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The clinical and radiological picture of bronchopulmo-
nary dysplasia (BPD) following prolonged mechanical
ventilation and administration of high concentrations of
oxygen for hyaline membrane disease (HMD), described
in 1967, has become relatively rare [1]. With the advent
of: antenatal corticosteroids; more gentle application of
mechanical ventilation; judicious administration of flu-
ids, nutrients and oxygen; early closure of a patent ductus
arteriosus; and surfactant administration, a milder form
is now more prevalent [2]. The term neonatal chronic
lung disease (NCLD) is currently preferred [3]. Mostly be-
cause of the increased number of surviving infants with
shorter gestation [4, 5], the estimated incidence of NCLD
of about 30% of all ventilated newborns has not changed
since the original description of BPD [6]. NCLD is now the
most prevalent chronic respiratory disorder of infancy.

Expectations of a decrease in the incidence of NCLD
as a result of new treatments like surfactant administration
to the high-risk group [7] and more sophisticated artificial
ventilation [8], have not as yet been met, although new
techniques are being developed to meet the challenge
[9]. Moreover, a population of very small preterm babies

has recently been recognized who initially have no or
only mild pulmonary disease requiring no respiratory
support, but subsequently develop NCLD [3, 5, 10], sug-
gesting that respiratory support is not a prerequisite for
developing NCLD [6, 11, 12].

Studies published so far have described abnormal pul-
monary mechanics in infants who developed NCLD fol-
lowing ventilatory treatment for HMD [13–20]. Abnormal
respiratory function is frequently seen as a consequence
of lung damage associated with the level of treatment.
On the other hand, therapeutic intervention is likely to
be necessary if immaturity or prematurity are associat-
ed with compromised respiratory function at birth [21].
Only one study included both ventilated and nonventi-
lated preterm infants [17]; in that study asymptomatic
infants had normal lung function by the age of 1 yr. At
school age in children born prematurely, airway diam-
eter, as inferred from forced expiratory flows, was relat-
ed only to birth weight and not to the level of respiratory
therapy at birth [22, 23].

In the present study we analysed the association bet-
ween a history of HMD, difference in ventilatory support
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ABSTRACT: We studied whether neonatal chronic lung disease (NCLD), hyaline
membrane disease (HMD) and differences in ventilatory support affected pul-
monary function during the first year of life, in 65 infants born prematurely. The
relationship between body weight and oxygen consumption (V 'O2) was also analysed.

The study comprised 14 infants without cardiorespiratory disease, 19 infants
with HMD but without NCLD, 9 infants with NCLD without prior HMD, and 23
infants with NCLD following HMD. At 6 and 12 months corrected postnatal age,
static respiratory system compliance (Crs) was measured by weighted spirometry
and the functional residual capacity by closed circuit helium dilution (FRCHe) com-
bined with assessment of ventilation distribution from the mixing index (MI).
Ventilatory support during the first 5 days of therapy was quantified from peak
inspiratory pressure (PIP), mean airway pressure (MAP) and fractional inspira-
tory concentration of oxygen (FI,O2).

Infants with NCLD had a shorter duration of gestation and lower birth weight
than those without NCLD (Wilcoxon, p=0.002 and p=0.001, respectively). Pulmonary
function at 6 and 12 months corrected age was not different between NCLD infants
with or without HMD at birth. Infants with NCLD had lower Crs and MI than
those without NCLD (analysis of variance (ANOVA), p<0.011), but their FRCHe
was not different. V 'O2 adjusted for body weight was comparable in the four
groups. PIP and FI,O2 were higher (Wilcoxon, p<0.01) in the NCLD infants than
in those with HMD alone, but MAP was not different. Except for FI,O2, these
indices were not different among the infants with NCLD.

We conclude that birth weight is the major determinant of the development of
neonatal chronic lung disease. At 6 and 12 months corrected age, the abnormal
pulmonary function is not associated with prior hyaline membrane disease.
Eur Respir J 1997; 10: 1606–1613.



and the pulmonary function at 6 and 12 months cor-
rected age in infants with NCLD. Infants with HMD
who did not develop NCLD, and infants born prema-
turely without cardiorespiratory problems served as con-
trols. Because an increased metabolic rate has been
suggested as the basis of the growth failure often seen
in infants with NCLD [24], the relationship between the
metabolic rate assessed by oxygen consumption (V 'O2)
and body weight was also studied.

