yes; increase MAP to improve oxygenation with target FiO2 < 0.40

CV: SIMV using Infant Star. Synchronisation: yes. Settings: PEEP 4 to 6 cm H2O, PIP 16 to 24 cm H2O,

rate adjusted to reach target PCO2

LPS: probably yes

Target PCO2: 50 to 60 mmHg

Duration of assigned treatment: HFOV until extubation or until MAP < 7 cm H2O

Crossover: if inability to ventilate (pH < 7.20) or to oxygenate (PO2 < 50)

Outcomes CLD at 36 weeks PMA - oxygen required to maintain SaO2 > 92%, death, IVH grades 3 or 4, air leak, ROP,

failure leading to cross-over of ventilation type

Notes Surfactant: all infants received Survanta either in delivery room or within 20 minutes after intubation

Cross-over: not reported

Postnatal corticosteroids: not reported

CraH 2003 
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January 1999 to May 2000: trial stopped because of lack of effect

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "envelopes with a previously generated random number sequence"

Allocation concealment
(selection bias)

Low risk Quote: "sealed opaque envelopes"

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Blinding was not possible for care-givers and not relevant for patients

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk No information. Blinding of outcome assessment was not relevant for most
outcomes (death, oxygen dependency)

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Results on outcomes available for 100% of included infants

CraH 2003  (Continued)

 
 

Methods Single centre randomised controlled trial

Participants Inclusion criteria:

- gestational age < 32 wk

- less than 6 hrs old

- requiring mechanical ventilation

- FiO2 > 0.40 or MAP x FiO2 > 3.8

- chest x-ray compatible with RDS

Exclusion criteria: active infection at birth, congenital anomalies

Stratification: not reported

300 infants enrolled and analysed.

Mean gestational age: 28.5 ± 1.8 wk in HFOV, 28.8 ± 1.9 in CV

Mean birth weight: 1173 ± 346 g in HFOV, 1217 ± 363 g in CV

Antenatal corticosteroids: 63% in HFOV, 66% in CV

Median (range) age at randomisation: 0.93 hrs (0.33 to 24.9 hrs) in HFOV, 0.88 hrs (0.33 to 24.8 hrs) in CV

Interventions HFOV: mix of OSC using Sensormedics 3100A (122 infants) and HFFI using Infant Star (25 infants). Set-
tings: initial MAP 8 cm H2O if < 29 weeks and 10 cm H2O if 29 to 31 weeks, 10 Hz.

HVS: yes. Increase MAP to improve oxygenation and wean FiO2. Target FiO2 not reported

Van Reempts 2003 
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CV: IMV using Dräger Babylog 8000 (73 infants) or Infant Star (80 infants). Synchronisation: not report-
ed. Settings: PIP 20 cm H2O (aim low), PEEP 4 cm H2O, IT < 0.35 sec, rate 80/min, I:E ratio1: 1.1

LPS: yes

Target PCO2: 35 to 45 mmHg

Duration of assigned treatment: preferentially HFOV until extubation, unless failure of weaning (criteria
described) in which case infants were switched to CV

Crossover: infant was changed to alternative mode if failure criteria were met (one of the following: 1)
inadequate oxygenation or ventilation, as described in the trial, in the first 7 days of life, 2) uncontrol-
lable air leak, 3) cardiovascular dysfunction, 4) need for hand ventilation to maintain adequate gas ex-
change)

Outcomes Chronic lung disease (CLD - on O2 or assisted ventilation) at 36 weeks, death before discharge, failure of

assigned treatment, CLD at 28 days, pulmonary interstitial air, pneumothorax, intraventricular haemor-
rhage, periventricular leukomalacia, retinopathy of prematurity, days of IPPV or CPAP or O2, develop-

mental outcome in early childhood for infants < 30 weeks or with an abnormal head ultrasound

Notes Surfactant: after initial stabilization either on CV or on HFOV, all infants were given surfactant (Alveo-
fact or Survanta)

Cross-over: 12% in HFOV, 7% in CV

Postnatal corticosteroids: not reported
Author provided additional information on grades of ROP, prenatal steroids and neonatal mortality

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "were randomised"

Allocation concealment
(selection bias)

Unclear risk Quote: "using sealed folded papers"

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Blinding was not possible for care-givers and not relevant for patients

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Blinding of outcome assessment was not relevant for most outcomes (death,
oxygen dependency). Blinding was applied for grading of chronic lung disease,
intracranial haemorrhage, periventricular leukomalacia and retinopathy of
prematurity

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Complete follow-up for primary outcome

For long-term outcome: only 57% follow-up for HFOV, and 51% follow-up for
CV

Van Reempts 2003  (Continued)

 
 

Methods Single centre randomised controlled trial

Participants Inclusion criteria:

Schreiber 2003 
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- birth weight < 2000 g

- gestational age < 34 wk

- < 72 hrs old

- RDS requiring mechanical ventilation and surfactant treatment

Exclusion criteria: major congenital anomalies; hydrops fetalis

2 by 2 factorial design

Stratification: by birth weight in 250 g categories

207 infants enrolled and analysed

Mean gestational age: 27.2 ± 2.6 wk for total study population

Mean birth weight: 983 ± 378 g for total study population

Antenatal corticosteroids: 53% for total study population

Mean age at randomisation: not reported

Interventions Trial randomised infants to nitric oxide versus placebo and to HFOV versus CV
HFOV: OSC using Sensormedics 3100A. Settings: initial MAP 2 cm H2O higher than on CV, 10 to 15 Hz

HVS: yes. Use of higher MAP to optimise oxygenation, target FiO2 not reported

CV: IMV. Synchronisation: not reported. Settings: rate 40/min, PEEP 4 to 6 cm H2O, PIP to inflate chest

LPS: probably not

Target PCO2: 35 to 55 mmHg

Duration of assigned treatment: not reported

Cross-over: allowed if patient's condition was considered to be critical by attending physician

Outcomes Death, CLD at 28 days and 36 week PMA, pulmonary air leak, severe IVH grades 3 or 4, PVL, ROP

Notes Surfactant: all infants received Survanta before enrolment (inclusion criterion)

Prophylactic indomethacin for infants with birth weight < 1250 g

Cross-over: not reported

Postnatal corticosteroids: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "randomly assigned" "according to permuted block design"

Allocation concealment
(selection bias)

Unclear risk No information on allocation concealment

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Blinding was not possible for care-givers and not relevant for patients

Schreiber 2003  (Continued)
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Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Blinding of outcome assessment was not relevant for most outcomes (death,
oxygen dependency). Blinding of outcome assessment for chest x-ray, head ul-
trasound, ROP, neurodevelopment

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Complete follow-up for primary analysis, 82% for developmental follow-up

Schreiber 2003  (Continued)

 
 

Methods Single centre randomised controlled trial

Participants Inclusion criteria:

- inborn

- birth weight 500 to 1500 g

- gestational age 24 to 29 wk

- requiring intubation at birth and ongoing intensive care

Exclusion criteria: congenital malformations, prenatal infections

Stratification: not reported

42 infants eligible; 2 infants excluded with congenital pneumonia; 40 infants enrolled and analysed

Mean gestational age: 27.1 ± 1.4 wk in HFOV, 27.4 ± 1.2 wk in CV

Mean birth weight: 882 ± 157 g in HFOV, 936 ± 285 g in CV

Antenatal corticosteroids: any steroids in 100% in HFOV and 90% in CV, complete course of steroids in
55% in HFVO and 60% in CV

Mean age at randomisation: all infants were randomised within 30 minutes of life

Interventions HFOV: HFFI using Dräger Babylog 8000+. Settings: initial MAP 2 cm H2O higher than with CV or at 10 cm

H2O, 10 Hz

HVS: yes. Increase MAP to improve oxygenation and wean FiO2 with target < 0.25

CV: SIMV using Dräger Babylog 8000+. Setting: Vt 4-6 ml/kg, PEEP 4 to 5 cm H2O, TI 0.30 to 0.40 sec,

maximum rate 60/min, PIP weaned first

LPS: yes.

Target PCO2: 45 to 55 mmHg

Duration of assigned treatment: HFOV until extubation

Cross-over: no

Outcomes Death before discharge, CLD (O2 therapy at 36 weeks PMA), pneumothorax, PIE, IVH grades 3 or 4, PVL,

ROP > stage 2

Notes Surfactant: 75% of infants in both groups received surfactant. Criteria are not described

Cross-over: 0% in both groups

Vento 2005 
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Postnatal corticosteroids: 35% in HFOV, 60% in CV

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "random number allocation"

Allocation concealment
(selection bias)

Low risk Quote: "opaque numbered sealed envelopes"

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Blinding was not possible for care-givers and not relevant for patients

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Blinding of outcome assessment was not relevant for most outcomes (death,
oxygen dependency). No information on blinding of chest x-ray or head ultra-
sound

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Completeness of follow-up is 95%: two infants (one from each group) excluded
after randomisation due to diagnosis of congenital pneumonia

Vento 2005  (Continued)

 
 

Methods Single centre randomised controlled trial

Participants Inclusion criteria:

- gestational age < 30 wk

- requiring mechanical ventilation

- clinical signs and chest x-ray compatible with RDS

Exclusion criteria: major congenital malformation; IVH > grade 3; ventilation for < 24 hrs

Stratification: no

25 infants enrolled

Mean gestational age: 28.3 ± 1.5 wk in HFOV, 28.2 ± 0.8 wk in CV

Mean birth weight: 1126 ± 170 g in HFOV, 1075 ± 313 g in CV

Antenatal corticosteroids: 85% in HFOV, 75% in CV

Mean age at randomisation: 0.75 ± 0.15 hrs in HFOV, 0.78 ± 0.13 hrs in CV

Interventions HFOV: OSC using SensorMedics 3100A. Settings: 10 Hz, initial MAP 8 cm H2O, amplitude 30 cm H2O

HVS: yes; no additional information on strategy or target FiO2

CV: pressure support ventilation with volume guarantee (PSV + VG) with Dräger Babylog 8000 plus. Syn-
chronisation: yes. Settings: Vt 5 ml/kg, back-up rate 60/min, PEEP 3 to 4 cm H2O

LPS: yes.

Dani 2006 
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PaCO2 target: < 65 mmHg

Duration of assigned treatment: presumably until extubation (not explicitly reported)

Cross-over: not reported

Outcomes Mortality, CLD (defined as oxygen dependency at 36 weeks postmenstrual age), pneumothorax, any
IVH, PVL, duration of mechanical ventilation, duration O2 therapy, duration of CPAP, length of hospital

stay

Notes Surfactant: all infants received Curosurf (200 mg/kg) after lung volume recruitment was obtained

Cross-over: not reported

Postnatal corticosteroids: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "Enrolled patients were randomly assigned..."

Allocation concealment
(selection bias)

Low risk Quote: "...using the opening of sealed opaque envelopes balanced in blocks of
four."

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Blinding was not possible for care-givers and not relevant for patients

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Blinding of outcome assessment was not relevant for most outcomes (death,
oxygen dependency). No information on blinding of assessment of head ultra-
sound or chest x-ray

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 7/32 infants were excluded post randomisation for the analyses (3 in HFOV
group and 4 in CV group) because of mechanical ventilation less than 24 hours,
although this was not a pre-specified exclusion criterion. Final analysis was
done on 25 infants

Dani 2006  (Continued)

 
 

Methods Single centre randomised controlled trial

Participants Inclusion criteria:

- gestational age 25 to 32 wk

- received at least one course of antenatal steroids

- requiring mechanical ventilation in the first hour of life

- severe RDS with a/A ratio of < 0.2

Exclusion criteria: lethal congenital anomalies; IVH > grade 2; suspected infection

Stratification: by gestational age (25 to 28 wk, 29 to 32 wk)

40 infants enrolled

Lista 2008 
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Mean gestational age: 27.3 ± 2 in HFOV, 27.4 ± 2 in CV

Mean birth weight: 1015 ± 200 g in HFOV, 1006 ± 185 g in CV

Antenatal corticosteroids: all infants had at least 1 course

Mean age at randomisation: all infants randomised at 1 hr of life

Interventions HFOV: HFFI using Babylog 8000 plus. Settings: 10 Hz, initial MAP 8 to 10 cm H2O, amplitude 40%

HVS: yes. Increase MAP to maintain FiO2 below 0.30

CV: assist/control + volume guarantee using Babylog 8000 plus. Settings: Vt 5 ml/kg, PEEP 5 cm H2O,

rate 60/min, inspiratory time 0.35 sec

LPS: yes

Target PCO2: 40 to 65 mmHg

Duration of assigned treatment: infants on HFOV were switched to CV if MAP < 8 cm H2O and FiO2 < 0.30

Cross-over: no

Outcomes Death at 36 wk PMA, CLD at 36 wk PMA, air leak severe IVH, PVL, severe ROP, duration of mechanical
ventilation, duration of oxygen dependency

Notes All infants underwent a lung recruitment manoeuvre at birth (20 to 25 cm H2O during 2 sec followed by

PEEP 5 cm H2O)

Surfactant: all infants received surfactant (Curosurf) within first 2 hours after birth

All infants received prophylactic ibuprofen

Crossover: 0% in both groups

Postnatal corticosteroids: 10% in HFOV, 9% in CV

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "following a sequence of random numbers..."

Allocation concealment
(selection bias)

Unclear risk No information on concealment of allocation sequence.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Blinding was not possible for care-givers and not relevant for patients

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Blinding of outcome assessment was not relevant for most outcomes (death,
oxygen dependency). No information on blinding of assessment of head ultra-
sound or chest x-ray

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: 5/45 eligible infants were excluded before randomisation. All en-
rolled infants were analysed

Lista 2008  (Continued)
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Methods Multicentre (3) randomised controlled trial

Participants Inclusion criteria:

- birth weight < 1500 g

- gestational age < 30 wk

- no antenatal corticosteroids

- requiring mechanical ventilation for RDS within first 2 hrs of life

Exclusion criteria: major congenital malformation; hydrops fetalis; congenital diaphragmatic hernia;
congenital pneumonia; multiple pregnancies; congenital heart disease

Stratification: not reported

112 infants eligible; 24 infants excluded (3 no consent, 18 not ventilated, 3 congenital pneumonia or
malformation); 88 infants enrolled and analysed

Mean gestational age: 26.4 ± 2.2 wk in HFOV, 26.5 ± 3.2 wk in CV

Mean birth weight: 869 ± 266 g in HFOV, 913 ± 224 g in CV

Antenatal corticosteroids: 0% (exclusion criterion)

Mean age at randomisation: not reported; all infants were randomised within 2 hrs of birth

Interventions HFOV: OSC using Sensormedics 3100A. Settings: initial MAP 6 to 8 cm H2O, 15 Hz, I:E ratio 1:2, ampli-

tude producing visible chest vibrations

HVS: yes. Lung volume recruitment as described by De Jaegere 2006. Target FiO2 < 0.30

CV: SIMV using Bear Cub 750 PSV. Settings: PIP 18 to 24 cm H2O, PEEP 5 to 8 cm H2O, IT 0.30 to 0.40 sec,

rate 40 to 60/min

LPS: yes

Target PCO2: < 65 mmHg

Duration of assigned treatment: HFOV until extubation

Crossover: switch to alternative mode permitted but not mandatory if failure criteria are met (inade-
quate oxygenation or ventilation as described in trial protocol; signs of decreased cardiac output)

Outcomes Primary outcomes were: the length of ventilatory support, the need of reintubation, and the length of
nasal continuous positive airway pressure support in the postextubation period. Secondary outcomes
were: the length of stay in neonatal intensive care unit and in hospital, death before discharge, adverse
short- and long-term pulmonary and neonatal outcomes, and the need for a second dose of surfactant
and of postnatal glucocorticoid treatment

Notes Surfactant: all infants received surfactant (Curosurf, 200 mg/kg) at a mean postnatal age of 47 min for
the HFOV group and 44 min for the CV group

Cross-over: 1 infant out of 44 in each group

Postnatal corticosteroids: 1 of 39 infants (2.5%) in HFOV, 4 of 39 infants (10.2%) in CV

Risk of bias

Salvo 2012 
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "computer generated random numbers"

Allocation concealment
(selection bias)

Unclear risk No information on allocation concealment

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Blinding was not possible for care-givers and not relevant for patients

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Blinding of outcome assessment was not relevant for most outcomes (death,
oxygen dependency). No information on assessment of chest x-ray and head
ultrasound

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Complete follow-up of enrolled infants: although it is mentioned that infants
who crossed over would be excluded from the analyses ('as treated' instead of
'intention-to-treat' analysis), all 78 survivors (39 in each group) are represent-
ed in the table results. One patient crossed over in each arm

Salvo 2012  (Continued)

 
 

Methods Multicentre (2) randomised controlled trial

Participants Inclusion Criteria:

- gestational age < 32 wks

- birth weight < 1500 g

- less than 24 hours of age

- requiring mechanical ventilation for RDS

- PaO2/FiO2 ratio < 200 mmHg

- Radiograph criteria of severe RDS

Exclusion criteria: genetic metabolic diseases, congenital abnormalities, pneumothorax, IVH grade 3 to
4

Stratification: by centre; by gender; by gestational age (< 28 wk, ≥ 28 wk)

366 infants eligible and randomised; 3 infants excluded post-randomisation (congenital heart disease);
7 dropouts; 356 infants analysed

Mean gestational age: 29.3 ± 2.5 wk in HFOV, 29.5 ± 2.3 in CV

Mean birth weight: 1129 ± 199 g in HFOV, 1117 ± 241 g in CV

Antenatal corticosteroids: 77% in HFOV, 73% in CV

Mean age at randomisation: 5.8 ± 5.0 hrs in HFOV, 5.9 ± 5.1 in CV

Interventions HFOV: OSC using SLE5000. Settings: initial MAP 6 to 8 cm H2O and progressively increased, 10 Hz, IT set

at default level of ventilator (I:E ratio not reported)

Sun 2014 
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HVS: yes. Lung volume recruitment as described by De Jaegere 2006. Target FiO2 < 0.25

CV: SIMV with pressure-support (SIMV-PS) using Servo-i-Maquet. Settings: Vt 4 to 6 ml/kg, PIP needed to
achieve chest expansion, PEEP 4 to 6 cm H2O, IT 0.25 to 0.40 sec, rate ≤ 60/min (typically 30 to 40/min

plus PS)

LPS: yes

Target PCO2: 40 to 55 mmHg

Duration of assigned treatment: HFOV until extubation

Cross-over: no

Outcomes Primary outcomes were mortality or incidence of BPD. Secondary outcomes were duration of ventila-
tion and hospitalisation, surfactant requirements, pneumothorax, retinopathy of prematurity ≥ stage
2, and neurodevelopment at 18 months of corrected age. Survival and complete outcome data were
available for 288 infants at 18 months of corrected age

Notes Surfactant: rescue surfactant (Curosurf, 200 mg/kg) was administered after randomisation and only
if, after 2 hours of ventilation, PaO2/FiO2 was < 200, and if parental consent was given (parents have to

pay for the surfactant). A subsequent dose was administered 12 hours after the first dose if PaO2/FiO2

was < 200

Cross-over: 0% in both groups

Postnatal corticosteroids: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "computer generated randomization plan"

Allocation concealment
(selection bias)

Unclear risk No information on allocation concealment

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Blinding was not possible for care-givers and not relevant for patients

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Blinding of outcome assessment was not relevant for most outcomes (death,
oxygen dependency). Unclear whether assessment of head ultrasound was
blinded

Long-term follow-up was blinded. Quote: "doctors were blind as to group allo-
cation during follow-up until 18 months of corrected age"

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Completeness of follow-up: 98% for the primary outcome, 82% for neurode-
velopmental outcome at 18 months

Sun 2014  (Continued)

HFOV = high-frequency oscillatory ventilation; OSC = true oscillator; HFFI : high frequency flow interrupter; CV = conventional ventilation;
(S)IMV = (synchronised) intermittent mandatory ventilation; IT = inspiratory time; PIP = positive inspiratory pressure; PEEP = positive end-
expiratory pressure; MAP = mean airway pressure; CLD = chronic lung disease; ALS = air leak syndrome; IVH = intraventricular haemorrhage;
PVL = periventricular leukomalacia; PMA = postmenstrual age; HVS = high volume strategy; LPS = lung protective strategy (for CV); Vt =
tidal volume
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Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Cambonie 2003 No relevant outcomes

Froese 1987 After randomisation of infants (unknown gestation range), 5 of 11 in the HFOV group and an un-
known number from the CV group were excluded from the comparisons between treatments

HiFO 1993 Rescue treatment with primary aim of preventing pulmonary air leak

Iscan 2014 Cross-over trial comparing two modes of HFOV

Lombet 1996 A total of 22% excluded after randomisation, mixed population of preterm and term infants

Nazarchuk 2010 Prospective randomised trial comparing early HFOV to synchronised intermittent mandatory ven-
tilation (SIMV) in very low birth weight (VLBW) premature infants with omphalocoele: 15 infants
weighing 501 to 1000 g less than 4 hours of age, who had received one dose of surfactant and re-
quired ventilation with mean airway pressure > 4 to 6 cm H2O and FiO2 > 0.25, and had an antici-

pated duration of ventilation greater than 48 hours. Newborns were stratified by birth weight and
prenatal steroid status, and then randomised to either HFOV or SIMV with tidal volume monitoring.
Ventilator management for patients in both study arms was strictly governed by protocols that in-
cluded optimising lung inflation and blood gases, weaning strategies and extubation criteria.

