
ORIGINAL PAPER

G. Dimitriou á A. Greenough á B. Laubscher

Appropriate positive end expiratory pressure level
in surfactant-treated preterm infants

Received: 20 April 1999 /Accepted: 26 May 1999

Abstract Positive end expiratory pressure (PEEP) is routinely used when ventilating
preterm infants, and high levels are recommended in those with severe respiratory distress
syndrome (RDS). Elevation of PEEP increases lung volume, as does surfactant admin-
istration. We postulated that in surfactant-treated infants even modest PEEP levels could
result in overdistension and (CO2) retention. To test that hypothesis, lung volume,
compliance and arterial blood gases were measured in eight preterm infants (median
gestational age 28 weeks, range 26±35 weeks) at three PEEP levels. The infants, all with
RDS, were studied at a median time of 18 h, (range 12±68 h) after their last dose of
surfactant. Infants were routinely nursed at 3 cmH2O of PEEP, the PEEP level was then
raised to 6 cmH2O or lowered to 0 cmH2O in random order. The new setting was
maintained for 20 min; the PEEP level was then changed to the third level (0 or 6 cmH2O)
again for 20 min. At the end of each 20-min period, lung volume, compliance and blood
gases were measured. Lung volume was assessed by measuring functional residual ca-
pacity (FRC) using a helium dilution technique. Compliance was measured by relating
the volume change from a positive pressure in¯ation maintained until no further volume
change occurred to the pressure drop (peak in¯ating pressure PEEP). Increasing PEEP
from 0 to 3 cmH2O and particularly to 6 cmH2O resulted in increases in FRC
(P < 0.05), oxygenation (ns) and paCO2 (P < 0.02). Speci®c compliance (compliance/
FRC) (P < 0.05) and pH (P < 0.02) fell.

Conclusion Following surfactant treatment, relatively low levels of positive end
expiratory pressure (£3 cmH2O) may be appropriate.

Key words Respiratory distress syndrome á Mechanical ventilation á
Lung volume á Positive end expiratory pressure

Abbreviations AaDO2 alveolar arterial oxygen gradient á FiO2 fraction of inspired
oxygen concentration á FRC functional residual capacity á PEEP positive end
expiratory pressure á PIP peak in¯ating pressure á RDS respiratory distress syndrome

Introduction

Positive end expiratory pressure (PEEP) is routinely
employed when ventilating preterm infants with respi-

ratory distress syndrome (RDS). In infants with severe
RDS, high levels have been recommended [13]. In-
creasing PEEP elevates mean airway pressure and lung
volume [2]. Administration of surfactant can also im-
prove lung volume [6], and thus it is possible that in
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surfactant-treated infants even modest levels of PEEP
could be associated with overdistension and CO2 re-
tention. To test that hypothesis we measured arterial
blood gases, lung volume and compliance in surfactant-
treated infants with RDS at three PEEP levels.

Patients and methods

Patients

Eight premature infants (aged less than 4 days) with RDS and with
a median gestational age of 28 weeks (range 26±35 weeks) and birth
weight of 1131 g (range 576±2142 g) were studied at a median time
of 18 h (range 12±68 h) after their last dose of surfactant. The ®rst
dose of surfactant was given within 2 h of birth and the second 12 h
later. None of the infants had a clinically signi®cant patent ductus
arteriosis during the study. The infants were all supported by time-
cycled, pressure-limited SLE 2000 ventilators via shouldered en-
dotracheal tubes. Their median peak inspiratory pressure at the
time of study was 13.5 cmH2O (range 11±18) and their fraction of
inspired oxygen (FiO2) was 0.33 (range 0.21±0.45). Lung function
measurements in ventilated infants have been approved by King's
College Hospital Research Ethics Committee. Parents were en-
couraged to sit with their babies while the measurements were
performed.

