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Tumour necrosis factor in the bronchoalveolar
secretions of infants with the respiratory distress
syndrome and the effect of dexamethasone
treatment

S H Murch, T T MacDonald, C B S Wood, K L Costeloe

Abstract
Background Tumour necrosis factor a
may contribute to the lung damage that
occurs in the adult respiratory distress
syndrome. Whether it occurs in the lungs
of preterm infants with respiratory dis-
tress syndrome is unknown.
Methods Tumour necrosis factor a con-
centrations in the bronchopulmonary
secretions of 28 ventilated preterm
infants were determined by the enzyme
linked immunosorbent assay.
Results Concentrations were low in the
first three days of life, being undetectable
in nine of the 20 infants whose bron-
chopulmonary secretions were sampled.
From day 4 concentrations were

increased and detectable in all but two of
14 infants. Similar concentrations were
found in samples taken on days 8-20%and
21-40. Greater mean concentrations
occurred in those infants requiring
oxygen for a long time. In six infants who
received dexamethasone treatment for
prolonged ventilator dependency treat-
ment was associated with a reduction in
tumour necrosis factor a concentrations.
Conclusions Tumour necrosis factor
may contribute to the neonatal respir-
atory distress syndrome, as suggested for
the adult respiratory distress syndrome.
The therapeutic effects ofdexamethasone
treatment in neonatal respiratory dis-
tress syndrome may be mediated, at least
in part, by reduced production of pul-
monary tumour necrosis factor.
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Among the preterm infants who develop neo-

natal respiratory distress syndrome some

require prolonged ventilatory support for the
chronic lung disease of prematurity or bron-
chopulmonary dysplasia.12 This is an

increasingly common cause of chronic lung
disease in infants, affecting about 20% of
preterm survivors, with up to 7000 new cases a

year in the United States.2
After the initial phase of damage due to

surfactant deficiency, barotrauma, and oxygen
toxicity, local inflammation is important in the
progression to chronic lung disease.' Cortico-
steroids have been used to limit inflammatory
damage and are usually given after two to four
weeks. 1

2

The cytokine tumour necrosis factor a is a
potent mediator ofpulmonary inflammation, in
addition to its better known systemic effects.45
It has been postulated that local pulmonary
production by alveolar macrophages con-
tributes to the adult respiratory distress syn-
drome,'9 but its production in the respiratory
distress syndrome of infancy has not been
documented. We determined tumour necrosis
factor a concentrations in pulmonary secre-
tions in infants with the respiratory distress
syndrome and the effect of treatment with
dexamethasone on the concentrations of
tumour necrosis factor a in airways secretions.

Methods
PATIENTS STUDIED
Twenty eight preterm infants (24-31 weeks'
gestation, birth weight 570-2200 g) were
studied. All required assisted ventilation for
the respiratory distress syndrome (for 4-73
days). Two infants died during the study, one
from early progressive lung damage and the
other after intraventricular haemorrhage.
Eleven of the infants had an uncomplicated
course, being weaned from the ventilator and
on to room air within 28 days. Six developed
mild chronic lung disease, requiring sup-
plemental oxygen for up to 60 days, and a
further nine developed more severe bron-
chopulmonary dysplasia, requiring oxygen for
70-160 days.

Six infants were treated with dexametha-
sone, five at the age of 28 days because they
needed prolonged ventilation. All five improved
and four were extubated within five days. The
sixth was treated at 14 days for severe lung
disease of early onset and did not improve.

EXCLUSIONS
Samples from infants with known septicaemia
or with a clinical or radiological diagnosis of
pneumonia were excluded. All ventilated
infants had tracheal aspirates sent for micro-
biological assessment twice weekly. Specimens
from any infant known to have secretions
colonised with bacteria were also excluded.

COLLECTION OF SAMPLES
Collection of the samples of bronchopulmon-
ary secretions was almost identical to the
routine protocol for care of endotracheal tubes,
which is performed four hourly in our unit; the
methods of collection and analysis were based
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Figure 1 Concentration of tumour necrosisfactor a (TNF) in bronchopulmon
lavage fluid, obtainedfrom 28 preterm ventilated infants, shown against age in
time of sampling. Each point represents the mean concentration of tumour necro

acfor one i,lfant in that particular age range.

on those of Millar et al.6 Sterile 0-9'
(0-5 ml kg body weight) was instilled
endotracheal tube and the ventilator r(
ted. After 5-10 breaths a soft 6-8 FG
was inserted to just beyond the til
endotracheal tube and suction appli
suction catheter was lavaged with a
0-25 ml saline/kg and all the lavage f
frozen immediately for later analysis.
were performed about once every t

during the first week of life, once ever
four days during the succeeding two wt
less frequently thereafter.