Not included because of unique underlying condition of enrolled infants (presence of omphalo-
coele)

Pardou 1993 Results reported for only 13 (54%) of the 24 subjects randomised to high frequency flow interrupter
or CV

Prashanth 2012 Prospective, non-randomised comparison of HFOV versus synchronized intermittent mandatory
ventilation (SIMV) in 52 preterm infants 26 to 36 weeks' gestation. The study was excluded because
it was not a randomised controlled trial

Ramanathan 1995 Mandatory cross-over of treatments at 96 hrs

Singh 2012 Randomised controlled trial comparing HFOV (Dräger Babylog Plus) with synchronised intermittent
mandatory ventilation (SIMV) in preterm infants with birth weight > 750 g with RDS. The primary
outcome was the oxygen index in the first 24 hours.

In all 53 out of the 215 eligible infants could not be included because of unavailability of the des-
ignated ventilator. A total of 150 preterm infants (mean gestational age of 32 weeks) were ran-
domised to receive either HFOV (66 infants) or SIMV (84 infants). After randomisation 40 infants
were excluded from the analyses because ventilation was discontinued within 24 hours (17 in the
HFOV group and 23 in the SIMV group). The reason for discontinuation was death in 15 cases and
"leM against medical advice" in 25 cases. HFOV strategy was aimed at recruiting lung volume, and
adequate lung inflation was assessed by counting posterior ribs on chest x-ray. SIMV was aimed at
keeping tidal volumes low. The study was excluded because of concerns about both selection bias
(25% of eligible infants were not included) as well as attrition bias (post-randomisation exclusion of
27% of infants). In addition, clinically relevant outcomes were not measured

 

Characteristics of studies awaiting assessment [ordered by study ID]
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Methods Elazeez 2010 conducted a randomised controlled trial to determine differences in regional cerebral
blood flow velocity (CBFV) in preterm infants receiving conventional ventilation (CV) versus high
frequency oscillatory ventilation (HFOV) using a high-volume strategy

Participants Preterm infants admitted to the NICU at Mansoura University Children's Hospital before 12 hours of
age. Those requiring ventilator support were randomly allocated to HFOV (n = 23) or CV (n= 24)

Interventions HFOV versus CV

Outcomes Doppler cranial ultrasound and echocardiography were performed on all subjects on day 1 and day
4 with measurements of CBFV in the anterior cerebral (ACA) and middle cerebral arteries (MCA) and
assessment of the ductus arteriosus

Notes Published as abstract PAS 2010

Elazeez 2010 

 
 

Methods Sarafidis 2011 conducted a single centre randomised controlled trial to evaluate the effect of opti-
mised synchronized intermittent mandatory ventilation (SIMV) versus high-frequency oscillatory
ventilation (HFOV) on circulating CC16 and IL-6 levels

Participants Preterm neonates (gestational age < 30 weeks) requiring mechanical ventilation within the first 2
hrs of life. Of the 30 neonates studied, 24 (gestational age 27.1 ± 1.7 weeks, birth weight (942 ± 214
g) were finally analysed

Interventions Synchronised intermittent mandatory ventilation (SIMV) versus high frequency oscillatory ventila-
tion (HFOV) used as the initial ventilation methods

Outcomes Serum CC16 and IL-6 were measured on establishment of the assigned ventilation mode after ad-
mission, at days 3 and 14 of life as well as at 36 weeks postmenstrual age. Demographic-perinatal
data and clinical parameters were also recorded

Notes  

Sarafidis 2011 

 

Characteristics of ongoing studies [ordered by study ID]

 

Trial name or title Texas infant Star

Methods  

Participants Eligible infants include < 1250 g birth weight or < 29 weeks gestation

Interventions Randomisation to 3 modes of ventilation: conventional, high frequency oscillation, and combina-
tion (HFOV + 2 to 5 bpm CV)

Outcomes  

Starting date Study commenced in late 1996 - has been completed but not yet published

Contact information Contact: Dr Anthony L Talbert, Texas Tech University School of Medicine, Odessa, Texas, USA.
Phone +1 915 335 5270

Texas Infant Star 
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Notes  

Texas Infant Star  (Continued)

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   HFOV versus CV (all trials)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Death by 28 to 30 days 10 2148 Risk Ratio (M-H, Fixed, 95%
CI)

1.09 [0.88, 1.34]

2 Mechanical ventilation at 28 to 30
days in survivors

3 767 Risk Ratio (M-H, Fixed, 95%
CI)

1.08 [0.86, 1.35]

3 Oxygen at 28 to 30 days in survivors 6 1043 Risk Ratio (M-H, Fixed, 95%
CI)

0.98 [0.88, 1.10]

4 CLD at 28 to 30 days (O2 + x-ray) in

survivors

4 820 Risk Ratio (M-H, Fixed, 95%
CI)

0.86 [0.74, 1.01]

5 Death or CLD at 28 to 30 days 5 1160 Risk Ratio (M-H, Fixed, 95%
CI)

0.94 [0.85, 1.04]

6 Death by 36 to 37 weeks or dis-
charge

17 3329 Risk Ratio (M-H, Fixed, 95%
CI)

0.95 [0.81, 1.10]

7 CLD at 36 to 37 weeks PMA or dis-
charge in survivors

17 2786 Risk Ratio (M-H, Fixed, 95%
CI)

0.86 [0.78, 0.96]

8 Death or CLD at 36 to 37 weeks PMA
or discharge

17 3329 Risk Ratio (M-H, Fixed, 95%
CI)

0.90 [0.84, 0.97]

9 Any pulmonary air leak 13 2854 Risk Ratio (M-H, Fixed, 95%
CI)

1.19 [1.05, 1.34]

10 Gross pulmonary air leak 11 2185 Risk Ratio (M-H, Fixed, 95%
CI)

1.13 [0.88, 1.45]

11 Intraventricular haemorrhage - all
grades

12 3084 Risk Ratio (M-H, Fixed, 95%
CI)

1.04 [0.95, 1.14]

12 Intraventricular haemorrhage -
grades 3 or 4

18 4069 Risk Ratio (M-H, Fixed, 95%
CI)

1.10 [0.95, 1.27]

13 Periventricular leukomalacia 17 3983 Risk Ratio (M-H, Fixed, 95%
CI)

1.03 [0.81, 1.31]

14 Retinopathy of prematurity (stage
2 or greater) in survivors

12 2781 Risk Ratio (M-H, Fixed, 95%
CI)

0.81 [0.70, 0.93]
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Analysis 1.1.   Comparison 1 HFOV versus CV (all trials), Outcome 1 Death by 28 to 30 days.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

HIFI 1989 60/327 60/346 40.83% 1.06[0.77,1.46]

Clark 1992 7/37 5/28 3.99% 1.06[0.38,2.99]

Ogawa 1993 0/46 1/46 1.05% 0.33[0.01,7.98]

Gerstmann 1996 0/64 2/61 1.79% 0.19[0.01,3.89]

Thome 1998 10/140 11/144 7.59% 0.94[0.41,2.13]

Plavka 1999 2/21 2/20 1.43% 0.95[0.15,6.13]

Moriette 2001 28/139 24/134 17.11% 1.12[0.69,1.84]

Van Reempts 2003 24/147 18/153 12.35% 1.39[0.79,2.45]

Schreiber 2003 17/102 15/105 10.35% 1.17[0.62,2.21]

Salvo 2012 5/44 5/44 3.5% 1[0.31,3.21]

   

Total (95% CI) 1067 1081 100% 1.09[0.88,1.34]

Total events: 153 (HFOV), 143 (CV)  

Heterogeneity: Tau2=0; Chi2=2.79, df=9(P=0.97); I2=0%  

Test for overall effect: Z=0.77(P=0.44)  

Favours HFOV 10000.001 100.1 1 Favours CV

 
 

Analysis 1.2.   Comparison 1 HFOV versus CV (all trials),
Outcome 2 Mechanical ventilation at 28 to 30 days in survivors.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

HIFI 1989 87/267 85/286 79.18% 1.1[0.86,1.41]

Ogawa 1993 13/46 9/45 8.78% 1.41[0.67,2.97]

Gerstmann 1996 9/64 12/59 12.05% 0.69[0.31,1.52]

   

Total (95% CI) 377 390 100% 1.08[0.86,1.35]

Total events: 109 (HFOV), 106 (CV)  

Heterogeneity: Tau2=0; Chi2=1.75, df=2(P=0.42); I2=0%  

Test for overall effect: Z=0.63(P=0.53)  

Favours HFOV 50.2 20.5 1 Favours CV

 
 

Analysis 1.3.   Comparison 1 HFOV versus CV (all trials), Outcome 3 Oxygen at 28 to 30 days in survivors.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Ogawa 1993 17/46 19/45 6.98% 0.88[0.53,1.46]

Thome 1998 74/130 80/133 28.74% 0.95[0.77,1.16]

Plavka 1999 11/19 13/18 4.85% 0.8[0.5,1.29]

Moriette 2001 51/111 50/110 18.25% 1.01[0.76,1.35]

Schreiber 2003 65/85 61/88 21.78% 1.1[0.92,1.32]

Van Reempts 2003 49/123 56/135 19.4% 0.96[0.71,1.29]

   

Total (95% CI) 514 529 100% 0.98[0.88,1.1]

Favours HFOV 20.5 1.50.7 1 Favours CV
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Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 267 (HFOV), 279 (CV)  

Heterogeneity: Tau2=0; Chi2=2.63, df=5(P=0.76); I2=0%  

Test for overall effect: Z=0.3(P=0.77)  

Favours HFOV 20.5 1.50.7 1 Favours CV

 
 

Analysis 1.4.   Comparison 1 HFOV versus CV (all trials), Outcome 4 CLD at 28 to 30 days (O2 + x-ray) in survivors.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

HIFI 1989 130/267 141/286 72.62% 0.99[0.83,1.17]

Clark 1992 10/30 17/23 10.27% 0.45[0.26,0.79]

Ogawa 1993 4/46 6/45 3.24% 0.65[0.2,2.16]

Gerstmann 1996 15/64 25/59 13.88% 0.55[0.32,0.94]

   

Total (95% CI) 407 413 100% 0.86[0.74,1.01]

Total events: 159 (HFOV), 189 (CV)  

Heterogeneity: Tau2=0; Chi2=10.44, df=3(P=0.02); I2=71.27%  

Test for overall effect: Z=1.89(P=0.06)  

Favours HFOV 1000.01 100.1 1 Favours CV

 
 

Analysis 1.5.   Comparison 1 HFOV versus CV (all trials), Outcome 5 Death or CLD at 28 to 30 days.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

HIFI 1989 190/327 201/346 59.07% 1[0.88,1.14]

Clark 1992 17/37 22/28 7.57% 0.58[0.39,0.87]

Ogawa 1993 4/46 7/46 2.12% 0.57[0.18,1.82]

Gerstmann 1996 15/64 27/61 8.36% 0.53[0.31,0.89]

Schreiber 2003 82/102 76/103 22.87% 1.09[0.94,1.27]

   

Total (95% CI) 576 584 100% 0.94[0.85,1.04]

Total events: 308 (HFOV), 333 (CV)  

Heterogeneity: Tau2=0; Chi2=15.33, df=4(P=0); I2=73.91%  

Test for overall effect: Z=1.23(P=0.22)  

Favours HFOV 50.2 20.5 1 Favours CV

 
 

Analysis 1.6.   Comparison 1 HFOV versus CV (all trials), Outcome 6 Death by 36 to 37 weeks or discharge.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Clark 1992 8/37 6/28 2.51% 1.01[0.4,2.58]

Gerstmann 1996 0/64 2/61 0.94% 0.19[0.01,3.89]

Rettwitz-Volk 1998 5/46 4/50 1.41% 1.36[0.39,4.75]

Thome 1998 14/140 15/144 5.43% 0.96[0.48,1.91]

Favours HFOV 10000.001 100.1 1 Favours CV
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Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Plavka 1999 2/21 2/20 0.75% 0.95[0.15,6.13]

Moriette 2001 31/139 27/134 10.1% 1.11[0.7,1.75]

Durand 2001 5/24 4/24 1.47% 1.25[0.38,4.1]

Johnson 2002 100/400 105/397 38.71% 0.95[0.75,1.2]

Courtney 2002 33/244 40/254 14.4% 0.86[0.56,1.32]

Schreiber 2003 18/102 21/105 7.6% 0.88[0.5,1.56]

CraM 2003 3/22 3/24 1.05% 1.09[0.25,4.85]

Van Reempts 2003 25/147 20/153 7.2% 1.3[0.76,2.24]

Vento 2005 1/20 2/20 0.73% 0.5[0.05,5.08]

Dani 2006 2/13 2/12 0.76% 0.92[0.15,5.56]

Lista 2008 1/19 1/21 0.35% 1.11[0.07,16.47]

Salvo 2012 5/44 5/44 1.84% 1[0.31,3.21]

Sun 2014 4/177 13/179 4.75% 0.31[0.1,0.94]

   

Total (95% CI) 1659 1670 100% 0.95[0.81,1.1]

Total events: 257 (HFOV), 272 (CV)  

Heterogeneity: Tau2=0; Chi2=7.93, df=16(P=0.95); I2=0%  

Test for overall effect: Z=0.72(P=0.47)  

Favours HFOV 10000.001 100.1 1 Favours CV

 
 

Analysis 1.7.   Comparison 1 HFOV versus CV (all trials),
Outcome 7 CLD at 36 to 37 weeks PMA or discharge in survivors.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Clark 1992 3/29 10/22 2.34% 0.23[0.07,0.73]

Gerstmann 1996 17/64 27/59 5.77% 0.58[0.35,0.95]

Rettwitz-Volk 1998 0/41 0/46   Not estimable

Thome 1998 32/126 30/129 6.09% 1.09[0.71,1.68]

Plavka 1999 3/19 8/18 1.69% 0.36[0.11,1.13]

Durand 2001 5/19 14/20 2.8% 0.38[0.17,0.84]

Moriette 2001 24/108 30/107 6.19% 0.79[0.5,1.26]

Courtney 2002 70/201 93/210 18.69% 0.79[0.62,1]

Johnson 2002 165/300 163/292 33.95% 0.99[0.85,1.14]

Van Reempts 2003 24/122 19/133 3.74% 1.38[0.79,2.39]

Schreiber 2003 43/84 34/84 6.99% 1.26[0.91,1.76]

CraM 2003 13/19 13/21 2.54% 1.11[0.7,1.74]

Vento 2005 2/19 8/18 1.69% 0.24[0.06,0.97]

Dani 2006 4/11 3/10 0.65% 1.21[0.36,4.14]

Lista 2008 2/18 2/20 0.39% 1.11[0.17,7.09]

Salvo 2012 1/39 3/39 0.62% 0.33[0.04,3.07]

Sun 2014 13/173 28/166 5.87% 0.45[0.24,0.83]

   

Total (95% CI) 1392 1394 100% 0.86[0.78,0.96]

Total events: 421 (HFOV), 485 (CV)  

Heterogeneity: Tau2=0; Chi2=36.46, df=15(P=0); I2=58.86%  

Test for overall effect: Z=2.84(P=0)  

Favours HFOV 1000.01 100.1 1 Favours CV

 

Elective high frequency oscillatory ventilation versus conventional ventilation for acute pulmonary dysfunction in preterm infants
(Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

50



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

 

Analysis 1.8.   Comparison 1 HFOV versus CV (all trials), Outcome 8 Death or CLD at 36 to 37 weeks PMA or discharge.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Clark 1992 11/37 16/28 2.41% 0.52[0.29,0.94]

Gerstmann 1996 17/64 28/61 3.8% 0.58[0.35,0.94]

Rettwitz-Volk 1998 5/46 4/50 0.51% 1.36[0.39,4.75]

Thome 1998 46/140 45/144 5.87% 1.05[0.75,1.48]

Plavka 1999 5/21 10/20 1.36% 0.48[0.2,1.15]

Moriette 2001 55/139 57/134 7.69% 0.93[0.7,1.24]

Durand 2001 10/24 18/24 2.38% 0.56[0.33,0.94]

Courtney 2002 103/244 133/254 17.26% 0.81[0.67,0.97]

Johnson 2002 265/400 268/397 35.62% 0.98[0.89,1.08]

Schreiber 2003 61/102 55/105 7.18% 1.14[0.9,1.45]

CraM 2003 16/22 16/24 2.03% 1.09[0.74,1.6]

Van Reempts 2003 49/147 39/153 5.06% 1.31[0.92,1.86]

Vento 2005 3/20 10/20 1.32% 0.3[0.1,0.93]

Dani 2006 6/13 5/12 0.69% 1.11[0.45,2.7]

Lista 2008 3/19 3/21 0.38% 1.11[0.25,4.83]

Salvo 2012 6/44 8/44 1.06% 0.75[0.28,1.98]

Sun 2014 17/177 41/179 5.4% 0.42[0.25,0.71]

   

Total (95% CI) 1659 1670 100% 0.9[0.84,0.97]

Total events: 678 (HFOV), 756 (CV)  

Heterogeneity: Tau2=0; Chi2=38.39, df=16(P=0); I2=58.32%  

Test for overall effect: Z=2.84(P=0)  

Favours HFOV 1000.01 100.1 1 Favours CV

 
 

Analysis 1.9.   Comparison 1 HFOV versus CV (all trials), Outcome 9 Any pulmonary air leak.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

HIFI 1989 148/327 131/346 38.19% 1.2[1,1.43]

Clark 1992 18/37 10/28 3.42% 1.36[0.75,2.47]

Ogawa 1993 4/46 6/46 1.8% 0.67[0.2,2.21]

Gerstmann 1996 8/64 11/61 3.38% 0.69[0.3,1.61]

Rettwitz-Volk 1998 7/46 7/50 2.01% 1.09[0.41,2.86]

Thome 1998 59/140 44/144 13.01% 1.38[1.01,1.89]

Plavka 1999 3/21 3/20 0.92% 0.95[0.22,4.18]

Johnson 2002 64/400 72/397 21.68% 0.88[0.65,1.2]

CraM 2003 8/22 6/24 1.72% 1.45[0.6,3.53]

Schreiber 2003 47/102 29/105 8.57% 1.67[1.15,2.43]

Van Reempts 2003 24/147 16/153 4.7% 1.56[0.86,2.82]

Lista 2008 1/19 1/21 0.29% 1.11[0.07,16.47]

Salvo 2012 1/44 1/44 0.3% 1[0.06,15.49]

   

Total (95% CI) 1415 1439 100% 1.19[1.05,1.34]

Total events: 392 (HFOV), 337 (CV)  

Heterogeneity: Tau2=0; Chi2=11.49, df=12(P=0.49); I2=0%  

Test for overall effect: Z=2.79(P=0.01)  

Favours HFOV 100.1 50.2 20.5 1 Favours CV
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Analysis 1.10.   Comparison 1 HFOV versus CV (all trials), Outcome 10 Gross pulmonary air leak.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Clark 1992 14/37 8/28 8.81% 1.32[0.65,2.71]

Thome 1998 20/140 11/144 10.49% 1.87[0.93,3.76]

Rettwitz-Volk 1998 3/46 5/50 4.64% 0.65[0.17,2.58]

Plavka 1999 1/21 2/20 1.98% 0.48[0.05,4.85]

Moriette 2001 7/139 4/134 3.94% 1.69[0.51,5.63]

Courtney 2002 32/244 33/254 31.29% 1.01[0.64,1.59]

Van Reempts 2003 11/147 7/153 6.64% 1.64[0.65,4.1]

Schreiber 2003 17/102 10/105 9.54% 1.75[0.84,3.64]

Vento 2005 2/20 1/20 0.97% 2[0.2,20.33]

Dani 2006 0/13 1/12 1.51% 0.31[0.01,6.94]

Sun 2014 10/177 21/179 20.2% 0.48[0.23,0.99]

   

Total (95% CI) 1086 1099 100% 1.13[0.88,1.45]

Total events: 117 (HFOV), 103 (CV)  

Heterogeneity: Tau2=0; Chi2=12.22, df=10(P=0.27); I2=18.18%  

Test for overall effect: Z=0.98(P=0.33)  

Favours HFOV 1000.01 100.1 1 Favours CV

 
 

Analysis 1.11.   Comparison 1 HFOV versus CV (all trials), Outcome 11 Intraventricular haemorrhage - all grades.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

HIFI 1989 160/327 146/346 25.2% 1.16[0.98,1.37]

Clark 1992 18/37 13/28 2.63% 1.05[0.62,1.76]

Ogawa 1993 7/46 6/46 1.07% 1.17[0.42,3.21]

Gerstmann 1996 11/64 16/61 2.91% 0.66[0.33,1.3]

Rettwitz-Volk 1998 9/46 8/50 1.36% 1.22[0.52,2.9]

Thome 1998 46/140 50/144 8.76% 0.95[0.68,1.31]

Plavka 1999 15/21 15/20 2.73% 0.95[0.66,1.38]

Johnson 2002 158/400 150/397 26.74% 1.05[0.88,1.25]

Courtney 2002 113/244 124/254 21.58% 0.95[0.79,1.14]

Van Reempts 2003 39/147 28/153 4.87% 1.45[0.94,2.23]

Dani 2006 2/13 2/12 0.37% 0.92[0.15,5.56]

Salvo 2012 4/44 10/44 1.78% 0.4[0.14,1.18]

   

Total (95% CI) 1529 1555 100% 1.04[0.95,1.14]

Total events: 582 (HFOV), 568 (CV)  

Heterogeneity: Tau2=0; Chi2=10.41, df=11(P=0.49); I2=0%  

Test for overall effect: Z=0.91(P=0.36)  

Favours HFOV 50.2 20.5 1 Favours CV
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Analysis 1.12.   Comparison 1 HFOV versus CV (all trials), Outcome 12 Intraventricular haemorrhage - grades 3 or 4.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

HIFI 1989 84/327 63/346 21.36% 1.41[1.06,1.88]

Clark 1992 7/37 6/28 2.38% 0.88[0.33,2.34]

Ogawa 1993 2/46 1/46 0.35% 2[0.19,21.3]

Gerstmann 1996 2/64 6/61 2.14% 0.32[0.07,1.51]