Materials and methods

Subjects

We studied 32 infants with and 33 without NCLD,
during the first year of life. At 36 weeks postconcep-
tional age all infants with NCLD required additional
oxygen to correct hypoxaemia when breathing room air
[25], had clinical signs of chronic respiratory distress
and had an abnormal chest radiograph according to
EDWARDS [26]; of these, 23 infants were diagnosed as
having HMD (HMD+/NCLD+) within hours after birth
according to standard clinical, laboratory and radiolog-
ical criteria [27]. The remaining nine infants with NCLD
showed no clinical and radiological signs of lung dis-
ease during the first week of life; they gradually dev-
eloped chronic respiratory insufficiency, commencing 1
to 4 weeks postnatally, requiring mechanical ventilation
(HMD-/NCLD+). The diagnosis of NCLD was estab-
lished by a neonatologist caring for the infant when
other causes of chronic lung disease (infection, recur-
rent aspiration, etc.) had been excluded. Of the 33 infants
without NCLD, 19 had HMD at birth (HMD+/NCLD-),
and 14 never experienced any cardiorespiratory prob-
lems (HMD-/NCLD-). Fourteen infants were known to
have received steroids antenatally. Of these infants, five
developed HMD only, four NCLD only and five devel-
oped NCLD following HMD. Fourteen infants were
treated postnatally with different courses of corticos-
teroids because of NCLD. Four of these infants did not
have HMD, and 10 developed NCLD following HMD.

During the first 5 days of ventilatory support (time-
cycled, pressure-limited) the occurrence of a patent duct-
us arteriosus requiring indomethacin or surgical treatment,
infection proven by a positive blood culture, and a pneu-
mothorax, were recorded. Two infants with NCLD with-
out HMD received one dose of porcine surfactant directly
after birth as they took part in a randomized, double-
blind trial of prophylactic surfactant administration. Since
that trial, surfactant is administered at our department
only if indicated by clinical and radiological signs of
HMD [27]. The study was approved by the Medical
Ethics Committee of the University Hospital Leiden,
and informed parental consent was obtained for the par-
ticipation of the infants.

Equipment

Depending on the size of the infant, one of two water-
sealed spirometers (deadspace volumes: 520 and 670
mL, respectively) were used [28]. The spirometers had
a CO2 absorber unit, and a blower providing sufficient
flow to prevent rebreathing from the instrumental dead-
space; oxygen was supplied to meet metabolic demands.

Pressure changes were measured via a side port in the face
mask using a differential pressure transducer and ampli-
fier (Validyne MP45 and model MC1-3, respectively;
Validyne Corp., Northridge, CA, USA). Helium concen-
tration was measured by heat conductivity (Lode Instru-
ments N.V., Groningen, The Netherlands). The volume,
helium and pressure signals were recorded on a multi-
channel recorder (Linseis, LG5 10, Selb, Germany).

Methods

Pulmonary function was assessed by measuring the
static compliance of the respiratory system (Crs) by
weighted spirometry, the functional residual capacity by
closed circuit helium dilution (FRCHe), and the distrib-
ution of ventilation from the mixing index (MI) [29].
We compared pulmonary function between infants at a
median postconceptional age of 59 (25–75% range:
57–63) and 86 (25–75% range: 80–91) weeks, corre-
sponding to 22 (25–75% range: 20–26) and 49 (25–75%
range: 43–54) for gestation-corrected postnatal weeks
(corrected postnatal age in weeks = postconceptional
age in weeks minus 37, i.e. 37 weeks being considered
full-term). Forty eight of the 65 infants were tested at
both occasions, nine only at the first and eight only at
the second occasion (table 1). Infants were tested when
clinically stable, without intercurrent infection of the
respiratory tract. Only infants with NCLD were on main-
tenance medication (bronchodilators or diuretics), nine
at the first, three at the second measurement. The med-
ication was discontinued at least 12 h prior to testing.
Measurements were made during spontaneous breath-
ing, postprandially and under chloral hydrate sedation
(50–100 mg·kg-1). When the infant required supple-
mental oxygen, the O2 concentration in the spirometer
circuit was increased, so as to keep transcutaneously
measured arterial oxygen saturations above 95% during
the measurements (Pulse Oxymeter, Type 1.1.9.0.; Nell-
cor Inc., Hayward, CA, USA). Silicon putty (George C.
Bishop Co., USA) was used to accomplish an air-tight
seal at the edges of the mask (Rendell-Baker type, Laerdal
No. 1, Norway). Infants were lying supine with the head
end elevated approximately 30° relative to horizontal
and the neck held in a neutral position by placing a
foam ring under the occiput. The FRCHe was measured
first, followed by the assessment of the Crs. Following
the testing session, the crown-heel length of the infant
was measured using an infant stadiometer; the mean of
two measurements is reported.

