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Multicentre randomised controlled trial of high
against low frequency positive pressure ventilation

Oxford Region Controlled Trial of Artificial Ventilation (OCTAVE) Study Group

Abstract
A total of 346 infants aged <72 hours were
randomly allocated to be treated either by
high frequency positive pressure ventilation
(HFPPV; rate fixed at 60/minute throughout
treatment and initial inspiratory:expiratory
(I:E) ratio 1:2, increased to 1:1 if necessary)
or by low frequency positive pressure ventila-
tion (LFPPV; rate 640/minute and initial I:E
ratio usually 1:1, both decreasing during
weaning). The main hypotheses were that
HFPPV reduces pneumothorax, chronic lung
disease and death before discharge in all
infants, as well as those with hyaline mem-
brane disease, and that it reduces the inci-
dence of later neurodevelopmental complica-
tions in infants of <33. weeks' gestation.
Among all the infants the rate of pneu-
mothorax was 19% in the HFPPV group and
26% in the LFPPV group (p=0-13; odds ratio
0-7, 95% confidence intervals (CI) 0-4 to 1.1);
there was no difference in mortality or the
incidence of chronic lung disease. In infants
of <33 weeks' gestation there were no differ-
ences in adverse neurodevelopmental out-
comes. Among the subgroup of 237 infants
with hyaline membrane disease, median frac-
tional inspired oxygen at the time of entry to
the trial was 0-6 in the HFPPV group and 0-7
in the LFPPV group, indicating that many had
moderately severe disease. In patients with
hyaline membrane disease HFPPV was asso-
ciated with a lower rate of pneumothorax
(18% in the HFPPV group compared with 33%
in the LFPPV group, p=0-013, odds ratio 0*5,
95% CI 0-3 to 0.8), with no differences in mor-
tality, or in duration of intubation or supple-
mentary oxygen in survivors. As used in this
study, HFPPV was the preferred ventilator
regimen for infants with hyaline membrane
disease.
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Artificial ventilation for newborn infants has
been associated with substantially increased
survival." The risks of pneumothorax5 6 and
chronic lung disease7 seem to have increased,
however, and the question of which methods of
artificial ventilation are safest remains
controversial.8 9
Members of the OCTAVE Study Group included: John Radcliffe
Maternity Hospital: AR Wilkinson, P Cadman, WO Tarnow-
Mordi (trial coordinator). Wexham Park and Heatherwood Hos-
pitals: J Cowen, J Pearce. Milton Keynes Hospital: V Joss.
Wycombe General Hospital: C Cheetham, H Fleet. Kettering
General Hospital: A Mukhtar. National Perinatal Epidemiology
Unit, Oxford: D Elbourne, A Grant, I Chalmers. Oxford Region
Child Development Project: A Johnson, R King. Department of
Community Medicine, Ninewells Hospital and Medical School:
S Ogston.

Until recently most ventilator regimens used
in the United Kingdom specified rates of <40/
minute.2 Several studies, some uncontrolled,"s
12 one in which treatment regimens were allo-
cated alternately,'3 and one that was randomly
controlled,'4 have suggested that higher ventila-
tor rates (¢60 cycles/minute) may reduce the
incidence of pneumothorax. These studies did
not, however, always describe outcomes in
hyaline membrane disease (the main cause of
neonatal respiratory illness) and were too small
to assess the effects of the ventilator regimen on
mortality or the incidence of chronic lung dis-
ease. We therefore undertook a randomised
controlled trial in which the following hypoth-
eses were tested: compared with low frequency
positive pressure ventilation (LFPPV) at 20-40
cycles/minute, high frequency positive pressure
ventilation (HFPPV) at 60 cycles/minute
reduces the incidence of pneumothorax, the
number of deaths before discharge from hospi-
tal, and the incidence and severity of chronic
lung disease in survivors, in infants of all
diagnostic categories as well as in infants with
hyaline membrane disease alone; and reduces
long term neurodevelopmental impairment and
disability in surviving infants of less than 33
weeks' gestation.