Rettwitz-Volk 1998 5/46 2/50 0.67% 2.72[0.55,13.33]

Thome 1998 19/140 18/144 6.19% 1.09[0.6,1.98]

Plavka 1999 2/21 2/20 0.71% 0.95[0.15,6.13]

Moriette 2001 34/139 19/134 6.75% 1.73[1.04,2.87]

Durand 2001 1/24 4/24 1.4% 0.25[0.03,2.08]

Johnson 2002 38/400 55/397 19.26% 0.69[0.46,1.01]

Courtney 2002 45/244 45/254 15.38% 1.04[0.72,1.51]

Schreiber 2003 18/102 14/105 4.81% 1.32[0.7,2.52]

Van Reempts 2003 14/147 13/153 4.44% 1.12[0.55,2.3]

CraM 2003 4/22 5/24 1.67% 0.87[0.27,2.84]

Vento 2005 3/20 2/20 0.7% 1.5[0.28,8.04]

Lista 2008 1/19 1/21 0.33% 1.11[0.07,16.47]

Salvo 2012 3/44 6/44 2.09% 0.5[0.13,1.87]

Sun 2014 30/177 27/179 9.37% 1.12[0.7,1.81]

   

Total (95% CI) 2019 2050 100% 1.1[0.95,1.27]

Total events: 312 (HFOV), 289 (CV)  

Heterogeneity: Tau2=0; Chi2=19.58, df=17(P=0.3); I2=13.2%  

Test for overall effect: Z=1.25(P=0.21)  

Favours HFOV 1000.01 100.1 1 Favours CV

 
 

Analysis 1.13.   Comparison 1 HFOV versus CV (all trials), Outcome 13 Periventricular leukomalacia.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

HIFI 1989 38/327 25/346 20.35% 1.61[0.99,2.6]

Ogawa 1993 1/46 4/46 3.35% 0.25[0.03,2.15]

Gerstmann 1996 4/64 3/61 2.57% 1.27[0.3,5.45]

Rettwitz-Volk 1998 1/46 0/50 0.4% 3.26[0.14,77.97]

Thome 1998 3/140 0/144 0.41% 7.2[0.38,138.1]

Plavka 1999 2/21 1/20 0.86% 1.9[0.19,19.4]

Durand 2001 3/24 2/24 1.68% 1.5[0.27,8.19]

Moriette 2001 14/139 18/134 15.35% 0.75[0.39,1.45]

Johnson 2002 8/400 8/397 6.73% 0.99[0.38,2.62]

Courtney 2002 18/244 26/254 21.34% 0.72[0.41,1.28]

Schreiber 2003 4/102 4/105 3.3% 1.03[0.26,4.01]

Van Reempts 2003 11/147 8/153 6.57% 1.43[0.59,3.46]

Vento 2005 1/20 1/20 0.84% 1[0.07,14.9]

Dani 2006 1/13 1/12 0.87% 0.92[0.06,13.18]

Lista 2008 1/19 1/21 0.8% 1.11[0.07,16.47]

Salvo 2012 0/44 1/44 1.26% 0.33[0.01,7.97]

Sun 2014 10/177 16/179 13.33% 0.63[0.29,1.35]

   

Total (95% CI) 1973 2010 100% 1.03[0.81,1.31]
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Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 120 (HFOV), 119 (CV)  

Heterogeneity: Tau2=0; Chi2=12.65, df=16(P=0.7); I2=0%  

Test for overall effect: Z=0.24(P=0.81)  

Favours HFOV 10000.001 100.1 1 Favours CV

 
 

Analysis 1.14.   Comparison 1 HFOV versus CV (all trials), Outcome
14 Retinopathy of prematurity (stage 2 or greater) in survivors.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

HIFI 1989 69/267 75/286 24.91% 0.99[0.74,1.31]

Gerstmann 1996 3/64 7/59 2.51% 0.4[0.11,1.46]

Thome 1998 8/126 20/129 6.8% 0.41[0.19,0.9]

Plavka 1999 2/19 4/18 1.41% 0.47[0.1,2.28]

Johnson 2002 43/300 42/292 14.64% 1[0.67,1.48]

Courtney 2002 86/211 105/214 35.86% 0.83[0.67,1.03]

Van Reempts 2003 3/122 5/133 1.65% 0.65[0.16,2.68]

CraM 2003 3/22 6/24 1.97% 0.55[0.15,1.92]

Vento 2005 6/20 8/20 2.75% 0.75[0.32,1.77]

Lista 2008 1/18 1/20 0.33% 1.11[0.07,16.49]

Salvo 2012 0/39 1/39 0.52% 0.33[0.01,7.94]

Sun 2014 8/173 19/166 6.67% 0.4[0.18,0.9]

   

Total (95% CI) 1381 1400 100% 0.81[0.7,0.93]

Total events: 232 (HFOV), 293 (CV)  

Heterogeneity: Tau2=0; Chi2=11.31, df=11(P=0.42); I2=2.72%  

Test for overall effect: Z=2.86(P=0)  

Favours HFOV 200.05 50.2 1 Favours CV

 
 

Comparison 2.   HFOV versus CV subgrouped by volume strategy on HFOV

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Death by 36 to 37 weeks or discharge 17 3329 Risk Ratio (M-H, Fixed,
95% CI)

0.95 [0.81, 1.10]

1.1 High volume strategy on HFOV with
target FiO2 ≤ 0.30

8 1755 Risk Ratio (M-H, Fixed,
95% CI)

0.87 [0.71, 1.08]

1.2 High volume strategy on HFOV with
target FiO2 > 0.30 or not specified

8 1478 Risk Ratio (M-H, Fixed,
95% CI)

1.02 [0.81, 1.28]

1.3 No high volume strategy on HFOV 1 96 Risk Ratio (M-H, Fixed,
95% CI)

1.36 [0.39, 4.75]

2 CLD at 36 to 37 weeks PMA or discharge
in survivors

17 2786 Risk Ratio (M-H, Fixed,
95% CI)

0.86 [0.78, 0.96]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.1 High volume strategy on HFOV with
target FiO2 ≤ 0.30

8 1483 Risk Ratio (M-H, Fixed,
95% CI)

0.87 [0.76, 0.99]

2.2 High volume strategy on HFOV with
target FiO2 > 0.30 or not specified

8 1216 Risk Ratio (M-H, Fixed,
95% CI)

0.86 [0.73, 1.00]

2.3 No high volume strategy of HFOV 1 87 Risk Ratio (M-H, Fixed,
95% CI)

0.0 [0.0, 0.0]

3 Death or CLD at 36 to 37 weeks PMA or
discharge

17 3329 Risk Ratio (M-H, Fixed,
95% CI)

0.90 [0.84, 0.97]

3.1 High volume strategy on HFOV with
target FiO2 ≤ 0.30

8 1755 Risk Ratio (M-H, Fixed,
95% CI)

0.89 [0.81, 0.97]

3.2 High volume strategy on HFOV with
target FiO2 > 0.30 or not specified

8 1478 Risk Ratio (M-H, Fixed,
95% CI)

0.91 [0.81, 1.02]

3.3 No high volume strategy on HFOV 1 96 Risk Ratio (M-H, Fixed,
95% CI)

1.36 [0.39, 4.75]

4 Gross pulmonary air leak 11 2185 Risk Ratio (M-H, Fixed,
95% CI)

1.13 [0.88, 1.45]

4.1 High volume strategy HFOV with tar-
get FiO2 ≤ 0.30

4 705 Risk Ratio (M-H, Fixed,
95% CI)

0.96 [0.61, 1.51]

4.2 High volume strategy on HFOV with
target FiO2 > 0.30 or not specified

6 1384 Risk Ratio (M-H, Fixed,
95% CI)

1.26 [0.93, 1.71]

4.3 No high volume strategy on HFOV 1 96 Risk Ratio (M-H, Fixed,
95% CI)

0.65 [0.17, 2.58]

5 Intraventricular haemorrhage - grades 3
or 4

18 4069 Risk Ratio (M-H, Fixed,
95% CI)

1.10 [0.95, 1.27]

5.1 High volume strategy on HFOV with
target FiO2 ≤ 0.30

7 1730 Risk Ratio (M-H, Fixed,
95% CI)

0.84 [0.65, 1.08]

5.2 High volume strategy on HFOV with
target FiO2 > 0.30 or not specified

9 1570 Risk Ratio (M-H, Fixed,
95% CI)

1.17 [0.92, 1.48]

5.3 No high volume strategy on HFOV 2 769 Risk Ratio (M-H, Fixed,
95% CI)

1.45 [1.09, 1.93]

6 Periventricular leukomalacia 17 3983 Risk Ratio (M-H, Fixed,
95% CI)

1.03 [0.81, 1.31]

6.1 High volume strategy on HFOV with
target FiO2 ≤ 0.30

8 1755 Risk Ratio (M-H, Fixed,
95% CI)

0.91 [0.55, 1.48]

6.2 High volume strategy with target FiO2

> 0.30 or not specified

7 1459 Risk Ratio (M-H, Fixed,
95% CI)

0.85 [0.60, 1.21]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

6.3 No high volume strategy on HFOV 2 769 Risk Ratio (M-H, Fixed,
95% CI)

1.64 [1.02, 2.64]

 
 

Analysis 2.1.   Comparison 2 HFOV versus CV subgrouped by volume
strategy on HFOV, Outcome 1 Death by 36 to 37 weeks or discharge.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.1.1 High volume strategy on HFOV with target FiO2 ≤ 0.30  

Gerstmann 1996 0/64 2/61 0.94% 0.19[0.01,3.89]

Thome 1998 14/140 15/144 5.43% 0.96[0.48,1.91]

Johnson 2002 100/400 105/397 38.71% 0.95[0.75,1.2]

Vento 2005 1/20 2/20 0.73% 0.5[0.05,5.08]

Dani 2006 2/13 2/12 0.76% 0.92[0.15,5.56]

Lista 2008 1/19 1/21 0.35% 1.11[0.07,16.47]

Salvo 2012 5/44 5/44 1.84% 1[0.31,3.21]

Sun 2014 4/177 13/179 4.75% 0.31[0.1,0.94]

Subtotal (95% CI) 877 878 53.51% 0.87[0.71,1.08]

Total events: 127 (HFOV), 145 (CV)  

Heterogeneity: Tau2=0; Chi2=5.16, df=7(P=0.64); I2=0%  

Test for overall effect: Z=1.25(P=0.21)  

   

2.1.2 High volume strategy on HFOV with target FiO2 > 0.30 or not
specified

 

Clark 1992 8/37 6/28 2.51% 1.01[0.4,2.58]

Plavka 1999 2/21 2/20 0.75% 0.95[0.15,6.13]

Durand 2001 5/24 4/24 1.47% 1.25[0.38,4.1]

Moriette 2001 31/139 27/134 10.1% 1.11[0.7,1.75]

Courtney 2002 33/244 40/254 14.4% 0.86[0.56,1.32]

Van Reempts 2003 25/147 20/153 7.2% 1.3[0.76,2.24]

CraM 2003 3/22 3/24 1.05% 1.09[0.25,4.85]

Schreiber 2003 18/102 21/105 7.6% 0.88[0.5,1.56]

Subtotal (95% CI) 736 742 45.08% 1.02[0.81,1.28]

Total events: 125 (HFOV), 123 (CV)  

Heterogeneity: Tau2=0; Chi2=1.9, df=7(P=0.97); I2=0%  

Test for overall effect: Z=0.15(P=0.88)  

   

2.1.3 No high volume strategy on HFOV  

Rettwitz-Volk 1998 5/46 4/50 1.41% 1.36[0.39,4.75]

Subtotal (95% CI) 46 50 1.41% 1.36[0.39,4.75]

Total events: 5 (HFOV), 4 (CV)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.48(P=0.63)  

   

Total (95% CI) 1659 1670 100% 0.95[0.81,1.1]

Total events: 257 (HFOV), 272 (CV)  

Heterogeneity: Tau2=0; Chi2=7.93, df=16(P=0.95); I2=0%  

Test for overall effect: Z=0.72(P=0.47)  

Test for subgroup differences: Chi2=1.26, df=1 (P=0.53), I2=0%  
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Analysis 2.2.   Comparison 2 HFOV versus CV subgrouped by volume strategy
on HFOV, Outcome 2 CLD at 36 to 37 weeks PMA or discharge in survivors.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.2.1 High volume strategy on HFOV with target FiO2 ≤ 0.30  

Gerstmann 1996 17/64 27/59 5.77% 0.58[0.35,0.95]

Thome 1998 32/126 30/129 6.09% 1.09[0.71,1.68]

Johnson 2002 165/300 163/292 33.95% 0.99[0.85,1.14]

Vento 2005 2/19 8/18 1.69% 0.24[0.06,0.97]

Dani 2006 4/11 3/10 0.65% 1.21[0.36,4.14]

Lista 2008 2/18 2/20 0.39% 1.11[0.17,7.09]

Salvo 2012 1/39 3/39 0.62% 0.33[0.04,3.07]

Sun 2014 13/173 28/166 5.87% 0.45[0.24,0.83]

Subtotal (95% CI) 750 733 55.03% 0.87[0.76,0.99]

Total events: 236 (HFOV), 264 (CV)  

Heterogeneity: Tau2=0; Chi2=15.27, df=7(P=0.03); I2=54.15%  

Test for overall effect: Z=2.08(P=0.04)  

   

2.2.2 High volume strategy on HFOV with target FiO2 > 0.30 or not
specified

 

Clark 1992 3/29 10/22 2.34% 0.23[0.07,0.73]

Plavka 1999 3/19 8/18 1.69% 0.36[0.11,1.13]

Moriette 2001 24/108 30/107 6.19% 0.79[0.5,1.26]

Durand 2001 5/19 14/20 2.8% 0.38[0.17,0.84]

Courtney 2002 70/201 93/210 18.69% 0.79[0.62,1]

Van Reempts 2003 24/122 19/133 3.74% 1.38[0.79,2.39]

Schreiber 2003 43/84 34/84 6.99% 1.26[0.91,1.76]

CraM 2003 13/19 13/21 2.54% 1.11[0.7,1.74]

Subtotal (95% CI) 601 615 44.97% 0.86[0.73,1]

Total events: 185 (HFOV), 221 (CV)  

Heterogeneity: Tau2=0; Chi2=21.11, df=7(P=0); I2=66.84%  

Test for overall effect: Z=1.94(P=0.05)  

   

2.2.3 No high volume strategy of HFOV  

Rettwitz-Volk 1998 0/41 0/46   Not estimable

Subtotal (95% CI) 41 46 Not estimable

Total events: 0 (HFOV), 0 (CV)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI) 1392 1394 100% 0.86[0.78,0.96]

Total events: 421 (HFOV), 485 (CV)  

Heterogeneity: Tau2=0; Chi2=36.46, df=15(P=0); I2=58.86%  

Test for overall effect: Z=2.84(P=0)  

Test for subgroup differences: Chi2=0.02, df=1 (P=0.89), I2=0%  
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Analysis 2.3.   Comparison 2 HFOV versus CV subgrouped by volume strategy
on HFOV, Outcome 3 Death or CLD at 36 to 37 weeks PMA or discharge.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.3.1 High volume strategy on HFOV with target FiO2 ≤ 0.30  

Gerstmann 1996 17/64 28/61 3.8% 0.58[0.35,0.94]

Thome 1998 46/140 45/144 5.87% 1.05[0.75,1.48]

Johnson 2002 265/400 268/397 35.62% 0.98[0.89,1.08]

Vento 2005 3/20 10/20 1.32% 0.3[0.1,0.93]

Dani 2006 6/13 5/12 0.69% 1.11[0.45,2.7]

Lista 2008 3/19 3/21 0.38% 1.11[0.25,4.83]

Salvo 2012 6/44 8/44 1.06% 0.75[0.28,1.98]

Sun 2014 17/177 41/179 5.4% 0.42[0.25,0.71]

Subtotal (95% CI) 877 878 54.14% 0.89[0.81,0.97]

Total events: 363 (HFOV), 408 (CV)  

Heterogeneity: Tau2=0; Chi2=19.82, df=7(P=0.01); I2=64.69%  

Test for overall effect: Z=2.49(P=0.01)  

   

2.3.2 High volume strategy on HFOV with target FiO2 > 0.30 or not
specified

 

Clark 1992 11/37 16/28 2.41% 0.52[0.29,0.94]

Plavka 1999 5/21 10/20 1.36% 0.48[0.2,1.15]

Moriette 2001 55/139 57/134 7.69% 0.93[0.7,1.24]

Durand 2001 10/24 18/24 2.38% 0.56[0.33,0.94]

Courtney 2002 103/244 133/254 17.26% 0.81[0.67,0.97]

Van Reempts 2003 49/147 39/153 5.06% 1.31[0.92,1.86]

CraM 2003 16/22 16/24 2.03% 1.09[0.74,1.6]

Schreiber 2003 61/102 55/105 7.18% 1.14[0.9,1.45]

Subtotal (95% CI) 736 742 45.36% 0.91[0.81,1.02]

Total events: 310 (HFOV), 344 (CV)  

Heterogeneity: Tau2=0; Chi2=18.77, df=7(P=0.01); I2=62.7%  

Test for overall effect: Z=1.62(P=0.1)  

   

2.3.3 No high volume strategy on HFOV  

Rettwitz-Volk 1998 5/46 4/50 0.51% 1.36[0.39,4.75]

Subtotal (95% CI) 46 50 0.51% 1.36[0.39,4.75]

Total events: 5 (HFOV), 4 (CV)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.48(P=0.63)  

   

Total (95% CI) 1659 1670 100% 0.9[0.84,0.97]

Total events: 678 (HFOV), 756 (CV)  

Heterogeneity: Tau2=0; Chi2=38.39, df=16(P=0); I2=58.32%  

Test for overall effect: Z=2.84(P=0)  

Test for subgroup differences: Chi2=0.56, df=1 (P=0.76), I2=0%  
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Analysis 2.4.   Comparison 2 HFOV versus CV subgrouped by
volume strategy on HFOV, Outcome 4 Gross pulmonary air leak.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.4.1 High volume strategy HFOV with target FiO2 ≤ 0.30  

Thome 1998 20/140 11/144 10.49% 1.87[0.93,3.76]

Vento 2005 2/20 1/20 0.97% 2[0.2,20.33]

Dani 2006 0/13 1/12 1.51% 0.31[0.01,6.94]

Sun 2014 10/177 21/179 20.2% 0.48[0.23,0.99]

Subtotal (95% CI) 350 355 33.17% 0.96[0.61,1.51]

Total events: 32 (HFOV), 34 (CV)  

Heterogeneity: Tau2=0; Chi2=7.89, df=3(P=0.05); I2=61.98%  

Test for overall effect: Z=0.19(P=0.85)  

   

2.4.2 High volume strategy on HFOV with target FiO2 > 0.30 or not
specified

 

Clark 1992 14/37 8/28 8.81% 1.32[0.65,2.71]

Plavka 1999 1/21 2/20 1.98% 0.48[0.05,4.85]

Moriette 2001 7/139 4/134 3.94% 1.69[0.51,5.63]

Courtney 2002 32/244 33/254 31.29% 1.01[0.64,1.59]

Van Reempts 2003 11/147 7/153 6.64% 1.64[0.65,4.1]

Schreiber 2003 17/102 10/105 9.54% 1.75[0.84,3.64]

Subtotal (95% CI) 690 694 62.19% 1.26[0.93,1.71]

Total events: 82 (HFOV), 64 (CV)  

Heterogeneity: Tau2=0; Chi2=2.92, df=5(P=0.71); I2=0%  

Test for overall effect: Z=1.49(P=0.14)  

   

2.4.3 No high volume strategy on HFOV  

Rettwitz-Volk 1998 3/46 5/50 4.64% 0.65[0.17,2.58]

Subtotal (95% CI) 46 50 4.64% 0.65[0.17,2.58]

Total events: 3 (HFOV), 5 (CV)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.61(P=0.54)  

   

Total (95% CI) 1086 1099 100% 1.13[0.88,1.45]

Total events: 117 (HFOV), 103 (CV)  

Heterogeneity: Tau2=0; Chi2=12.22, df=10(P=0.27); I2=18.18%  

Test for overall effect: Z=0.98(P=0.33)  

Test for subgroup differences: Chi2=1.61, df=1 (P=0.45), I2=0%  

Favours HFOV 1000.01 100.1 1 Favours CV

 
 

Analysis 2.5.   Comparison 2 HFOV versus CV subgrouped by volume
strategy on HFOV, Outcome 5 Intraventricular haemorrhage - grades 3 or 4.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.5.1 High volume strategy on HFOV with target FiO2 ≤ 0.30  

Gerstmann 1996 2/64 6/61 2.14% 0.32[0.07,1.51]

Thome 1998 19/140 18/144 6.19% 1.09[0.6,1.98]

Johnson 2002 38/400 55/397 19.26% 0.69[0.46,1.01]

Vento 2005 3/20 2/20 0.7% 1.5[0.28,8.04]
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Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Lista 2008 1/19 1/21 0.33% 1.11[0.07,16.47]

Salvo 2012 3/44 6/44 2.09% 0.5[0.13,1.87]

Sun 2014 30/177 27/179 9.37% 1.12[0.7,1.81]

Subtotal (95% CI) 864 866 40.08% 0.84[0.65,1.08]

Total events: 96 (HFOV), 115 (CV)  

Heterogeneity: Tau2=0; Chi2=5.76, df=6(P=0.45); I2=0%  

Test for overall effect: Z=1.37(P=0.17)  

   

2.5.2 High volume strategy on HFOV with target FiO2 > 0.30 or not
specified

 

Clark 1992 7/37 6/28 2.38% 0.88[0.33,2.34]

Ogawa 1993 2/46 1/46 0.35% 2[0.19,21.3]

Plavka 1999 2/21 2/20 0.71% 0.95[0.15,6.13]