PULMONARY FUNCTION IN NEONATAL CHRONIC LUNG DISEASE 1607

Table 1.  –  Number of infants measured at 6 and 12
months, according to diagnosis

Measured Measured Measured Total
at 6 at 6 at 12

and 12 months months
months only only

n n n

HMD-/NCLD- 7 5 2 14
HMD+/NCLD- 18 0 1 19
HMD-/NCLD+ 8 0 1 9
HMD+/NCLD+ 15 4 4 23

Total 48 9 8 65

HMD: hyaline membrane disease; NCLD: neonatal chronic
lung disease; -: absent; +: present.



Functional residual capacity (FRCHe). The measure-
ment method has been described in detail elsewhere
[30]. After defining a stable end-expiratory level by
adjusting the oxygen flow into the spirometer, the infant
was switched into the circuit at or near end-expiration.
If the infant was not switched in at end-expiratory vol-
ume this was taken into account in the computation of
the FRCHe. The effect of increased oxygen concentra-
tion in the spirometer on the helium read-out when the
FI,O2 >0.21 was taken into account. To accommodate
slow gas mixing, at least 5 min were allowed for heli-
um equilibration to occur. To compensate for inadequate
oxygen supply and for the slight uptake of helium in
blood during the test, the final concentration of helium
was obtained by extrapolating the terminal linear por-
tion of the tracing to the onset of decline in helium con-
centration [30]. Absence of leaks during gas mixing was
established by placing a weight on the bell, generating
a pressure of 0.3 kPa (2.94 cmH2O). If feasible, mea-
surements were repeated after at least 5 min, so that the
helium had been washed out of the lungs. Reported val-
ues are that of a single measurement or the mean of up
to four (on average two) technically acceptable mea-
surements (i.e. equilibration time at least 5 min, no leak
detected, behaviourally quiet sleep suggested by stable
end-expiratory level with regular frequency and tidal
volume). The single determination standard deviation
was 8% [31]. Volumes were corrected to body temper-
ature and ambient pressure, and saturated with water
vapour (BTPS) conditions.

Respiratory system compliance (Crs). Weights generat-
ing pressures of 0.14 kPa (1.37 cmH2O) and 0.30 kPa
(2.94 cmH2O), respectively, were placed on the spirome-
ter bell in random order 3–10 times, with and without
the subject connected to the spirometer. In the former
case, the weight was left in place for at least 30 s. The
slope of the volume-pressure relationship of the lung-
spirometer system was derived from linear regression
of volume deflections on applied pressures. Crs was
obtained by subtracting the compliance of the spiro-
meter from that of the subject-spirometer system [32].
Reported values are means of two repeated measure-
ments. The single determination standard deviation was
13 mL·kPa-1 [31]. Volume and pressure changes were
calibrated before and after each testing session.

Mixing index (MI). The ratio of the ideal to the actual
number of breaths to achieve 90% of the final helium con-
centration while measuring the FRCHe was calculated
according to BATES and CHRISTIE [29]. In establishing the
time required to achieve 90% gas mixing, account was
taken of the response time of the helium analyser. Repor-
ted values are those of one or the mean of up to four
assessments (on average two assessments). The single
determination standard deviation was 9% [31].

Oxygen consumption (V'O2). Uptake of oxygen was ass-
essed at least once from the volume change after closing
the oxygen inlet of the spirometer for on average 90
(range 60–120) s. The measured volume was then corr-
ected to standard temperature, pressure, dry (STPD) con-
ditions. Reported values are means of two assessments.

