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ABSTRACT: Newborn infants may have a high oxygen cost of breathing (OCB)
at the time of being weaned from mechanical ventilation. We hypothesized that
this increase in oxygen consumption (V 'O2) could be reduced by using certain wean-
ing ventilatory modes.

We designed a study to assess V 'O2 during three weaning ventilatory modes: pa-
tient triggered ventilation, synchronous intermittent mandatory ventilation (SIMV)
and continuous positive airway pressure in 16 newborn infants before being
weaned from mechanical ventilation

In seven infants whose OCB was high. V 'O2 was not significantly different
between CV and PTV (8.9±0.6 versus 9.5±0.8, respectively) whereas it tended to
increase to 10.8±1.1 mL·min-1·kg-1 during SIMV and increased significantly to
11.9±0.8 mL·min-1·kg-1. In the other nine infants whose OCB was normal, no sig-
nificant variation of V 'O2 was observed.

Patient triggered ventilation was a weaning ventilatory mode that significantly
reduced the increase in oxygen consumption observed in infants with a high oxy-
gen cost of breathing, as compared to synchronous intermittent mandatory venti-
lation or continuous positive airway pressure. Further investigations in newborn
infants with a high oxygen cost of breathing should be performed prior to routine
use of patient triggered ventilation.
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Weaning from artificial ventilation is a critical chal-
lenge, especially in newborn infants with chronic lung
disease. We have previously shown that these newborn
infants increase their oxygen consumption (V 'O2) at the
time of being weaned from mechanical ventilation [1].
This increase is secondary to a high oxygen cost of
breathing (OCB) probably related to increased work of
breathing, similar to that shown in adult patients [2].
Inspiratory pressure support, used during the weaning
process in adult intensive care, may be useful in reduc-
ing the work of breathing [2]. Recent data have shown
that patient triggered ventilation (PTV) decreases the
work of breathing in premature neonates [3], and that
PTV can be used as a weaning ventilatory mode [4–7].
We hypothesized that the increase in V 'O2 observed at
the time of weaning in some newborn infants could be
reduced by using PTV. We designed a study to assess
V 'O2 during PTV as compared to synchronous intermit-
tent mandatory ventilation (SIMV) and continuous pos-
itive airway pressure (CPAP) in newborn infants, before
being weaned from mechanical ventilation.

Methods

The population was selected to include patients with
normal and high OCB. Thus, in this prospective study,
we included 16 infants requiring assisted ventilation for
either acute respiratory distress (eight infants) or chronic
lung disease (eight infants), after informed consent was
obtained from the parents. The clinical characteristics,
which covered a wide range, were at the time of mea-
surement: gestational age; 33.9±1.0 (range, 28±41) weeks;

postnatal age; 18±4 (2–65) days; postconceptional age;
36.5±1.3 (31.3–48.3) weeks; and weight; 2.3±0.2 (1.4–3.5)
kg.

V 'O2 and carbon dioxide production (V 'CO2) were
measured with a validated thermoregulated (38±0.5°C)
computerized device [1, 8]. The equations used were
those of the open circuit method, including inspiratory
fraction of carbon dioxide (FICO2). The expiratory minute
volume of the ventilator was measured with a mass
flowmeter (Job 630, Klogor, Lannion, France). Gas
fractions were measured with a paramagnetic oxygen
analyser (AO64, Klogor) and a carbon dioxide infra-red
analyser (Gascard, Edinburgh Sencors Ltd., UK). Gas
fractions were alternately analysed in inspired gas for
10 s and in expired gas for 80 s. Between two epochs
of measurements, a 30 s delay was required to flush all
the plumbing. Unsedated babies were ventilated using
a constant flow, time-cycled, pressure-limited ventila-
tor with a flow trigger (Babylog 8000 with software 3,
Dräger, Lübeck, Germany). Inspired and expired minute
ventilation (V 'E) of the infant was measured with the
hot wire anemometer of the ventilator. From this mea-
surement, spontaneous ventilation was calculated by
Babylog 8000 software as that part of expired V 'E sec-
ondary to spontaneous breathing, and was expressed as
a percentage of expired V 'E. Furthermore, air leaks ar-
ound the endotracheal tube were calculated as the dif-
ference between inspiratory and expiratory V 'E and was
expressed as a percentage of inspiratory V 'E. V 'O2 and
V 'CO2 measurements were rejected if air leaks were det-
ected, or if the difference between oxygen fractions of
the inspiratory circuit measured at the beginning and



end of the epoch was more than 0.0005 [8]. For each
ventilation mode, measurements were started 10 min
after change in ventilatory mode and performed during
21 epochs.