Durand 2001 1/24 4/24 1.4% 0.25[0.03,2.08]

Moriette 2001 34/139 19/134 6.75% 1.73[1.04,2.87]

Courtney 2002 45/244 45/254 15.38% 1.04[0.72,1.51]

Van Reempts 2003 14/147 13/153 4.44% 1.12[0.55,2.3]

CraM 2003 4/22 5/24 1.67% 0.87[0.27,2.84]

Schreiber 2003 18/102 14/105 4.81% 1.32[0.7,2.52]

Subtotal (95% CI) 782 788 37.9% 1.17[0.92,1.48]

Total events: 127 (HFOV), 109 (CV)  

Heterogeneity: Tau2=0; Chi2=5.61, df=8(P=0.69); I2=0%  

Test for overall effect: Z=1.3(P=0.19)  

   

2.5.3 No high volume strategy on HFOV  

HIFI 1989 84/327 63/346 21.36% 1.41[1.06,1.88]

Rettwitz-Volk 1998 5/46 2/50 0.67% 2.72[0.55,13.33]

Subtotal (95% CI) 373 396 22.02% 1.45[1.09,1.93]

Total events: 89 (HFOV), 65 (CV)  

Heterogeneity: Tau2=0; Chi2=0.63, df=1(P=0.43); I2=0%  

Test for overall effect: Z=2.56(P=0.01)  

   

Total (95% CI) 2019 2050 100% 1.1[0.95,1.27]

Total events: 312 (HFOV), 289 (CV)  

Heterogeneity: Tau2=0; Chi2=19.58, df=17(P=0.3); I2=13.2%  

Test for overall effect: Z=1.25(P=0.21)  

Test for subgroup differences: Chi2=8.31, df=1 (P=0.02), I2=75.92%  

Favours HFOV 1000.01 100.1 1 Favours CV

 
 

Analysis 2.6.   Comparison 2 HFOV versus CV subgrouped by volume
strategy on HFOV, Outcome 6 Periventricular leukomalacia.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.6.1 High volume strategy on HFOV with target FiO2 ≤ 0.30  

Gerstmann 1996 4/64 3/61 2.57% 1.27[0.3,5.45]

Thome 1998 3/140 0/144 0.41% 7.2[0.38,138.1]

Johnson 2002 8/400 8/397 6.73% 0.99[0.38,2.62]

Vento 2005 1/20 1/20 0.84% 1[0.07,14.9]

Favours HFOV 10000.001 100.1 1 Favours CV
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Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Dani 2006 1/13 1/12 0.87% 0.92[0.06,13.18]

Lista 2008 1/19 1/21 0.8% 1.11[0.07,16.47]

Salvo 2012 0/44 1/44 1.26% 0.33[0.01,7.97]

Sun 2014 10/177 16/179 13.33% 0.63[0.29,1.35]

Subtotal (95% CI) 877 878 26.8% 0.91[0.55,1.48]

Total events: 28 (HFOV), 31 (CV)  

Heterogeneity: Tau2=0; Chi2=3.4, df=7(P=0.85); I2=0%  

Test for overall effect: Z=0.39(P=0.69)  

   

2.6.2 High volume strategy with target FiO2 > 0.30 or not specified  

Ogawa 1993 1/46 4/46 3.35% 0.25[0.03,2.15]

Plavka 1999 2/21 1/20 0.86% 1.9[0.19,19.4]

Durand 2001 3/24 2/24 1.68% 1.5[0.27,8.19]

Moriette 2001 14/139 18/134 15.35% 0.75[0.39,1.45]

Courtney 2002 18/244 26/254 21.34% 0.72[0.41,1.28]

Van Reempts 2003 11/147 8/153 6.57% 1.43[0.59,3.46]

Schreiber 2003 4/102 4/105 3.3% 1.03[0.26,4.01]

Subtotal (95% CI) 723 736 52.45% 0.85[0.6,1.21]

Total events: 53 (HFOV), 63 (CV)  

Heterogeneity: Tau2=0; Chi2=4.01, df=6(P=0.68); I2=0%  

Test for overall effect: Z=0.9(P=0.37)  

   

2.6.3 No high volume strategy on HFOV  

HIFI 1989 38/327 25/346 20.35% 1.61[0.99,2.6]

Rettwitz-Volk 1998 1/46 0/50 0.4% 3.26[0.14,77.97]

Subtotal (95% CI) 373 396 20.75% 1.64[1.02,2.64]

Total events: 39 (HFOV), 25 (CV)  

Heterogeneity: Tau2=0; Chi2=0.19, df=1(P=0.67); I2=0%  

Test for overall effect: Z=2.04(P=0.04)  

   

Total (95% CI) 1973 2010 100% 1.03[0.81,1.31]

Total events: 120 (HFOV), 119 (CV)  

Heterogeneity: Tau2=0; Chi2=12.65, df=16(P=0.7); I2=0%  

Test for overall effect: Z=0.24(P=0.81)  

Test for subgroup differences: Chi2=5.07, df=1 (P=0.08), I2=60.59%  

Favours HFOV 10000.001 100.1 1 Favours CV

 
 

Comparison 3.   HFOV versus CV subgrouped by use of surfactant

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Death by 36 to 37 weeks or
discharge

16 3233 Risk Ratio (M-H, Fixed, 95% CI) 0.94 [0.80, 1.10]

1.1 Routine surfactant 15 3168 Risk Ratio (M-H, Fixed, 95% CI) 0.94 [0.80, 1.10]

1.2 No routine surfactant 1 65 Risk Ratio (M-H, Fixed, 95% CI) 1.01 [0.40, 2.58]

2 CLD at 36 to 37 weeks PMA or
discharge in survivors

16 2699 Risk Ratio (M-H, Fixed, 95% CI) 0.86 [0.78, 0.96]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.1 Routine surfactant 15 2648 Risk Ratio (M-H, Fixed, 95% CI) 0.88 [0.80, 0.97]

2.2 No routine surfactant 1 51 Risk Ratio (M-H, Fixed, 95% CI) 0.23 [0.07, 0.73]

3 Death or CLD at 36 to 37
weeks PMA or discharge

16 3233 Risk Ratio (M-H, Fixed, 95% CI) 0.90 [0.83, 0.97]

3.1 Routine surfactant 15 3168 Risk Ratio (M-H, Fixed, 95% CI) 0.91 [0.84, 0.98]

3.2 No routine surfactant 1 65 Risk Ratio (M-H, Fixed, 95% CI) 0.52 [0.29, 0.94]

4 Gross pulmonary air leak 10 2089 Risk Ratio (M-H, Fixed, 95% CI) 1.15 [0.90, 1.49]

4.1 Routine surfactant 9 2024 Risk Ratio (M-H, Fixed, 95% CI) 1.14 [0.87, 1.49]

4.2 No routine surfactant 1 65 Risk Ratio (M-H, Fixed, 95% CI) 1.32 [0.65, 2.71]

5 Intraventricular haemor-
rhage - grades 3 or 4

16 3300 Risk Ratio (M-H, Fixed, 95% CI) 1.00 [0.84, 1.19]

5.1 Routine surfactant 15 3235 Risk Ratio (M-H, Fixed, 95% CI) 1.00 [0.84, 1.19]

5.2 No routine surfactant 1 65 Risk Ratio (M-H, Fixed, 95% CI) 0.88 [0.33, 2.34]

6 Periventricular leukomalacia 15 3214 Risk Ratio (M-H, Fixed, 95% CI) 0.87 [0.65, 1.16]

6.1 Routine surfactant 15 3214 Risk Ratio (M-H, Fixed, 95% CI) 0.87 [0.65, 1.16]

6.2 No routine surfactant 0 0 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

 
 

Analysis 3.1.   Comparison 3 HFOV versus CV subgrouped by use
of surfactant, Outcome 1 Death by 36 to 37 weeks or discharge.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.1.1 Routine surfactant  

Gerstmann 1996 0/64 2/61 0.95% 0.19[0.01,3.89]

Thome 1998 14/140 15/144 5.51% 0.96[0.48,1.91]

Plavka 1999 2/21 2/20 0.76% 0.95[0.15,6.13]

Durand 2001 5/24 4/24 1.49% 1.25[0.38,4.1]

Moriette 2001 31/139 27/134 10.24% 1.11[0.7,1.75]

Courtney 2002 33/244 40/254 14.6% 0.86[0.56,1.32]

Johnson 2002 100/400 105/397 39.26% 0.95[0.75,1.2]

Van Reempts 2003 25/147 20/153 7.3% 1.3[0.76,2.24]

CraM 2003 3/22 3/24 1.07% 1.09[0.25,4.85]

Schreiber 2003 18/102 21/105 7.71% 0.88[0.5,1.56]

Vento 2005 1/20 2/20 0.75% 0.5[0.05,5.08]

Dani 2006 2/13 2/12 0.77% 0.92[0.15,5.56]

Lista 2008 1/19 1/21 0.35% 1.11[0.07,16.47]

Salvo 2012 5/44 5/44 1.86% 1[0.31,3.21]
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Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Sun 2014 4/177 13/179 4.82% 0.31[0.1,0.94]

Subtotal (95% CI) 1576 1592 97.46% 0.94[0.8,1.1]

Total events: 244 (HFOV), 262 (CV)  

Heterogeneity: Tau2=0; Chi2=7.62, df=14(P=0.91); I2=0%  

Test for overall effect: Z=0.81(P=0.42)  

   

3.1.2 No routine surfactant  

Clark 1992 8/37 6/28 2.54% 1.01[0.4,2.58]

Subtotal (95% CI) 37 28 2.54% 1.01[0.4,2.58]

Total events: 8 (HFOV), 6 (CV)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.02(P=0.99)  

   

Total (95% CI) 1613 1620 100% 0.94[0.8,1.1]

Total events: 252 (HFOV), 268 (CV)  

Heterogeneity: Tau2=0; Chi2=7.63, df=15(P=0.94); I2=0%  

Test for overall effect: Z=0.8(P=0.43)  

Test for subgroup differences: Chi2=0.02, df=1 (P=0.88), I2=0%  

Favours HFOV 10000.001 100.1 1 Favours CV

 
 

Analysis 3.2.   Comparison 3 HFOV versus CV subgrouped by use of
surfactant, Outcome 2 CLD at 36 to 37 weeks PMA or discharge in survivors.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.2.1 Routine surfactant  

Gerstmann 1996 17/64 27/59 5.77% 0.58[0.35,0.95]

Thome 1998 32/126 30/129 6.09% 1.09[0.71,1.68]

Plavka 1999 3/19 8/18 1.69% 0.36[0.11,1.13]

Moriette 2001 24/108 30/107 6.19% 0.79[0.5,1.26]

Durand 2001 5/19 14/20 2.8% 0.38[0.17,0.84]

Courtney 2002 70/201 93/210 18.69% 0.79[0.62,1]

Johnson 2002 165/300 163/292 33.95% 0.99[0.85,1.14]

CraM 2003 13/19 13/21 2.54% 1.11[0.7,1.74]

Van Reempts 2003 24/122 19/133 3.74% 1.38[0.79,2.39]

Schreiber 2003 43/84 34/84 6.99% 1.26[0.91,1.76]

Vento 2005 2/19 8/18 1.69% 0.24[0.06,0.97]

Dani 2006 4/11 3/10 0.65% 1.21[0.36,4.14]

Lista 2008 2/18 2/20 0.39% 1.11[0.17,7.09]

Salvo 2012 1/39 3/39 0.62% 0.33[0.04,3.07]

Sun 2014 13/173 28/166 5.87% 0.45[0.24,0.83]

Subtotal (95% CI) 1322 1326 97.66% 0.88[0.8,0.97]

Total events: 418 (HFOV), 475 (CV)  

Heterogeneity: Tau2=0; Chi2=30.76, df=14(P=0.01); I2=54.49%  

Test for overall effect: Z=2.49(P=0.01)  

   

3.2.2 No routine surfactant  

Clark 1992 3/29 10/22 2.34% 0.23[0.07,0.73]

Subtotal (95% CI) 29 22 2.34% 0.23[0.07,0.73]
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Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 3 (HFOV), 10 (CV)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.49(P=0.01)  

   

Total (95% CI) 1351 1348 100% 0.86[0.78,0.96]

Total events: 421 (HFOV), 485 (CV)  

Heterogeneity: Tau2=0; Chi2=36.46, df=15(P=0); I2=58.86%  

Test for overall effect: Z=2.84(P=0)  

Test for subgroup differences: Chi2=5.14, df=1 (P=0.02), I2=80.53%  

Favours HFOV 200.05 50.2 1 Favours CV

 
 

Analysis 3.3.   Comparison 3 HFOV versus CV subgrouped by use of
surfactant, Outcome 3 Death or CLD at 36 to 37 weeks PMA or discharge.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.3.1 Routine surfactant  

Gerstmann 1996 17/64 28/61 3.82% 0.58[0.35,0.94]

Thome 1998 46/140 45/144 5.9% 1.05[0.75,1.48]

Plavka 1999 5/21 10/20 1.36% 0.48[0.2,1.15]

Durand 2001 10/24 18/24 2.4% 0.56[0.33,0.94]

Moriette 2001 55/139 57/134 7.72% 0.93[0.7,1.24]

Courtney 2002 103/244 133/254 17.34% 0.81[0.67,0.97]

Johnson 2002 265/400 268/397 35.8% 0.98[0.89,1.08]

Schreiber 2003 61/102 55/105 7.21% 1.14[0.9,1.45]

Van Reempts 2003 49/147 39/153 5.09% 1.31[0.92,1.86]

CraM 2003 16/22 16/24 2.04% 1.09[0.74,1.6]

Vento 2005 3/20 10/20 1.33% 0.3[0.1,0.93]

Dani 2006 6/13 5/12 0.69% 1.11[0.45,2.7]

Lista 2008 3/19 3/21 0.38% 1.11[0.25,4.83]

Salvo 2012 6/44 8/44 1.06% 0.75[0.28,1.98]

Sun 2014 17/177 41/179 5.43% 0.42[0.25,0.71]

Subtotal (95% CI) 1576 1592 97.58% 0.91[0.84,0.98]

Total events: 662 (HFOV), 736 (CV)  

Heterogeneity: Tau2=0; Chi2=34.22, df=14(P=0); I2=59.09%  

Test for overall effect: Z=2.61(P=0.01)  

   

3.3.2 No routine surfactant  

Clark 1992 11/37 16/28 2.42% 0.52[0.29,0.94]

Subtotal (95% CI) 37 28 2.42% 0.52[0.29,0.94]

Total events: 11 (HFOV), 16 (CV)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.17(P=0.03)  

   

Total (95% CI) 1613 1620 100% 0.9[0.83,0.97]

Total events: 673 (HFOV), 752 (CV)  

Heterogeneity: Tau2=0; Chi2=38.11, df=15(P=0); I2=60.65%  

Test for overall effect: Z=2.91(P=0)  

Test for subgroup differences: Chi2=3.35, df=1 (P=0.07), I2=70.15%  
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Analysis 3.4.   Comparison 3 HFOV versus CV subgrouped by use of surfactant, Outcome 4 Gross pulmonary air leak.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.4.1 Routine surfactant  

Thome 1998 20/140 11/144 11% 1.87[0.93,3.76]

Plavka 1999 1/21 2/20 2.08% 0.48[0.05,4.85]

Moriette 2001 7/139 4/134 4.13% 1.69[0.51,5.63]

Courtney 2002 32/244 33/254 32.81% 1.01[0.64,1.59]

Van Reempts 2003 11/147 7/153 6.96% 1.64[0.65,4.1]

Schreiber 2003 17/102 10/105 10% 1.75[0.84,3.64]

Vento 2005 2/20 1/20 1.01% 2[0.2,20.33]

Dani 2006 0/13 1/12 1.58% 0.31[0.01,6.94]

Sun 2014 10/177 21/179 21.19% 0.48[0.23,0.99]

Subtotal (95% CI) 1003 1021 90.76% 1.14[0.87,1.49]

Total events: 100 (HFOV), 90 (CV)  

Heterogeneity: Tau2=0; Chi2=11.41, df=8(P=0.18); I2=29.9%  

Test for overall effect: Z=0.94(P=0.35)  

   

3.4.2 No routine surfactant  

Clark 1992 14/37 8/28 9.24% 1.32[0.65,2.71]

Subtotal (95% CI) 37 28 9.24% 1.32[0.65,2.71]

Total events: 14 (HFOV), 8 (CV)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.77(P=0.44)  

   

Total (95% CI) 1040 1049 100% 1.15[0.9,1.49]

Total events: 114 (HFOV), 98 (CV)  

Heterogeneity: Tau2=0; Chi2=11.55, df=9(P=0.24); I2=22.09%  

Test for overall effect: Z=1.12(P=0.26)  

Test for subgroup differences: Chi2=0.15, df=1 (P=0.7), I2=0%  

Favours HFOV 1000.01 100.1 1 Favours CV

 
 

Analysis 3.5.   Comparison 3 HFOV versus CV subgrouped by use of
surfactant, Outcome 5 Intraventricular haemorrhage - grades 3 or 4.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.5.1 Routine surfactant  

Ogawa 1993 2/46 1/46 0.45% 2[0.19,21.3]

Gerstmann 1996 2/64 6/61 2.75% 0.32[0.07,1.51]

Thome 1998 19/140 18/144 7.94% 1.09[0.6,1.98]

Plavka 1999 2/21 2/20 0.92% 0.95[0.15,6.13]

Durand 2001 1/24 4/24 1.79% 0.25[0.03,2.08]

Moriette 2001 34/139 19/134 8.66% 1.73[1.04,2.87]

Johnson 2002 38/400 55/397 24.7% 0.69[0.46,1.01]

Courtney 2002 45/244 45/254 19.73% 1.04[0.72,1.51]

CraM 2003 4/22 5/24 2.14% 0.87[0.27,2.84]

Schreiber 2003 18/102 14/105 6.17% 1.32[0.7,2.52]

Van Reempts 2003 14/147 13/153 5.7% 1.12[0.55,2.3]

Favours HFOV 1000.01 100.1 1 Favours CV
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Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Vento 2005 3/20 2/20 0.89% 1.5[0.28,8.04]

Lista 2008 1/19 1/21 0.42% 1.11[0.07,16.47]

Salvo 2012 3/44 6/44 2.68% 0.5[0.13,1.87]

Sun 2014 30/177 27/179 12.01% 1.12[0.7,1.81]

Subtotal (95% CI) 1609 1626 96.94% 1[0.84,1.19]

Total events: 216 (HFOV), 218 (CV)  

Heterogeneity: Tau2=0; Chi2=14.57, df=14(P=0.41); I2=3.91%  

Test for overall effect: Z=0.03(P=0.98)  

   

3.5.2 No routine surfactant  

Clark 1992 7/37 6/28 3.06% 0.88[0.33,2.34]

Subtotal (95% CI) 37 28 3.06% 0.88[0.33,2.34]

Total events: 7 (HFOV), 6 (CV)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.25(P=0.8)  

   

Total (95% CI) 1646 1654 100% 1[0.84,1.19]

Total events: 223 (HFOV), 224 (CV)  

Heterogeneity: Tau2=0; Chi2=14.65, df=15(P=0.48); I2=0%  

Test for overall effect: Z=0.01(P=0.99)  

Test for subgroup differences: Chi2=0.06, df=1 (P=0.8), I2=0%  

Favours HFOV 1000.01 100.1 1 Favours CV

 
 

Analysis 3.6.   Comparison 3 HFOV versus CV subgrouped by
use of surfactant, Outcome 6 Periventricular leukomalacia.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.6.1 Routine surfactant  

Ogawa 1993 1/46 4/46 4.23% 0.25[0.03,2.15]

Gerstmann 1996 4/64 3/61 3.25% 1.27[0.3,5.45]

Thome 1998 3/140 0/144 0.52% 7.2[0.38,138.1]

Plavka 1999 2/21 1/20 1.08% 1.9[0.19,19.4]

Moriette 2001 14/139 18/134 19.37% 0.75[0.39,1.45]

Durand 2001 3/24 2/24 2.11% 1.5[0.27,8.19]

Johnson 2002 8/400 8/397 8.49% 0.99[0.38,2.62]

Courtney 2002 18/244 26/254 26.93% 0.72[0.41,1.28]

Schreiber 2003 4/102 4/105 4.17% 1.03[0.26,4.01]

Van Reempts 2003 11/147 8/153 8.29% 1.43[0.59,3.46]

Vento 2005 1/20 1/20 1.06% 1[0.07,14.9]

Dani 2006 1/13 1/12 1.1% 0.92[0.06,13.18]

Lista 2008 1/19 1/21 1% 1.11[0.07,16.47]

Salvo 2012 0/44 1/44 1.59% 0.33[0.01,7.97]

Sun 2014 10/177 16/179 16.82% 0.63[0.29,1.35]

Subtotal (95% CI) 1600 1614 100% 0.87[0.65,1.16]

Total events: 81 (HFOV), 94 (CV)  

Heterogeneity: Tau2=0; Chi2=7.38, df=14(P=0.92); I2=0%  

Test for overall effect: Z=0.96(P=0.34)  
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Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.6.2 No routine surfactant  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (HFOV), 0 (CV)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI) 1600 1614 100% 0.87[0.65,1.16]

Total events: 81 (HFOV), 94 (CV)  

Heterogeneity: Tau2=0; Chi2=7.38, df=14(P=0.92); I2=0%  

Test for overall effect: Z=0.96(P=0.34)  

Test for subgroup differences: Not applicable  

Favours HFOV 10000.001 100.1 1 Favours CV

 
 

Comparison 4.   HFOV versus CV subgrouped by type of HFO ventilator

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Death by 36 to 37 weeks or dis-
charge

16 3233 Risk Ratio (M-H, Fixed, 95% CI) 0.94 [0.80, 1.10]