Quantification of ventilatory support. Uncomplicated
hyaline membrane disease resolves by the end of the

first week of life [27]. Ventilator therapy for HMD might
contribute to the development of chronic lung disease
[6, 11, 12]. Therefore, the ventilator settings and the
fractional inspiratory oxygen concentration (FI,O2) were
noted from the ward sheets every 2–4 h during the first
5 days after endotracheal intubation. The peak inspira-
tory pressure (PIP), the mean airway pressure (MAP)
[33] and the FI,O2 were averaged over the number of
hours the endotracheal tube was in place during the first
5 days (PIPavg, MAPavg, FI,O2,avg). The maximal peak
inspiratory pressure (PIPmax), the maximal mean airway
pressure (MAPmax) and the maximal fractional inspir-
atory oxygen (FI,O2,max) during this period were also
recorded. In addition, the total duration of both the inter-
mittent positive pressure ventilation and the need for
additional oxygen (FI,O2 >0.21) to keep transcutaneously
measured arterial oxygen saturations above 92% were
noted. Because not all infants were treated in our hos-
pital at the time ventilatory support was initiated, data
on ventilatory therapy during the first 5 days were avail-
able in 14 NCLD-/HMD+ infants, in 15 NCLD+/HMD+
infants, and in 7 NCLD+/HMD- infants.

Radiological score. Anteroposterior chest radiographs
of the infants with NCLD taken at 36 weeks postcon-
ceptional age were scored according to EDWARDS [26]
by one of the authors, who was unaware of whether
HMD was present or not.

Statistical analysis

Analyses were performed with the Statistical Analysis
System (SAS) package (SAS Institute, Carey, NC, USA).
The scatter of Crs increased with length; a logarithmic
transformation of the data stabilized the variance. No
transformation was required for the MI, V 'O2 or FRCHe.
Differences between groups were studied by analysis of
covariance at 6 and 12 months corrected postnatal age
(analysis of variance (ANOVA)), with NCLD and HMD
as factors, and crown-heel length and body weight as
covariates (SAS GLM procedure). Because of the unequal
number of observations in the groups, least squares
means and their 95% confidence intervals are reported.
The Wilcoxon rank sums test was used in situations
where the assumptions underlying the analysis of vari-
ance were not met. Data on ventilatory support during
the first 5 days were tested for differences between the
NCLD+/HMD+ and NCLD-/HMD+ groups, and bet-
ween the NCLD+/HMD+ and NCLD+/HMD- groups,
using the Wilcoxon rank sums test or the Chi-square test,
where appropriate. A p-value of less than 0.05 was regard-
ed as statistically significant. The approximate power of
the F-test applied to differences between groups with
and without NCLD was assessed with NCSS PASS
(Hintze JL. Version 1.0, Kaysville, UT, USA).

Results

Clinical characteristics of the groups of infants are sum-
marized in table 2. There was a predominance of males
among infants with HMD and/or NCLD. The duration
of gestation was shorter and the birth weight was lower
in those who developed NCLD than in those who did
not (Wilcoxon rank sums test, p=0.002 and p=0.001,
respectively). Among infants with NCLD, birth weight
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heel length between the groups at either of the two occa-
sions, obviating the need to correct the data in table 3
for body length. Crs and FRCHe are also shown as a
function of crown-heel length at 6 and 12 months (fig.
1). At both ages, Crs and MI were lower in infants who
developed NCLD than in those who did not (table 3,
fig. 2. ANOVA, p<0.011), but a prior history of HMD
did not affect Crs and MI values. These findings did not
change after adjustment for crown-heel length. After
NCLD was accounted for, Crs at 12 months was relat-
ed to birth weight (ANOVA, p=0.035) and gestational
age (p=0.0019). The FRCHe was not different between
any of the groups at 6 or at 12 months corrected age
(table 3, figs. 1 and 2), whether or not adjustment for
body size was made. Also, the oxygen consumption
adjusted for body weight (as an index of metabolic cell
mass) was not different at 6 and 12 months of correct-
ed age between any of the groups (table 3, fig. 3). Using
an α = 0.05, differences between infants with and with-
out NCLD could be detected with a power of 90% or

was lower in the group without HMD (table 2, Wilcoxon,
p=0.0031), unlike gestational age (table 2, Wilcoxon,
p=0.81). Among infants without NCLD there was no
difference in birth weight or the duration of gestation
(Wilcoxon, p=0.13 and p=0.35, respectively) between
those with or without HMD. The duration of mechani-
cal ventilation and administration of oxygen was compar-
able in infants with NCLD; the FI,O2 administered at 36
weeks postconceptional age was not different (p=0.45).