Patients and methods
The study was conducted between October
1983 and September 1986 in six hospitals in the
Oxford health region. The study design was
approved by the ethics committees of all partici-
pating hospitals. Formal parental consent for
entry to the trial and random assignment to
HFPPV or LFPPV was not sought because ven-
tilator frequencies of 20-60 cycles/minute or
more were already in use in the hospitals.
(Copies of a submission to the Central Oxford
Research Ethics Committee are available on
request.) Parents were seen as soon as possible
during the 48 hours after birth, given an infor-
mation leaflet, and encouraged to ask questions
at any time. No parents asked that the allocated
regimen be changed, but had any done so we
would have respected their wishes, providing
that there were no clinical contraindications.

ELIGIBILITY AND TRIAL ENTRY
Infants were eligible if they were <72 hours old,
if they were receiving positive pressure ventila-
tion by endotracheal tube at ¢20 cycles/minute,
if there was no sign of meconium aspiration,
and if a Sechrist IV lOOB ventilator was avail-
able. With the possible exception of meconium
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aspiration, precise respiratory diagnoses are not
always apparent when mechanical ventilation is
begun during the first few hours of life. Apart
from meconium aspiration, therefore, the trial
was open to all babies who met the entry criteria
regardless of the indications for mechanical ven-
tilation.

TRIAL ENTRY AND RANDOM ALLOCATION OF
VENTILATOR REGIMEN
The trial was coordinated from the intensive
care nursery at the John Radcliffe Maternity
Hospital. Random assignment of ventilator
management to LFPPV or HFPPV was done
after admission by opening the next sealed,
opaque, serially numbered envelope held in a
box at the nursing station. Staff at the other five
participating hospitals telephoned the neonatal
unit at the John Radcliffe Hospital for each
baby's treatment allocation. The randomisation
was stratified by clinical centre only.

DIAGNOSTIC CRITERIA FOR HYALINE MEMBRANE
DISEASE
Hyaline membrane disease was diagnosed if an
infant had chest wall retractions and a radio-
graph showing reticulogranular densities or a
'ground glass' appearance, or diffuse opacifica-
tion with air bronchograms, and required
supplementary oxygen increasingly during the
first day and supplementary oxygen was
required for at least 72 hours, reaching at least
30%.

TRIAL MANAGEMENT
Ventilator rates, inspiratory:expiratory (I:E)
ratios, gas flow rates, and the recommended
plan of management are shown in the Appen-
dix. No infant received surfactant. In each reg-
imen, the ventilator pressures initially chosen
were those that produced adequate expansion of
the chest wall. Subsequent ventilator settings
were adjusted to maintain blood gas tensions
within the range: arterial oxygen tension (Pao2)
6-7-10-7 kPa (50-80 mm Hg), arterial carbon
dioxide tension (PaCO2) 4-6 kPa (30-45 mm
Hg), and pH 7-25-7-45. Pancuronium was
reserved for infants who were considered to be
struggling excessively against the ventilator.5
Mean airway pressure was measured electroni-
cally at the proximal airway, with a Sechrist
APM or an Insight 2000 monitor, or by needle
gauge manometers (PP Electronics) connected
to the proximal airway by a high resistance res-
trictor device.

CRITERIA FOR RELAXATION OF ALLOCATED
VENTILATOR MANAGEMENT
The allocated regimen could be relaxed if any of
the following criteria were met: poor gas
exchange defined as Pao2 <6-7 kPa (<50 mm
Hg) despite fractional inspired oxygen (FIO2)
>0 95 and mean airway pressure of 17 cm
H20, or PacO2 >7 3 kPa (>55 mm Hg)
despite using the maximum recommended ven-
tilator rate at a mean airway pressure of 17 cm
H20; recurrent pneumothorax, defined as the

insertion of two or more chest drains to treat
pneumothorax; or chronic ventilator depen-
dence, defined as still receiving mechanical ven-
tilation at 28 days of age.

Before relaxing planned management because
of poor gas exchange, measures to reduce extra-
pulmonary right to left shunt were considered.
These included infusion of plasma, blood, or
dopamine to keep mean systemic blood pressure
>25 mm Hg in infants of <1000 g birth weight
and >30 mm Hg in larger infants. If the syste-
mic bloo4 pressure was above these values,
infusion of tolazoline was also considered. All
other aspects of clinical management were left
to the discretion of the neonatologist respon-
sible for care.

