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Abstract
Aim—To determine whether patient trig-
gered ventilation (PTV) leads to greater
exposure to significant hypocarbia than
conventional ventilation (CMV) in prema-
ture infants during the first 72 hours of
life.
Methods—Infants of 32 weeks gestation or
less were included. Randomisation yielded
74 infants on PTV and 68 infants on CMV.
Arterial PaCO2 measurements were taken
four hourly for the first 72 hours of life.
Results—The mean PaCO2 levels on days 1,
2, and 3 were not significantly diVerent
between the two groups. The proportion of
infants with PaCO2 levels of 3.33 kPa or less
did not diVer between PTV and CMV
infants. Mean percentages of infants with
this level of hypocarbia at any time were
31.4%, 18.9%, 8.8% on days 1, 2, and 3
respectively. Cumulative hypocarbia,
below a 3.33 kPa threshold, was 0.0084
kPa.h (PTV) versus 0.0263 kPa.h (CMV)
per hour ventilated during the first 24
hours (p = 0.259). Risk factors associated
with hypocarbia on day 1 were peak
inspiratory pressure below 14 cm H2O
(odds ratio 4.79) as well as FiO2 below 0.30
(odds ratio 3.42).
Conclusion—Exposure to hypocarbia
(PaCO2 3.33 kPa or below) was not signifi-
cantly diVerent between PTV and CMV
infants during the first 72 hours of life.
Hypocarbia was common in both groups
on day 1 and to a lesser extent on day 2.
Infants with the least requirements for
ventilatory support were at highest risk of
hypocarbia on day 1 of life. Preterm
infants with mild hyaline membrane dis-
ease require a more aggressive approach
to weaning on both modes of ventilation,
followed by extubation to limit the risk of
hypocarbia.
(Arch Dis Child Fetal Neonatal Ed 2001;84:F14–F17)
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Carbon dioxide is an important regulator of
cerebral blood flow in the preterm infant.1

Wyatt et al found a reduction in cerebral blood
flow to be associated with lower PaCO2 levels
and showed greater cerebrovascular sensitivity
to hypocarbia with increasing gestational age.2

Several studies have shown an association
between hypocarbia and neurodevelopmental

sequelae3 4 or periventricular leukomalacia5–8 in
preterm infants.

Measures of significant hypocarbia have
included one or more measurements of arterial
CO2 (PaCO2) below 20 mm Hg (2.67 kPa)5 or
25 mm Hg (3.33 kPa),6 or a measure of the
severity and duration of hypocarbia below a
threshold of 25 mm Hg (3.33 kPa), cumulative
hypocarbia (mm Hg.hours).7

Infants studied have been ventilated in a
variety of modes, including intermittent man-
datory ventilation3–6 8 and high frequency jet
ventilation.7

Two studies reported an association between
lower PaCO2 levels and chronic lung disease of
prematurity. One studied infants at 48 hours9

and the other prior to surfactant administra-
tion.10

Opinion in the literature is divided regarding
the eVect of trigger ventilation on arterial
carbon dioxide tension. Two small studies11 12

conducted in the presurfactant and a third13 in
the surfactant era showed significantly lower
PCO2 levels in infants switched over from
conventional to trigger ventilation. A similar
study reported greater tidal volumes in prema-
ture infants with respiratory distress syndrome
(RDS) on patient triggered ventilation (PTV),
but no significant reduction in carbon dioxide
concentrations.14

The aim of this study was to establish
whether PTV was associated with a greater risk
of significant hypocarbia in premature infants.
The trigger ventilation trial15 provided an
opportunity to study this using routinely
recorded arterial blood gas data.

Patients and methods
INFANTS

The study utilised all patients recruited by a
single centre (Plymouth) within a multicentre
trigger ventilation trial designed to compare
PTV and conventional ventilation (CMV) in
RDS. Infants less than 32 weeks gestation
requiring ventilation within 72 hours of birth,
with clinical and x ray features compatible with
respiratory distress syndrome (RDS), were eli-
gible for trial entry. Infants with evidence of
major congenital malformations and inhala-
tional pneumonitis were excluded.

