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Abstract
Aim—To compare the eVects of patient
triggered ventilation (PTV) with conven-
tional ventilation (IMV) in preterm in-
fants ventilated for respiratory distress
syndrome (RDS).
Methods—Nine hundred and twenty four
babies from 22 neonatal intensive care
units were assessed. They were under 32
weeks of gestation and had been ventilated
for respiratory distress syndrome (RDS)
for less than 6 hours within 72 hours of
birth. The infants were randomly allocated
to receive either PTV or IMV. Analysis was
on an “intention to treat” basis. Death
before discharge home or oxygen therapy
at 36 weeks of gestation; pneumothorax
while ventilated; cerebral ultrasound ab-
normality nearest to 6 weeks; and duration
of ventilation in survivors were the main
outcome measures.
Results—There was no significant diVer-
ence in outcome between the two groups.
Unadjusted rates for death or oxygen
dependency at 36 weeks of gestation were
47.4% and 48.7%, for PTV and IMV,
respectively; for pneumothorax these were
13.4% and 10.3%; and for cerebral ultra-
sound abnormality nearest to 6 weeks these
were 35.4% and 36.9%. Median duration of
ventilation for survivors in both groups
was 6 days. Overall, 79% of babies received
only their assigned ventilation. PTV babies
were more likely to depart from their
intended ventilation (27% vs 15%). The
trend towards higher pneumothorax rates
with PTV occurred only in infants below 28
weeks of gestation (18.8% vs 11.8%).
Conclusions—There was no observed benefit
from the use of PTV, with a trend towards a
higher rate of pneumothorax under 28 weeks
of gestation. Although PTV has a similar
outcome to IMV for treatment of RDS in
infants of 28 weeks or more gestation,
within 72 hours of birth, it was abandoned
more often. It cannot be recommended for
infants of less than 28 weeks’ gestation with
the ventilators used in this study.
(Arch Dis Child Fetal Neonatal Ed 2000;82:F5–F10)
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Greenough et al1 observed that active expira-
tion against ventilator inflation was associated
with a high risk of pneumothorax and that this
could be prevented by selective paralysis. It is
not always possible clinically to identify infants
actively expiring against the ventilator,2 and
paralysis has several adverse eVects, including
the prolongation of ventilation and fluid reten-
tion. This led to attempts to achieve synchro-
nous ventilation, with matching of phase and
rate of the infant’s and the ventilator’s respira-
tory cycles. These have included ventilating
infants at fast rates,3 setting the ventilator to the
infant’s inspiratory and expiratory times,4 and
patient triggered ventilation (PTV).

PTV aims to provide phase and rate matched
ventilation such that ventilator inflation only
occurs during the infant’s inspiratory phase
and does not extend into its period of
expiration. Short term benefits from PTV have
been shown in randomised controlled trials
involving small numbers of infants. These
include improvement in oxygenation,5–7 im-
proved CO2 elimination,6 increased minute
volume,7 shorter time to extubation,8–10 de-
creased work of breathing,11 12 decreased cer-
ebral blood flow velocity variability13 and
decreased beat to beat blood pressure
fluctuations.12 It is also claimed that PTV is less
stressful for babies and produces a smoother
course of ventilation. A reduction in plasma
adrenaline concentrations in babies changed
from intermittent mandatory ventilation
(IMV) to PTV has been shown in one study.14

Two major alternative modes have been
tried—namely, PTV where every patient inspi-
ration triggers a ventilator breath—and syn-
chronised intermittent mandatory ventilation
(SIMV), where each breath triggers the ventila-
tor only if it falls within a time window set by
the operator. One prospective, randomised
controlled trial compared SIMV with slow rate
mandatory ventilation and included the out-
comes of pneumothorax and chronic lung dis-
ease of prematurity.15 Despite the finding of a
significantly lower rate of oxygen dependence
at 36 weeks of gestation in infants under 1 kg
birthweight on SIMV, there was no significant
eVect on mortality or pneumothorax rates.

