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Abstract Infants born prematurely who develop chronic lung disease (CLD) have air-
ways obstruction and hence may have low lung volume. The aim of this study was to test
that hypothesis and ascertain whether the nature of the comparison control group in-
¯uenced the results. Sixteen infants who were oxygen dependent for more than 28 days
(CLD) and eight infants without CLD had measurements of functional residual capacity
(FRC) at 14 and 28 days. The 16 CLD infants consisted of eight less than 27 weeks
gestational age (group A) and eight greater than 26 weeks gestational age (group B). The
eight infants without CLD (group C) were each matched for gestational age and gender to
infants in group B. Group A compared to group C had lower FRCs both at 14 days
(median 18 ml/kg vs 27 ml/kg, P<0.01) and 28 days (median 20 ml/kg vs 26 ml/kg,
P<0.05), but group A di�ered from group C with respect to both gestational age
(P<0.01) and birth weight (P<0.01). The FRC results of group B were lower than those
of their matched controls (group C) only at 28 days (median 22 vs 26 ml/kg, P<0.05).
Overall, the FRC results at 14 and 28 days correlated signi®cantly with the duration of
oxygen and ventilator dependence and weakly with gestational age.

Conclusion These results support the hypothesis that FRC results are lower in infants
with CLD compared to those without CLD when measured in the neonatal period and
emphasize the importance of an appropriate control group. Measurement of lung
volume may facilitate assessment of the response to therapies for CLD.

Key words Prematurity á Functional residual capacity á Chronic lung disease

Abbreviations CLD chronic lung disease á FRC functional residual capacity á RDS
respiratory distress syndrome

Introduction

Neonatal chronic lung disease (CLD) is an important
problem; a�ected babies have a prolonged NICU stay
[13] then after discharge su�ering troublesome respira-
tory symptoms [1, 19, 21] and even requiring re-admis-
sion for chest related problems [16]. A number of
potential therapies are available and a method of mea-
surement which would quantitatively assess the infant's

response to such treatments would be extremely useful,
as it could give an early indication of bene®t as well as
perhaps facilitating elucidation of the mechanism of the
response. In respiratory distress syndrome (RDS), a
disease associated with atelectatic low lung volume, as-
sessment of functional residual capacity (FRC) has
demonstrated both the speed and magnitude of response
to di�erent types of surfactant [6, 12]. Infants with CLD
as a result of airways obstruction, may also have a low
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lung volume. A�ected infants, however, di�er in many
respects to similarly aged infants without CLD, for ex-
ample regarding gestational age [5]. The aim of this
study was to determine whether infants with compared
to those without CLD have lower FRCs during the
neonatal period and if the nature of the control group
in¯uenced the results.

Patients and methods

Methods

Infants with birth weight less than 2.0 kg were prospectively
recruited. Infants were selected if their parents were local residents,
as this meant they would remain on the NICU until discharge
home and hence their long-term respiratory outcome would be
known. Measurements of FRC (see below) were made at 14 and
28 days.

Lung volume was assessed by measurement of FRC using a
helium gas dilution technique [7]. Infants were measured in the
supine position. A specially designed infant circuit with a circuit
volume of 95 ml was used [11]; the measurement technique has been
previously described in detail [23]. In brief, the FRC system con-
tained a rebreathing bag, the system reservoir, enclosed in an air-
tight cylinder. During the measurement, spontaneously breathing
infants breathed through a face mask which was connected to the
rebreathing bag via a three-way valve. For ventilated infants, the
endotracheal tube was connected to the rebreathing bag via the
three-way valve; the ventilator was also connected to the three-way
valve and, via a connection from the valve, to a side port on the
cylinder. Thus it was possible for the infant to be ventilated directly
or, once the position of the three-way valve was changed, to
breathe from the rebreathing bag whilst receiving positive pressure
support by changes in pressure within the cylinder resulting in
compression of the rebreathing bag. The helium analyser (Equili-
brated Biosystems Inc, Series 7700, Melville, NY) had a digital
display which was recorded prior to and at 15 s intervals during the
measurement. Equilibration was assumed when there was similar
helium concentration over a 30 s interval. The initial and equili-
bration helium concentrations were used in the calculation of FRC.
FRC results were corrected for oxygen consumption (assumed to
be 7 ml/kg/min [15]) and to body temperature under pressure sat-
urated conditions. FRC was estimated twice in each infant on each
occasion, with an interval of 10 min between measurements. The
FRC was expressed as the mean of the paired measurements and
related to body weight. The coe�cient of repeatability of the
measurement had previously been determined to be 5.7 ml/kg [8],
the coe�cient of repeatability was calculated according to the
method of Bland and Altman [3] and is greater than 95% of the
di�erences between the paired measurements [4].

