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Recent advances in ventilator technology have often not
been confirmed by randomised trials and instead
serious shortcomings have been highlighted. Ventilation
modes should only be introduced into routine clinical
practice when proved efficacious in appropriately
designed studies and no adverse outcomes identified by
long term follow up.
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advances in ventilator technology, and a

variety of ventilation modes have become
available for the support of neonates. There have
been reports of the apparent efficacy of these
modes, but unfortunately many have been diffi-
cult to interpret because of lack of randomised
comparator groups. The aim of this review is to
describe the modalities provided by neonatal
mechanical ventilators currently available in the
United Kingdom and the evidence for their use.
The review will largely concentrate on studies of
infants with acute respiratory distress as, despite
the growing numbers of infants ventilated
beyond the first week after birth, ventilatory
modes have rarely been appropriately examined
in that group of patients.

During the last decade there have been

INTERMITTENT POSITIVE PRESSURE
VENTILATION (IPPV)

Time cycled, pressure limited ventilation is
usually delivered at rates of 30-120 breaths/min
with a “square” airway pressure waveform,
although some ventilators are unable to maintain
such a waveform at very fast rates and short
inflation times." The rise time of peak pressure
can be varied, but there are no randomised data to
suggest that this is advantageous and, if the same
peak (PIP) and end expiratory (PEEP) pressure
are used, a slow rise time would be associated
with a lower mean airway pressure compromising
oxygenation. Studies in the 1980s showed that
increasing ventilator rate to 60 breaths/min or
above (high frequency positive pressure ventila-
tion) and shortening the inspiratory time tended
to entrain the infant’s respiratory efforts, such
that inspiration and inflation coincided. This form
of interaction was termed synchrony and was
associated with improvement in blood gas
tensions.” Active expiration was reduced by
increasing ventilator rate, which may explain the
lower incidence of pneumothoraces in infants
supported by high frequency positive pressure
ventilation compared with IPPV in subsequent
randomised trials.” Active expiration is a manifes-
tation of a respiratory reflex and is more common
in infants with stiff lungs. The present population
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of infants is routinely treated with antenatal ster-
oids and postnatal surfactant and have relatively
compliant lungs. In such infants, whose respira-
tory efforts are further dampened by sedation,
high frequency positive pressure ventilation may
have fewer advantages, but this has not been
tested. In infants fully ventilated after the first
week, the results of physiological studies* have
shown that blood gas tensions are not improved
by elevating ventilator rate above 60 breaths/min.

PATIENT TRIGGERED VENTILATION (PTV)
During triggered modes, the infant’s spontaneous
inspiratory effort can trigger positive pressure
inflations. In synchronised intermittent positive
pressure ventilation (SIPPV) or Assist/Control
mode, any number of inflations can be triggered
provided that the change in pressure, flow, or vol-
ume, etc exceeds the critical trigger level, whereas
in synchronised intermittent mandatory ventila-
tion (SIMV) only a preset number of inflations
can be triggered regardless of the frequency of the
infant’s spontaneous respiratory efforts. In pre-
term infants with acute respiratory distress,
physiological studies have shown that PTV
compared with SIMV was associated with higher
rates of synchrony, better blood gas tensions,
higher tidal volumes, and lower work of breath-
ing, fluctuations in blood pressure and cerebral
blood flow velocity. These results suggested that
use of PTV would reduce the incidence of both
chronic lung disease (CLD) and intracerebral
haemorrhage (ICH). Meta-analysis’ of the results
of randomised trials surprisingly then showed
that the only positive advantage of PTV was a
shorter duration of ventilation. Possible explana-
tions for the limited “success” of PTV include the
fact that IPPV in the randomised trials had been
successfully optimised to promote synchrony and
avoid active expiration. Sedation is now adminis-
tered to all ventilated infants and, by reducing
respiratory efforts, may have influenced the
results.