Pulmonary function

Table 3 summarizes the results obtained in all infants,
expressed as least squares means with 95% confidence
intervals. Note that not all infants were measured both
at 6 and 12 months (table 1). Body weight or length is
frequently used to correct pulmonary function data for
size. In NCLD, body weight is known to be low for
body length, so that correction for weight is inappro-
priate. There were no significant differences in crown-
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Table 2.  –  Characteristics of the infants

NCLD- NCLD+
Parameter HMD- HMD+ HMD- HMD+

n 14 19 9 23
Gender  M/F 7/7 13/6 6/3 17/6
Gestational age  weeks 30.8 (26.4–36.0) 31.0 (27.3–33.6) 29.1 (25.0–30.6) 29.0 (24.8–33.4)
Birth weight  kg 1.73 (0.80–2.58) 1.24 (0.79–2.21) 0.73 (0.53–1.09) 1.07 (0.76–1.89)
PIPavg kPa* - 1.38 (0–2.07) 1.49 (0.17–2.05) 1.80 (1.15–2.77)
PIPmax kPa* - 1.86 (1.17–2.94) 2.15 (1.27–2.94) 2.45 (1.96–3.92)
MAPavg kPa* - 0.55 (0–0.65) 0.58 (0.46–0.62) 0.62 (0.51–0.66)
MAPmax kPa* - 0.77 (0.54–1.34) 0.73 (0.59–2.48) 0.78 (0.69–1.19)
FI,O2,avg - 0.32 (0.21–0.48) 0.37 (0.22–0.53) 0.46 (0.16–0.90)
FI,O2,max - 0.74 (0.21–1.0) 0.70 (0.5–1.0) 1.0 (0.5–1.0)
IPPV duration  days - 3 (1–15) 28 (3–60) 24 (8–46)
FI,O2 >0.21 duration  weeks - 0.7 (0.14–2.42) 32 (11–147) 18 (6–212)
FI,O2 at 36 weeks - - 0.27 (0.24–0.40) 0.29 (0.23–0.58)
Edwards score at 36 weeks - - 4.0 (1–5) 4.5 (1–8)

Values are presented as absolute number or as median, with range in parenthesis. *: during the first 5 days of treatment. n: num-
ber of infants; HMD: hyaline membrane disease; NCLD: neonatal chronic lung disease; PIP: peak inspiratory pressure; IPPV:
intermittent positive pressure ventilation; MAP: mean airway pressure; FI,O2: fractional inspired oxygen; M: male; F: female; avg:
average; max: maximal; -: absent; +: present.

Table 3.  –  Body size and pulmonary function variables at 6 and 12 months corrected age

NCLD- NCLD+
Parameter HMD- HMD+ HMD- HMD+ p-value#

6 months
n 12 18 8 19
Weight  kg 7.1 (6.4–7.8) 6.7 (6.1–7.3) 5.6 (4.7–6.4) 6.2 (5.7–6.8) 0.004
Length  cm 63.6 (61.0–66.1) 64.1 (62.0–66.1) 60.4 (57.3–63.5) 62.9 (60.8–64.9) 0.08
Crs mL·kPa-1 69.0 (52.5–90.3) 70.4 (56.4–87.8) 33.5 (24.1–46.5) 45.4 (36.7–56.2) 0.0001
Mixing index  % 53 (48–59) 49 (44–54) 36 (29–44) 33 (28–38) 0.0001
FRCHe mL 148 (128–167) 142 (126–158) 134 (110–158) 149 (133–165) 0.72
V 'O2 mL·min-1* 55 (51–58) 54 (51–57) 52 (49–57) 55 (52–58) 0.74
12 months
n 9 19 9 19
Weight  kg 9.1 (8.3–9.8) 9.0 (8.4–9.5) 8.3 (7.5–9.0) 9.0 (8.4–9.5) 0.18
Length  cm 72.2 (70.0–74.4) 74.3 (72.7–75.8) 71.9 (69.7–74.0) 74.2 (72.7–75.7) 0.81
Crs mL·kPa-1 79.0 (58.4–107.7) 108.5 (87.5–132.7) 67.8 (50.4–91.1) 64.2 (52.3–78.7) 0.011
Mixing index  % 64 (55–73) 59 (52–65) 42 (32–52) 39 (32–45) 0.0001
FRCHe mL 189 (160–218) 212 (192–232) 210 (179–241) 225 (205–245) 0.19
V 'O2 mL·min-1* 76 (70–82) 72 (68–76) 72 (66–78) 76 (72–80) 0.40