Three weaning ventilation modes were studied in ran-
dom order in each newborn: PTV (peak inspiratory
pressure = 10 cmH2O, inspiratory time = 0.3 s, expira-
tory time = 4 s), SIMV (peak inspiratory pressure = 10
cmH2O, inspiratory time = 0.3 s, expiratory time = 4
s), and CPAP. The difference between PTV and SIMV
was that most of the spontaneous effort is accompanied
by respiratory support during PTV, but only 14 times
per minute during SIMV. These three modes were com-
pared with controlled ventilation (peak inspiratory pres-
sure = 20 cmH2O, inspiratory time = 0.4 s, expiratory
time = 0.6 s). Positive expiratory pressure during the
four modes was 2 cmH2O.

OCB was defined as the V 'O2 difference between con-
trolled ventilation (CV) and CPAP. OCB was expressed
as a percentage of mean V 'O2 measured during CPAP.
We considered OCB as normal when <15%. This value
was chosen with regard to our previous report [1] in
which OCB was 4.8±4.9% in a population of neonates
who had been weaned without difficulty. The 16 infants
were divided into normal or high OCB groups accord-
ing to whether OCB was less or more than 15%. Once
V'O2 measurements were performed, infants were weaned
from mechanical ventilation using CPAP during 1 h and
then extubated. Duration of oxygen therapy after wean-
ing was assessed for each infant.

The number of patients needed to show a V 'O2 differ-
ence between CPAP and PTV more than 2 mL·min-1·kg-1

in infants with high OCB, as well as to set the proba-
bility of a type 1 error at 0.05 and a type 2 error at 0.20,
was determinated on the basis of data from our previ-
ous report [1]. It was calculated to be seven in the high
OCB group (each patient being his or her own control).
Results are expressed as mean±SEM. Analysis of vari-
ance (ANOVA) and ANOVA for repeated measurements
were used to compare results between the two groups
and within each group, respectively. Linear regression
was performed to study the relationship between  V 'O2

and spontaneous ventilation. Institutional approval was
obtained for this study.

Results

OCB was high in seven infants (23.0±4.7%) and nor-
mal in the other nine infants (-2.3±4.7%). The clinical
characteristics of the high and normal OCB groups at
the time of measurements are indicated on table 1. The
duration of oxygen therapy after weaning was greater
in the high OCB group than in the normal OCB group
(114±44 and 25±10 days, respectively (p=0.05)).

Figure 1 and table 2 show V 'O2 variations according
to ventilatory modes for each group. In the high OCB
group, V 'O2 was not significantly different between CV
(8.9±0.6) and PTV (9.5±0.8) whereas it tended to increase
to 10.8±1.1 mL·min-1·kg-1 during SIMV and increased
significantly to 11.9±0.8 mL·min-1·kg-1 during CPAP
(p<0.012). In the normal OCB group V 'O2 did not vary
significantly. The V 'O2 increase was correlated with the
increase in spontaneous ventilation (r2= 0.19, F[1, 26]=
5.94; p<0.03). The percentage of spontaneous ventila-

tion increased from 2% during PTV to 75% during
SIMV and 100% during CPAP (p<0.001). In the nor-
mal OCB group, no significant variations in V 'O2 were
observed in the different ventilatory modes.

Discussion

The main finding in our study was that the PTV mode
can significantly reduce the increase in V 'O2 observed
in some infants at the time of weaning [1], as compared
to SIMV or CPAP. PTV significantly reduced V 'O2 by
20% in newborn infants with high OCB, as compared
to CPAP. This decrease in V 'O2 during PTV was high-
er than the absolute intra-infant biological variation of
V 'O2 [9]. This decrease was probably related in part to
a decrease in the work of breathing as observed in adults
[2] or children [10] during pressure support ventilation.
Furthermore, PTV has been shown to reduce the work
of breathing in premature infants [3].

In association with reduction in V 'O2 increase, PTV
reduced the percentage of spontaneous ventilation. The
beneficial effect of PTV resulted from the assistance of
each respiratory breath and from the adequate synchro-
nization of mechanical breath with spontaneous venti-
lation [3]. This point is of major impact in premature
infants who spend most of their sleep time in active
sleep. Active sleep is characterized by less dependence
on mechanical ventilation than quiet sleep [11].

