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Abstract Our aims were to determine whether volume-
targeted ventilation (VTV) or pressure-limited ventilation
(PLV) reduced the time to successful extubation and if any
difference was explained by a lower work of breathing
(WOB), better respiratory muscle strength or less
thoracoabdominal asynchrony (TAA) and associated with few-
er hypocarbic episodes. Infants born at ≥34 weeks of gestation-
al age were randomised to VTV or PLV. The WOB was
assessed by the transdiaphragmatic pressure time product, re-
spiratory muscle strength by the maximum inflation (Pimax)

and expiratory (Pemax) pressures and TAA assessed using un-
calibrated respiratory inductance plethysmography. Forty in-
fants, median gestational age of 39 (range 34–42) weeks, were
recruited. The time to successful extubation did not differ be-
tween the two groups (median 25, range 2.5–312 h (VTV)
versus 33.5, 1.312 h (PLV)) (p=0.461). There were no signif-
icant differences between the groups with regard to the WOB,
respiratory muscle strength or the TAA results. The median
number of hypocarbic episodes was 1.5 (range 0–8) in the
VTV group versus 4 (range 1–13) in the PLV group (p=0.005).

Conclusion: In infants born at or near term, VTV compared
to PLV did not reduce the time to successful extubation but
was associated with significantly fewer hypocarbic episodes.

What is known:

• In prematurely born infants, volume-targeted ventilation (VTV) com-
pared to pressure-limited ventilation (PLV) reduces
bronchopulmonary dysplasia or death.

• In addition, VTV is associated in prematurely born infants with lower
incidences of pneumothorax, intraventricular haemorrhage and
hypocarbic episodes.

What is new:

• Despite a high morbidity, few studies have investigated optimum
ventilation strategies for infants born at or near term.

• In a RCT, we have demonstrated VTV versus PLV in infants ≥34 weeks
gestation was associated with significantly fewer hypocarbic episodes.
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Pimax Maximum inflation pressure
PIP Peak inspiratory pressure
PLV Pressure-limited ventilation
PTPdi Transdiaphragmatic pressure time product
PVL Periventricular leukomalacia
TAA Thoracoabdominal asynchrony
VTV Volume-targeted ventilation
WOB Work of breathing

Introduction

It has been estimated that 3.6 per 1000 infants born at term
require mechanical ventilation [9]. Approximately 35,000 in-
fants per annum in the USA alone require mechanical venti-
lation secondary to hypoxic respiratory failure at or near term
[8]. The mortality rate amongst ventilated term-born infants
ranges from 9.1 to 11.7 % [1] and has been quoted to be high
(9.6 to 12.2 %) even amongst infants without congenital
anomalies [14, 20]. Morbidity in ventilated infants born at
or near term is common [8, 18]. Yet few studies have exam-
ined or compared ventilatory modes in such infants [4]. Dur-
ing volume-targeted ventilation (VTV), a relatively constant
volume is delivered with each ventilator inflation regardless
of changes in the infant’s lung function. A meta-analysis of
results of randomised controlled trials (RCTs) demonstrated
that VTV compared to pressure-limited ventilation (PLV) was
associated with significant reductions in death or BPD, pneu-
mothorax, periventricular leukomalacia (PVL), grade III–IV
intraventricular haemorrhage (IVH) and episodes of
hypocarbia [21]. In addition, the duration of ventilation was
significantly shorter in infants supported by VTV [21]. A
more recently reported meta-analysis demonstrated a signifi-
cant reduction in BPD [17]. None of the trials in the system-
atic reviews [17, 21], however, included infants born at or
near term, and it is, therefore, unclear whether VTV would
benefit such a population.

In the RCTs [17, 21], a wide range of volume target (VT)
levels was used (4–10 ml/kg) [17, 21]. We have demonstrat-
ed in infants born at or near term, the level of VT influences,
the work of breathing (WOB) with higher levels resulting in
a lower WOB [6]. Increasing the level of respiratory support
by increasing the VT level, however, could unfavourably
impact on respiratory muscle strength. It is also not clear
whether VTV or PLV would be associated with lower
thoracoabdominal asynchrony (TAA) or fewer episodes of
hypocarbia in infants born at or near term. Our aim, there-
fore, was to undertake a randomised study of PLV and VTV
in infants born at or near term to determine which modality
was associated with a shorter time to extubation, whether
this was explained by differences in the WOB, respiratory
muscle strength or TAA and associated with fewer episodes
of hypocarbia.