Analysis

Three groups were retrospectively identi®ed:

1. Group A: consecutive infants less than 27 weeks of gestational
age who developed CLD.

2. Group B: infants of at least 27 weeks gestational age who de-
veloped CLD and could be matched for gestational age and
gender with infants who did not develop CLD (i.e. group C).

3. Group C: infants who did not develop CLD (non-CLD).

Di�erences between groups were assessed for statistical signi®cance
using the Kruskall Wallis, Mann Whitney or chi-square test, as
appropriate. The relationships of FRC results at 14 and 28 days to
the duration of ventilator and oxygen dependency and gestational
age were assessed by calculation of Spearman's correlation coe�-
cients.

Patients

Twenty-four infants were studied (Table 1). All mothers and babies
followed the routine policies of the antenatal clinic and NICU. In
particular, mothers received antenatal steroids if delivery was an-
ticipated prior to 33 weeks of gestation and there was no evidence
of systemic infection. Surfactant replacement therapy was given if
the infant was fully ventilated in an increased inspired oxygen
concentration and had a chest radiograph appearance compatible
with RDS; the ®rst dose usually being given within 12 h of birth
and the second 12 h later. During mechanical ventilation infants
received a maximum of 3 cm H2O PEEP and were ventilated
through shouldered endotracheal tubes. Infants received postnatal
dexamethasone only if they remained oxygen dependent beyond
1 week of age without improvement in their respiratory status over
the previous 48 h; infection, patent ductus arteriosus and gastro-
oesophageal re¯ux having been excluded. Diuretics were only given
if infants were found to be ¯uid overloaded or had evidence of
heart failure.

Group A di�ered signi®cantly with respect to gestational age
and birth weight to groups B (P<0.01, P<0.02 respectively) and C
(P<0.01, P<0.01, respectively). The use of antenatal steroids did
not di�er signi®cantly between the three groups, but more of group
B compared to group A received surfactant (P<0.01). A signi®-
cantly greater proportion of group A had received postnatal ste-
roids than group C (P<0.01), but not group B. The duration of
ventilation was signi®cantly longer in group A than groups B
(P<0.05) and C (P<0.01), and in group B compared to group C
(P<0.05). The duration of oxygen dependency was longer in group
A than group B (non-signi®cant) and group C (P<0.01) and in
group B compared to group C (P<0.01). The proportion of infants
oxygen dependent beyond 36 weeks postconceptional age di�ered
signi®cantly only between groups A and C (P<0.01).

Serial FRC measurements were approved by the Kings College
Hospital Ethics Committee.

Table 1 Comparison of infant characteristics and FRC results in the three groups. Data expressed as median (range) or n (%)

CLD <27 weeks CLD �27 weeks non-CLD
Group A Group B Group C

n 8 8 8
Gestational age (weeks) 25 (24±26) 28 (27±30) 28 (27±30)
Birth weight (g) 724 (584±900) 1010 (716±1218) 1115 (824±1558)
Antenatal steroids 7 (87.5) 4 (50) 7 (87.5)
Postnatal surfactant 3 (37.5) 8 (100) 3 (37.5)
Diuretics 4 (50) 2 (25) 0
Steroids 7 (87.5) 6 (75) 0
Duration of intermittent positive pressure
ventilation (days)

25 (9±51) 8 (6±43) 4 (1±11)

Duration of O2 dependence (days) 72 (47±150) 43 (30±250) 12 (2±17)
O2 dependence at 36 weeks postconceptional age 6 (75) 3 (37.5) 0
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Results

The FRC results at days 14 and 28 were signi®cantly
lower in group A compared to group C (median 18 ml/
kg, range 14±28 vs 27 ml/kg, range 20±34, P<0.01;
median 20 ml/kg, range 10±28 vs median 26 ml/kg, range
22±36, P<0.05) respectively but in group B compared to
group C only at 28 days (median 22 ml/kg, range 10±34,
P<0.05) and not at 14 days (25 ml/kg, range 13±30,
non-signi®cant) (Fig. 1).