Clinical experience of using the SLE 2000, a
jet ventilator capable of trigger ventilation
using an airway pressure sensor, led to policies
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for setting up, adjusting, and weaning babies
from PTV. This ventilator had already proved
capable of ventilating premature infants with
respiratory distress syndrome from birth to
extubation.16 This prompted a multicentre
open randomised controlled trial to investigate
the eVects of PTV compared with IMV in pre-
term infants ventilated for respiratory distress
syndrome (RDS). Currently available neonatal
trigger ventilators using an airway sensor were
used.

Methods
The study was designed to compare PTV and
IMV in RDS in respect of four main outcomes:
hospital mortality or the need for oxygen treat-
ment at 36 weeks of gestation; pneumothorax;
cerebral ultrasound abnormality nearest to 36
weeks of gestation; and the duration of ventila-
tion in survivors.

Sample size predictions were based on the
rates of pneumothorax observed in all control-
led trials, reporting rates in infants treated with
surfactant.17–26 Rates varied from 5 to 36%,
with a mean of 14.5%. A sample size of 1760
gave an 80% power of detecting a diVerence
between rates of 17% and 12%, regarded as
significant at the 5% level in a two tailed test of
proportions. These diVerences were the small-
est that could reasonably be considered of
clinical importance. The rate of the other
primary outcome—survival to discharge home,
having been oxygen independent from 36
weeks of gestation—was estimated at 80%. The
sample size should detect a diVerence between
rates of 82% and 75%, with a power of 95%,
using a two tailed test and significance at the
5% level. In March 1996, after the trial had
continued for three years, it became clear that
the sample size was not achievable within the
funded time. It was agreed that the closing date
for recruitment should be set to achieve a sam-
ple size of around 1000 babies. The sample size
actually achieved when recruitment closed
after 4 years 7 months gave an 80% power to
detect pneumothorax rate diVerences of 18.5%
and 12%, and oxygen free survival rates of 82%
and 74%.

The study included 22 neonatal intensive
care units who had at least one suitable trigger
ventilator (SLE 2000 or Dräger babylog 8000)
and who were willing to randomly allocate
babies to PTV or IMV. Written agreed
guidelines on the ventilation techniques were
available in participating units. Collaborators
were instructed to start babies on PTV with
inspiratory times of between 0.2 and 0.25 sec-
onds, the ventilator set to trigger at each
inspiratory eVort and a backup rate of 35
breaths a minute. Those receiving IMV had
ventilator rates set initially at between 40 and
65 breaths a minute, with instructions to
increase the rate as required, and initial
inspiratory times between 0.2 and 0.6 seconds.
In both modes of ventilation inspiratory and
expiratory pressures and oxygen concentra-
tions were chosen by the attending clinicians.
In PTV mode collaborators were instructed to
wean by progressively reducing peak inspira-
tory pressure to a minimum of 8 to 10 cm H2O.

In IMV mode, weaning was accomplished by
reducing peak inspiratory pressure to a mini-
mum of 16 cm H2O and then by reducing the
rate.

Babies were eligible to be entered if they
were less than 32 completed weeks of gestation,
required ventilation within 72 hours of birth,
and had been ventilated for no more than 6
hours at randomisation. A ventilator capable of
delivering PTV was required, and the clinical
and radiological features had to be compatible
with RDS. Babies were excluded if there was
clinical or radiological evidence of a major
congenital malformation or inhalational pneu-
monitis at trial entry.

The mode of ventilation was randomly allo-
cated by telephone, according to a written pro-
tocol, after oral or written parental consent had
been obtained. Participating centres were
asked to record the birthweight, gestation, and
clinical severity CRIB (clinical risk index for
babies) score,27 together with the reason(s) for
non-randomisation of all otherwise eligible
infants who were not entered into the trial.
Within each centre, randomisation was per-
formed in blocks to ensure a similar distribu-
tion of babies in each arm of the study as it
proceeded.