Methods

Ventilator settings had been adjusted to maintain arterial gases in a
predetermined range (arterial pH between 7.30 and 7.40, PaCO2

between 40 and 50 mmHg and O2 tensions between 50 and
80 mmHg). All infants had continuous intra-arterial oxygenation
monitoring. When the infants were stable for at least 2 h, according
to the availability of a researcher, the PEEP level was randomly
altered from 3 cmH2O (baseline) to either 0 cmH2O or 6 cmH2O.
The mean airway pressure was not controlled, but there were no
other changes in ventilator settings, except in the fraction of in-
spired oxygen concentration (FiO2) to keep the oxygen tensions in
the desired range. Each PEEP level was maintained for 20 min
where upon the PEEP was altered to the third level for a further
20 min. At the end of each 20 min period, arterial blood gases, lung
volume and compliance were measured. From the arterial blood
gases, the alveolar arterial oxygen gradient (AaDO2 mmHg) was
calculated: (FiO2 � atmospheric pressure ) water vapour pres-
sure ) PaCO2) ) PaO2. The results at 0 and 6 cmH2O PEEP were
compared to those obtained at the baseline level. Infants were
subsequently nursed at the PEEP level associated with the best
blood gases (that is, the highest oxygenation without a respiratory
acidosis, pH < 7.25).

Blood gases were sampled from indwelling arterial catheters
sited for clinical purposes. Lung volume was assessed by mea-
surements of functional residual capacity (FRC) using a helium gas

dilution technique and specially designed infant circuit [5]. The
FRC system contained a rebreathing bag that was enclosed in an
airtight cylinder. The bag was ®lled to give 10% helium and 90%
O2. All the gases were passed through a CO2 and humidity ab-
sorber. The endotracheal tube was connected to the rebreathing
bag via the three-way valve and the ventilator to a side port of the
cylinder. The infant could be ventilated directly or, once the posi-
tion of the three-way valve was changed, breathe from the re-
breathing bag whilst receiving positive pressure support by changes
in pressure within the cylinder, resulting in compression of the re-
breathing bag. The FRC system contained a helium analyser with
digital readout. During the measurement, if there was no change in
helium concentration over a 30-s period, equilibration was deemed
to have occurred. The initial and equilibration helium concentra-
tions were used in the calculation of FRC. The FRC results were
corrected for the dead space of the system and the infant's O2

consumption was assumed to be 7 ml/kg per min [8]. The FRC
results were then converted to body temperature and pressure
saturated with water vapour conditions. FRC was estimated twice
in each infant on each occasion. The FRC was expressed as the
mean of the paired measurements and related to body weight. The
coe�cient of reproducibility of FRC measurements in ventilated
infants is 5.7 ml/kg [5]. Compliance was measured by relating the
delivered volume to the measured pressure change of a positive
pressure in¯ation (peak in¯ating pressure (PIP)-PEEP), maintained
until there was no further volume change. Expiratory volumes were
used in the calculation to minimise any error due to leak around the
endotracheal tube. The infants were, however, all ventilated with
shouldered endotracheal tubes, and we have previously demon-
strated that there are usually no or only minimal leaks using such
tubes [9]. Flow was measured using a pneumotachograph (Mercury
F10L, Glasgow, UK) inserted between the endotracheal tube
and ventilator circuit. The pneumotachograph was attached to
a Validyne (Northridge, Ca., USA) pressure transducer (ran-
ge � 2 cmH2O). The ¯ow signal from the pneumotachograph was
integrated to give volume (Gould 13-4615-70, Cleveland, Ohio,
USA). Airway pressure changes were measured from the infant's
side of the pneumotachograph using a Validyne pressure trans-
ducer (range �50 cmH2O). Flow, volume and pressure were re-
corded simultaneously on a polygraph (Gould 2800S). If the
infant's respiratory e�orts interfered with the volume exchange,
the compliance results from that individual were not included in the
analysis. The results from ten positive pressure in¯ations were
meaned and compliance related to body weight. Compliance was
related to the FRC result on each occasion to give speci®c com-
pliance (compliance/FRC).