LONG TERM NEURODEVELOPMENTAL
ASSESSMENT IN SURVIVORS BORN AT LESS THAN
33 WEEKS' GESTATION
Although we had originally planned to compare
the rates of periventricular haemorrhage in
infants <33 weeks' gestation it was not possible
to obtain cerebral ultrasound scans from all cen-
tres. This outcome measure was therefore repla-
ced by a comparison of longer term neurodeve-
lopmental assessments, which were obtained
from the impairment register kept by the
Oxford Region Child Development Project, or
(for children not resident in the region, from the
responsible paediatrician) using a classification
which has been described elsewhere.'5

ANTICIPATED SAMPLE SIZE
We estimated that a trial with 174 infants in
each group would have a good chance (90%
power) of identifying a reduction in
pneumothorax in all infants from an expected
rate of 30% to 15% (2p <0 05). Assuming that
70% of all mechanically ventilated infants had
hyaline membrane disease and that hyaline
membrane disease carries a higher risk of
pneumothorax, a trial of this size would also
have a 90% chance of identifying a reduction in
pneumothorax from 40% to 20% at a similar
level of significance.'6

STATISTICAL ANALYSIS
All analyses were based on the regimen ran-
domly assigned, regardless of subsequent venti-
lator management. The significance of differ-
ences in proportions were analysed by the x2 test
with Yates's correction or Fisher's exact test.
Normally distributed continuous variables were
compared by a parametric test (unpaired t test),
and skewed continuous variables by the Mann-
Whitney U test. The effects of any imbalances
in important prognostic variables between trial
groups'7 were investigated by multiple logistic
regression. 18

Results
TRIAL GROUPS AT ENTRY
A total of 346 infants were recruited to the trial.
Descriptive variables for all infants and for
infants with hyaline membrane disease are
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shown in table 1. The groups were similar
except that, among infants with hyaline mem-
brane disease, those who were assigned to the-
HFPPV group tended to be more mature and
heavier than those assigned to receive LFPPV.
There was no difference in the overall propor-
tions of infants in whom allocated management
was relaxed (table 2).

MANAGEMENT RECEIVED
The allocated ventilator regimen was relaxed in
between 24-29% of infants in each group,
usually because of poor gas exchange (table 2).
Although the regimen was relaxed because of
recurrent pneumothorax more often in infants
assigned to receive LFPPV, this difference was

not significant. Overall, relaxation of the allo-
cated regimen occurred more often because of
chronic ventilator dependence in those assigned
to HFPPV (p=003 by Fisher's exact test, two
tailed).

SPECIFIED ANALYSES OF OUTCOME
Overall there were no clear differences in any
major outcome between the two groups. The

odds of both death before discharge and
pneumothorax were lower in the HFPPV
group, but neither difference was significant
(table 3). Among infants with hyaline mem-

brane disease, however, pneumothorax after
randomisation was 18% in the HFPPV group
and 33% in the LFPPV group (p=0013, odds
ratio 0-5, 95% Cl 0-3 to 08) (table 3). Infants
with hyaline membrane disease who were allo-
cated to receive HFPPV showed a trend to
lower hospital mortality (HFPPV 17% com-
pared with LFPPV 28%; p=006, odds ratio
0 5, 95% Cl0 3 to 1-0), but there were no differ-
ences in the proportions of survivors who
received mechanical ventilation or added oxy-

gen at 29 days, in their median oxygen re-

quirement at 29 days, their median age at final
extubation, or the median age when supplemen-
tary oxygen was discontinued (table 3).
The main diagnoses in infants who did not

have hyaline membrane disease included tran-
sient tachypnoea, pneumonia, recurrent
apnoea, persistent fetal circulation, and birth
asphyxia. There were no significant differences
in any outcome in any of these categories. In
surviving infants of <33 weeks' gestation (in
98% of whom follow up assessments were

Table I Characteristics of infants at trial entry. Data are expressed as number (%) unless otherwise stated

All infants Infants with hyaline membrane disease

HFPPV LFPPV HFPPV LFPPV
(n= 174) (n= 172) (n= 123) (n= 114)