In the study population overall, the FRC results at 14
days had a signi®cant inverse correlation both with the
duration of ventilation (intermittent positive pressure
ventilation) (r�)0.67, P<0.01) and oxygen dependency
(r�)0.65, P<0.01). Similarly at 28 days, FRC inversely
correlated both with ventilator (r�)0.56, P<0.01) and

oxygen dependency (r�)0.49, P<0.02). There was a
relatively weak correlation between gestational age at
birth and the FRC results both at 14 days (r� 0.49,
P<0.05) and 28 days (r� 0.27, non-signi®cant).

Discussion

These results support the hypothesis that infants with
CLD, de®ned as oxygen dependency beyond 28 days,
tended to have lower lung volumes. Similar trends oc-
curred even when the more stringent de®nition of CLD
was used [22], that is oxygen dependency beyond 36
weeks postconceptional age (Fig. 1). There are a number
of possible explanations for the results. We assessed lung
volume by measurement of FRC using a helium gas
dilution technique. Particularly at 28 days, a larger
proportion of groups B and C tended to be non-venti-
lated than group A. In the intubated infants the ana-
tomical dead space is ``by-passed'', but as this is
approximately 3 ml/kg [20] this would account for only a
proportion of the di�erence in lung volume we docu-
ment between groups A and C. During mechanical
ventilation all patients were supported additionally by
PEEP which may have lessened any di�erences we saw
between ventilated and non-ventilated infants and hence
groups A and C. Similarly leaks around the endotra-
cheal tube could have led us to over-estimate lung vol-
ume in the ventilated infants. We feel con®dent,
however, that the likelihood of error from such a source
was minimal as previous measurements of tidal volume
using shouldered endotracheal tubes have shown little
evidence of leak [17]. In addition, equilibration of the
helium was assumed only when there was a similar
concentration of helium over a 30 s interval. A gas di-
lution technique measures only the functional lung vol-
ume that is only the parts of the lung which are in
contact with the inhaled gas and in which gas mixing can
occur. Infants with CLD have been demonstrated to
have a high airway resistance in the ®rst weeks of life
[14], which would impair gas mixing and hence a low
lung volume would be recorded. That hypothesis is
supported by the ®nding that the infants most severely
a�ected, that is those who remained oxygen dependent
beyond 36 weeks post conceptional age, tended to have
the lowest lung volumes (Fig. 1). An alternative expla-
nation is that the reduced alveolar and small airway
space consequent upon disseminated atelectasis and al-
veolar in¯ux of ¯uid found in RDS [10] may persist in
infants with CLD.

Interestingly, the median FRC of all of the infants
with CLD only di�ered signi®cantly from the controls at
28 days, whereas at 14 days signi®cant di�erences only
existed between the more immature infants and the
controls. This suggests factors other than CLD a�ect
FRC. We demonstrated that FRC had an inverse cor-
relation with the duration of ventilation and oxygen
dependence, but also directly correlated with gestational
age. Our results thus emphasize the importance of using

Fig. 1 Comparison of FRC results at 14 and 28 days in infants.h no
CLD, n s oxygen dependent at 28 days, m d oxygen dependent at
36 weeks PCA
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gestational age matched controls if the results of lung
volume measurements are to be appropriately interpre-
ted in a prematurely born population. Relatively few of
the very immature group had received surfactant ther-
apy, which may re¯ect uncertainly regarding its e�cacy
in such a population. Surfactant replacement therapy
has been shown to improve lung function even after the
perinatal period [2], thus di�erences in surfactant usage
may explain the higher FRC at 14 days in the ``mature''
compared to the ``immature'' infants with CLD.

Postnatal steroid use was restricted exclusively to the
infants who developed CLD. Data from animal studies
[18] have highlighted postnatal arrest of lung growth
after administration of corticosteroids. Our results could
be interpreted as demonstrating an association between
lower lung volume and postnatal steroid use, but it
should be emphasized that the results are not from a
randomized trial. Nevertheless we would suggest this
merits further investigation particularly as systemic
rather than inhaled therapy appears more e�ective [9].

Infants who are chronically oxygen dependent, by
de®nition, remain hypoxic in air. The present data sug-
gest a mechanism for this abnormality, that is a�ected
infants have a low functional lung volume or at least
impaired gas mixing probably due to an increased air-
ways resistance. Our results indicate that measurement
of FRC might facilitate assessment of the response of
therapies directed at neonatal CLD.
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