Values are presented as absolute number, or as least squares means, with 95% confidence interval in parenthesis. *: adjusted for
body weight. #: value of main effect of NCLD in analysis of variance (ANOVA); n: number of infants at the time of study; Crs:
respiratory system compliance; FRCHe: functional residual capacity by helium dilution; V 'O2: oxygen consumption. HMD: hya-
line membrane disease; NCLD: neonatal chronic lung disease; +: present; -: absent.



better for Crs and the mixing index. For FRC, the stan-
dard deviation of group means needed to be twice as
large at 12 months, and more than 100 times as large
at 6 months, to be able to detect a difference with a
power of 70%.

The above findings might be confounded by the fact
that some infants were not measured both at 6 and 12
months (table 1). To assess the potential influence the
analysis was repeated on paired measurements only
(n=48); obviously, this reduced the numbers, and hence
the power decreased. The differences noted in table 3
persisted, although the difference in Crs, at 12 months

in infants with or without NCLD was of only border-
line significance (p=0.055); this may be explained by
the decreased power due to fewer subjects. Crs at 12
months was related to gestational age (p=0.030), but no
longer to birth weight, after NCLD was accounted for.
Infants with NCLD had a substantially larger FRCHe
(34 mL, p=0.0097) at 12 months than those without.
This difference remained after accounting for crown-
heel length. Ventilation distribution remained abnormal
on both occasions in NCLD infants (p=0.0001), and there
were no differences between groups in oxygen con-
sumption corrected for body weight. In the seven infants
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Fig. 1.  –  a) Relationship between respiratory system compliance (Crs), and crown-heel length at 6 months and b) at 12 months corrected post-
natal age. c) Relationship between lung volume (FRCHe) and crown-heel length at 6 months and d) at 12 months corrected postnatal age.   : hya-
line membrane disease (HMD) absent (-)/neonatal chronic lung disease (NCLD)-;    : HMD present (+)/NCLD-; ●: HMD-/NCLD+; ▼: HMD+/NCLD+.∆

10

100

200

C
rs

  m
L·

kP
a-1

a)

10

75

100

M
ix

in
g 

in
de

x 
 %

50

25

b)

50

200

300

FR
C

H
e 

 m
L

150

100

250

c)

▼

●

6 months

▼
●

12 months

▼
●

6 months

▼

●

6 months

▼

●

12 months

▼

●

12 months
Fig. 2.  –  Least squares means and 95% confidence intervals of the following pulmonary function variables: a) static respiratory compliance
(Crs); b) mixing index; and c) functional residual capacity by closed circuit helium dilution (FRCHe).  : hyaline membrane disease (HMD) absent
(-)/neonatal chronic lung disease (NCLD)-;   : HMD present (+)/NCLD-; ●: HMD-/NCLD+; ▼: HMD+/NCLD+.∆



without cardiorespiratory disease, Crs did not increase
with age, as expected; this may be a sampling problem,
as the group was very small.

Ventilatory support during the first 5 days of therapy

Data on ventilatory support were available in 36 of
51 ventilated infants (see Methods). Overall, infants who
developed NCLD following HMD had a higher level of
respiratory support in terms of peak inspiratory pres-
sures (PIPavg and PIPmax; Wilcoxon, p=0.004 and 0.006,
respectively) and fractional concentration of oxygen
(FI,O2,avg, and FI,O2,max; p=0.01 in both) than those with
HMD who did not develop NCLD (table 2). In the for-
mer group, MAPavg were only slightly higher (p=0.047),
whereas MAPmax was comparable with that required by
the infants with HMD alone (p=0.64). These indices of
ventilatory support, except for FI,O2,max (p=0.036), were
comparable in infants with NCLD with or without prior
HMD (table 2). Unlike infection, clinically significant
patent ductus arteriosus and pneumothorax were more
frequently associated with the clinical course of NCLD
following HMD than in those with only HMD (Chi-
square, p=0.006 and 0.045, respectively). No difference
was found, however, between the groups of infants with
NCLD, with or without prior HMD, in the prevalence
of infection, patent ductus arteriosus or pneumothorax.