Di�erences were assessed for statistical signi®cance using
Friedman's two way analysis of variance and the paired Wilcoxon
rank sum test.

Results

Oxygenation was lower at 0 cmH2O and higher at
6 cmH2O than at the baseline PEEP level (ns, Table 1).

Table 1 Comparison of blood
gas and lung function test re-
sults at the three PEEP levels.
Results are displayed as median
(range)

PEEP level (cmH2O)

0 3 6

PaO2 (mmHg) 60 (42±84) 64 (51±83) 67 (42±86)
AaDO2 (mmHg) 154 (40±214) 119 (52±205) 144 (20±210)
PaCO2 (mmHg) 41 (28±52) 42 (36±50) 47 (38±63)
pH 7.33 (7.30±7.43) 7.34 (7.25±7.39) 7.29 (7.16±7.38)
FRC (ml/kg) 16.0 (7.9±23.8) 18.3 (13.1±29.7) 22.3 (14.9±32.1)
Compliance (ml/cmH2O/kg)

(n = 5) 0.47 (0.27±0.53) 0.39 (0.20±0.53) 0.42 (0.20±0.67)
Speci®c compliance (cmH2O

)1)
(n = 5) 0.034 (0.016±0.064) 0.027 (0.012±0.030) 0.022 (0.010±0.031)
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The median PaCO2 was lower at 0 cmH2O and higher at
6 cmH2O than at baseline PEEP level; only the latter
di�erence, however, reached statistical signi®cance
(P < 0.02). The median pH was lower at both 0 and
6 cmH2O of PEEP than at the baseline level, but only
the latter di�erence was signi®cant (P < 0.02). FRC
was lower at 0 cmH2O and higher at 6 cmH2O than at
the baseline level (P < 0.03, P < 0.04, respectively). It
was possible to measure compliance only in ®ve infants,
as they were apnoeic during the compliance measure-
ment. Compliance was higher at 0 and 6 cmH2O of
PEEP than at the baseline level (ns). Speci®c compliance
was higher at 0 cmH2O (P < 0.05) and lower at
6 cmH2O (P < 0.05) than the baseline PEEP level.

Discussion

We have demonstrated in surfactant-treated, preterm
infants that elevation of PEEP from 0 to 3 and then to
6 cmH2O results in CO2 retention. There was a trend for
improvement in PaO2, but this failed to reach statistical
signi®cance, perhaps because of our sample size. The
results, however, con®rm our earlier ®ndings [7]. One
explanation for the CO2 retention is that increasing
PEEP while maintaining the peak inspiratory pressure
reduces the ``pressure drop'' and hence the delivered and
minute volume. Even small changes in PEEP a�ect de-
livered volume [1]. Increasing PEEP by 1 cmH2O is
twice as e�ective as a 2 cmH2O decrease in the PIP in
reducing tidal volume [1]. An alternate explanation for
the CO2 retention is that the elevation of PEEP resulted
in alveolar overdistension. In surfactant-treated preterm
infants, even modest (1 cmH2O) changes in PEEP can
result in signi®cant changes in FRC [4]. In the present
study, increases of 3 cmH2O PEEP brought about sig-
ni®cant increase in FRC, but this was associated with a
reduction in speci®c compliance, suggesting overdisten-
sion. We were only able to measure compliance in ®ve of
our eight patients due to the respiratory e�orts of the
other three negating accurate measurements. Our study
was performed in the clinical setting, trying to determine
the optimum PEEP level for an individual; thus, it was
inappropriate to administer a neuromuscular blocking
agent or hyperventilate the infants to inhibit respiratory
e�orts. Elevation of PEEP in all ®ve babies in whom
compliance results were available resulted in a reduction
in speci®c compliance. In adults with RDS, elevation of
PEEP has been shown to have a variable e�ect [12], in
some it resulted in alveolar recruitment, but in others
enhanced overdistension of the functional lung units.
The signi®cant decrease in speci®c compliance we dem-
onstrated in all ®ve infants suggests that, as occurs
following natural surfactant administration [6], the im-
provement in lung volume resulting from raising PEEP
was due to increased distension rather than recruitment
of functional alveoli.