RANDOMISATION

The mode of ventilation was allocated by an
independent nurse providing the telephone
randomisation service, within six hours of
commencing ventilation. Randomisation was
performed in blocks of varying size. After ran-
domisation four infants were changed from
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PTV to CMV: two because of failure to trigger,
one because of failure to oxygenate, and one
following a pulmonary haemorrhage. Analysis
was performed on an intention to treat basis.

VENTILATION STRATEGY

The SLE 2000 jet ventilator was used in either
CMV or PTV mode. Prior to randomisation
infants were ventilated with the attending clini-
cian’s preferred mode and technique of ventila-
tion. After randomisation the ventilator was
switched to the allocated mode and ventilation
was guided by the following protocol: peak
inspiratory pressure was adjusted according to
chest wall movement and blood gas results and
positive end expiratory pressure set at 4–5 cm
H2O. In PTV mode an inspiratory time of 0.2–
0.3 seconds was chosen initially, the ventilator
set to trigger each inspiratory eVort with a back
up rate of 35 breaths per minute. The back up
rate could be increased in apnoeic infants.
Those receiving CMV had ventilator rates set
either to the infant’s spontaneous respiratory
rate, or at 80 breaths per minute, with instruc-
tions to alter the rate as required. Initial
inspiratory times were set at 0.34 seconds.
Weaning was achieved by reducing inspiratory
pressures to a minimum of 8–12 cm H2O on
PTV and by reducing the inspiratory pressure
to a minimum of 16 cm H2O followed by
reducing the ventilator rate on CMV.

The attending clinicians were guided by the
ventilation protocol and used clinical judge-
ment to manage suboptimal blood gas results.
The magnitude of change in ventilator settings
was left to the judgement of individual doctors.
The use of either caVeine or theophylline and
morphine was permissible. All infants were eli-
gible for surfactant in accordance with the
unit’s protocol.

BLOOD GAS ANALYSIS

Blood gas values were measured from samples
obtained from indwelling arterial catheters
every four hours, and within one hour
following changes in ventilator settings. Meas-
urements taken prior to randomisation were
excluded from the analysis. Transcutaneous
CO2 electrodes were not routinely used in the
study infants in the first few postnatal days.

DATA ANALYSIS

PaCO2 data analysis was performed retrospec-
tively from intensive care charts. Cumulative
hypocarbia for each infant was calculated using
S-PLUS according to the method of Wiswell et
al.7 Mean values were compared using Stu-
dent’s t test for parametric data and the Mann–
Whitney test for non-parametric data. When

comparing diVerences in proportions the ÷2

test was used. Analysis of variance was used to
compare the diVerence in the pre- and
post-randomisation PaCO2 measurements in
four groups of infants: those switched from
CMV to PTV and PTV to CMV as well as
those remaining on either CMV or PTV.
Logistic regression was used to evaluate the
eVect of several postnatal variables on the risk
of developing hypocarbia on day 1 of life. Risk
was expressed as an odds ratio with 95% confi-
dence limits. Goodness of fit was determined
by the Hosmer–Lemeshow statistic in which a
high p value indicates an adequate fit of the
data to the model.

All statistical analyses were conducted on
SPSS. We considered p < 0.05 statistically sig-
nificant.

ETHICAL CONSIDERATIONS

Written informed parental consent was sought
prior to randomisation and local research
ethics committee approval was obtained for the
trigger ventilation trial. Blood gas estimations
and all other management was delivered at the
discretion of the clinicians within the research
protocol outlined.

Results
Randomisation yielded 74 infants on PTV and
68 infants on CMV. Infants were comparable at
trial entry (table 1). Similar respiratory rates
and fractions of inspired oxygen (FiO2) were
measured, but median peak inspiratory pres-
sures (PIP) were lower in the PTV group on
days 1 and 2 respectively (14.7 v 16.9 cm H2O
(p = 0.002) and 14.5 v 17.8 cm H2O
(p = 0.008)).