Edwards score

The chest radiograph of infants with NCLD at 36 weeks
postconceptional age showed fibrotic changes in 96%
of the cases. Hyperinflation, emphysema or the combi-
nation of both were seen in 83% of the radiographs. The
Edwards scores were similar between those with and
without prior HMD (Wilcoxon, p=0.53; table 2).

Somatic growth

At 6 months corrected age, infants who developed
NCLD were slightly smaller than infants without NCLD;
the difference was of borderline significance (ANOVA,
p=0.08; table 3). The crown-heel length was indepen-
dent of prior HMD. At the corrected age of 12 months,
infants with prior HMD were slightly but significantly
larger than those without (p=0.017). Crown-heel length

at this age did not differ between the infants without
NCLD and those with NCLD (table 3).

At 6 months, body weight in infants with NCLD was
lower than in those without (ANOVA, p=0.004; table
3), before as well as after adjustment for crown-heel
length. At 12 months corrected age, this difference had
disappeared. Body weight was unrelated to prior HMD
at both ages, nor were there any significant interactions
between NCLD and HMD with respect to this variable
(table 3).

Discussion

The main findings of our study are that infants with
NCLD had a stiffer respiratory system and slower gas
mixing at 6 and 12 months corrected age, compared to
infants without NCLD. Any differences in level of pul-
monary function in the four groups of infants were attrib-
utable to the diagnosis of NCLD, but not to that of
HMD. The level of ventilatory support was highest in
infants with NCLD and prior HMD, in whom, except
for infection, the clinical course was more frequently
associated with a clinically significant open ductus arte-
riosus and a pneumothorax than in the other groups of
infants. However, in the infants with NCLD, no diff-
erence in the level of ventilatory support and the fre-
quency of a patent ductus arteriosus, pneumothorax or
infection was found between those with and without
prior HMD. Furthermore, the metabolic rate assessed
from oxygen consumption in infants with NCLD was
comparable to that of infants without NCLD. Infants
who developed NCLD had a significantly lower birth
weight and shorter period of gestation than infants with-
out NCLD. The NCLD infants were smaller and lighter
at 6 months than those without this diagnosis, but had
caught up by the age of 12 months.

An attractive feature of using an infant spirometer is
that it allows concurrent measurement of Crs, FRCHe
and MI [31]. TEPPER et al. [34] were the first to apply
weighted spirometry for measuring Crs in infants [34].
As in the present study, they found a low Crs in infants
with NCLD. Although the Crs in infants with NCLD
was consistently less than in those without, it improved
considerably between 6 and 12 months. This finding is
in agreement with the clinical and radiological course
[11, 12], and with reports on pulmonary function in
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Fig. 3.  –  The relationship between oxygen consumption and body weight at a) 6 and b) 12 months corrected postnatal age.   :hyaline membrane
disease (HMD) absent (-)/neonatal chronic lung disease (NCLD)-;   : HMD present (+)/NCLD-; ●: HMD-/NCLD+; ▼: HMD+/NCLD+.∆
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NCLD infants tested at a comparable age [16–19]. In
addition, a decreased compliance is also compatible with
radiological and postmortem findings of widespread
interstitial fibrosis with thickened airway walls combin-
ed with atelectatic and emphysematous parts of the termi-
nal lung units [26, 35, 36]. These structural changes result
in persistent maldistribution of ventilation, apparent from
the value of MI (table 3, fig. 2) [14, 18]. Crs is known
to increase with growth in infants; yet no change was
observed in the control group. This is probably due to
the small number of infants in this group, especially if
only the paired measurements are considered (n=7),
rather than to a physiologically plausible cause.