Mean (SD) birth weight (g) 1596 (752) 1541 (829) 1493 (583) 1323 (606)
Mean (SD) gestation (weeks) 31-0 (3-7) 30 5 (4 2) 30 4 (3-0) 29-3 (3 0)
Median (range) age (hours) 3-0 (0-71) 3-0 (0-71) 3-0 (0-50) 3-0 (0-71)
Median (range) F102 0-6 (0-21-1-0) 0-6 (0-21-1-0) 0-6 (0-301-0) 0 7 (0-32-1-0)
Boys 100 (57) 98 (57) 73 (59) 70 (61)
Inborn 154 (89) 150 (87) 107 (87) 96 (84)
Birth weight <10th centile 24 (14) 22 (13) 16 (13) 13 (11)
Apgar score <7 at 5 minutes 50 (29) 41 (24) 31 (25) 26 (23)
Intubated at birth 111 (64) 128 (74) 77 (63) 83 (73)
Pneumothorax before entry 4 (2) 5 (3) 1 (1) 2 (2)

Table 2 Reasons for relaxation of allocated ventilator regimen. Data are expressed as number (%)

All infants Infants with hyaline membrane disease

HFPPV LFPPV HFPPV LFPPV
(n= 174) (n= 172) (n= 123) (n= 114)

Allocated ventilator regimen relaxed: 47 (27) 43 (25)- 30 (24) 33 (29)*
Poor gas exchange 19 (40) 22 (51) 12 (40) 17 (52)
Air leak 2 (4) 7 (16) 2 (7) 6 (18)
Chronic ventilation 6 (13) 0 2 (7) 0
Other reasons 20 (43) 14 (33) 14 (47) 10 (30)

*p=0-76, odds ratio 1 1 (95% CI 07 to 1-8); *p-051, odds ratio 0-8 (95% Cl 04 to 1-4).

Table 3 Short term measures of outcome. Data are expressed as number (%) except where otherwise stated

All infants Infants with hyaline membrane disease

HFPPV LFPPV p Odds ratio HFPPV LFPPV p Odds ratio
(n=174) (n= 172) Value (95/o (GI) (n=123) (n=114) Value (95% CI)

Whole group:
Pneumothorax after entry 32/170 (19) 44/167 (26) 0-13 07 (04 to 1 1) 22/122 (18) 37/112 (33) 0013 05(03to08)
Deaths before discharge 41/174 (24) 50/172 (29) 0 16 0-8 (0 5 to 1 2) 21/123 (17) 32/114 (28) 0-06 0-5 (0-3 to 1-0)

Survivors:
IPPV after 28th day 19/133 (14) 17/122 (14) 0 90 1-0 (0-5 to 2 1) 17/102 (17) 12/82 (15) 0-88 1-2 (0-5 to 2-6)
Supplementary oxygen after 28th day 42/133 (32) 38/122 (31) 0-94 1-0 (0-6 to 1-7) 37/102 (36) 27/82 (33) 0-64 1-2 (0-6 to 2-1)
Median (range) FIO2 at 29th day 0 21 (0 21-06) 0 21 (0-21-055) 0-83 - 0 21 (0 21-06) 0 21 (0-21-055) 0-69
Median (range) age (days) when finally

extubated 4 0 (0-164) 5 0 (0-183) 0 49 - 4-4 (0-164) 6-0 (0-144) 0 21
Median (range) age (days) when finally

breathed added oxygen 9-0 (1-7%) 9-0 (0-242) 0 5 - 10-4 (1-7%) 12-0 (0-242) 0-76
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Table 4 Long term outcome for infants of less than 33 weeks' gestation. Data are expressed as number (%) except where
otherwise stated

HFPPV LFPPV Odds ratio (95% CI)

Total No recruited 125 126
Mean (SD) gestation (weeks) 28-6 (4 5) 28-1 (5 3)
Median (range) age (months) when last seen 18 (3-48) 18 (18-64)
Deaths during first year 36 (29) 29 (23) 1-4 (0-8 to 2 4)
Deaths after 1 year of age 0 1 (1) 0-1 (0 to 6 8)
Lost to follow up 2 (2) 6 (6) 0-4 (0-1 to 1 5)
No of infants surviving longer than 1 year* 87 90
Normal outcome 69 (79) 69 (77) 1 2 (0-6 to 2 4)
Cerebral palsy 4 (5) 12 (13) 0 4 (0-1 to 1 0)
Other central nervous system disease 2 (2) 5 (6) 0 4 (0-1 to 1-9)
Severe hearing impairment 4 (5) 8 (9) 0 4 (0-1 to 1-3)
Severe visual impairment 6 (7) 13 (14) 0-5 (0-2 to 1-2)
Global developmental delay 4 (5) 6 (7) 0 7 (0-2 to 2 4)

*Percentages total more than 100 because some infants had more than one condition.