We used a helium gas dilution technique to measure
FRC. Results from that technique have been shown to

have a close correlation (r = 0.99) with results using a
SF6 washout technique [16]. Both techniques have the
limitation that lung units that do not communicate with
the airway will not be measured. Increasing PEEP could
open up closed small airways, easily collapsible bron-
chioli, and so result in elevation of the measured lung
volume. Using a gas dilution technique, it is important
to allow su�cient time for the FRC to equilibrate at the
new PEEP level, particularly for the helium to equili-
brate in lung units with long time constants; hence we
de®ned equilibration as no change in the helium con-
centration over a 30-second period. Stabilisation of FRC
after a change in PEEP has been shown to take up to
14 min [15]. We left the infants at each PEEP level for
20 min.

The infants were studied at least 12 h after their last
dose of a natural surfactant. Even using an arti®cial
surfactant (Exosurf), which acts more slowly than nat-
ural surfactants, signi®cant changes in oxygenation and
compliance were noted by 12 h [11]. Studying the ``ex-
perimental'' PEEP levels in random order minimized an
e�ect of a trend with increasing time and meant that the
changes in lung function we demonstrated were likely to
be due to the changes in PEEP level, not an ongoing
e�ect of surfactant administration.

Conventional methods of PEEP selection for infants
with RDS seldom result in normalisation of FRC
[14]. The FRC of infants on a PEEP level of
4.5 � 1.3 cmH2O ranged from 3 to 33 ml/kg with a
mean of 14.5 ml/kg (17.2 ml/kg was considered normal)
[14]. In another study [16] the infant's lung volumes
ranged from 13 to 36 ml/kg (median 22 ml/kg) at 2 to
4 cmH2O of PEEP. Those results [14, 16] are similar to
the FRCs we report at 3 cmH2O of PEEP (Table 1). The
wide range of values in all three studies demonstrate it is
not possible to predict lung volume from the PEEP
setting, although knowledge of the infant's O2 require-
ment helps inform the ``guestimate'' [16]. Those infants
requiring the highest FiO2 are likely to have a low FRC
[16], with impairment of oxygenation being due to ven-
tilation perfusion mismatch or intrapulmonary shunting
secondary to atelectasis. Extrapulmonary shunting can
also occur in infants with RDS, which may explain a
poor oxygenation in certain infants despite their rela-
tively normal FRC [14]. In such cases, there is minimal
lung disease, and elevation of PEEP could cause over-
distension. Elevation of PEEP has a number of side-
e�ects, including impaired pulmonary blood ¯ow and
cardiac output [10]. Increasing PEEP causes a progres-
sive decline in cardiac output and arterial blood pressure
by decreasing left ventricular stroke volume. This is due
to impaired left ventricular ®lling with a concomitant
depression of myocardial contractility [10]. In addition,
high levels of PEEP have been shown to reduce as-
cending aortic blood ¯ow in a surfactant de®cient
model; this circulatory impairment could result in in-
adequate O2 delivery [3]. Elevation of PEEP in surfact-
ant-treated neonates resulted in a reduction in speci®c
compliance, CO2 retention and a fall in pH, with certain
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infants developing a respiratory acidosis. These e�ects
were, however, much more marked as PEEP was in-
creased beyond 3 cmH2O. Our results therefore suggest
that in surfactant-treated preterm infants with RDS,
PEEP levels 3 cmH2O should be used. If the infant at
3 cmH2O of PEEP has a high O2 requirement, then
extrapulmonary shunting should be considered, before
automatically raising the PEEP level.
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