Infants were required to receive the form of
ventilation to which they were assigned from
birth to final extubation. Trial entry was strati-
fied by centre. Clinicians were allowed the dis-
cretion to change the baby from the assigned
mode of ventilation on clinical grounds,
although they were discouraged from doing so.
The main reason for, and date of altering, the
mode of ventilation was recorded.

Local research ethics committee approval
was obtained in all participating centres.

Clinical information was collected on ante-
natal steroid use, mode of delivery, postnatal
surfactant administration, whether there was a
multiple birth, the sex, birthweight, and gesta-
tion of the baby, CRIB score, and details of
ventilation, outcomes, departure from assigned
mode of ventilation and complications and
cause of death. A trial report form was
completed at the time of discharge from hospi-
tal or transfer to another unit. Two diVerent
individuals created separate computer data-
bases from these report forms, and each was
checked for completeness and accuracy.

A cranial ultrasound scan was required at 6
weeks of postnatal age, or as near to that date as
possible before discharge home in all infants.
Ventricular size was assessed using the ven-
tricular index of Levene et al.28 The scan was
interpreted by the most experienced doctor in
each unit. The scan was reported by a doctor
who was usually unaware of the treatment
assignment. The scan was scored separately for
each hemisphere as follows. Haemorrhage (0
no haemorrhage, 1 localised subependymal or
choroidal haemorrhage, 2 intraventricular
haemorrhage, 3 parenchymal haemorrhagic
lesion); ventricular size (0 no dilatation, 1 dila-
tation less than 4 mm above the 97th centile, 2
hydrocephalus greater than 4 mm above 97th
centile); parenchymal cysts (0 no cysts, 1
porencephalic cyst, 2 cystic leucomalacia).
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Details of the method of diagnosis of
pneumothorax made by the clinicians were
extracted by the trial coordinator from the case
notes. Relevant chest x-rays were reviewed by
one clinician (JHB) blind to the treatment allo-
cation. The decision to continue oxygen treat-
ment was determined according to each unit’s
existing policy. The minimum oxygen satura-
tion in air during a period of sleep at 36 weeks
of gestation was required for all babies not in
oxygen, to confirm that they were truly oxygen
independent. Thirty five babies had minimum
oxygen saturations of less than 90% at 36
weeks of gestation; adding these babies to the
oxygen dependent group made no diVerence to
the conclusions of the study, and they were
therefore analysed as though oxygen independ-
ent.

The two main ventilators used in the study
diVered in design. The SLE 2000 is a valveless
jet ventilator triggered by changes in airway
pressure, the Dräger babylog 8000 is a solenoid
ventilator triggered by changes in air flow. Pro-
vision was made to assign the type of ventilator
randomly as well as the mode of ventilation.
This was only attempted at three centres that
had both types of ventilator. As most centres
used one type of ventilator, and large centre

eVects on the outcomes were seen, a logistic
regression model was used to look for a possi-
ble association with type of ventilator, taking
into account other significant factors—namely,
CRIB score and centre.

Analysis was by an intention to treat basis. It
was agreed that only diVerences in the key out-
come of survival to discharge without oxygen
dependence at 36 weeks, significant at the
0.15% level (p<0.0015) using a two tailed test,
would stop recruitment to the trial, to avoid
misleading deductions being drawn from early
results.29 A confidential interim analysis of the
study was carried out once the first 400 babies
had been recruited, and presented to the inde-
pendent data monitoring committee which
recommended continuing the trial.

Results
Overall, 924 babies were recruited to the trial.
One additional infant was randomly assigned,
but immediately recognised as not being eligi-
ble: no information was collected and the
infant was not included in analysis. Two babies
assigned to IMV were subsequently realised to
be 32 and 33 weeks of gestation; they were
analysed as though eligible. Three infants died
with congenital abnormalities not evident at
randomisation. One each had aortic stenosis,
congenital cardiomyopathy, and hypoplastic
left heart syndrome. They were all analysed
according to their assigned mode of ventilation.
Randomisation details are shown in fig 1.