Table S Use of pancuronium at the John Radcliffe Hospital

All infants Infants with hyaline membrane disease

HFPPV LFPPV HFPPV LFPPV
(n= 127) (n= 128) (n= 90) (n= 79)

No (%) that received pancuronium 40 (31) 26 (20)' 30 (33) 20 (25):`

*p=0*058; odds ratio 1-8 (95% CI 1 0 to 3-1); **p=0.33; odds ratio 1-5 (95% CI 0 8 to 2 8)

'blind'), those allocated to receive HFPPV
showed no increase in neurodevelopmental
complications or abnormal outcomes (table 4).

ANALYSES OF OUTCOME NOT SPECIFIED IN
ADVANCE
Survivors of <33 weeks' gestation who had
been allocated HFPPV had a marginally lower
rate of severe neuromotor impairment ('cerebral
palsy'), a finding that could have been due to
chance.
The analyses restricted to infants with hyaline

membrane disease were adjusted by multiple
logistic regression for possible confounding
effects of gestational age, birth weight, and
sex.'7 The difference in the rate of
pneumothorax between regimens remained sig-
nificant, but the difference in mortality did not.

Data on the use of pancuronium were

obtained only for infants at the John Radcliffe
Hospital. These showed a trend toward
increased use of pancuronium in the HFPPV
group (p=0-058, odds ratio 1-8, 95% Cl 1-0 to
3-1) (table 5). By multiple regression analysis,
both HFPPV and pancuronium were found to
be independently associated with a reduction in
the incidence of pneumothorax (p<0-001). The
apparent protective effect was considerably
greater for pancuronium than for HFPPV, both
in all infants and in those with hyaline mem-

brane disease.

Discussion
The most valid comparisons of ventilator tech-
niques are likely to come from studies that meet
two conditions. Firstly, ventilator techniques
should be randomly assigned within each hospi-
tal. This tends to balance the innumerable vari-
ables that affect prognosis (whether known or

not) evenly between the treated and control
groups.'9 20 Secondly, the trial should recruit
large enough numbers of infants to allow a dis-
tinction to be made between real and chance dif-
ferences in outcome. Although this trial is to

our knowledge the largest randomised study of
conventional neonatal ventilation yet reported,
it was likely (with 90% power) to show a signifi-
cant result only if the true effects were large (a
50% reduction in pneumothorax or a corres-
pondingly greater reduction in chronic lung dis-
ease).

Overall we found that HFPPV was associa-
ted with a 34% reduction in the odds of
pneumothorax, which did not reach our preset
level of significance. Among infants with
hyaline membrane disease, however, in whom
we had postulated a greater risk of pneu-
mothorax, HFPPV was associated with a
50% reduction in the odds of pneumothorax
(p=0-013; odds ratio 0-5, 95% Cl 03 to 0-8).
This is important, and when data from the only
comparable trial are taken into account (table
6),'3 it seems unlikely that the observed differ-
ence in the incidence of pneumothorax in both
trials is due to chance. There were no clear dif-
ferences in mortality or in the development of
chronic lung disease between the groups, and
the proportions of survivors of less than 33
weeks' gestation with normal outcome were
similar (table 4).
Our results seem to conflict with those of

Reynolds and Taghizadeh,2 who compared ven-
tilator frequencies of 30-40/minute and I:E
ratios of 1:1 with frequencies of 60-80/minute
and I:E ratios of 1:2, similar to the technique of
HFPPV that we used. They found more deaths
and no reduction in the incidence of

Table 6 Meta-analyses of controlled trials of HFPPV
against LFPPV

Odds ratio 95% CI

Effect ofHFPPV on relative odds of pneumothorax in all infants:
Heicher et al, 1981'3 0 3 0-1 to 0-8
OCTAVE, 1990 0 7 0-4to 1-1