1.1 Flow interrupter 4 410 Risk Ratio (M-H, Fixed, 95% CI) 0.94 [0.52, 1.69]

1.2 HF oscillator 11 2026 Risk Ratio (M-H, Fixed, 95% CI) 0.93 [0.75, 1.16]

1.3 Both HF oscillation and flow in-
terruptors

1 797 Risk Ratio (M-H, Fixed, 95% CI) 0.95 [0.75, 1.20]

2 CLD at 36 to 37 weeks PMA or dis-
charge in survivors

16 2699 Risk Ratio (M-H, Fixed, 95% CI) 0.86 [0.78, 0.96]

2.1 Flow interrupter 4 370 Risk Ratio (M-H, Fixed, 95% CI) 0.96 [0.70, 1.32]

2.2 HF oscillator 11 1737 Risk Ratio (M-H, Fixed, 95% CI) 0.77 [0.67, 0.90]

2.3 Both HF oscillators and flow in-
terrupters

1 592 Risk Ratio (M-H, Fixed, 95% CI) 0.99 [0.85, 1.14]

3 Death or CLD at 36 to 37 weeks
PMA or discharge

16 3233 Risk Ratio (M-H, Fixed, 95% CI) 0.90 [0.83, 0.97]

3.1 HF flow interrupter 4 410 Risk Ratio (M-H, Fixed, 95% CI) 0.96 [0.74, 1.24]

3.2 HF oscillation 11 2026 Risk Ratio (M-H, Fixed, 95% CI) 0.83 [0.74, 0.93]

3.3 Both HF oscillators and HF flow
interrupters

1 797 Risk Ratio (M-H, Fixed, 95% CI) 0.98 [0.89, 1.08]

4 Gross pulmonary air leak 10 2089 Risk Ratio (M-H, Fixed, 95% CI) 1.15 [0.90, 1.49]

4.1 HF flow interrupter 2 324 Risk Ratio (M-H, Fixed, 95% CI) 1.88 [0.96, 3.67]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

4.2 HF oscillation 8 1765 Risk Ratio (M-H, Fixed, 95% CI) 1.06 [0.80, 1.39]

4.3 Both HF oscillators and HF flow
interrupters

0 0 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

5 Intraventricular haemorrhage -
grades 3 or 4

16 3300 Risk Ratio (M-H, Fixed, 95% CI) 1.00 [0.84, 1.19]

5.1 HF flow interrupter 4 410 Risk Ratio (M-H, Fixed, 95% CI) 1.08 [0.65, 1.78]

5.2 HF oscillator 11 2093 Risk Ratio (M-H, Fixed, 95% CI) 1.11 [0.90, 1.36]

5.3 Both HF oscillators and HF flow
interrupters

1 797 Risk Ratio (M-H, Fixed, 95% CI) 0.69 [0.46, 1.01]

6 Periventricular leukomalacia 16 3216 Risk Ratio (M-H, Fixed, 95% CI) 0.87 [0.65, 1.16]

6.1 HF flow interrupter 3 364 Risk Ratio (M-H, Fixed, 95% CI) 2.29 [0.52, 10.04]

6.2 HF oscillator 12 2055 Risk Ratio (M-H, Fixed, 95% CI) 0.82 [0.60, 1.11]

6.3 Both HF oscillators and HF flow
interrupters

1 797 Risk Ratio (M-H, Fixed, 95% CI) 0.99 [0.38, 2.62]

 
 

Analysis 4.1.   Comparison 4 HFOV versus CV subgrouped by type of
HFO ventilator, Outcome 1 Death by 36 to 37 weeks or discharge.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

4.1.1 Flow interrupter  

Thome 1998 14/140 15/144 5.51% 0.96[0.48,1.91]

CraM 2003 3/22 3/24 1.07% 1.09[0.25,4.85]

Vento 2005 1/20 2/20 0.75% 0.5[0.05,5.08]

Lista 2008 1/19 1/21 0.35% 1.11[0.07,16.47]

Subtotal (95% CI) 201 209 7.68% 0.94[0.52,1.69]

Total events: 19 (HFOV), 21 (CV)  

Heterogeneity: Tau2=0; Chi2=0.34, df=3(P=0.95); I2=0%  

Test for overall effect: Z=0.21(P=0.84)  

   

4.1.2 HF oscillator  

Clark 1992 8/37 6/28 2.54% 1.01[0.4,2.58]

Gerstmann 1996 0/64 2/61 0.95% 0.19[0.01,3.89]

Plavka 1999 2/21 2/20 0.76% 0.95[0.15,6.13]

Durand 2001 5/24 4/24 1.49% 1.25[0.38,4.1]

Moriette 2001 31/139 27/134 10.24% 1.11[0.7,1.75]

Courtney 2002 33/244 40/254 14.6% 0.86[0.56,1.32]

Schreiber 2003 18/102 21/105 7.71% 0.88[0.5,1.56]

Van Reempts 2003 25/147 20/153 7.3% 1.3[0.76,2.24]

Dani 2006 2/13 2/12 0.77% 0.92[0.15,5.56]

Favours HFOV 10000.001 100.1 1 Favours CV
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Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Salvo 2012 5/44 5/44 1.86% 1[0.31,3.21]

Sun 2014 4/177 13/179 4.82% 0.31[0.1,0.94]

Subtotal (95% CI) 1012 1014 53.06% 0.93[0.75,1.16]

Total events: 133 (HFOV), 142 (CV)  

Heterogeneity: Tau2=0; Chi2=7.31, df=10(P=0.7); I2=0%  

Test for overall effect: Z=0.61(P=0.54)  

   

4.1.3 Both HF oscillation and flow interruptors  

Johnson 2002 100/400 105/397 39.26% 0.95[0.75,1.2]

Subtotal (95% CI) 400 397 39.26% 0.95[0.75,1.2]

Total events: 100 (HFOV), 105 (CV)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.47(P=0.64)  

   

Total (95% CI) 1613 1620 100% 0.94[0.8,1.1]

Total events: 252 (HFOV), 268 (CV)  

Heterogeneity: Tau2=0; Chi2=7.63, df=15(P=0.94); I2=0%  

Test for overall effect: Z=0.8(P=0.43)  

Test for subgroup differences: Chi2=0, df=1 (P=1), I2=0%  

Favours HFOV 10000.001 100.1 1 Favours CV

 
 

Analysis 4.2.   Comparison 4 HFOV versus CV subgrouped by type of HFO
ventilator, Outcome 2 CLD at 36 to 37 weeks PMA or discharge in survivors.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

4.2.1 Flow interrupter  

Thome 1998 32/126 30/129 6.09% 1.09[0.71,1.68]

CraM 2003 13/19 13/21 2.54% 1.11[0.7,1.74]

Vento 2005 2/19 8/18 1.69% 0.24[0.06,0.97]

Lista 2008 2/18 2/20 0.39% 1.11[0.17,7.09]

Subtotal (95% CI) 182 188 10.71% 0.96[0.7,1.32]

Total events: 49 (HFOV), 53 (CV)  

Heterogeneity: Tau2=0; Chi2=4.52, df=3(P=0.21); I2=33.6%  

Test for overall effect: Z=0.25(P=0.81)  

   

4.2.2 HF oscillator  

Clark 1992 3/29 10/22 2.34% 0.23[0.07,0.73]

Gerstmann 1996 17/64 27/59 5.77% 0.58[0.35,0.95]

Plavka 1999 3/19 8/18 1.69% 0.36[0.11,1.13]

Durand 2001 5/19 14/20 2.8% 0.38[0.17,0.84]

Moriette 2001 24/108 30/107 6.19% 0.79[0.5,1.26]

Courtney 2002 70/201 93/210 18.69% 0.79[0.62,1]

Schreiber 2003 43/84 34/84 6.99% 1.26[0.91,1.76]

Van Reempts 2003 24/122 19/133 3.74% 1.38[0.79,2.39]

Dani 2006 4/11 3/10 0.65% 1.21[0.36,4.14]

Salvo 2012 1/39 3/39 0.62% 0.33[0.04,3.07]

Sun 2014 13/173 28/166 5.87% 0.45[0.24,0.83]

Subtotal (95% CI) 869 868 55.34% 0.77[0.67,0.9]

Favours HFOV 200.05 50.2 1 Favours CV
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Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 207 (HFOV), 269 (CV)  

Heterogeneity: Tau2=0; Chi2=27.1, df=10(P=0); I2=63.1%  

Test for overall effect: Z=3.41(P=0)  

   

4.2.3 Both HF oscillators and flow interrupters  

Johnson 2002 165/300 163/292 33.95% 0.99[0.85,1.14]

Subtotal (95% CI) 300 292 33.95% 0.99[0.85,1.14]

Total events: 165 (HFOV), 163 (CV)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.2(P=0.84)  

   

Total (95% CI) 1351 1348 100% 0.86[0.78,0.96]

Total events: 421 (HFOV), 485 (CV)  

Heterogeneity: Tau2=0; Chi2=36.46, df=15(P=0); I2=58.86%  

Test for overall effect: Z=2.84(P=0)  

Test for subgroup differences: Chi2=5.61, df=1 (P=0.06), I2=64.35%  

Favours HFOV 200.05 50.2 1 Favours CV

 
 

Analysis 4.3.   Comparison 4 HFOV versus CV subgrouped by type of HFO
ventilator, Outcome 3 Death or CLD at 36 to 37 weeks PMA or discharge.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

4.3.1 HF flow interrupter  

Thome 1998 46/140 45/144 5.9% 1.05[0.75,1.48]

CraM 2003 16/22 16/24 2.04% 1.09[0.74,1.6]

Vento 2005 3/20 10/20 1.33% 0.3[0.1,0.93]

Lista 2008 3/19 3/21 0.38% 1.11[0.25,4.83]

Subtotal (95% CI) 201 209 9.65% 0.96[0.74,1.24]

Total events: 68 (HFOV), 74 (CV)  

Heterogeneity: Tau2=0; Chi2=4.81, df=3(P=0.19); I2=37.68%  

Test for overall effect: Z=0.33(P=0.74)  

   

4.3.2 HF oscillation  

Clark 1992 11/37 16/28 2.42% 0.52[0.29,0.94]

Gerstmann 1996 17/64 28/61 3.82% 0.58[0.35,0.94]

Plavka 1999 5/21 10/20 1.36% 0.48[0.2,1.15]

Moriette 2001 55/139 57/134 7.72% 0.93[0.7,1.24]

Durand 2001 10/24 18/24 2.4% 0.56[0.33,0.94]

Courtney 2002 103/244 133/254 17.34% 0.81[0.67,0.97]

Schreiber 2003 61/102 55/105 7.21% 1.14[0.9,1.45]

Van Reempts 2003 49/147 39/153 5.09% 1.31[0.92,1.86]

Dani 2006 6/13 5/12 0.69% 1.11[0.45,2.7]

Salvo 2012 6/44 8/44 1.06% 0.75[0.28,1.98]

Sun 2014 17/177 41/179 5.43% 0.42[0.25,0.71]

Subtotal (95% CI) 1012 1014 54.55% 0.83[0.74,0.93]

Total events: 340 (HFOV), 410 (CV)  

Heterogeneity: Tau2=0; Chi2=28.83, df=10(P=0); I2=65.32%  

Test for overall effect: Z=3.28(P=0)  

Favours HFOV 100.1 50.2 20.5 1 Favours CV
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Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

   

4.3.3 Both HF oscillators and HF flow interrupters  

Johnson 2002 265/400 268/397 35.8% 0.98[0.89,1.08]

Subtotal (95% CI) 400 397 35.8% 0.98[0.89,1.08]

Total events: 265 (HFOV), 268 (CV)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.38(P=0.71)  

   

Total (95% CI) 1613 1620 100% 0.9[0.83,0.97]

Total events: 673 (HFOV), 752 (CV)  

Heterogeneity: Tau2=0; Chi2=38.11, df=15(P=0); I2=60.65%  

Test for overall effect: Z=2.91(P=0)  

Test for subgroup differences: Chi2=5.01, df=1 (P=0.08), I2=60.06%  

Favours HFOV 100.1 50.2 20.5 1 Favours CV

 
 

Analysis 4.4.   Comparison 4 HFOV versus CV subgrouped by
type of HFO ventilator, Outcome 4 Gross pulmonary air leak.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

4.4.1 HF flow interrupter  

Thome 1998 20/140 11/144 11% 1.87[0.93,3.76]

Vento 2005 2/20 1/20 1.01% 2[0.2,20.33]

Subtotal (95% CI) 160 164 12.02% 1.88[0.96,3.67]

Total events: 22 (HFOV), 12 (CV)  

Heterogeneity: Tau2=0; Chi2=0, df=1(P=0.96); I2=0%  

Test for overall effect: Z=1.85(P=0.06)  

   

4.4.2 HF oscillation  

Clark 1992 14/37 8/28 9.24% 1.32[0.65,2.71]

Plavka 1999 1/21 2/20 2.08% 0.48[0.05,4.85]

Moriette 2001 7/139 4/134 4.13% 1.69[0.51,5.63]

Courtney 2002 32/244 33/254 32.81% 1.01[0.64,1.59]

Van Reempts 2003 11/147 7/153 6.96% 1.64[0.65,4.1]

Schreiber 2003 17/102 10/105 10% 1.75[0.84,3.64]

Dani 2006 0/13 1/12 1.58% 0.31[0.01,6.94]

Sun 2014 10/177 21/179 21.19% 0.48[0.23,0.99]

Subtotal (95% CI) 880 885 87.98% 1.06[0.8,1.39]

Total events: 92 (HFOV), 86 (CV)  

Heterogeneity: Tau2=0; Chi2=9.27, df=7(P=0.23); I2=24.49%  

Test for overall effect: Z=0.39(P=0.7)  

   

4.4.3 Both HF oscillators and HF flow interrupters  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (HFOV), 0 (CV)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI) 1040 1049 100% 1.15[0.9,1.49]

Favours HFOV 1000.01 100.1 1 Favours CV
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Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 114 (HFOV), 98 (CV)  

Heterogeneity: Tau2=0; Chi2=11.55, df=9(P=0.24); I2=22.09%  

Test for overall effect: Z=1.12(P=0.26)  

Test for subgroup differences: Chi2=2.45, df=1 (P=0.12), I2=59.26%  

Favours HFOV 1000.01 100.1 1 Favours CV

 
 

Analysis 4.5.   Comparison 4 HFOV versus CV subgrouped by type of HFO
ventilator, Outcome 5 Intraventricular haemorrhage - grades 3 or 4.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

4.5.1 HF flow interrupter  

Thome 1998 19/140 18/144 7.94% 1.09[0.6,1.98]

CraM 2003 4/22 5/24 2.14% 0.87[0.27,2.84]

Vento 2005 3/20 2/20 0.89% 1.5[0.28,8.04]

Lista 2008 1/19 1/21 0.42% 1.11[0.07,16.47]

Subtotal (95% CI) 201 209 11.4% 1.08[0.65,1.78]

Total events: 27 (HFOV), 26 (CV)  

Heterogeneity: Tau2=0; Chi2=0.27, df=3(P=0.97); I2=0%  

Test for overall effect: Z=0.3(P=0.77)  

   

4.5.2 HF oscillator  

Clark 1992 7/37 6/28 3.06% 0.88[0.33,2.34]

Ogawa 1993 2/46 1/46 0.45% 2[0.19,21.3]

Gerstmann 1996 2/64 6/61 2.75% 0.32[0.07,1.51]

Plavka 1999 2/21 2/20 0.92% 0.95[0.15,6.13]

Durand 2001 1/24 4/24 1.79% 0.25[0.03,2.08]

Moriette 2001 34/139 19/134 8.66% 1.73[1.04,2.87]

Courtney 2002 45/244 45/254 19.73% 1.04[0.72,1.51]

Van Reempts 2003 14/147 13/153 5.7% 1.12[0.55,2.3]

Schreiber 2003 18/102 14/105 6.17% 1.32[0.7,2.52]

Salvo 2012 3/44 6/44 2.68% 0.5[0.13,1.87]

Sun 2014 30/177 27/179 12.01% 1.12[0.7,1.81]

Subtotal (95% CI) 1045 1048 63.91% 1.11[0.9,1.36]

Total events: 158 (HFOV), 143 (CV)  

Heterogeneity: Tau2=0; Chi2=9.54, df=10(P=0.48); I2=0%  

Test for overall effect: Z=0.95(P=0.34)  

   

4.5.3 Both HF oscillators and HF flow interrupters  

Johnson 2002 38/400 55/397 24.7% 0.69[0.46,1.01]

Subtotal (95% CI) 400 397 24.7% 0.69[0.46,1.01]

Total events: 38 (HFOV), 55 (CV)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.9(P=0.06)  

   

Total (95% CI) 1646 1654 100% 1[0.84,1.19]

Total events: 223 (HFOV), 224 (CV)  

Heterogeneity: Tau2=0; Chi2=14.65, df=15(P=0.48); I2=0%  

Test for overall effect: Z=0.01(P=0.99)  

Favours HFOV 1000.01 100.1 1 Favours CV
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Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Test for subgroup differences: Chi2=4.59, df=1 (P=0.1), I2=56.38%  

Favours HFOV 1000.01 100.1 1 Favours CV

 
 

Analysis 4.6.   Comparison 4 HFOV versus CV subgrouped by type
of HFO ventilator, Outcome 6 Periventricular leukomalacia.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

4.6.1 HF flow interrupter  

Thome 1998 3/140 0/144 0.52% 7.2[0.38,138.1]

Vento 2005 1/20 1/20 1.06% 1[0.07,14.9]

Lista 2008 1/19 1/21 1% 1.11[0.07,16.47]

Subtotal (95% CI) 179 185 2.58% 2.29[0.52,10.04]

Total events: 5 (HFOV), 2 (CV)  

Heterogeneity: Tau2=0; Chi2=1.22, df=2(P=0.54); I2=0%  

Test for overall effect: Z=1.1(P=0.27)  

   

4.6.2 HF oscillator  

Clark 1992 0/1 0/1   Not estimable

Ogawa 1993 1/46 4/46 4.23% 0.25[0.03,2.15]

Gerstmann 1996 4/64 3/61 3.25% 1.27[0.3,5.45]

Plavka 1999 2/21 1/20 1.08% 1.9[0.19,19.4]

Moriette 2001 14/139 18/134 19.37% 0.75[0.39,1.45]

Durand 2001 3/24 2/24 2.11% 1.5[0.27,8.19]

Courtney 2002 18/244 26/254 26.93% 0.72[0.41,1.28]

Schreiber 2003 4/102 4/105 4.17% 1.03[0.26,4.01]

Van Reempts 2003 11/147 8/153 8.29% 1.43[0.59,3.46]

Dani 2006 1/13 1/12 1.1% 0.92[0.06,13.18]

Salvo 2012 0/44 1/44 1.59% 0.33[0.01,7.97]

Sun 2014 10/177 16/179 16.82% 0.63[0.29,1.35]

Subtotal (95% CI) 1022 1033 88.93% 0.82[0.6,1.11]

Total events: 68 (HFOV), 84 (CV)  

Heterogeneity: Tau2=0; Chi2=5.18, df=10(P=0.88); I2=0%  

Test for overall effect: Z=1.29(P=0.2)  

   

4.6.3 Both HF oscillators and HF flow interrupters  

Johnson 2002 8/400 8/397 8.49% 0.99[0.38,2.62]

Subtotal (95% CI) 400 397 8.49% 0.99[0.38,2.62]

Total events: 8 (HFOV), 8 (CV)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.02(P=0.99)  

   

Total (95% CI) 1601 1615 100% 0.87[0.65,1.16]

Total events: 81 (HFOV), 94 (CV)  

Heterogeneity: Tau2=0; Chi2=7.38, df=14(P=0.92); I2=0%  

Test for overall effect: Z=0.96(P=0.34)  

Test for subgroup differences: Chi2=1.88, df=1 (P=0.39), I2=0%  

Favours HFOV 10000.001 100.1 1 Favours CV
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Comparison 5.   HFOV versus CV subgrouped by lung protective (LPS) CV strategy

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Death by 36 to 37 weeks or
discharge

16 3233 Risk Ratio (M-H, Fixed, 95% CI) 0.94 [0.80, 1.10]

1.1 Definitive LPS on CV 9 1679 Risk Ratio (M-H, Fixed, 95% CI) 0.91 [0.70, 1.18]

1.2 Probable LPS on CV 3 1116 Risk Ratio (M-H, Fixed, 95% CI) 0.98 [0.80, 1.21]

1.3 Probably no LPS on CV 2 248 Risk Ratio (M-H, Fixed, 95% CI) 0.89 [0.52, 1.53]

1.4 Definitively no LPS on CV 2 190 Risk Ratio (M-H, Fixed, 95% CI) 0.79 [0.33, 1.88]

2 CLD at 36 to 37 weeks PMA or
discharge in survivors

16 2699 Risk Ratio (M-H, Fixed, 95% CI) 0.86 [0.78, 0.96]

2.1 Definitive LPS on CV 9 1473 Risk Ratio (M-H, Fixed, 95% CI) 0.79 [0.66, 0.94]

2.2 Probable LPS on CV 3 847 Risk Ratio (M-H, Fixed, 95% CI) 0.96 [0.84, 1.10]

2.3 Probably no LPS on CV 2 205 Risk Ratio (M-H, Fixed, 95% CI) 1.09 [0.79, 1.49]

2.4 Definitively no LPS on CV 2 174 Risk Ratio (M-H, Fixed, 95% CI) 0.48 [0.31, 0.75]

3 Death or CLD at 36 to 37
weeks PMA or discharge

16 3235 Risk Ratio (M-H, Fixed, 95% CI) 0.90 [0.83, 0.96]