Methods

A randomised trial was carried out at King’s College Hospital
NHS Foundation Trust between May 2011 and October 2014.
Infants born at 34 weeks or more of gestational age who were
less than 2 weeks of age were eligible for entry into the trial if
they had been ventilated for less than 24 h. Infants with con-
genital diaphragmatic hernia and infants who were supported
by high-frequency oscillatory ventilation (HFOV) were ineli-
gible. Infants were enrolled into the study if their parents gave
informed written consent. The study was approved by King’s
College Hospital Research Ethics Committee.

Patients were randomised using sequential opaque sealed
envelopes and random number table generation to receive
either VTVor PLV. The infants in both arms of the trial were
supported by SLE 5000 ventilators (software versions 4.3;
SLE Ltd., South Croydon, UK). All infants were ventilated
via shouldered endotracheal tubes with minimal or non-
existent leaks [11]. All infants had indwelling intra-arterial
lines. The unit’s standard protocol was to use PLV during
acute respiratory distress that is inflation times of 0.3–0.4 s,
rates of 40–60 breaths per minute (bpm) manipulated to try to
achieve synchrony and peak pressures to achieve appropriate
arterial carbon dioxide (PaCO2) levels between 4.5 and 7 kPa
providing the pH was above 7.25. The unit’s standard policies
were for ventilated infants regardless of ventilation mode to
receive intravenous morphine if they were asynchronous with
ventilator inflations and post-operatively for pain relief. At
randomisation, no changes were made to the ventilator set-
tings of infants who were to receive PLV. For those
randomised to VTV, the VT level was set at 5 ml/kg with
the leak compensation at 20 %. The maximum peak inspira-
tory pressure (PIP) was set at 5 cmH2O above the PIP used
during the previous ventilation mode to allow a volume deliv-
ery of 5 ml/kg. The PIP was increased by 1–2 cmH2O as
necessary until the desired volume was delivered. During
VTV with an SLE 5000 ventilator, the maximum set peak
inflation was delivered to the infant only if the VT level was
not achieved. Using the SLE ventilator, inflation was termi-
nated once the VT level was achieved, which meant that the
delivered inflation time might be shorter than the preset infla-
tion time. If the delivered inflation time was noted to be less
than 0.2 s, it was planned that the waveform would be altered
to give a shallower upstroke to the inflating pressure to pro-
long the inflation time, but this was not required for any of the
study population.

If infants developed a respiratory acidosis on VTV, the
rate was increased in steps of 5 up to 60 bpm and, if that
was not associated with resolution of the respiratory acido-
sis, then the VT level was increased in steps of 0.5 up to a
maximum of 6 ml/kg. If infants developed a respiratory
acidosis on PLV, the rate was increased in steps of 5 to a
maximum of 60 bpm, and if necessary, the pressure was
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increased up to a maximum of 30 cmH2O. If those manoeu-
vres did not bring about the desired improvement in blood
gases, the infant was transferred to HFOV. Infants were
deemed to have failed the randomised mode if they required
HFOV or a PIP >30 cmH2O or had a pulmonary haemor-
rhage (diagnosed if there was fresh blood from the endotra-
cheal tube associated with clinical deterioration).

Infants were weaned on PLV mode by first reducing the
pressure to 18 cmH2O and then the rate to a minimum of
20 bpm. On VTV mode, first the tidal volume was reduced
to 5 ml/kg (if a higher level had been used) and the rate to a
minimum of 20 bpm. On both modes, infants were extubated
when the rate had been reduced to 20 bpm. Infants were
extubated into the appropriate concentration of oxygen; non-
invasive respiratory support was not used.