Information was available on 1378 eligible
babies born at participating centres during the
period of collaboration. The most common
stated reasons for non-randomisation were: no
consent sought for any reason (149 babies),
accidental oversight (88 babies), no ventilator
available for randomisation (52 babies), and
parental refusal (52 babies). There was no sig-
nificant diVerence in birthweight or gestation
between babies who were not randomised and
those who were. However, non-randomised
babies had a significantly higher illness severity
score (mean (SD) CRIB score 8.1 (5.6) vs 6.1
(4.2); t=6.26, p<0.001).

The babies assigned to the two modes of
ventilation were very comparable at trial entry
(table 1).

Overall, 192 infants (21%) departed from
their assigned mode of ventilation at some
point (fig 1). There was a significantly higher
rate of departure from the assigned mode of
ventilation in babies receiving PTV (124/463
(27%) vs 68/458 (15%), ÷2 19.2, p<0.0001).
Forty five babies randomised to PTV had their
mode of ventilation changed because of failure
to trigger the ventilator. Babies receiving PTV
who departed from their assigned mode of
ventilation were significantly more likely to do
so within the first 72 hours than those on IMV
(60/114 (53%) vs 16/62 (26%), ÷2 10.7,
p<0.005).

The major outcomes of the study are shown
in table 2. There was no significant diVerence
for any of the outcomes between the two treat-
ment groups. Odds ratios (95% confidence
limits) for death or chronic lung disease, pneu-

Figure 1 Trial profile.

Eligible babies 1378

Reason for non-
randomisation known 443

924

463 458Known whether departed from
assigned ventilation

339 390Recieved only assigned ventilation

465 459Reached primary endpoint*

465 459Analysed at primary endpoint

423 422Cerebral ultrasound scan available

464 458Analysed for pneumothorax

Randomised

*death or discharge from hospital

465 allocated to PTV

460 recieved PTV at
some time

459 allocated to IMV

455 recieved IMV at
some time
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mothorax, and ultrasound abnormality were
0.95 (0.73 to 1.23), 1.35 (0.90 to 2.02), 0.94
(0.71 to 1.24).

The time to extubation in survivors was not
significantly diVerent using the logrank test,
with death as a censored event (p=0.67).

In a posthoc analysis, pneumothoraces were
more commonly seen in infants below 28
weeks receiving PTV rather than IMV (40/213,
18.8% vs 22/186, 11.8%, respectively; odds
ratio 1.72, 95% confidence intervals 0.98 to
3.02). Among infants of 28 weeks and above,
pneumothoraces occurred in 22/250, 8.7% of
those receiving PTV and in 25/272, 9.2% of
those receiving IMV (odds ratio 0.95, 95%
confidence intervals 0.52 to 1.74). This diVer-
ence in eVect by gestation was not seen for the
other outcomes.

The rates of intracerebral parenchymal
haemorrhage in the PTV and IMV groups were
9.4% and 7.1%, and of cystic leucomalacia
2.4% and 2.9%, respectively.

One hundred and six deaths occurred in the
PTV group (23%) and 86 in the IMV group
(19%). Most deaths (92 of 192) occurred in
the first week. Post mortem examinations were
undertaken in 50 (26%). The main cause of
death was respiratory failure in 111 infants.
The second commonest cause of death was
intraventricular haemorrhage in 16 babies.

The most frequent complications recorded
were septicaemia in 181 (15 died), patent duc-
tus arteriosus in 163 (no directly attributable
deaths), and necrotising enterocolitis in 85
infants (10 died). There was no significant dif-
ference in the rate of any complication between
the two groups. Forty two babies had positive
blood cultures in the first 72 hours, the most
common organisms isolated being Staphylococ-
cus epidermidis, group B streptococcus, Es-
cherichia coli, Haemophilus influenzae and Sta-
phylococcus aureus.

One hundred and twenty babies in three cen-
tres were randomly assigned to their type of
ventilator, and no significant diVerences in out-
come by type of ventilator were seen. In a logis-
tic regression model, there was a non-significant
trend towards a higher rate of pneumothorax
(odds ratio 1.74, 95% confidence intervals 0.89
to 3.39) and death or chronic lung disease
(odds ratio 1.34, 95% confidence intervals 0.84
to 2.15), and a non-significant trend towards a
lower rate of abnormal ultrasound scan around
6 weeks (odds ratio 0.69, 95% confidence
intervals 0.41 to 1.15), in infants ventilated with
the Dräger babylog 8000.