3.1 Definitive LPS on CV 9 1679 Risk Ratio (M-H, Fixed, 95% CI) 0.83 [0.72, 0.95]

3.2 Probable LPS on CV 3 1118 Risk Ratio (M-H, Fixed, 95% CI) 0.97 [0.89, 1.07]

3.3 Probably no LPS on CV 2 248 Risk Ratio (M-H, Fixed, 95% CI) 1.04 [0.82, 1.31]

3.4 Definitively no LPS on CV 2 190 Risk Ratio (M-H, Fixed, 95% CI) 0.56 [0.38, 0.81]

4 Gross pulmonary air leak 10 2089 Risk Ratio (M-H, Fixed, 95% CI) 1.15 [0.90, 1.49]

4.1 Definitive LPS on CV 6 1503 Risk Ratio (M-H, Fixed, 95% CI) 1.04 [0.77, 1.41]

4.2 Probable LPS on CV 1 273 Risk Ratio (M-H, Fixed, 95% CI) 1.69 [0.51, 5.63]

4.3 Probably no LPS on CV 2 248 Risk Ratio (M-H, Fixed, 95% CI) 1.53 [0.77, 3.04]

4.4 Definitively no LPS on CV 1 65 Risk Ratio (M-H, Fixed, 95% CI) 1.32 [0.65, 2.71]

5 Intraventricular haemor-
rhage - grades 3 or 4

16 3300 Risk Ratio (M-H, Fixed, 95% CI) 1.00 [0.84, 1.19]

5.1 Definitive LPS on CV 8 1654 Risk Ratio (M-H, Fixed, 95% CI) 1.03 [0.81, 1.30]

5.2 Probable LPS on CV 3 1116 Risk Ratio (M-H, Fixed, 95% CI) 0.95 [0.71, 1.27]

5.3 Probably no LPS on CV 3 340 Risk Ratio (M-H, Fixed, 95% CI) 1.32 [0.73, 2.37]

Elective high frequency oscillatory ventilation versus conventional ventilation for acute pulmonary dysfunction in preterm infants
(Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

74



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

5.4 Definitively no PLS on CV 2 190 Risk Ratio (M-H, Fixed, 95% CI) 0.62 [0.27, 1.39]

6 Periventricular leukomalacia 15 3214 Risk Ratio (M-H, Fixed, 95% CI) 0.87 [0.65, 1.16]

6.1 Definitive LPS on CV 9 1679 Risk Ratio (M-H, Fixed, 95% CI) 0.88 [0.61, 1.28]

6.2 Probable LPS on CV 2 1070 Risk Ratio (M-H, Fixed, 95% CI) 0.82 [0.48, 1.42]

6.3 Probably no LPS on CV 3 340 Risk Ratio (M-H, Fixed, 95% CI) 0.78 [0.30, 2.06]

6.4 Definitively no LPS on CV 1 125 Risk Ratio (M-H, Fixed, 95% CI) 1.27 [0.30, 5.45]

 
 

Analysis 5.1.   Comparison 5 HFOV versus CV subgrouped by lung protective
(LPS) CV strategy, Outcome 1 Death by 36 to 37 weeks or discharge.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

5.1.1 Definitive LPS on CV  

Thome 1998 14/140 15/144 5.51% 0.96[0.48,1.91]

Durand 2001 5/24 4/24 1.49% 1.25[0.38,4.1]

Courtney 2002 33/244 40/254 14.6% 0.86[0.56,1.32]

Van Reempts 2003 25/147 20/153 7.3% 1.3[0.76,2.24]

Vento 2005 1/20 2/20 0.75% 0.5[0.05,5.08]

Dani 2006 2/13 2/12 0.77% 0.92[0.15,5.56]

Lista 2008 1/19 1/21 0.35% 1.11[0.07,16.47]

Salvo 2012 5/44 5/44 1.86% 1[0.31,3.21]

Sun 2014 4/177 13/179 4.82% 0.31[0.1,0.94]

Subtotal (95% CI) 828 851 37.45% 0.91[0.7,1.18]

Total events: 90 (HFOV), 102 (CV)  

Heterogeneity: Tau2=0; Chi2=5.99, df=8(P=0.65); I2=0%  

Test for overall effect: Z=0.71(P=0.48)  

   

5.1.2 Probable LPS on CV  

Moriette 2001 31/139 27/134 10.24% 1.11[0.7,1.75]

Johnson 2002 100/400 105/397 39.26% 0.95[0.75,1.2]

CraM 2003 3/22 3/24 1.07% 1.09[0.25,4.85]

Subtotal (95% CI) 561 555 50.57% 0.98[0.8,1.21]

Total events: 134 (HFOV), 135 (CV)  

Heterogeneity: Tau2=0; Chi2=0.38, df=2(P=0.83); I2=0%  

Test for overall effect: Z=0.18(P=0.86)  

   

5.1.3 Probably no LPS on CV  

Plavka 1999 2/21 2/20 0.76% 0.95[0.15,6.13]

Schreiber 2003 18/102 21/105 7.71% 0.88[0.5,1.56]

Subtotal (95% CI) 123 125 8.47% 0.89[0.52,1.53]

Total events: 20 (HFOV), 23 (CV)  

Heterogeneity: Tau2=0; Chi2=0.01, df=1(P=0.94); I2=0%  

Test for overall effect: Z=0.43(P=0.67)  
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Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

5.1.4 Definitively no LPS on CV  

Clark 1992 8/37 6/28 2.54% 1.01[0.4,2.58]

Gerstmann 1996 0/64 2/61 0.95% 0.19[0.01,3.89]

Subtotal (95% CI) 101 89 3.5% 0.79[0.33,1.88]

Total events: 8 (HFOV), 8 (CV)  

Heterogeneity: Tau2=0; Chi2=1.12, df=1(P=0.29); I2=10.63%  

Test for overall effect: Z=0.54(P=0.59)  

   

Total (95% CI) 1613 1620 100% 0.94[0.8,1.1]

Total events: 252 (HFOV), 268 (CV)  

Heterogeneity: Tau2=0; Chi2=7.63, df=15(P=0.94); I2=0%  

Test for overall effect: Z=0.8(P=0.43)  

Test for subgroup differences: Chi2=0.43, df=1 (P=0.93), I2=0%  

Favours HFOV 10000.001 100.1 1 Favours CV

 
 

Analysis 5.2.   Comparison 5 HFOV versus CV subgrouped by lung protective (LPS)
CV strategy, Outcome 2 CLD at 36 to 37 weeks PMA or discharge in survivors.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

5.2.1 Definitive LPS on CV  

Thome 1998 32/126 30/129 6.09% 1.09[0.71,1.68]

Durand 2001 5/19 14/20 2.8% 0.38[0.17,0.84]

Courtney 2002 70/201 93/210 18.69% 0.79[0.62,1]

Van Reempts 2003 24/122 19/133 3.74% 1.38[0.79,2.39]

Vento 2005 2/19 8/18 1.69% 0.24[0.06,0.97]

Dani 2006 4/11 3/10 0.65% 1.21[0.36,4.14]

Lista 2008 2/18 2/20 0.39% 1.11[0.17,7.09]

Salvo 2012 1/39 3/39 0.62% 0.33[0.04,3.07]

Sun 2014 13/173 28/166 5.87% 0.45[0.24,0.83]

Subtotal (95% CI) 728 745 40.54% 0.79[0.66,0.94]

Total events: 153 (HFOV), 200 (CV)  

Heterogeneity: Tau2=0; Chi2=16.59, df=8(P=0.03); I2=51.77%  

Test for overall effect: Z=2.62(P=0.01)  

   

5.2.2 Probable LPS on CV  

Moriette 2001 24/108 30/107 6.19% 0.79[0.5,1.26]

Johnson 2002 165/300 163/292 33.95% 0.99[0.85,1.14]

CraM 2003 13/19 13/21 2.54% 1.11[0.7,1.74]

Subtotal (95% CI) 427 420 42.68% 0.96[0.84,1.1]

Total events: 202 (HFOV), 206 (CV)  

Heterogeneity: Tau2=0; Chi2=1.11, df=2(P=0.57); I2=0%  

Test for overall effect: Z=0.53(P=0.6)  

   

5.2.3 Probably no LPS on CV  

Plavka 1999 3/19 8/18 1.69% 0.36[0.11,1.13]

Schreiber 2003 43/84 34/84 6.99% 1.26[0.91,1.76]

Subtotal (95% CI) 103 102 8.67% 1.09[0.79,1.49]

Total events: 46 (HFOV), 42 (CV)  

Favours HFOV 200.05 50.2 1 Favours CV
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Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Heterogeneity: Tau2=0; Chi2=4.36, df=1(P=0.04); I2=77.08%  

Test for overall effect: Z=0.52(P=0.6)  

   

5.2.4 Definitively no LPS on CV  

Clark 1992 3/29 10/22 2.34% 0.23[0.07,0.73]

Gerstmann 1996 17/64 27/59 5.77% 0.58[0.35,0.95]

Subtotal (95% CI) 93 81 8.11% 0.48[0.31,0.75]

Total events: 20 (HFOV), 37 (CV)  

Heterogeneity: Tau2=0; Chi2=2.15, df=1(P=0.14); I2=53.51%  

Test for overall effect: Z=3.2(P=0)  

   

Total (95% CI) 1351 1348 100% 0.86[0.78,0.96]

Total events: 421 (HFOV), 485 (CV)  

Heterogeneity: Tau2=0; Chi2=36.46, df=15(P=0); I2=58.86%  

Test for overall effect: Z=2.84(P=0)  

Test for subgroup differences: Chi2=11.95, df=1 (P=0.01), I2=74.9%  

Favours HFOV 200.05 50.2 1 Favours CV

 
 

Analysis 5.3.   Comparison 5 HFOV versus CV subgrouped by lung protective
(LPS) CV strategy, Outcome 3 Death or CLD at 36 to 37 weeks PMA or discharge.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

5.3.1 Definitive LPS on CV  

Thome 1998 46/140 45/144 5.9% 1.05[0.75,1.48]

Durand 2001 10/24 18/24 2.39% 0.56[0.33,0.94]

Courtney 2002 103/244 133/254 17.33% 0.81[0.67,0.97]

Van Reempts 2003 49/147 39/153 5.08% 1.31[0.92,1.86]

Vento 2005 3/20 10/20 1.33% 0.3[0.1,0.93]

Dani 2006 6/13 5/12 0.69% 1.11[0.45,2.7]

Lista 2008 3/19 3/21 0.38% 1.11[0.25,4.83]

Salvo 2012 6/44 8/44 1.06% 0.75[0.28,1.98]

Sun 2014 17/177 41/179 5.42% 0.42[0.25,0.71]

Subtotal (95% CI) 828 851 39.59% 0.83[0.72,0.95]

Total events: 243 (HFOV), 302 (CV)  

Heterogeneity: Tau2=0; Chi2=20.7, df=8(P=0.01); I2=61.34%  

Test for overall effect: Z=2.74(P=0.01)  

   

5.3.2 Probable LPS on CV  

Moriette 2001 55/139 57/134 7.72% 0.93[0.7,1.24]

Johnson 2002 265/400 268/397 35.77% 0.98[0.89,1.08]

CraM 2003 16/24 16/24 2.13% 1[0.67,1.49]

Subtotal (95% CI) 563 555 45.61% 0.97[0.89,1.07]

Total events: 336 (HFOV), 341 (CV)  

Heterogeneity: Tau2=0; Chi2=0.14, df=2(P=0.93); I2=0%  

Test for overall effect: Z=0.57(P=0.57)  

   

5.3.3 Probably no LPS on CV  

Plavka 1999 5/21 10/20 1.36% 0.48[0.2,1.15]

Favours HFOV 100.1 50.2 20.5 1 Favours CV
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Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Schreiber 2003 61/102 55/105 7.21% 1.14[0.9,1.45]

Subtotal (95% CI) 123 125 8.57% 1.04[0.82,1.31]

Total events: 66 (HFOV), 65 (CV)  

Heterogeneity: Tau2=0; Chi2=3.6, df=1(P=0.06); I2=72.26%  

Test for overall effect: Z=0.3(P=0.77)  

   

5.3.4 Definitively no LPS on CV  

Clark 1992 11/37 16/28 2.42% 0.52[0.29,0.94]

Gerstmann 1996 17/64 28/61 3.81% 0.58[0.35,0.94]

Subtotal (95% CI) 101 89 6.23% 0.56[0.38,0.81]

Total events: 28 (HFOV), 44 (CV)  

Heterogeneity: Tau2=0; Chi2=0.07, df=1(P=0.79); I2=0%  

Test for overall effect: Z=3.05(P=0)  

   

Total (95% CI) 1615 1620 100% 0.9[0.83,0.96]

Total events: 673 (HFOV), 752 (CV)  

Heterogeneity: Tau2=0; Chi2=37.49, df=15(P=0); I2=59.99%  

Test for overall effect: Z=2.96(P=0)  

Test for subgroup differences: Chi2=11.59, df=1 (P=0.01), I2=74.11%  

Favours HFOV 100.1 50.2 20.5 1 Favours CV

 
 

Analysis 5.4.   Comparison 5 HFOV versus CV subgrouped by lung
protective (LPS) CV strategy, Outcome 4 Gross pulmonary air leak.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

5.4.1 Definitive LPS on CV  

Thome 1998 20/140 11/144 11% 1.87[0.93,3.76]

Courtney 2002 32/244 33/254 32.81% 1.01[0.64,1.59]

Van Reempts 2003 11/147 7/153 6.96% 1.64[0.65,4.1]

Vento 2005 2/20 1/20 1.01% 2[0.2,20.33]

Dani 2006 0/13 1/12 1.58% 0.31[0.01,6.94]

Sun 2014 10/177 21/179 21.19% 0.48[0.23,0.99]

Subtotal (95% CI) 741 762 74.55% 1.04[0.77,1.41]

Total events: 75 (HFOV), 74 (CV)  

Heterogeneity: Tau2=0; Chi2=8.89, df=5(P=0.11); I2=43.78%  

Test for overall effect: Z=0.28(P=0.78)  

   

5.4.2 Probable LPS on CV  

Moriette 2001 7/139 4/134 4.13% 1.69[0.51,5.63]

Subtotal (95% CI) 139 134 4.13% 1.69[0.51,5.63]

Total events: 7 (HFOV), 4 (CV)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.85(P=0.4)  

   

5.4.3 Probably no LPS on CV  

Plavka 1999 1/21 2/20 2.08% 0.48[0.05,4.85]

Schreiber 2003 17/102 10/105 10% 1.75[0.84,3.64]

Subtotal (95% CI) 123 125 12.08% 1.53[0.77,3.04]

Favours HFOV 1000.01 100.1 1 Favours CV
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Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 18 (HFOV), 12 (CV)  

Heterogeneity: Tau2=0; Chi2=1.1, df=1(P=0.29); I2=9.15%  

Test for overall effect: Z=1.22(P=0.22)  

   

5.4.4 Definitively no LPS on CV  

Clark 1992 14/37 8/28 9.24% 1.32[0.65,2.71]

Subtotal (95% CI) 37 28 9.24% 1.32[0.65,2.71]

Total events: 14 (HFOV), 8 (CV)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.77(P=0.44)  

   

Total (95% CI) 1040 1049 100% 1.15[0.9,1.49]

Total events: 114 (HFOV), 98 (CV)  

Heterogeneity: Tau2=0; Chi2=11.55, df=9(P=0.24); I2=22.09%  

Test for overall effect: Z=1.12(P=0.26)  

Test for subgroup differences: Chi2=1.6, df=1 (P=0.66), I2=0%  

Favours HFOV 1000.01 100.1 1 Favours CV

 
 

Analysis 5.5.   Comparison 5 HFOV versus CV subgrouped by lung protective
(LPS) CV strategy, Outcome 5 Intraventricular haemorrhage - grades 3 or 4.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

5.5.1 Definitive LPS on CV  

Thome 1998 19/140 18/144 7.94% 1.09[0.6,1.98]

Durand 2001 1/24 4/24 1.79% 0.25[0.03,2.08]

Courtney 2002 45/244 45/254 19.73% 1.04[0.72,1.51]

Van Reempts 2003 14/147 13/153 5.7% 1.12[0.55,2.3]

Vento 2005 3/20 2/20 0.89% 1.5[0.28,8.04]

Lista 2008 1/19 1/21 0.42% 1.11[0.07,16.47]

Salvo 2012 3/44 6/44 2.68% 0.5[0.13,1.87]

Sun 2014 30/177 27/179 12.01% 1.12[0.7,1.81]

Subtotal (95% CI) 815 839 51.17% 1.03[0.81,1.3]

Total events: 116 (Treatment), 116 (Control)  

Heterogeneity: Tau2=0; Chi2=3.28, df=7(P=0.86); I2=0%  

Test for overall effect: Z=0.23(P=0.81)  

   

5.5.2 Probable LPS on CV  

Moriette 2001 34/139 19/134 8.66% 1.73[1.04,2.87]

Johnson 2002 38/400 55/397 24.7% 0.69[0.46,1.01]

CraM 2003 4/22 5/24 2.14% 0.87[0.27,2.84]

Subtotal (95% CI) 561 555 35.49% 0.95[0.71,1.27]

Total events: 76 (Treatment), 79 (Control)  

Heterogeneity: Tau2=0; Chi2=7.99, df=2(P=0.02); I2=74.98%  

Test for overall effect: Z=0.34(P=0.73)  

   

5.5.3 Probably no LPS on CV  

Ogawa 1993 2/46 1/46 0.45% 2[0.19,21.3]

Plavka 1999 2/21 2/20 0.92% 0.95[0.15,6.13]
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Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Schreiber 2003 18/102 14/105 6.17% 1.32[0.7,2.52]

Subtotal (95% CI) 169 171 7.54% 1.32[0.73,2.37]

Total events: 22 (Treatment), 17 (Control)  

Heterogeneity: Tau2=0; Chi2=0.24, df=2(P=0.89); I2=0%  

Test for overall effect: Z=0.92(P=0.36)  

   

5.5.4 Definitively no PLS on CV  

Clark 1992 7/37 6/28 3.06% 0.88[0.33,2.34]

Gerstmann 1996 2/64 6/61 2.75% 0.32[0.07,1.51]

Subtotal (95% CI) 101 89 5.8% 0.62[0.27,1.39]

Total events: 9 (Treatment), 12 (Control)  

Heterogeneity: Tau2=0; Chi2=1.22, df=1(P=0.27); I2=17.82%  

Test for overall effect: Z=1.17(P=0.24)  

   

Total (95% CI) 1646 1654 100% 1[0.84,1.19]

Total events: 223 (Treatment), 224 (Control)  

Heterogeneity: Tau2=0; Chi2=14.65, df=15(P=0.48); I2=0%  

Test for overall effect: Z=0.01(P=0.99)  

Test for subgroup differences: Chi2=2.4, df=1 (P=0.49), I2=0%  

Favours treatment 1000.01 100.1 1 Favours control

 
 

Analysis 5.6.   Comparison 5 HFOV versus CV subgrouped by lung
protective (LPS) CV strategy, Outcome 6 Periventricular leukomalacia.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

5.6.1 Definitive LPS on CV  

Thome 1998 3/140 0/144 0.52% 7.2[0.38,138.1]

Durand 2001 3/24 2/24 2.11% 1.5[0.27,8.19]

Courtney 2002 18/244 26/254 26.93% 0.72[0.41,1.28]

Van Reempts 2003 11/147 8/153 8.29% 1.43[0.59,3.46]

Vento 2005 1/20 1/20 1.06% 1[0.07,14.9]

Dani 2006 1/13 1/12 1.1% 0.92[0.06,13.18]

Lista 2008 1/19 1/21 1% 1.11[0.07,16.47]

Salvo 2012 0/44 1/44 1.59% 0.33[0.01,7.97]

Sun 2014 10/177 16/179 16.82% 0.63[0.29,1.35]

Subtotal (95% CI) 828 851 59.41% 0.88[0.61,1.28]

Total events: 48 (Treatment), 56 (Control)  

Heterogeneity: Tau2=0; Chi2=5.08, df=8(P=0.75); I2=0%  

Test for overall effect: Z=0.66(P=0.51)  

   

5.6.2 Probable LPS on CV  

Moriette 2001 14/139 18/134 19.37% 0.75[0.39,1.45]

Johnson 2002 8/400 8/397 8.49% 0.99[0.38,2.62]

Subtotal (95% CI) 539 531 27.86% 0.82[0.48,1.42]

Total events: 22 (Treatment), 26 (Control)  

Heterogeneity: Tau2=0; Chi2=0.22, df=1(P=0.64); I2=0%  

Test for overall effect: Z=0.7(P=0.48)  
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Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

5.6.3 Probably no LPS on CV  

Ogawa 1993 1/46 4/46 4.23% 0.25[0.03,2.15]

Plavka 1999 2/21 1/20 1.08% 1.9[0.19,19.4]

Schreiber 2003 4/102 4/105 4.17% 1.03[0.26,4.01]

Subtotal (95% CI) 169 171 9.48% 0.78[0.3,2.06]

Total events: 7 (Treatment), 9 (Control)  

Heterogeneity: Tau2=0; Chi2=1.8, df=2(P=0.41); I2=0%  

Test for overall effect: Z=0.5(P=0.62)  

   

5.6.4 Definitively no LPS on CV  

Gerstmann 1996 4/64 3/61 3.25% 1.27[0.3,5.45]

Subtotal (95% CI) 64 61 3.25% 1.27[0.3,5.45]

Total events: 4 (Treatment), 3 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.32(P=0.75)  

   

Total (95% CI) 1600 1614 100% 0.87[0.65,1.16]

Total events: 81 (Treatment), 94 (Control)  

Heterogeneity: Tau2=0; Chi2=7.38, df=14(P=0.92); I2=0%  

Test for overall effect: Z=0.96(P=0.34)  

Test for subgroup differences: Chi2=0.35, df=1 (P=0.95), I2=0%  

Favours treatment 10000.001 100.1 1 Favours control

 
 