Measurements of the WOB, respiratory muscle strength
and TAA were performed prior to extubation. The WOB
was assessed over a 5-min period by measurement of the
transdiaphragmatic pressure time product (PTPdi) as previ-
ously described [6]. Respiratory muscle strength was assessed
by measuring the maximum inflation (Pimax) and maximum
expiratory pressure (Pemax) generated during an airway occlu-
s ion dur ing crying as previously descr ibed [6] .
Thoracoabdominal synchrony was assessed using uncalibrat-
ed respiratory inductance plethysmography (Respitrace model
10.9230, Ambulatory Monitoring, New York, USA) in AC-
coupled mode. Inductance coils embedded in two elastic ban-
dages were placed around the ribcage (RC) andmid-abdomen.
For each breath, the RC and abdominal wall (AB) movements
were derived from the recording software. A Lissajous figure
was plotted and asynchrony between RC and abdominal mo-
tion quantified. The phase angle was determined by compar-
ing the difference between inspiratory and expiratory abdom-
inal positions at mid-RC excursion (ABdiff) with the maxi-
mum abdominal excursion (ABmax). The phase angle ϕ was
calculated as sin ϕ=ABdiff/ABmax. Oxygen saturation was
monitored throughout the measurements. The clinicians car-
ing for the infants were blinded to the results of the physio-
logical measurements.

The nurses recorded hourly the level of respiratory sup-
port on observation charts. Arterial blood gas results were
also recorded on the observation charts, and from those data,
the number of episodes of hypocarbia (PaCO2<4.5 Kpa)
experienced by each infant was determined. Arterial blood
sampling was undertaken for clinical purposes. The infant’s
demographics and pre-extubation levels of respiratory sup-
port were identified from the medical records and intensive
care observation charts.

The primary outcome was the time from randomisation
to the first successful extubation. The timing of extubation
was determined by the clinical team unaware of the re-
search team’s physiological measurement results. Success-
ful extubation was defined as the infant remained extubated

for at least 48 h. Infants were reintubated according to
unit’s routine criteria: a major apnoea, frequent apnoeas
with bradycardia or development of a severe respiratory
acidosis (pH<7.20).

Statistical analysis

Differences were assessed for statistical significance using
the Mann-Whitney U test or chi-square test as appropriate
(IBM SPSS Version 21).

Sample size

A convenience sample of 40 infants was recruited. Recruit-
ment of 20 infants into each group allowed us to detect a
difference of 25 % in the WOB between the groups and dif-
ferences in the results of the other physiological measure-
ments equivalent to one standard deviation with 80 % power
at the 5 % level.

Results

During the study period, there were 102 infants at or near term
who were ventilated (Fig. 1). The infants who were not re-
cruited into the study were similar to those who were recruited
(Table 1). Forty infants (19 were male) were recruited into the
study (Table 2). Approximately half the infants had a surgical
condition and were studied post-operatively (Table 3). The
median age at randomisation did not differ between the two

Fig. 1 Consort diagram of recruitment
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groups (Table 2). There were no significant differences in the
pre-extubation level of respiratory support or pre-extubation
PaCO2 levels between the two groups (Table 2). The median
time to extubation did not differ between the two groups being
25 (2.5–312) hours in the VTVand 33.5 (1–312) hours in the
PLV group, p=0.1461 (Fig. 2). The one infant whomet failure
criteria was in the VTV group and consistently required a PIP
>30 cmH2O to achieve a tidal volume of 5 ml/kg.

Physiological measurements were not possible in six in-
fants as they were extubated before the measurement could
be made. In addition, no measurements were made in seven
infants for technical reasons and four infants self-extubated. In
some infants, only certain of the measurements could be
made; for example, TAA was not attempted in infants with
gastroschisis as the bands could not be sited. There were no
significant differences in the results of the physiological mea-
surements between the two groups (Table 4).

In the VTV group, a median of 6 (range 2–34) blood gases
were obtained, and in the PLV group, a median of 9 (range 3–
57) (p=0.11). In the VT group, there was a median of 1.5
(range 0.8) episodes of hypocarbia compared to a median of
4 (range 1–13) in the PLV group (p=0.005).