The proportion of infants with one or more
episodes of hypocarbia (PaCO2 3.33 kPa or
below) was 34.7% (PTV) v 27.9% (CMV) on
day 1, 18.6% (PTV) v 19.1% (CMV) on day 2,
and 9.1% (PTV) v 8.5% (CMV) on day 3
(p > 0.05). Overall 37.3% of all infants experi-
enced inadvertent hypocarbia during the first
72 hours.

The mean PaCO2 measured on day 1 was 4.8
kPa (PTV) v 5.19 kPa (CMV) (p = 0.05).
Mean PaCO2 measurements on days 2 and 3
were 5.89 kPa (PTV) v 5.85 kPa (CMV) and
6.1 kPa (PTV) v 6.0 kPa (CMV) respectively
(p > 0.05).

The median area below the 3.33 kPa thresh-
old and above the CO2 curve (cumulative
hypocarbia), was 0.0084 kPa.h (PTV) v 0.0263
kPa.h (CMV) per hour ventilated during the
first 24 hours (p = 0.259).

Analysis of variance showed no significant
diVerence in mean pre- and post-
randomisation PaCO2 levels in four groups of
infants: those switched over from CMV to PTV
or from PTV to CMV as well as those remain-
ing on their prerandomisation mode of ventila-
tion, either CMV or PTV.

Using univariate analyses we evaluated
several factors considered to play a potential
role in the development of hypocarbia (PaCO2

3.33 kPa or below) on day 1 of life, including:
mode of ventilation, gestation, weight, sex,
antenatal steroids, use of surfactant, natural

Table 1 Demographic data according to mode of ventilation

PTV (n = 74) CMV (n = 68)

Weight (g)* 1018 (585–1935) 1018 (496–2235)
Male 39 (53%) 44 (65%)
Gestation (wk)* 28 (23–31) 28 (23–31)
Antenatal steroids (full course) 48 (65%) 45 (66%)
Surfactant 71 (96%) 68 (100%)
Synthetic surfactant 62 (87%) 58 (85%)
CRIB score* 7 (1–18) 7 (1–18)

*Median (range).
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versus synthetic surfactant, peak inspiratory
pressures, FiO2, respiratory rate, and illness
severity (CRIB score16). We used stepwise
logistic regression to assess whether any of
these factors were independent predictors of
hypocarbia.

The only factors incurring significant risk
were mean peak inspiratory pressures and
mean FiO2 on day 1. Both these factors had an
inverse dose–response relationship with lower
peak inspiratory pressures and FiO2 being asso-
ciated with a higher risk of hypocarbia. The
association of PIP and FiO2 with hypocarbia
was not confounded by the other factors inves-
tigated. A multicolinear relation existed be-
tween FiO2 and PIP, and therefore these
variables were entered separately in the final
model.

Infants ventilated with mean peak inspira-
tory pressures less than 14 cm H2O were 4.79
times as likely to develop hypocarbia as those
with peak inspiratory pressures greater than 16
cm H2O. An FiO2 of less than 0.3 incurred 3.4
times the risk of an FiO2 of greater than 0.6
(table 2).

Discussion
The mean arterial carbon dioxide tension dur-
ing the first 72 hours was not significantly dif-
ferent between the two groups; a non-
significant trend towards lower mean PaCO2

levels was noted during PTV on day 1
(p = 0.05). No significant diVerence in cumu-
lative hypocarbia was detected. The proportion
of infants with PaCO2 levels of 3.33 kPa or
below did not diVer between PTV and CMV
infants. Hypocarbia was a regular occurrence
on day 1 during both modes of ventilation with
31.3% of all infants experiencing PaCO2 levels
of 3.33 kPa or less. The risk factors associated
with hypocarbia on day 1 were peak inspiratory
pressures less than 14 cm H2O as well as
inspired O2 concentrations less than 30%. PTV
mode was not associated with an increased risk
of hypocarbia in the regression model. Infants
receiving minimal ventilation with mild lung
disease on the first day of life were therefore
more prone to hypocarbia.