Discussion
There was no observed benefit from the use of
PTV, as practised in this trial. The 95% confi-
dence limits are such that any eVect not seen
because of type 2 errors would be small. There
was a non-significant trend towards a higher
rate of pneumothorax in the trigger ventilated
babies, which appeared to be confined to
infants under 28 weeks of gestation, with an
upper 95% confidence limit for the odds ratio
of 2.

Using the ventilators in this study, PTV may
not produce any greater synchrony than IMV;
synchrony might have occurred more fre-
quently in PTV mode but without benefit; and
synchronous ventilation may only be achiev-
able in infants with mild RDS or in more
mature infants. The SLE 2000 ventilator used
in most infants is said30 to be prone to
auto-triggering (spontaneous ventilator infla-
tions untriggered by the infant) at the highest
sensitivity setting. Participating clinicians were
aware of this possibility, but the phenomenon is
not easy to detect clinically. A recent study31

showed a high rate of asynchrony in infants of
28 weeks or less of gestation with the two main
ventilators used in trigger mode in this study.
At least some of the babies with the rates of
mandatory ventilation used in this study will
have had ventilation that was synchronous with
the ventilator through a process of
entrainment.32 33

The shorter inspiratory times permitted in
PTV mode might have resulted in reduced
tidal volumes.34 However, in previous studies of

Table 1 Patient matching

Trigger
number (%)

Conventional
number (%)

Antenatal steroids
None 126 (27.3) 121 (26.5)
<24 hours 121 (26.2) 109 (23.9)
>24 hours 215 (46.5) 226 (49.6)

Type of delivery
Vaginal 206 (44.3) 218 (47.5)
Caesarean section 259 (55.7) 241 (52.5)

Singletons 361 (77.6) 340 (74.2)
Multiple births 104 (22.4) 118 (25.8)

Firstborn 41 56
Second born 57 57
Third born 6 5
Twins 83 104
Triplets 21 14
Quads 0 1

Place of delivery
Inborn 399 (86.2) 399 (87.1)
Outborn 64 (13.8) 59 (12.9)

Sex
Male 265 (57.0) 271 (59.0)
Female 200 (43.0) 188 (41.0)

Surfactant
No 36 (7.7) 29 (6.3)
Yes 429 (92.3) 430 (93.7)

Birthweight (g)
Mean (SD) 1097 (327) 1123 (345)
Number 465 459

Gestation (weeks)
Mean (SD) 27.8 (2.0) 27.8 (2.1)
Number 465 459

CRIB score
Mean (SD) 6.2 (4.1) 6.0 (4.2)
Number 464 456

Ventilator used
SLE 2000 411 321
Dräger babylog 8000 52 56
Sechrist 0 57
Other 2 25

Table 2 Outcomes

Trigger No
(%)

Conventional
No (%)

Death or chronic lung disease
Yes 219 (47.4) 220 (48.7)
No 243 232

Pneumothorax
Yes 62 (13.4) 47 (10.3)
No 402 411

Ultrasound abnormality to nearest 6 weeks
Yes 146 (34.5) 154 (36.5)
No 277 268

Median interquartile range of
ventilation duration in
survivors (days) 6, (3–15) 6, (3–15)
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triggered ventilation, tidal volumes have not
been compromised by inspiratory times within
the range used in this study.31 35 36 One study31

found a significant reduction in asynchrony
rates (triggered inflation extending into expira-
tion) with shorter inspiratory times in the VIP
Bird ventilator, suggesting that short inspira-
tory times are beneficial in PTV mode.