Discussion

We have demonstrated no significant differences in the time to
successful extubation in at or near term-born infants supported
by VTV or PLV. We recruited a convenience sample which

only allowed detection of a difference of 70 h in the time to
successful extubation between the two groups, but unexpect-
edly, the majority of infants were ventilated for less than that
time. This perhaps reflects approximately half had surgical
conditions and some were extubated very soon after the sur-
gical intervention. In contrast, some Bsurgical^ infants re-
quired many days of ventilatory support, as has been our pre-
vious experience. We demonstrated no significant differences
in the results of physiological measurements performed prior
to extubation, but we were able only to perform the measure-
ments in a proportion of the infants. Hence, we cannot exclude
that there might have been significant differences between the
two groups in the results of the physiological measurements if
had we been able to study all 40 patients. In addition, we
cannot exclude that physiological measurements earlier in
the infants’ respiratory support career might have detected
significant differences between the two groups. VTV, howev-
er, was associated with significantly fewer episodes of
hypocarbia, despite the number of arterial blood gases being
similar in the two groups. Indeed, there was a very high rate of
hypocarbic episodes in the PLV group. Hypocarbia is associated
with PVL in prematurely born infants [19] and PLV had been
reported in near term-born infants [12]. In addition, a poorer
outcome has been documented in term-born infants with post-
asphyxial hypoxic ischaemic encephalopathy exposed to severe
hypocarbia [13, 16]. Reduction in episodes of hypocarbia in at
or near term-born infants then is an important outcome.

We used a VT level of 5 ml/kg as it has been shown
that it is associated with a lower WOB in infants born at or

Table 2 Demographics and age
at randomisation by ventilation
mode

VTV PLV
Number 20 20

Gestational age (weeks) 39 (34–42) 38 (34–41)

Birth weight (grams) 3362 (1540–4150) 2963 (1754–4500)

Male gender 12 (60 %) 7 (35 %)

Age at randomisation (days) 2 (1–13) 2 (1–13)

Received morphine 9 (45 %) 11 (55 %)

Pre-extubation level of respiratory support

PIP (cmH2O) 14 (9–22) 16 (12–19)

FiO2 0.21 (0.21–0.26) 0.21 (0.21–0.33)

Pre-extubation PaCO2 (Kpa) 5.32 (3.83–6.1) 4.7 (3.45–5.7)

Data are shown as median (range) or n (%)

Table 1 Demographics of infants
by recruitment status Recruited infants Non-recruited infants p value

40 62

Gestational age (weeks) 39 (34–42) 39.5 (34–43) 0.626

Birth weight (grams) 3125 (1540–4500) 3057 (1620–4410) 0.964

Male gender 19/40 (48 %) 29/62 (46 %) 0.175

Data are presented as median (range) or n (%)
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near term than 4 ml/kg [6]. Use of a higher VT (6 ml/kg)
resulted in a significantly lower WOB [6], but we were
reluctant to use that level as it might have resulted in im-
paired respiratory muscle strength.

There have been a few studies examining different ventila-
tor rates during PLV, but to our knowledge, only two included
term as well as prematurely born infants. In one study [10],
ventilation at a rate of 60 bpm with an inspiratory time of 0.5 s
was compared to a rate of 20–40 bpm with an inspiratory time
of 1 s. The number of term-born infants included in the study

was not stated, but the pneumothoraces all occurred in infants
of birth weight less than 1.7 kg [10]. In another study
(OCTAVE) [15], rates of 60 bpm were compared to rates of
20–40 bpm, the number of term born infants was not stated.
No significant difference in the pneumothorax rate was dem-
onstrated overall. Asynchrony can also be avoided by using
patient triggered modes, but to our knowledge, there are only
two such studies which have included term as well as preterm
infants and neither showed significant differences in air leaks.
In one [3], there were no significant differences in the duration
of ventilation, need for reintubation or pneumothorax or mor-
tality rates between infants supported by synchronised inter-
mittent mandatory ventilation (SIMV) or IMV. Only 15 in-
fants born at term (all with meconium aspiration syndrome)
were included [3]. In the other [2], 327 infants were
randomised to SIMVor IMV. Ninety-three infants with a birth
weight greater than 2 k and a mean gestational age 36 weeks,
and the study was adequately powered for subgroup analysis
with respect to the oxygenation index and the incidence of air
leaks. Amongst that subset, those supported by SIMV had a
shorter duration of ventilation (p=0.02) but had similar rates
of death, oxygen dependency at 28 days and air leaks to the
SIMV group [2].