Typical odds ratio 0-6 0 4 to 09
Effect of HFPPV on relative odds of death among all infants:

Heicher et al, 1981'3 0-8 03 to 1-8
OCTAVE, 1990 0-8 0-5 to 1-2

Typical odds ratio 0-8 0-5 to 1-2
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pneumothorax with faster frequencies. The two
studies are not necessarily at variance, however,
because the equipment, the methods, and the
infants were not comparable. In the earlier
study an intermittent flow ventilator (Ben-
nett PR2) was used,2 in which mean air-
way pressure-and hence oxygenation21-231
decreased at frequencies above 40/minute.23
Most (but not all) modern continuous flow ven-
tilators maintain mean airway pressure at faster
frequencies,24 particularly if the gas flow rate is
increased (Appendix).25 In the earlier study the
infants treated with fast frequencies were born
between 1967 and 1969, and the second group
between 1970 and 1972. Some of the reduction
in mortality in the second group may thus have
resulted from factors other than ventilator man-
agement. All the infants in the earlier study had
severe hyaline membrane disease,2 because
mechanical ventilation was begun when the
infants were apnoeic; or gasping, peripherally
vasoconstricted and bradycardic; or had Pao2
64-7 kPa (35 mm Hg) and Fio2 -0_95.2 This is
a crucial difference because many infants in the
present trial had moderate hyaline membrane
disease, with Pao2 >6-7 kPa (50 mm Hg) and a
median FiO2 of 0-6 or 0-7 at entry (table 1). In
moderate hyaline membrane disease we found
that adequate oxygenation was possible using
HFPPV with an I:E ratio of 1:2 at relatively low
peak and end expiratory pressures. In severe
hyaline membrane disease, however, an I:E
ratio of 1:2 in HFPPV was not appropriate
because peak pressures of >30 cm H20 were
frequently required to maintain oxygena-
tion.2 21 In severe hyaline membrane disease,
therefore, we routinely increased the I:E ratio
from 1:2 to 1:1 and the inspiratory time from
0 33 to 0 5 seconds (Appendix) to improve
alveolar inflation and gas exchange.2 9 21 26
How might HFPPV protect against

pneumothorax? If pneumothorax occurs when
lung units overinflate, the risk is likely to be
greater when the ventilator delivers larger tidal
volumes, particularly if these are superimposed
on the infant's own inspiration. Greenough et al
observed that when this occurred in infants
receiving LFPPV-that is, when a one second
ventilator inflation took place within 0-2
seconds of the end of spontaneous inspiration, it
provoked asynchronous breathing with 'active
expiration' against the ventilator (the infant
forcibly exhaled during the ventilator peak
pressure phase).27 This may be an example of
the Hering-Breuer reflex in response to stimula-
tion of vagally innervated stretch receptors
resulting from overinflation28 and gas trapping.
Field et al reported that active expiration was
reduced by increasing the ventilator rate or
reducing the I:E ratio.29 Both these manoeuvres
reduce tidal volume and together result in a
ventilator technique similar to the method of
HFPPV used here. HFPPV may therefore pro-
tect against pneumothorax by preventing over-
inflation of lung units, coincidentally reducing
active expiration.
Among infants receiving LFPPV Green-

ough et al found that pancuronium considerably
reduced the risk of pneumothorax in those with
active expiration.30 Using multiple regression

analysis we found that pancuronium given when
infants struggled excessively against the ventila-
tor had a substantial apparently protective effect
against pneumothorax, which was independent
of that of HFPPV.

In this study, LFPPV usually entailed an ini-
tial I:E ratio of 1:1 at 20-40 cycles/minute with
relatively long inspiratory times of 0-75-1 0
seconds (Appendix). Except in very stiff lungs,
increased inspiratory times may predispose to
pneumothorax because of overinflation and gas
trapping,3' and to obstruction of the pulmonary
circulation. This type of LFPPV is probably
particularly inappropriate for infants with less
severe hyaline membrane disease, which will
become more common with the use of surfac-
tant or antenatal steroids.