We utilised data routinely collected by one
centre within the multicentre trigger ventila-
tion trial, which limited some of the analysis.
Calculation of oxygenation indices was pre-
cluded as PaO2 data were not available.
Oxygenation indices would have provided a
better marker for severity of lung disease than
FiO2 alone. Working within the design of the
multicentre trigger ventilation trial provided
two well matched groups with the exception of
male gender. A larger proportion of male
infants was randomised to the CMV group;

however, the diVerence in proportions was not
significant and male sex was not associated
with hypocarbia in the regression model.

It is possible that the randomisation process
selected infants with milder lung disease and
consequently the large proportion of hypocar-
bic infants might be an overestimation of the
problem. The two groups were well matched in
terms of illness severity, both with median
CRIB scores of 7, and the CRIB score did not
feature as a significant variable in the
regression model.

We considered whether inadvertent hypocar-
bia could have been an artefact of the
ventilation protocol. Analysis of variance
showed no significant diVerence between pre-
and post-randomisation PaCO2 levels. Making
the assumption that the pre-randomisation
PaCO2 level reflects the attending clinician’s
chosen style of ventilation, we consider it
unlikely that the guidance provided by the pro-
tocol was solely to blame for inadvertent
hypocarbia.

Significant hypocarbia was defined as an
arterial PCO2 level less than or equal to 3.33 kPa
(25 mm Hg), based on the findings of two
other studies.6 7 Calvert et al compared 15 pre-
term infants with periventricular leukomalacia
(PVL) with 15 preterm controls without PVL
and showed that infants with PVL had longer
periods with PaCO2 readings below 3.33 kPa
during the first 72 hours of life.6 Wiswell et al
showed that cumulative hypocarbia below a
threshold level of 3.33 kPa during the first day
of life was the single factor independently
related to the development of cystic PVL.7

Our infants on PTV received lower peak
inspiratory pressures than infants on CMV
during the first two days of life. The study of
Hummler et al showed that infants on trigger
ventilation required lower peak inspiratory
pressures than those on intermittent manda-
tory ventilation to maintain a similar level of
minute ventilation.13 The lower peak inspira-
tory pressures could be caused by a similar
mechanism. Alternatively, this probably simply
reflects the diVerent weaning strategies, with
lower peak inspiratory pressures before extuba-
tion in the PTV group.

The use of stepwise logistic regression iden-
tified those infants with the least requirements
for ventilatory support as having the highest
risk of hypocarbia, regardless of mode of venti-
lation. This suggests that a more aggressive
approach to extubation and withdrawal of ven-
tilation is required, particularly on day 1. Our
literature search provided no evidence of simi-
lar studies investigating the risk factors associ-
ated with hypocarbia in preterm infants.

The frequency of inadvertent hypocarbia on
day 1 was of concern. We were unable to find
comparable information from other units.
Exposure to inadvertent hypocarbia in venti-
lated preterm infants on day 1 could be used as
a measure of the eVectiveness of ventilator
management, as part of an audit of practice.

In conclusion, hypocarbia is an undesirable
and frequently encountered consequence of
ventilation. Preterm infants with mild hyaline
membrane disease require careful monitoring

Table 2 Factors associated with hypocarbia

Variable Odds ratio
(95% confidence
interval)

PIP <14 cm H2O 4.79 (1.87, 12.31)
PIP 14–16 cm H2O 2.33 (0.95, 5.73)
PIP >16 cm H2O Reference
FiO2 <0.30 3.42 (1.41, 8.34)
FiO2 0.30–0.60 1.05 (0.33, 3.25)
FiO2 >0.60 Reference
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of PaCO2 levels and timely weaning of ventila-
tion to extubation to limit the risk of hypocar-
bia.
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