Comparison 6.   HFOV versus CV subgrouped by age at randomisation

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Death by 36 to 37 weeks or
discharge

14 2887 Risk Ratio (M-H, Fixed, 95% CI) 0.91 [0.78, 1.07]

1.1 Less than 2 hours 7 1315 Risk Ratio (M-H, Fixed, 95% CI) 0.95 [0.77, 1.18]

1.2 2 to 6 hours 5 1300 Risk Ratio (M-H, Fixed, 95% CI) 0.85 [0.64, 1.14]

1.3 Greater than 6 hours 2 272 Risk Ratio (M-H, Fixed, 95% CI) 0.91 [0.56, 1.48]

2 CLD at 36 to 37 weeks PMA
or discharge in survivors

14 2404 Risk Ratio (M-H, Fixed, 95% CI) 0.84 [0.75, 0.93]

2.1 Less than 2 hours 7 1058 Risk Ratio (M-H, Fixed, 95% CI) 0.94 [0.82, 1.08]

2.2 2 to 6 hours 5 1127 Risk Ratio (M-H, Fixed, 95% CI) 0.68 [0.56, 0.81]

2.3 Greater than 6 hours 2 219 Risk Ratio (M-H, Fixed, 95% CI) 1.00 [0.74, 1.37]

3 Death or CLD at 36 to 37
weeks PMA or discharge

14 2887 Risk Ratio (M-H, Fixed, 95% CI) 0.87 [0.81, 0.94]

3.1 Less than 2 hours 7 1315 Risk Ratio (M-H, Fixed, 95% CI) 0.95 [0.87, 1.05]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3.2 2-6 hours 5 1300 Risk Ratio (M-H, Fixed, 95% CI) 0.74 [0.64, 0.85]

3.3 Greater than 6 hours 2 272 Risk Ratio (M-H, Fixed, 95% CI) 0.99 [0.79, 1.23]

4 Gross pulmonary air leak 9 1789 Risk Ratio (M-H, Fixed, 95% CI) 1.12 [0.86, 1.46]

4.1 Less than 2 hours 4 390 Risk Ratio (M-H, Fixed, 95% CI) 1.54 [0.84, 2.82]

4.2 2 - 6 hours 3 1127 Risk Ratio (M-H, Fixed, 95% CI) 0.87 [0.60, 1.24]

4.3 Greater than 6 hours 2 272 Risk Ratio (M-H, Fixed, 95% CI) 1.55 [0.92, 2.59]

5 Intraventricular haemor-
rhage - grades 3 or 4

15 3050 Risk Ratio (M-H, Fixed, 95% CI) 1.01 [0.85, 1.21]

5.1 less than 2 hours 7 1382 Risk Ratio (M-H, Fixed, 95% CI) 0.80 [0.59, 1.08]

5.2 2 - 6 hours 6 1396 Risk Ratio (M-H, Fixed, 95% CI) 1.15 [0.90, 1.46]

5.3 Greater than 6 hours 2 272 Risk Ratio (M-H, Fixed, 95% CI) 1.18 [0.69, 2.01]

6 Periventricular leukomala-
cia

15 2916 Risk Ratio (M-H, Fixed, 95% CI) 0.82 [0.61, 1.11]

6.1 Less than 2 hours 8 1407 Risk Ratio (M-H, Fixed, 95% CI) 1.00 [0.52, 1.90]

6.2 2 - 6 hours 5 1300 Risk Ratio (M-H, Fixed, 95% CI) 0.76 [0.53, 1.08]

6.3 Greater than 6 hours 2 209 Risk Ratio (M-H, Fixed, 95% CI) 1.03 [0.26, 4.01]

 
 

Analysis 6.1.   Comparison 6 HFOV versus CV subgrouped by age at
randomisation, Outcome 1 Death by 36 to 37 weeks or discharge.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

6.1.1 Less than 2 hours  

Thome 1998 14/140 15/144 6.04% 0.96[0.48,1.91]

Plavka 1999 2/21 2/20 0.84% 0.95[0.15,6.13]

Johnson 2002 100/400 105/397 43.03% 0.95[0.75,1.2]

Vento 2005 1/20 2/20 0.82% 0.5[0.05,5.08]

Dani 2006 2/13 1/12 0.42% 1.85[0.19,17.84]

Lista 2008 1/19 1/21 0.39% 1.11[0.07,16.47]

Salvo 2012 5/44 5/44 2.04% 1[0.31,3.21]

Subtotal (95% CI) 657 658 53.58% 0.95[0.77,1.18]

Total events: 125 (HFOV), 131 (CV)  

Heterogeneity: Tau2=0; Chi2=0.65, df=6(P=1); I2=0%  

Test for overall effect: Z=0.46(P=0.65)  

   

6.1.2 2 to 6 hours  

Gerstmann 1996 0/64 2/61 1.04% 0.19[0.01,3.89]
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Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Moriette 2001 31/139 27/134 11.23% 1.11[0.7,1.75]

Durand 2001 5/24 4/24 1.63% 1.25[0.38,4.1]

Courtney 2002 33/244 40/254 16% 0.86[0.56,1.32]

Sun 2014 4/177 13/179 5.28% 0.31[0.1,0.94]

Subtotal (95% CI) 648 652 35.18% 0.85[0.64,1.14]

Total events: 73 (HFOV), 86 (CV)  

Heterogeneity: Tau2=0; Chi2=5.8, df=4(P=0.21); I2=31.08%  

Test for overall effect: Z=1.08(P=0.28)  

   

6.1.3 Greater than 6 hours  

Clark 1992 8/37 6/28 2.79% 1.01[0.4,2.58]

Schreiber 2003 18/102 21/105 8.45% 0.88[0.5,1.56]

Subtotal (95% CI) 139 133 11.24% 0.91[0.56,1.48]

Total events: 26 (HFOV), 27 (CV)  

Heterogeneity: Tau2=0; Chi2=0.06, df=1(P=0.81); I2=0%  

Test for overall effect: Z=0.36(P=0.72)  

   

Total (95% CI) 1444 1443 100% 0.91[0.78,1.07]

Total events: 224 (HFOV), 244 (CV)  

Heterogeneity: Tau2=0; Chi2=6.57, df=13(P=0.92); I2=0%  

Test for overall effect: Z=1.11(P=0.27)  

Test for subgroup differences: Chi2=0.34, df=1 (P=0.84), I2=0%  

Favours HFOV 10000.001 100.1 1 Favours CV

 
 

Analysis 6.2.   Comparison 6 HFOV versus CV subgrouped by age at
randomisation, Outcome 2 CLD at 36 to 37 weeks PMA or discharge in survivors.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

6.2.1 Less than 2 hours  

Thome 1998 32/126 30/129 6.5% 1.09[0.71,1.68]

Plavka 1999 3/19 8/18 1.8% 0.36[0.11,1.13]

Johnson 2002 165/300 163/292 36.22% 0.99[0.85,1.14]

Vento 2005 2/19 8/18 1.8% 0.24[0.06,0.97]

Dani 2006 4/11 3/10 0.69% 1.21[0.36,4.14]

Lista 2008 2/18 2/20 0.42% 1.11[0.17,7.09]

Salvo 2012 1/39 3/39 0.66% 0.33[0.04,3.07]

Subtotal (95% CI) 532 526 48.08% 0.94[0.82,1.08]

Total events: 209 (HFOV), 217 (CV)  

Heterogeneity: Tau2=0; Chi2=8.24, df=6(P=0.22); I2=27.17%  

Test for overall effect: Z=0.83(P=0.41)  

   

6.2.2 2 to 6 hours  

Gerstmann 1996 17/64 27/59 6.16% 0.58[0.35,0.95]

Durand 2001 5/19 14/20 2.99% 0.38[0.17,0.84]

Moriette 2001 24/108 30/107 6.61% 0.79[0.5,1.26]

Courtney 2002 70/201 93/210 19.94% 0.79[0.62,1]

Sun 2014 13/173 28/166 6.27% 0.45[0.24,0.83]

Subtotal (95% CI) 565 562 41.97% 0.68[0.56,0.81]
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Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 129 (HFOV), 192 (CV)  

Heterogeneity: Tau2=0; Chi2=6.07, df=4(P=0.19); I2=34.08%  

Test for overall effect: Z=4.16(P<0.0001)  

   

6.2.3 Greater than 6 hours  

Clark 1992 3/29 10/22 2.49% 0.23[0.07,0.73]

Schreiber 2003 43/84 34/84 7.45% 1.26[0.91,1.76]

Subtotal (95% CI) 113 106 9.95% 1[0.74,1.37]

Total events: 46 (HFOV), 44 (CV)  

Heterogeneity: Tau2=0; Chi2=8.07, df=1(P=0); I2=87.62%  

Test for overall effect: Z=0.03(P=0.98)  

   

Total (95% CI) 1210 1194 100% 0.84[0.75,0.93]

Total events: 384 (HFOV), 453 (CV)  

Heterogeneity: Tau2=0; Chi2=33.45, df=13(P=0); I2=61.14%  

Test for overall effect: Z=3.33(P=0)  

Test for subgroup differences: Chi2=9.22, df=1 (P=0.01), I2=78.3%  

Favours HFOV 200.05 50.2 1 Favours CV

 
 

Analysis 6.3.   Comparison 6 HFOV versus CV subgrouped by age at
randomisation, Outcome 3 Death or CLD at 36 to 37 weeks PMA or discharge.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

6.3.1 Less than 2 hours  

Thome 1998 46/140 45/144 6.36% 1.05[0.75,1.48]

Plavka 1999 5/21 10/20 1.47% 0.48[0.2,1.15]

Johnson 2002 265/400 268/397 38.55% 0.98[0.89,1.08]

Vento 2005 3/20 10/20 1.43% 0.3[0.1,0.93]

Dani 2006 6/13 5/12 0.75% 1.11[0.45,2.7]

Lista 2008 3/19 3/21 0.41% 1.11[0.25,4.83]

Salvo 2012 6/44 8/44 1.15% 0.75[0.28,1.98]

Subtotal (95% CI) 657 658 50.1% 0.95[0.87,1.05]

Total events: 334 (HFOV), 349 (CV)  

Heterogeneity: Tau2=0; Chi2=7.43, df=6(P=0.28); I2=19.22%  

Test for overall effect: Z=0.97(P=0.33)  

   

6.3.2 2-6 hours  

Gerstmann 1996 17/64 28/61 4.11% 0.58[0.35,0.94]

Durand 2001 10/24 18/24 2.58% 0.56[0.33,0.94]

Moriette 2001 55/139 57/134 8.32% 0.93[0.7,1.24]

Courtney 2002 103/244 133/254 18.67% 0.81[0.67,0.97]

Sun 2014 17/177 41/179 5.84% 0.42[0.25,0.71]

Subtotal (95% CI) 648 652 39.52% 0.74[0.64,0.85]

Total events: 202 (HFOV), 277 (CV)  

Heterogeneity: Tau2=0; Chi2=9.94, df=4(P=0.04); I2=59.74%  

Test for overall effect: Z=4.31(P<0.0001)  

   

6.3.3 Greater than 6 hours  

Favours HFOV 100.1 50.2 20.5 1 Favours CV
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Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Clark 1992 11/37 16/28 2.61% 0.52[0.29,0.94]

Schreiber 2003 61/102 55/105 7.77% 1.14[0.9,1.45]

Subtotal (95% CI) 139 133 10.38% 0.99[0.79,1.23]

Total events: 72 (HFOV), 71 (CV)  

Heterogeneity: Tau2=0; Chi2=5.92, df=1(P=0.01); I2=83.11%  

Test for overall effect: Z=0.13(P=0.9)  

   

Total (95% CI) 1444 1443 100% 0.87[0.81,0.94]

Total events: 608 (HFOV), 697 (CV)  

Heterogeneity: Tau2=0; Chi2=34.12, df=13(P=0); I2=61.9%  

Test for overall effect: Z=3.59(P=0)  

Test for subgroup differences: Chi2=9.95, df=1 (P=0.01), I2=79.9%  

Favours HFOV 100.1 50.2 20.5 1 Favours CV

 
 

Analysis 6.4.   Comparison 6 HFOV versus CV subgrouped by
age at randomisation, Outcome 4 Gross pulmonary air leak.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

6.4.1 Less than 2 hours  

Thome 1998 20/140 11/144 11.83% 1.87[0.93,3.76]

Plavka 1999 1/21 2/20 2.23% 0.48[0.05,4.85]

Vento 2005 2/20 1/20 1.09% 2[0.2,20.33]

Dani 2006 0/13 1/12 1.7% 0.31[0.01,6.94]

Subtotal (95% CI) 194 196 16.85% 1.54[0.84,2.82]

Total events: 23 (HFOV), 15 (CV)  

Heterogeneity: Tau2=0; Chi2=2.35, df=3(P=0.5); I2=0%  

Test for overall effect: Z=1.38(P=0.17)  

   

6.4.2 2 - 6 hours  

Moriette 2001 7/139 4/134 4.44% 1.69[0.51,5.63]

Courtney 2002 32/244 33/254 35.26% 1.01[0.64,1.59]

Sun 2014 10/177 21/179 22.77% 0.48[0.23,0.99]

Subtotal (95% CI) 560 567 62.48% 0.87[0.6,1.24]

Total events: 49 (HFOV), 58 (CV)  

Heterogeneity: Tau2=0; Chi2=4.14, df=2(P=0.13); I2=51.7%  

Test for overall effect: Z=0.79(P=0.43)  

   

6.4.3 Greater than 6 hours  

Clark 1992 14/37 8/28 9.93% 1.32[0.65,2.71]

Schreiber 2003 17/102 10/105 10.75% 1.75[0.84,3.64]

Subtotal (95% CI) 139 133 20.68% 1.55[0.92,2.59]

Total events: 31 (HFOV), 18 (CV)  

Heterogeneity: Tau2=0; Chi2=0.29, df=1(P=0.59); I2=0%  

Test for overall effect: Z=1.66(P=0.1)  

   

Total (95% CI) 893 896 100% 1.12[0.86,1.46]

Total events: 103 (HFOV), 91 (CV)  

Heterogeneity: Tau2=0; Chi2=11, df=8(P=0.2); I2=27.27%  

Favours HFOV 1000.01 100.1 1 Favours CV

Elective high frequency oscillatory ventilation versus conventional ventilation for acute pulmonary dysfunction in preterm infants
(Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

85



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Test for overall effect: Z=0.84(P=0.4)  

Test for subgroup differences: Chi2=4.51, df=1 (P=0.1), I2=55.68%  

Favours HFOV 1000.01 100.1 1 Favours CV

 
 

Analysis 6.5.   Comparison 6 HFOV versus CV subgrouped by age at
randomisation, Outcome 5 Intraventricular haemorrhage - grades 3 or 4.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

6.5.1 less than 2 hours  

Ogawa 1993 2/46 1/46 0.48% 2[0.19,21.3]

Thome 1998 19/140 18/144 8.53% 1.09[0.6,1.98]

Plavka 1999 2/21 2/20 0.99% 0.95[0.15,6.13]

Johnson 2002 38/400 55/397 26.55% 0.69[0.46,1.01]

Vento 2005 3/20 2/20 0.96% 1.5[0.28,8.04]

Lista 2008 1/19 1/21 0.46% 1.11[0.07,16.47]

Salvo 2012 3/44 6/44 2.89% 0.5[0.13,1.87]

Subtotal (95% CI) 690 692 40.86% 0.8[0.59,1.08]

Total events: 68 (HFOV), 85 (CV)  

Heterogeneity: Tau2=0; Chi2=3.28, df=6(P=0.77); I2=0%  

Test for overall effect: Z=1.44(P=0.15)  

   

6.5.2 2 - 6 hours  

Gerstmann 1996 2/64 6/61 2.95% 0.32[0.07,1.51]

Rettwitz-Volk 1998 5/46 2/50 0.92% 2.72[0.55,13.33]

Moriette 2001 34/139 19/134 9.3% 1.73[1.04,2.87]

Durand 2001 1/24 4/24 1.92% 0.25[0.03,2.08]

Courtney 2002 45/244 45/254 21.21% 1.04[0.72,1.51]

Sun 2014 30/177 27/179 12.91% 1.12[0.7,1.81]

Subtotal (95% CI) 694 702 49.22% 1.15[0.9,1.46]

Total events: 117 (HFOV), 103 (CV)  

Heterogeneity: Tau2=0; Chi2=8.45, df=5(P=0.13); I2=40.83%  

Test for overall effect: Z=1.12(P=0.26)  

   

6.5.3 Greater than 6 hours  

Clark 1992 7/37 6/28 3.29% 0.88[0.33,2.34]

Schreiber 2003 18/102 14/105 6.64% 1.32[0.7,2.52]

Subtotal (95% CI) 139 133 9.92% 1.18[0.69,2.01]

Total events: 25 (HFOV), 20 (CV)  

Heterogeneity: Tau2=0; Chi2=0.46, df=1(P=0.5); I2=0%  

Test for overall effect: Z=0.6(P=0.55)  

   

Total (95% CI) 1523 1527 100% 1.01[0.85,1.21]

Total events: 210 (HFOV), 208 (CV)  

Heterogeneity: Tau2=0; Chi2=15.97, df=14(P=0.32); I2=12.35%  

Test for overall effect: Z=0.11(P=0.91)  

Test for subgroup differences: Chi2=3.67, df=1 (P=0.16), I2=45.53%  

Favours HFOV 1000.01 100.1 1 Favours CV
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Analysis 6.6.   Comparison 6 HFOV versus CV subgrouped by age
at randomisation, Outcome 6 Periventricular leukomalacia.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

6.6.1 Less than 2 hours  

Ogawa 1993 1/46 4/46 4.61% 0.25[0.03,2.15]

Thome 1998 3/140 0/144 0.57% 7.2[0.38,138.1]

Plavka 1999 2/21 1/20 1.18% 1.9[0.19,19.4]

Johnson 2002 8/400 8/397 9.25% 0.99[0.38,2.62]

Vento 2005 1/20 1/20 1.15% 1[0.07,14.9]

Dani 2006 1/13 1/12 1.2% 0.92[0.06,13.18]

Lista 2008 1/19 1/21 1.09% 1.11[0.07,16.47]

Salvo 2012 0/44 1/44 1.73% 0.33[0.01,7.97]

Subtotal (95% CI) 703 704 20.79% 1[0.52,1.9]

Total events: 17 (HFOV), 17 (CV)  

Heterogeneity: Tau2=0; Chi2=4.07, df=7(P=0.77); I2=0%  

Test for overall effect: Z=0.01(P=0.99)  

   

6.6.2 2 - 6 hours  

Gerstmann 1996 4/64 3/61 3.54% 1.27[0.3,5.45]

Durand 2001 3/24 2/24 2.3% 1.5[0.27,8.19]

Moriette 2001 14/139 18/134 21.12% 0.75[0.39,1.45]

Courtney 2002 18/244 26/254 29.36% 0.72[0.41,1.28]

Sun 2014 10/177 16/179 18.34% 0.63[0.29,1.35]

Subtotal (95% CI) 648 652 74.67% 0.76[0.53,1.08]

Total events: 49 (HFOV), 65 (CV)  

Heterogeneity: Tau2=0; Chi2=1.35, df=4(P=0.85); I2=0%  

Test for overall effect: Z=1.54(P=0.12)  

   

6.6.3 Greater than 6 hours  

Clark 1992 0/1 0/1   Not estimable

Schreiber 2003 4/102 4/105 4.54% 1.03[0.26,4.01]

Subtotal (95% CI) 103 106 4.54% 1.03[0.26,4.01]

Total events: 4 (HFOV), 4 (CV)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.04(P=0.97)  

   

Total (95% CI) 1454 1462 100% 0.82[0.61,1.11]

Total events: 70 (HFOV), 86 (CV)  

Heterogeneity: Tau2=0; Chi2=5.94, df=13(P=0.95); I2=0%  

Test for overall effect: Z=1.29(P=0.2)  

Test for subgroup differences: Chi2=0.66, df=1 (P=0.72), I2=0%  

Favours HFOV 10000.001 100.1 1 Favours CV

 
 

Comparison 7.   HFOV versus CV subgrouped by I:E ratio on HFOV

Outcome or subgroup
title

No. of studies No. of partici-
pants

Statistical method Effect size

1 Death by 36 to 37
weeks or discharge

16 3233 Risk Ratio (M-H, Fixed, 95% CI) 0.94 [0.80, 1.10]
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Outcome or subgroup
title

No. of studies No. of partici-
pants

Statistical method Effect size

1.1 1:1 1 273 Risk Ratio (M-H, Fixed, 95% CI) 1.11 [0.70, 1.75]

1.2 1:2 9 1397 Risk Ratio (M-H, Fixed, 95% CI) 0.97 [0.75, 1.25]

1.3 Range of I:Es or un-
known

6 1563 Risk Ratio (M-H, Fixed, 95% CI) 0.89 [0.71, 1.10]

2 CLD at 36 to 37 weeks
PMA or discharge in sur-
vivors

16 2699 Risk Ratio (M-H, Fixed, 99% CI) 0.86 [0.76, 0.99]

2.1 1:1 1 215 Risk Ratio (M-H, Fixed, 99% CI) 0.79 [0.43, 1.46]

2.2 1:2 9 1183 Risk Ratio (M-H, Fixed, 99% CI) 0.81 [0.66, 1.01]

2.3 Range of I:Es or un-
known

6 1301 Risk Ratio (M-H, Fixed, 99% CI) 0.92 [0.77, 1.09]

3 Death or CLD at 36 to 37
weeks PMA or discharge

16 3233 Risk Ratio (M-H, Fixed, 95% CI) 0.90 [0.83, 0.97]

3.1 1:1 1 273 Risk Ratio (M-H, Fixed, 95% CI) 0.93 [0.70, 1.24]