This study shows that there is a growing need
for multicentre collaboration if methods of
reducing pneumothorax, mortality from chro-
nic lung disease, and adverse neurodevelopmen-
tal outcome are to be evaluated reliably. If these
outcomes become progressively less common,
larger numbers will be needed,'6 so it would be
valuable to establish a national network of
paediatricians willing to cooperate in future
trials. National (and international) agreement
on a standard format for data collection will be
helpful, so that uniform measures of initial sev-
erity of disease and outcome can be made.32 If
no adverse interaction between treatments is
expected there is no scientific reason why ran-
domised trials that are designed to answer diff-
erent questions should not take place simulta-
neously in the same neonatal units. Indeed, this
should be encouraged so that our uncertainties
about the most effective treatments can be
resolved more rapidly.
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Appendix

High frequency positive Low frequency positive
pressure ventilation (HFPPV)* pressure ventilation (LFPPV)

Typical starting settings:
PIP 17-25 cm H20 15-25 cm H20
PEEP 4-6 cm H20 3-5 cm H20
Gas flow rate 6-8 I/min 6-8 I/min
Ventilator rate 60/min Fixed 30 (20-40)/min
Inspiratory:expiratory ratio 1:2 throughout 1:1
Inspiratory time 0-33 sec ( (but see (a) below (but at rates <30/min, inspiratory time is usually set
Expiratory time 0-67 sec J and footnote**) at 0-O sec)

If Pao2 high: Decrease Fso2 or PIP or PEEP Decrease FIO2 or PIP or PEEP or I:E ratio
If Pao2 low Increase Fio2 or PIP or PEEP Increase Fio2 or PIP or PEEP or I:E ratio
If Paco2 high Increase PIP or decrease PEEP (often unwise Increase rate (to maximum 40/min) or increase PIP

in early HMD) or decrease PEEP (often unwise in early HMD)
If Paco2 low Decrease PIP or rate* * or increase PEEP Decrease rate or PIP or increase PEEP

When MAP reaches 12 cm H20 and F0o2 >0-6 (severe disease)
(i) Increase gas flow rate to 8-10 I/min for a better square pressure waveform. If using Fisher Paykel humidifier with standard adult

chamber, change to low compressible volume chamber. Readjust PIP and PEEP to the same values if necessary
(ii) If using Bennett Cascade or similar water bath humidifier, keep it filled to maximum and increase gas flow (10-12 I/min with

Bennett) for better square pressure waveform

If Pao2<6-7 kPa and FIo2>0-95 when If Pao2<6-7 kPa and FIO2=0-95 when
MAP= 12 cm H20 or if Paco2 >7 3 kPa MAP= 12 cm H20 or ifPaco2>7 3 kPa

when MAP= 12 cm H20 when rate=40/min
(a) Increase I:E ratio from 1:2 to 1:1 (so (a) Consider treating hypotension or extrapulmonary

inspiratory time=expiratory time=0 5 sec). right to left shunting (for example, by infusion
Important: you may have to cut PIP by 1-5 of plasma, blood, dopamine, tolazoline, or
cm, to avoid excessive chest wall expansion. 1 mmol/kg alkali)

(b) Check blood gases in 15 minutes (b) Increase PIP or PEEP or I:E ratio until
(c) Consider treating hypotension or extra- MAP= 17 cm H20

pulmonary right to left shunting (for (c) If Pao2<6-7 kPa or Paco2>7-3 kPa after 15
example, infusion ofplasma, blood, minutes
dopamine, tolazoline, or 1 mmol/kg alkali)

(d) Increase PIP and/or PEEP until MAP=
17 cm H20

(e) If Pao2 <6-7 kPa or Pco2 >7 3 kPa after
15 minutes

Consider relaxing allocated protocol Consider relaxing allocated protocol
(a)-(e) Can be completed in 30 minutes if (a)-(c) Can be completed in 30 minutes if necessary

necessary

FIo2, fractional inspired oxygen; HMD, hyaline membrane disease; I:E, inspiratory:expiratory; MAP, mean airway pressure;
Paco2, arterial carbon dioxide tension; Pao2, arterial oxygen tension; PEEP, positive end expiratory pressure; PIP, peak inspiratory
pressure.
*Modified from Sedin'0; **after 1985, if Paco2 remained low and PIP could not be cut without reducing oxygenation, the rate was
slowed, keeping inspiratory time <0 5 sec.
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