We did not observe a significant reduction in V 'O2

increase during SIMV at low frequency, as compared
to CPAP. This lack of efficacy is probably more relat-
ed to the large proportion of spontaneous ventilation
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Fig. 1.  –  Mean individual oxygen consumption at the time of wean-
ing in 16 infants. ●: nine infants with normal oxygen cost of breath-
ing (OCB); ❍: seven infants with high OCB. The measurements were
performed during controlled ventilation (CV) and three ventilatory
modes used to wean neonates from mechanical ventilation. PTV: pa-
tient triggered ventilation; SIMV: synchronized intermittent manda-
tory ventilation; CPAP: continuous positive airway pressure.

Table 1.  –  Clinical characteristics at time of study

Groups Normal OCB High OCB p
n=9 n=7

Gestational age  weeks 33.2±1.4 34.2±1.6 NS

Postnatal age  days 9.4±2.5 29.9±7.6 0.05
Postconceptional age  34.6±1.4 39.0±2.1 0.05

weeks
Weight  kg 2.3±0.3 2.3±0.3 NS

Data are presented as mean±SEM; OCB: oxygen cost of breath-
ing; NS: nonsignificant.



without mechanical assistance during SIMV with the
unopposed presence of the endotracheal tube, than to
the asynchrony between spontaneous and mechanical
ventilation, since the rate of asynchrony was probably
low (<5%) in this condition (low frequency and an in-
spiratory time of less than 0.4 s) [12].

Among the different ventilatory modes which can be
used to wean neonates, PTV is a mode maintaining an
inspiratory effort from the patient [13] and thus an exer-
cise of respiratory muscles without excessive increase
of V 'O2 as well as work of breathing. Thus, PTV seems
to be an interesting ventilatory mode to wean infants
with high OCB, as proposed in adults [2, 14]. However,
no clinical trial to date has confirmed this in neonates.
Only three trials published in two reports [6, 7] have
compared PTV and SIMV during weaning periods.
No major differences were observed between the two
modes in terms of failure or duration of weaning, except
in one trial in which duration of weaning was signifi-
cantly shorter with PTV [7]. However, in theses stud-
ies, no V 'O2 or work of breathing measurements were
performed. These studies, thus, failed to show any major
difference between PTV and SIMV because some of
the infants probably did not have a high OCB and were,
therefore, easily weaned off mechanical ventilation
[15]. In fact, in our study, the group of patients with
normal OCB showed no significant variations in V 'O2

during the different ventilation modes, and most were
easily weaned.

In conclusion, patient triggered ventilation is a wean-
ing ventilatory mode which can significantly reduce the
increase in oxygen consumption observed during con-
tinuous positive airway pressure in infants with a high
oxygen cost of breathing. Further investigations in new-
born infants with a high oxygen cost of breathing should
be performed prior to routine use of patient triggered
ventilation.
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Table 2.  –  Mean oxygen consumption (V 'O2), mean carbon dioxide production (V 'CO2), respiratory quotient, minute
ventilation (V 'E) and percentage of spontaneous ventilation (SV) according to ventilation modes in infants with high
and normal oxygen cost of breathing (OCB), at time of weaning.

Synchronized Continuous
Controlled Patient-triggered intermittent mandatory positive airway
ventilation ventilation ventilation pressure p+

V 'O2 mL·min-1·kg-1 High 8.9±0.6 9.5±0.8 10.8±1.1* 11.9±0.9*** 0.012
Low 8.3±0.4 8.2±0.5 8.2±0.4* 8.3±0.3*** NS

V 'CO2 mL·min-1·kg-1 High 8.0±0.7 8.2±0.6 8.6±0.6* 10.8±0.7*** 0.014
Low 7.5±0.4 7.3±0.5 7.1±0.3* 7.4±0.3*** NS

Respiratory quotient High 0.9 0.9 0.8 0.9 0.022
Low 0.9 0.9 0.9 0.9 NS

V 'E mL·min-1·kg-1 High 312±18 277±27 265±25 318±23 0.052
Low 316±29 313±37 304±42 307±37 NS

SV  % High 10±3 2±1 76±2 100 0.001
Low 10±4 2±1 69±7 100 0.001

Results are expressed as mean±SEM; NS: nonsignificant; +: analysis of variance for repeated measurements within each group; *:
p=0.031 between two groups during synchronized intermittent mandatory ventilation; ***: p<0.001 between two groups during
continuous positive airway pressure. High: seven patients with high oxygen cost of breathing (OCB); Normal: nine patients with
normal OCB; V 'O2: oxygen consumption; V 'CO2: carbon dioxide production.