3.2 1:2 9 1397 Risk Ratio (M-H, Fixed, 95% CI) 0.87 [0.77, 0.98]

3.3 Range of I:Es or un-
known

6 1563 Risk Ratio (M-H, Fixed, 95% CI) 0.92 [0.83, 1.01]

4 Gross pulmonary air
leak

11 2185 Risk Ratio (M-H, Fixed, 95% CI) 1.13 [0.88, 1.45]

4.1 1:1 1 273 Risk Ratio (M-H, Fixed, 95% CI) 1.69 [0.51, 5.63]

4.2 1:2 7 1232 Risk Ratio (M-H, Fixed, 95% CI) 1.17 [0.86, 1.58]

4.3 Range of I:Es or un-
known

3 680 Risk Ratio (M-H, Fixed, 95% CI) 0.99 [0.62, 1.57]

5 Intraventricular haem-
orrhage - grades 3 or 4

15 3259 Risk Ratio (M-H, Fixed, 95% CI) 1.00 [0.84, 1.19]

5.1 1:1 1 273 Risk Ratio (M-H, Fixed, 95% CI) 1.73 [1.04, 2.87]

5.2 1:2 7 1331 Risk Ratio (M-H, Fixed, 95% CI) 0.97 [0.74, 1.26]

5.3 Range of I:Es or un-
known

7 1655 Risk Ratio (M-H, Fixed, 95% CI) 0.90 [0.70, 1.16]

6 Periventricular leuko-
malacia

15 3214 Risk Ratio (M-H, Fixed, 95% CI) 0.87 [0.65, 1.16]

6.1 1:1 1 273 Risk Ratio (M-H, Fixed, 95% CI) 0.75 [0.39, 1.45]

6.2 1:2 8 1332 Risk Ratio (M-H, Fixed, 95% CI) 0.96 [0.64, 1.43]
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Outcome or subgroup
title

No. of studies No. of partici-
pants

Statistical method Effect size

6.3 Range of I:Es or un-
known

6 1609 Risk Ratio (M-H, Fixed, 95% CI) 0.81 [0.48, 1.36]

 
 

Analysis 7.1.   Comparison 7 HFOV versus CV subgrouped by I:E
ratio on HFOV, Outcome 1 Death by 36 to 37 weeks or discharge.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

7.1.1 1:1  

Moriette 2001 31/139 27/134 10.24% 1.11[0.7,1.75]

Subtotal (95% CI) 139 134 10.24% 1.11[0.7,1.75]

Total events: 31 (HFOV), 27 (CV)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.43(P=0.66)  

   

7.1.2 1:2  

Clark 1992 8/37 6/28 2.54% 1.01[0.4,2.58]

Gerstmann 1996 0/64 2/61 0.95% 0.19[0.01,3.89]

Plavka 1999 2/21 2/20 0.76% 0.95[0.15,6.13]

Durand 2001 5/24 4/24 1.49% 1.25[0.38,4.1]

Courtney 2002 33/244 40/254 14.6% 0.86[0.56,1.32]

Schreiber 2003 18/102 21/105 7.71% 0.88[0.5,1.56]

Van Reempts 2003 25/147 20/153 7.3% 1.3[0.76,2.24]

Dani 2006 2/13 2/12 0.77% 0.92[0.15,5.56]

Salvo 2012 5/44 5/44 1.86% 1[0.31,3.21]

Subtotal (95% CI) 696 701 38% 0.97[0.75,1.25]

Total events: 98 (HFOV), 102 (CV)  

Heterogeneity: Tau2=0; Chi2=2.85, df=8(P=0.94); I2=0%  

Test for overall effect: Z=0.26(P=0.8)  

   

7.1.3 Range of I:Es or unknown  

Thome 1998 14/140 15/144 5.51% 0.96[0.48,1.91]

Johnson 2002 100/400 105/397 39.26% 0.95[0.75,1.2]

CraM 2003 3/22 3/24 1.07% 1.09[0.25,4.85]

Vento 2005 1/20 2/20 0.75% 0.5[0.05,5.08]

Lista 2008 1/19 1/21 0.35% 1.11[0.07,16.47]

Sun 2014 4/177 13/179 4.82% 0.31[0.1,0.94]

Subtotal (95% CI) 778 785 51.76% 0.89[0.71,1.1]

Total events: 123 (HFOV), 139 (CV)  

Heterogeneity: Tau2=0; Chi2=4.15, df=5(P=0.53); I2=0%  

Test for overall effect: Z=1.11(P=0.27)  

   

Total (95% CI) 1613 1620 100% 0.94[0.8,1.1]

Total events: 252 (HFOV), 268 (CV)  

Heterogeneity: Tau2=0; Chi2=7.63, df=15(P=0.94); I2=0%  

Test for overall effect: Z=0.8(P=0.43)  

Test for subgroup differences: Chi2=0.83, df=1 (P=0.66), I2=0%  

Favours HFOV 10000.001 100.1 1 Favours CV
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Analysis 7.2.   Comparison 7 HFOV versus CV subgrouped by I:E ratio on
HFOV, Outcome 2 CLD at 36 to 37 weeks PMA or discharge in survivors.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 99% CI   M-H, Fixed, 99% CI

7.2.1 1:1  

Moriette 2001 24/108 30/107 6.19% 0.79[0.43,1.46]

Subtotal (99% CI) 108 107 6.19% 0.79[0.43,1.46]

Total events: 24 (HFOV), 30 (CV)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.98(P=0.33)  

   

7.2.2 1:2  

Clark 1992 3/29 10/22 2.34% 0.23[0.05,1.05]

Gerstmann 1996 17/64 27/59 5.77% 0.58[0.3,1.11]

Plavka 1999 3/19 8/18 1.69% 0.36[0.08,1.63]

Durand 2001 5/19 14/20 2.8% 0.38[0.13,1.08]

Courtney 2002 70/201 93/210 18.69% 0.79[0.57,1.08]

Van Reempts 2003 24/122 19/133 3.74% 1.38[0.67,2.83]

Schreiber 2003 43/84 34/84 6.99% 1.26[0.82,1.96]

Dani 2006 4/11 3/10 0.65% 1.21[0.24,6.09]

Salvo 2012 1/39 3/39 0.62% 0.33[0.02,6.16]

Subtotal (99% CI) 588 595 43.28% 0.81[0.66,1.01]

Total events: 170 (HFOV), 211 (CV)  

Heterogeneity: Tau2=0; Chi2=23.26, df=8(P=0); I2=65.6%  

Test for overall effect: Z=2.5(P=0.01)  

   

7.2.3 Range of I:Es or unknown  

Thome 1998 32/126 30/129 6.09% 1.09[0.62,1.93]

Johnson 2002 165/300 163/292 33.95% 0.99[0.81,1.19]

CraM 2003 13/19 13/21 2.54% 1.11[0.61,2.01]

Vento 2005 2/19 8/18 1.69% 0.24[0.04,1.51]

Lista 2008 2/18 2/20 0.39% 1.11[0.1,12.7]

Sun 2014 13/173 28/166 5.87% 0.45[0.2,1.01]

Subtotal (99% CI) 655 646 50.53% 0.92[0.77,1.09]

Total events: 227 (HFOV), 244 (CV)  

Heterogeneity: Tau2=0; Chi2=10.97, df=5(P=0.05); I2=54.42%  

Test for overall effect: Z=1.28(P=0.2)  

   

Total (99% CI) 1351 1348 100% 0.86[0.76,0.99]

Total events: 421 (HFOV), 485 (CV)  

Heterogeneity: Tau2=0; Chi2=36.46, df=15(P=0); I2=58.86%  

Test for overall effect: Z=2.84(P=0)  

Test for subgroup differences: Chi2=1.44, df=1 (P=0.49), I2=0%  

Favours HFOV 200.05 50.2 1 Favours CV
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Analysis 7.3.   Comparison 7 HFOV versus CV subgrouped by I:E ratio
on HFOV, Outcome 3 Death or CLD at 36 to 37 weeks PMA or discharge.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

7.3.1 1:1  

Moriette 2001 55/139 57/134 7.72% 0.93[0.7,1.24]

Subtotal (95% CI) 139 134 7.72% 0.93[0.7,1.24]

Total events: 55 (HFOV), 57 (CV)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.5(P=0.62)  

   

7.3.2 1:2  

Clark 1992 11/37 16/28 2.42% 0.52[0.29,0.94]

Gerstmann 1996 17/64 28/61 3.82% 0.58[0.35,0.94]

Plavka 1999 5/21 10/20 1.36% 0.48[0.2,1.15]

Durand 2001 10/24 18/24 2.4% 0.56[0.33,0.94]

Courtney 2002 103/244 133/254 17.34% 0.81[0.67,0.97]

Van Reempts 2003 49/147 39/153 5.09% 1.31[0.92,1.86]

Schreiber 2003 61/102 55/105 7.21% 1.14[0.9,1.45]

Dani 2006 6/13 5/12 0.69% 1.11[0.45,2.7]

Salvo 2012 6/44 8/44 1.06% 0.75[0.28,1.98]

Subtotal (95% CI) 696 701 41.4% 0.87[0.77,0.98]

Total events: 268 (HFOV), 312 (CV)  

Heterogeneity: Tau2=0; Chi2=21.09, df=8(P=0.01); I2=62.07%  

Test for overall effect: Z=2.29(P=0.02)  

   

7.3.3 Range of I:Es or unknown  

Thome 1998 46/140 45/144 5.9% 1.05[0.75,1.48]

Johnson 2002 265/400 268/397 35.8% 0.98[0.89,1.08]

CraM 2003 16/22 16/24 2.04% 1.09[0.74,1.6]

Vento 2005 3/20 10/20 1.33% 0.3[0.1,0.93]

Lista 2008 3/19 3/21 0.38% 1.11[0.25,4.83]

Sun 2014 17/177 41/179 5.43% 0.42[0.25,0.71]

Subtotal (95% CI) 778 785 50.88% 0.92[0.83,1.01]

Total events: 350 (HFOV), 383 (CV)  

Heterogeneity: Tau2=0; Chi2=15.59, df=5(P=0.01); I2=67.92%  

Test for overall effect: Z=1.79(P=0.07)  

   

Total (95% CI) 1613 1620 100% 0.9[0.83,0.97]

Total events: 673 (HFOV), 752 (CV)  

Heterogeneity: Tau2=0; Chi2=38.11, df=15(P=0); I2=60.65%  

Test for overall effect: Z=2.91(P=0)  

Test for subgroup differences: Chi2=0.57, df=1 (P=0.75), I2=0%  

Favours HFOV 100.1 50.2 20.5 1 Favours CV

 
 

Analysis 7.4.   Comparison 7 HFOV versus CV subgrouped by I:E ratio on HFOV, Outcome 4 Gross pulmonary air leak.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

7.4.1 1:1  

Moriette 2001 7/139 4/134 3.94% 1.69[0.51,5.63]

Favours HFOV 1000.01 100.1 1 Favours CV
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Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Subtotal (95% CI) 139 134 3.94% 1.69[0.51,5.63]

Total events: 7 (HFOV), 4 (CV)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.85(P=0.4)  

   

7.4.2 1:2  

Clark 1992 14/37 8/28 8.81% 1.32[0.65,2.71]

Rettwitz-Volk 1998 3/46 5/50 4.64% 0.65[0.17,2.58]

Plavka 1999 1/21 2/20 1.98% 0.48[0.05,4.85]

Courtney 2002 32/244 33/254 31.29% 1.01[0.64,1.59]

Schreiber 2003 17/102 10/105 9.54% 1.75[0.84,3.64]

Van Reempts 2003 11/147 7/153 6.64% 1.64[0.65,4.1]

Dani 2006 0/13 1/12 1.51% 0.31[0.01,6.94]

Subtotal (95% CI) 610 622 64.39% 1.17[0.86,1.58]

Total events: 78 (HFOV), 66 (CV)  

Heterogeneity: Tau2=0; Chi2=4.17, df=6(P=0.65); I2=0%  

Test for overall effect: Z=1(P=0.31)  

   

7.4.3 Range of I:Es or unknown  

Thome 1998 20/140 11/144 10.49% 1.87[0.93,3.76]

Vento 2005 2/20 1/20 0.97% 2[0.2,20.33]

Sun 2014 10/177 21/179 20.2% 0.48[0.23,0.99]

Subtotal (95% CI) 337 343 31.66% 0.99[0.62,1.57]

Total events: 32 (HFOV), 33 (CV)  

Heterogeneity: Tau2=0; Chi2=7.35, df=2(P=0.03); I2=72.8%  

Test for overall effect: Z=0.05(P=0.96)  

   

Total (95% CI) 1086 1099 100% 1.13[0.88,1.45]

Total events: 117 (HFOV), 103 (CV)  

Heterogeneity: Tau2=0; Chi2=12.22, df=10(P=0.27); I2=18.18%  

Test for overall effect: Z=0.98(P=0.33)  

Test for subgroup differences: Chi2=0.79, df=1 (P=0.67), I2=0%  

Favours HFOV 1000.01 100.1 1 Favours CV

 
 

Analysis 7.5.   Comparison 7 HFOV versus CV subgrouped by I:E ratio
on HFOV, Outcome 5 Intraventricular haemorrhage - grades 3 or 4.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

7.5.1 1:1  

Moriette 2001 34/139 19/134 8.74% 1.73[1.04,2.87]

Subtotal (95% CI) 139 134 8.74% 1.73[1.04,2.87]

Total events: 34 (HFOV), 19 (CV)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=2.1(P=0.04)  

   

7.5.2 1:2  

Clark 1992 7/37 6/28 3.08% 0.88[0.33,2.34]

Gerstmann 1996 2/64 6/61 2.77% 0.32[0.07,1.51]

Favours HFOV 200.05 50.2 1 Favours CV
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Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Durand 2001 1/24 4/24 1.81% 0.25[0.03,2.08]

Courtney 2002 45/244 45/254 19.91% 1.04[0.72,1.51]

Van Reempts 2003 14/147 13/153 5.75% 1.12[0.55,2.3]

Schreiber 2003 18/102 14/105 6.23% 1.32[0.7,2.52]

Salvo 2012 3/44 6/44 2.71% 0.5[0.13,1.87]

Subtotal (95% CI) 662 669 42.26% 0.97[0.74,1.26]

Total events: 90 (HFOV), 94 (CV)  

Heterogeneity: Tau2=0; Chi2=5.74, df=6(P=0.45); I2=0%  

Test for overall effect: Z=0.25(P=0.8)  

   

7.5.3 Range of I:Es or unknown  

Ogawa 1993 2/46 1/46 0.45% 2[0.19,21.3]

Thome 1998 19/140 18/144 8.01% 1.09[0.6,1.98]

Johnson 2002 38/400 55/397 24.93% 0.69[0.46,1.01]

CraM 2003 4/22 5/24 2.16% 0.87[0.27,2.84]

Vento 2005 3/20 2/20 0.9% 1.5[0.28,8.04]

Lista 2008 1/19 1/21 0.43% 1.11[0.07,16.47]

Sun 2014 30/177 27/179 12.12% 1.12[0.7,1.81]

Subtotal (95% CI) 824 831 49% 0.9[0.7,1.16]

Total events: 97 (HFOV), 109 (CV)  

Heterogeneity: Tau2=0; Chi2=3.9, df=6(P=0.69); I2=0%  

Test for overall effect: Z=0.82(P=0.41)  

   

Total (95% CI) 1625 1634 100% 1[0.84,1.19]

Total events: 221 (HFOV), 222 (CV)  

Heterogeneity: Tau2=0; Chi2=14.64, df=14(P=0.4); I2=4.38%  

Test for overall effect: Z=0.01(P=0.99)  

Test for subgroup differences: Chi2=5.15, df=1 (P=0.08), I2=61.2%  

Favours HFOV 200.05 50.2 1 Favours CV

 
 

Analysis 7.6.   Comparison 7 HFOV versus CV subgrouped by
I:E ratio on HFOV, Outcome 6 Periventricular leukomalacia.

Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

7.6.1 1:1  

Moriette 2001 14/139 18/134 19.37% 0.75[0.39,1.45]

Subtotal (95% CI) 139 134 19.37% 0.75[0.39,1.45]

Total events: 14 (HFOV), 18 (CV)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.86(P=0.39)  

   

7.6.2 1:2  

Gerstmann 1996 4/64 3/61 3.25% 1.27[0.3,5.45]

Plavka 1999 2/21 1/20 1.08% 1.9[0.19,19.4]

Durand 2001 3/24 2/24 2.11% 1.5[0.27,8.19]

Courtney 2002 18/244 26/254 26.93% 0.72[0.41,1.28]

Van Reempts 2003 11/147 8/153 8.29% 1.43[0.59,3.46]

Schreiber 2003 4/102 4/105 4.17% 1.03[0.26,4.01]
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Study or subgroup HFOV CV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Dani 2006 1/13 1/12 1.1% 0.92[0.06,13.18]

Salvo 2012 0/44 1/44 1.59% 0.33[0.01,7.97]

Subtotal (95% CI) 659 673 48.51% 0.96[0.64,1.43]

Total events: 43 (HFOV), 46 (CV)  

Heterogeneity: Tau2=0; Chi2=2.92, df=7(P=0.89); I2=0%  

Test for overall effect: Z=0.21(P=0.83)  

   

7.6.3 Range of I:Es or unknown  

Ogawa 1993 1/46 4/46 4.23% 0.25[0.03,2.15]

Thome 1998 3/140 0/144 0.52% 7.2[0.38,138.1]

Johnson 2002 8/400 8/397 8.49% 0.99[0.38,2.62]

Vento 2005 1/20 1/20 1.06% 1[0.07,14.9]

Lista 2008 1/19 1/21 1% 1.11[0.07,16.47]

Sun 2014 10/177 16/179 16.82% 0.63[0.29,1.35]

Subtotal (95% CI) 802 807 32.11% 0.81[0.48,1.36]

Total events: 24 (HFOV), 30 (CV)  

Heterogeneity: Tau2=0; Chi2=3.9, df=5(P=0.56); I2=0%  

Test for overall effect: Z=0.79(P=0.43)  

   

Total (95% CI) 1600 1614 100% 0.87[0.65,1.16]

Total events: 81 (HFOV), 94 (CV)  

Heterogeneity: Tau2=0; Chi2=7.38, df=14(P=0.92); I2=0%  

Test for overall effect: Z=0.96(P=0.34)  

Test for subgroup differences: Chi2=0.49, df=1 (P=0.78), I2=0%  

Favours HFOV 10000.001 100.1 1 Favours CV

 

W H A T ' S   N E W

 

Date Event Description

30 November 2014 New search has been performed Seach updated in November 2014.

30 November 2014 New citation required and conclusions
have changed

Follow-up study of pulmonary function in adolescents from the
trial of Johnson 2002 identified. One new study from China iden-
tified (Sun 2014). Conclusions changed to note that the use of
elective HFOV compared with CV resulted in a small reduction in
the risk of CLD, but that the evidence is weakened by the incon-
sistency of this effect across trials.

 

H I S T O R Y

Protocol first published: Issue 1, 1996
Review first published: Issue 1, 1997

 

Date Event Description

11 February 2013 New search has been performed Search completed through February 2013. One additional study
added (Salvo 2012). Three studies excluded. Results unchanged.
Version not published.
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Date Event Description

11 November 2009 Amended Minor reference edits

12 August 2009 Amended Outcomes 1.6 and 1.7 - X-axis graph label corrected.

1 February 2009 New search has been performed This updates the review 'Elective high frequency oscillatory ven-
tilation versus conventional ventilation for acute pulmonary dys-
function in preterm infants' published in The Cochrane Library,
Issue 1, 2007 (Henderson-Smart 2007).
 
As a result of a search update to January 2009, data from two
more trials have been added.
 
Subgroup analyses have been further refined.

1 February 2009 New citation required but conclusions
have not changed

New authorship; two trials added; subgroup analyses further re-
fined.

3 June 2008 Amended Converted to new review format.

14 May 2007 New search has been performed This updates the review 'Elective high frequency oscillatory ven-
tilation versus conventional ventilation for acute pulmonary dys-
function in preterm infants' published in The Cochrane Library,
Issue 1, 2003 (Henderson-Smart 2003).
 
As a result of a search update to November 2006, data from four
trials have been added. One new trial is still awaiting assessment
and another is yet to be published.
 
Additional subgroup analyses have been added to explore het-
erogeneity.

14 May 2007 New citation required but conclusions
have not changed

Substantive amendment

 

C O N T R I B U T I O N S   O F   A U T H O R S

An earlier version of this review was developed by Bhuta and Henderson-Smart and published in 1996. Both authors were involved at all
stages in the review.

In 1999 the review was reformatted by Henderson-Smart with inclusion of two new review authors, Cools and O�ringa. Each author
evaluated the trials and extracted data independently. Henderson-Smart entered the data and wrote the text while all the co-reviewers
contributed to data checking and editing.

The update in 2007 included a search and data extraction from four new trials, by Henderson-Smart and Cools. Henderson-Smart entered
the data and edited the review. The review was evaluated by all review authors.

The update in 2009 included a search by Cools and O�ringa. Data from the two new trials were extracted by Cools, O�ringa and Henderson-
Smart. Cools entered the data and edited the review. The review was evaluated by all authors.

The update in 2012 included a search by the CNRG Editorial O�ice through December 2012. Drs Cools and O�ringa reviewed the data from
the new trial of Salvo 2012 and edited the review. The review was evaluated by all authors.

The updated search in 2014 identified a follow-up study of pulmonary function from the original trial of Johnson 2002 (Zivanovic. N Engl
J Med. 2014 Mar 20;370 (12):1121-30) and a new trial from Sun 2014. Drs Cools and O�ringa reviewed the data from the Sun 2014 trial and
edited the review.
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D E C L A R A T I O N S   O F   I N T E R E S T

None
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