Finally, it is possible that suboptimal ventila-
tors or triggering systems were employed. Differ-
ences in the performance of the currently
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available ventilators' and triggering systems’ have been
shown. Delivered volume is compromised in certain ventila-
tors by increasing rate and reducing inflation time." In the trial
that recruited the largest number of infants,’ no significant
differences were seen overall, and, among very immature
infants, a greater proportion of those supported by PTV com-
pared with IPPV developed air leaks. Most of the infants in the
trial® were supported by a ventilator incorporating an airway
pressure trigger, which has been shown to have a significantly
lower sensitivity and longer trigger delay than an airflow trig-
ger when tested in very immature infants.” Both triggering
systems were used with the same ventilator and thus the dif-
ferences noted were solely due to differences in the perform-
ance of the triggering systems.” The relatively long trigger
delay of the airway pressure trigger may explain the tendency
to a higher air leak rate in the PTV group of the randomised
trial.® Currently, there is no evidence to suggest that PTV offers
long term advantages over IPPV for preterm infants with
acute respiratory distress syndrome, and it remains specula-
tive whether improvements in ventilator and triggering
system performance will alter outcome.

There have been no large randomised trials in which SIPPV
and SIMV have been compared in acute respiratory distress,
but SIMV appears to be more useful in infants with vigorous
respiratory efforts as it avoids hypocarbia. In preterm infants
recovering from respiratory distress syndrome, SIPPV is the
more efficacious weaning mode. In a randomised trial,” SIPPV
resulted in a significantly shorter duration of weaning than
IPPV. SIMV allows more flexible weaning than SIPPV because
rate, pressure, or both can be reduced. Nevertheless, in three
randomised studies comparing the efficacy of SIPPV with
SIMV,*” although similar numbers of infants on each mode
were successfully weaned, the duration of weaning was
significantly longer on SIMV if the supported breath rate was
reduced below 20 breaths/min. At low levels of ventilator sup-
port, oxygen consumption is increased": at least 20 breaths
need to be supported to overcome the work of breathing
imposed by the endotracheal tube.

Certain ventilators providing synchronised modes also
allow monitoring of the delivered tidal volume. Thus, ventila-
tory support can be volume targeted by adjusting the PIP to
maintain the delivered volume within a predetermined range.
In a prospective randomised study," volume targeted SIPPV
resulted in more consistent tidal volumes at lower respiratory
rates than either intermittent mandatory ventilation or
SIMV"; whether this translates into long term gains has not
been tested.

PRESSURE SUPPORT VENTILATION (PSV)

During PSV, the patient triggers a pressure supported breath at
a preset level. Certain neonatal ventilators used in this mode
allow inflation to be terminated when the inspiratory flow is
reduced to a certain level. For example, inflation is terminated
when the flow is reduced to 15% of the maximum inspiratory
flow when the Draeger Babylog 8000 (Draeger Medical,
Luebeck, Germany) is used in PSV mode, and inflation can be
terminated between 5% and 25% of maximum inspiratory
flow if termination sensitivity is used with the Bird VIP (Bird
Products, Palm Springs, California, USA). In a study of very
immature infants,"” increasing the termination sensitivity to
maximum almost eliminated asynchrony, but this was at the
expense of reducing the inflation time. During the short study
period, tidal volume was maintained, but this may have been
at the expense of the infants increasing their respiratory
efforts. Whether preterm infants are able to compensate for
very short inflation times throughout their time on a ventila-
tor was not tested, and randomised trials are required to
determine whether this ventilation mode reduces air leaks.
PSV outside the neonatal period has been shown to reduce the
work of breathing during weaning, but it is important to be
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aware that, as with all modes, the effectiveness may be influ-
enced by differences in ventilator performance.”

PROPORTIONAL ASSIST VENTILATION (PAV)

During PTV, ventilatory support is synchronised at the begin-
ning and sometimes also at the end of inspiration; in contrast,
during PAV the applied pressure is servocontrolled throughout
each spontaneous breath. The applied pressure increases in
proportion to the tidal volume and inspiratory flow generated
by the patient and thus enhances the effects of the respiratory
muscles on ventilation." The frequency, timing, and amplitude
of lung inflation are controlled by the patient." The clinician
can increase the “enhancement” to reduce the mechanical
work of breathing; excessive enhancement, however, could
result in overcompensation and overdistension. To prevent this
happening, once the pressure preset inflation pressure is
reached, the system aborts to PEEP" Problems can also occur
if there is a large leak around the endotracheal tube, and there
must be a “back-up” if the infant’s respiratory efforts dimin-
ish. There are very few data on PAV in neonates. In one
study,” gas exchange during PAV was maintained with smaller
transpulmonary pressures than during PTV or intermittent
mandatory ventilation, but the infants were examined on each
mode for only 45 minute periods.