Our study has a number of strengths and some limitations.
The same ventilator type was used in both arms of the study;
performance differs according to type of ventilator delivering
VTV with regard to airway pressure waveforms [5]. We re-
cruited consecutive infants who fulfilled the eligibility criteria,
and a researcher was available to obtain informed written con-
sent. A criteria for failure of the randomised mode was a peak
inflating pressure greater than 30 cmH2O; interestingly, only
one infant met that criteria. It has been previously reported in a
study of 70,000 infants [9] that the overall incidences per 1000

Fig. 2 Kaplan-Meier curve for the time to randomisation to first
successful extubation

Table 3 Diagnoses of the study
population TTV (n) PLV (n)

Gastroschisis 3 5

Sepsis 5 2

Meconium aspiration 3 3

Mild HIE 1 2

Oesophageal atresia 1 1

Congenital pneumonia 0 2

Transient tachypnoea of the newborn 0 2

Intestinal obstruction 1 1

Exomphalos 1 1

Hydrops fetalis 0 1

Pelvic mass 1 0

Pneumothorax 1 0

Duodenal atresia 1 0

Spina bifida 0 1

Right-sided cystic adenomatoid malformation of the lung 1 0
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live births of requirement for mechanical ventilation were
0.72 % for transient tachypnoea of the newborn (TTN),
0.38 % for respiratory distress syndrome (RDS) and 0.61 %
for meconium aspiration syndrome (MAS). In our experience,
it is rare to see RDS at or near term, but similarly, our study
included infants with TTN and MAS. We compared VTV to
PLV rather than a triggered mode, as no RCT has demonstrat-
ed better outcomes for triggered modes with regard to the
duration of ventilation or need for reintubation in at or near
term-born infants [2, 3]. Similar numbers of infants in each of
the randomised arms received intravenous morphine, thus it
seems unlikely this influenced the TAA results. Only 40 % of
the 81 eligible infants were included in the study, but compar-
ison of those who were and were not recruited did not reveal
any significant differences between the groups. The clinicians
were not blinded to the intervention and indeed were not in
any of the studies included in the meta-analyses [17, 21]. The
lack of significant differences in most of our results would
suggest that the lack of blinding had not influenced the per-
formance of the study. A limitation of our study may be per-
ceived to be the heterogeneity of the population studied, yet a
strength is that they reflect the diagnoses of the currently ven-
tilated born at or near term infants. In addition, in such a
heterogenous term-born population, we report a significant
difference in an important outcome, the number of episodes
of hypocarbia which influences long-term morbidity in such a
population [13, 16]. Approximately half of the infants includ-
ed in this study had surgical conditions, which reflects that our
unit is a tertiary surgical and medical referral centre. We did
not, however, undertake a subanalysis according to medical
versus surgical diagnosis as our sample size was not calculat-
ed to allow such a subanalysis. Our results demonstrate a
significant difference in hypocarbic episodes overall.

We recently undertook a survey of respiratory support prac-
tices in infants born at term [7] which demonstrated that 26 %
of NICUs and 11 % of local neonatal units (LNUs) used VTV
routinely in infants born at term. A wide variety of volume

target levels (3–10 ml/kg) was used [7]. Yet, there have been
noRCTs investigating whether VTV has benefits for at or near
term-born infants. The data from our RCT is then useful to
inform practitioners regarding the possible benefits of VTV.

In conclusion, in infants born at or near term, VTV com-
pared to PLVas implemented using the SLE ventilator did not
improve the time to reach successful extubation or the results
of physiological assessments. VTV, however, was associated
with significantly fewer hypocarbia episodes, and hence, we
would recommend its use for infants born at or near term.
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Table 4 The results of the
physiological measurements by
ventilation mode

VTV PLV p value

Pimax (cmH2O) n=12a

66.34 (16.70–115.86)

n=11a

87.11 (29.68–114.2)

0.260

Pemax (cmH2O) n=12

32.88 (4.38–98.00)

n=10

42.05 (14.23–70.00)

0.674

Pdimax (cmH2O) n=8

95.97 (51.67–135.77)

n=10

107.34 (31.45–187.90)

0.408

PTP n=9

264.31 (132.15–329.64)

n=10

201.41 (53.62–493.20)

0.604

TAA (degrees) n=6

2.35 (0.35–4.03)

n=8

2.40 (1.12–3.26)

0.950

Data are expressed as median and range
a n the number of infants in whom the measurements were made
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