The performance of diVerent trigger ventila-
tors and of diVerent trigger sensors varies, and
there is no agreed optimum system.37–39 How-
ever, the two neonatal ventilators used are both
said to have short trigger delays averaging less
than 100 milliseconds, and to be suYciently
sensitive to pick up most infant breaths, at least
in more mature infants.40 41

In a study of 10 infants of 28 weeks of gesta-
tion or less Dimitriou et al31 found that a signifi-
cantly higher proportion of breaths triggered
the ventilator using the Dräger babylog 8000
ventilator compared with the SLE 2000. Most
infants in this study were ventilated with the
SLE 2000. Although the study design allowed
randomisation between airway pressure trig-
gered and airflow triggered ventilators, very few
centres had both ventilators available. The
magnitude of the non-significant associations
with three outcomes in a logistic regression
model would require a study involving over
2000 babies to achieve suYcient power to
establish whether these diVerences are real, but
emphasises the importance of considering the
eVects of diVerent ventilator performance. The
associations of mode of ventilation with the
main outcomes were not altered by the use of
this logistic regression model, confirming that
the study conclusions are robust.

The results of this study are similar to those
of the one multicentre randomised controlled
trial of SIMV compared with conventional
ventilation15 in 327 infants. The study involved
multiple analyses, raising the possibility of type
I errors. Despite a significant reduction in the
duration of ventilation with SIMV in infants of
over 2 kg, and in oxygen dependency at 36
weeks of gestation in infants less than 1 kg,
there was no overall diVerence in the rate of
mortality, pneumothoraces, or of severe intra-
ventricular haemorrhage. The conventional
mode of ventilation used in the study involved
rates of around 30 breaths per minute, which
some would consider suboptimal.42 43

Infants receiving IMV in this study were
started on rates of 60 breaths a minute or above
in all but one centre, and maintained above this
rate except during weaning. The backup rate in
the PTV group was set at a level designed44 to
minimise untriggered breaths while maintain-
ing ventilation in apnoeic babies. The written
guidelines permitted clinicians to increase this
backup rate in persistent apnoea, thus avoiding
slower rates of ventilation in such circum-
stances. It is therefore unlikely that diVerences
in ventilator rate between the two modes of
ventilation contributed to the outcome.

Did the clinicians in the trial apply the tech-
nique of triggered ventilation correctly? Many
centres already had experience of PTV. The
method had been developed from observations
of preterm infants on PTV and from short term

randomised controlled trials involving small
numbers of infants. The trial co-ordinator
visited each unit before randomisation started
and briefed both medical and nursing staV in
the technique. Written protocols with details of
both techniques of ventilation were available at
each centre throughout the study. As some units
were randomising infants for 4 years any initial
diYculties should have been resolved within
that time. However, other treatments given to
infants might have interfered with successful
triggering. The initial experience of PTV in one
centre16 reported a lower rate of pneumothora-
ces than that achieved in the trial. At that time,
theophylline was used routinely in trigger venti-
lated babies, and morphine was used very infre-
quently. These practices had changed by the
time the trial started. Both theophylline and
morphine use are likely to influence the baby’s
respiratory eVorts and therefore the successful
achievement of synchrony in trigger mode.

PTV was abandoned more often than IMV.
This diVerence was partly explained by the
infants whose mode of ventilation was changed
because of failure to trigger the ventilator. The
most premature babies and those who subse-
quently died were more likely to have their
mode of ventilation changed. It is not surpris-
ing that infants had a change in their mode of
ventilation when their survival was in doubt.
However, most babies who subsequently died
received only their assigned mode of ventila-
tion. There was no significant diVerence in any
of the outcomes among infants who received
only their assigned mode of ventilation.

In conclusion, there was no convincing
evidence of a beneficial eVect of a policy of
using PTV in preterm infants with RDS on
rates of death and chronic lung disease,
pneumothorax or cerebral ultrasound abnor-
mality. The duration of ventilation was identi-
cal. With these results, together with the trend
towards a higher rate of pneumothorax, it might
be prudent to avoid PTV in infants less than 28
weeks who ventilated for RDS using either the
SLE 2000 or Dräger babylog 8000 until the
results of further studies become available.
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