VOLUME GUARANTEE (VG)

In VG mode, the PIP is servocontrolled so that the volume pre-
set by the clinician is delivered during SIPPV, SIMV, or PSV.
There is compensation for variations in spontaneous breath-
ing, and increased patient effort results in less pressure
applied by the ventilator, thus this mode may be particularly
useful if the patient’s respiratory compliance is changing rap-
idly. Adjustment is carried out from one breath to the next, the
expiratory tidal volume is measured and compared with the
desired volume, and a new pressure plateau is calculated for
the next breath. If, however, the preset peak pressure is too
low or there is no positive pressure plateau, either because the
flow is too low or the inflation time is too short, the desired
volume will not be delivered. Adequate ventilation can be
achieved at lower airway pressures during VG,' one explana-
tion being the greater contribution by the infant’s spontane-
ous respiratory efforts to minute ventilation.” In addition,
breath to breath variability may be lower in triggered ventila-
tion modes with VG," but this is not a universal finding."
Theoretically, breath to breath adjustment could actually
result in greater variability, for example if the infant had peri-
odic breathing. Whether it would be better to base the adjust-
ment on an average of breaths and how many breaths should
be considered needs to be tested.

VOLUME CYCLED VENTILATION (VCV)

During VCV, regardless of changes in the infant’s lung
function, a constant volume is delivered. VCV and IPPV have
been compared in randomised studies, although both were of
small sample size. In one,” VCV was associated with less
hypotension and serious ICH, but IPPV was not delivered by
comparable neonatal ventilators. In another,” the duration of
respiratory support was significantly shorter in infants
supported by VCV, although the ventilator settings were
manipulated so that volume delivery by the two modes was
similar. The airway pressure waveforms used in both modes
lacked a positive pressure plateau,” which has been assumed
to be important in facilitating gas exchange. VCV then needs
to be tested against “standard” IPPV, with both modes being
delivered by appropriate ventilators."”

HIGH FREQUENCY OSCILLATION VENTILATION
(HFOV)

High frequency oscillators are characterised by having both
active inspiratory and expiratory phases. Usually frequencies
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Chronic lung disease of prematurity

of 10-15 Hz are used, although reducing the frequency below
10 Hz can improve carbon dioxide elimination, because the
delivered volume increases when rate is decreased.” HFOV can
be delivered alone or added to either or both of the inspiratory
and expiratory phases of IPPV. In anecdotal series, gas
exchange has been improved by using HFOV and IPPV
together, but the combination will produce the greatest
transpulmonary pressure swings and an important concern is
that it may increase adverse outcomes related to volutrauma.
Certain oscillators have a variable inspiratory to expiratory
ratio, but increasing the inspiratory fraction from 30% to 50%
has not been shown in infants to increase gas trapping® and it
does elevate mean airway pressure and the delivered volume
with consequent improvements in gas exchange.”