The low Crs, might result in a decreased lung volume.
However, we found no differences in FRCHe between
the control and NCLD infants at 6 and 12 months. Lung
volume assessed by indicator gas dilution methods has
been shown to be low during the first postnatal months
in infants with NCLD, attaining normal or increased
values during the second part of the first year of life
[14, 16–19]. The normal FRC, in as much as it is not
due to trapped gas, may be due to overdistension of term-
inal units combined with a delay in alveolarization. The
latter is suggested by postmortem findings of reduced
alveolar numbers and the formation of a rudimentary
terminal acinus [35–37]. Uneven ventilation with a mix
of fibrotic and emphysematous changes is compatible
with a somewhat elevated FRC as well as with the
decreased Crs and MI (table 3, fig. 2).

Infants with NCLD are known to have a poor weight
gain [2]. It has been suggested that infants who do not
grow appropriately, in spite of adequate intake of calo-
ries, have increased metabolic rates [24]. This has been
attributed to increased work of breathing [24], but an
improved dynamic compliance and airway conductance
after theophylline administration were not associated
with a decrease in oxygen consumption in infants with
NCLD [38]. In practice, many patients with NCLD are
treated with beta-adrenergic drugs and theophylline,
both of which increase oxygen consumption [39, 40].
This may well account for reports of increased oxygen
consumption [24, 38]. Our findings in infants without
medication during the tests suggest normal metabolic
rates, as the oxygen consumption adjusted for body
weight in infants with NCLD was comparable to that
in infants without NCLD, both at 6 months when they
had lower weights and at 12 months after they had caught
up in growth (table 2, fig. 3).

It has been widely accepted that the level of treat-
ment for HMD may play an important aetiological role
in the development of NCLD [11, 12]. However, NCLD
also occurs without prior HMD. Although indices of
assisted ventilation were unavailable in 30% of the ven-
tilated infants, some guarded conclusions can be made.
It can be seen in table 2 that a prior history of HMD
is not associated with a different level of ventilatory
support among infants with NCLD. Similarly, the radio-
logical severity score, the FI,O2 administered at 36 weeks
postconceptional age (table 2), and the pulmonary func-
tion during the first year of life (table 3, figs. 1 and 2)
do not allow the differentiation of these subgroups of
infants with NCLD. It seems obvious that the severity
of disease determines the level of treatment and not the
other way around. NCLD is most likely to develop in

infants with an immature respiratory system, which may
be more easily damaged by therapeutical interventions.
Infants with HMD who went on to develop NCLD, and
whose clinical course was more often associated with
pulmonary vascular engorgement due to a patent duc-
tus arteriosus, not surprisingly required more respira-
tory support in the first 5 days of treatment (table 2).

In the present study, there were differences in the level
of pulmonary function, assessed at the same postcon-
ceptional age, which could be accounted for by NCLD.
The power of this study was satisfactory (α=0.05, β≥0.9)
for Crs and MI, but unsatisfactory for FRC. After allow-
ing for NCLD, birth weight and gestational age were
unrelated to pulmonary function, except for Crs at 12
months. Infants with NCLD, particularly those without
prior HMD, had the lowest birth weights (table 2). Our
findings do suggest that the most plausible chain of events
is that the lowest birth weights are associated with the
greatest lung immaturity and hence with the highest risk
of developing HMD and NCLD [11]. Whilst HMD and
NCLD lead to more ventilatory support, which in turn
is likely to contribute to a compromised ventilatory func-
tion, the level of treatment is not the primary cause of
pulmonary disease. Indeed, long-term follow-up studies
on lung function of children born prematurely suggest
that neither the initial lung disease nor its treatment are
risk factors for small airway calibre at school age, unlike
a low birth weight [22, 23]. It is remarkable that the
group with the lowest birth weight developed NCLD
without prior HMD (table 2); we have no explanation
for this finding.

In conclusion, we have found that infants with neo-
natal chronic lung disease with and without prior hya-
line membrane disease at birth were indistinguishable
on the basis of their pulmonary function during the first
year of life. No difference was found in the ventila-
tory support required during the first 5 days of therapy.
Infants with neonatal chronic lung disease had a shorter
duration of gestation and lower birth weight than those
who did not develop neonatal chronic lung disease. These
findings suggest that intra-uterine developmental delay
may be a more important determinant for acquiring
neonatal chronic lung disease and associated abnormal
pulmonary function, than hyaline membrane disease.
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