HFOV has been used with a low volume strategy, that is
minimising pressures with the hope of preventing further
trauma to the lungs and a high volume strategy during which
a lung recruitment policy is employed. In homogeneous lung
disease, the latter approach allows HFOV at low inspired oxy-
gen concentrations, and evidence supports it as the preferred
strategy. In surfactant deficient animals, “high volume” HFOV
resulted in significantly less lung damage than either IPPV or
low volume HFOV strategy.” There have been no large
randomised clinical studies comparing the two HFOV
strategies, but a reduction in CLD has only been noted in trials
in which the “high volume strategy” was used. There have
been at least eight trials in which infants have been
randomised to HFOV or “conventional” ventilation in the first
24 hours. They have differed with respect to antenatal steroid
and postnatal surfactant usage, the exact timing of random-
isation, and the type of conventional ventilation and
ventilators employed. Importantly, no lung recruitment strat-
egy was used in the control groups in most of the trials, and
this may have influenced the outcomes, as pressure controlled
ventilation with a sufficient level of PEEP and small driving
pressure amplitudes is as effective as HFOV in maintaining
optimal gas exchange, improving lung mechanics, and
preventing protein influx. Meta-analysis of the results of the
randomised trials* has shown that HFOV, particularly if a lung
recruitment strategy is used, is associated with a reduction in
CLD. No significant differences in mortality were noted, but
there was a trend towards an increase in air leak and ICH.*
There has only been one randomised trial comparing HFOV
and IPPV in preterm infants with severe pulmonary dysfunc-
tion; a reduction in new pulmonary air leak, but no significant
differences in the rate of pulmonary interstitial emphysema or
of gross pulmonary air leak, mortality, or use of HFOV at 30
days was noted. The ICH rate, however, was increased in the
infants supported by HFOV.” There has also been only one
randomised trial comparing HFOV and IPPV in infants
with severe pulmonary dysfunction born at or near term, and
no significant differences were seen between the two
groups.™

“NASAL VENTILATION”

It is beyond the scope of this review to discuss continuous
positive airway pressure (CPAP). The evidence for the use of
IPPV, SIMV, or HFOV delivered by nasal prongs will be
considered, but, as the data are from anecdotal series or trials
with only short term outcomes, it is not possible to conclude
that these modes are useful. Randomised trials comparing
nasal IPPV and nasal CPAP for apnoea of prematurity have
yielded conflicting results. Meta-analysis® showed no differ-
ence in carbon dioxide levels after four to six hours of
support, and the systematic review highlighted that the trials
did not report on gastrointestinal complications, although an
association between the use of ventilation through nasal
prongs and increased risk of gastrointestinal perforation had
been previously noted. In a randomised trial, respiratory fail-
ure developing after extubation was considerably lower in
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infants supported by nasal SIMV rather than nasal CPAB*
but only 41 infants were studied and a variety of definitions
of respiratory failure were used. Nasal HFOV has been associ-
ated with reduction in carbon dioxide levels when applied to
infants who developed moderate respiratory acidosis on nasal
CPAP, but there were no randomised comparators and five of
the 21 infants studied had to be intubated a few hours later
because of carbon dioxide retention and a high oxygen
requirement.”

CONCLUSION

Clinicians must be careful not to be seduced by “exciting” pre-
liminary evidence. Results of physiological studies promised
that both PTV and early HFOV would have advantages over
“conventional” ventilation, but these were not confirmed by
meta-analysis of subsequent randomised trials and instead
serious shortcomings were highlighted. Ventilation modes
should only be introduced into routine clinical practice when
proved efficacious in appropriately designed studies and no
adverse outcomes identified by long term follow up.
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Archimedes

In order to give the best care to patients and families, paediatricians need to integrate the
highest quality scientific evidence with clinical expertise and the opinions of the family.
Archimedes is a bimonthly section in Archives which seeks to assist practising clinicians
by providing “evidence based” answers to common questions which are not at the fore-
front of research but are at the core of practice.

The format of Archimedes may be familiar. A description of the clinical setting is
followed by a structured clinical question and a brief report of the search. The best
evidence available to answer the question is provided as a summary table (which is elec-
tronically linked to more detailed appraisals). To pull the information together, a commen-
tary follows. Finally, to make it all much more accessible, a box provides the clinical bot-
tom line.

This month the following topics have been published which may be of interest to neo-
natologists:
® Does iron have a place in the management of breath holding spells2
® |s omeprazole helpful in the management of children with reflux oesophagitis@
® Does oral sucrose reduce the pain of neonatal procedures?

Previous Archimedes questions can be found in the September 2001, November 2001,
January 2002, and May 2002 issues of Archives. Readers wishing to submit their own
questions—with best evidence answers—are encouraged to read the Instructions for
Authors at http://www.archdischild.com.
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Updated information and services can be found at:
http://fn.bmj.com/content/87/1/F3.full.html
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