MEASUREMENT OF TUMOUR NECROSIS FA4
The concentration of tumour necrosis
in lavage fluid and serum was determic
a commercially available assay (Biol
T Cell Sciences, Cambridge, Massac
with a lower limit of sensitivity of 10 p

STATISTICAL ANALYSIS
Individual concentrations of tumour
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Figure 2 Effect of dexamethasone on bronchopulmonary tumour necrosis fact
(TNF) concentrations in endotracheal tube lavage fluid in six treated infants,
the concentrations of each infant in the week before and after the start of treat?

factor a in lavage fluid for each infant in a given
age range (from 1 to 3 results) were averaged
(figure 1). Comparison between these groups at
different ages was made with the Kolmogorov-
Smirnov two group test, as were any additional
comparisons using these groups. The Mann-
Whitney U test was used for comparison be-

. tween the groups with the uncomplicated
respiratory distress syndrome and those
needing prolonged oxygen treatment, a mean
tumour necrosis factor concentration for all
measurements after day 3 having been derived
for each infant. The Mann-Whitney U test was
also used to compare tumour necrosis factor

21-40 concentrations before and after treatment in
the infants given dexamethasone (fig 2), and
concentrations in infants with and without

ary infection or colonisation of secretions.
days at
Psis factor

Results
TUMOUR NECROSIS FACTOR CX AND AGE
Tumour necrosis factor a was detectable in

% saline airways secretions during the first 3 days of life
Iinto the in 11 of 20 infants, but levels were generally
econnec- low, on average <55 pg/ml (fig 1). The levels
catheter were significantly higher in the secretions sam-
p of the pled on days 4-7 (p < 0 05), days 8-20
ied. The (p < 0-001) and days 21-40 (p < 0-001).
l further There was no progressive increase, and it was
luid was not possible to differentiate between the groups
Lavages after day 4. All serially sampled infants demon-
:wo days strated an increase in tumour necrosis factor-
ry two to alpha concentration with time; of fourteen
eeks, and infants sampled beyond day 8, three reached

maximal levels between days 4 and 7, eight did
so between days 8 and 20 and a further three did

CTOR a not reach maximal levels until after day 21.
factor a
ned with TUMOUR NECROSIS FACTOR Ox IN SERUM AND
kine tm, AIRWAYS SECRETIONS

chusetts) There was no relation between tumour necrosis
)g/ml. factor a in lavage fluid and serum samples taken

within two hours of lavage; serum concentra-
tions were all below 40 pg/ml. Serum concen-

necrosis trations in the ventilated preterm infants did
not differ significantly from those in 30 well
preterm or 14 term infants (data not shown).

TUMOUR NECROSIS FACTOR a AND OUTCOME
Only three of 11 infants weaned from the
ventilator and on to room air within 28 days had
a mean tumour necrosis factor a level above 100
pg/ml after day 3 and none had a concentration
above 250 pg/ml in lavage fluid. Post day 3
levels were greater in the group needing
prolonged oxygen treatment beyond 28 days
(11 of 15 with a mean above 100 pg/ml, three
above 250 pg/ml; p < 0 02).

EFFECTS OF BACTERIAL COLONISATION
The airway secretions of four infants became
colonised with coagulase negative staphylo-

* cocci, with no clinical evidence of infection.
-* Their secretions showed no higher peak
4-7 tumour necrosis factor cx concentrations

(median 60 range 28-170 pg/ml) than did the
j non-colonised infants (fig 1). Three infants
'ora suffered four episodes of proved bacterial
showing pneumonia (one case each of group B strep-
nent. tococci and Klebsiella sp and two of coliforms).
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The concentration of tumour necrosis factor x

in lavage fluid was substantially higher in each
episode and in the group than in either the
uncolonised infants or those colonised with
coagulase negative staphylococci (median 658,
range 355-1540 pg/ml; p < 0.01).

EFFECTS OF DEXAMETHASONE
Each of the six infants given dexamethasone
had a lower lavage tumour necrosis factor a
concentration on the day after treatment than
on the day before treatment (fig 2), with a

reduction of the group median concentration
(p < 003). The overall post-treatment tumour
necrosis factor a concentration (calculated by
using the median post-treatment concentration
for each infant to derive a group median) was
also lower than the pretreatment concentra-
tions (again based on individual pretreatment
medians (36, range 5-120 pg/ml v 115, range

55-900 pg/ml; p < 0 05)). The three infants
with the greatest fall with treatment showed
rapid clinical improvement and were extubated
within five days.

Discussion
Tumour necrosis factor a was present in the
bronchopulmonary secretions of ventilated
preterm infants with the respiratory distress
syndrome, higher after 4 days of age than
earlier. Greater concentrations occurred in
infants needing prolonged oxygen treatment,
and tumour necrosis factor a concentrations
were reduced in six infants by dexamethasone
treatment. A formal bronchoalveolar lavage
technique was not used as we were concerned in
this pilot study not to deviate from the routine
lavage these unwell preterm infants receive.
Having found high concentrations of tumour
necrosis factor a in bronchopulmonary secre-
tions, we think it now justified to subject
preterm infants to more formal lavage tech-
niques in subsequent studies of cytokine
production in the lungs.
Although our sampling technique did not

allow precise quantification of bronchoalveolar
concentrations or localisation of tumour
necrosis factor a production, we consider that
tumour necrosis factor a at moderate to high
concentration may have a role in the inflam-
matory processes that predispose to neonatal
chronic lung disease (serum levels above 100
pg/ml have adverse prognostic significance in
septicaemia4).
The time course of tumour necrosis factor a

production in our study appears to correlate
with known patterns of alveolar macrophage
influx in the respiratory distress syndrome.'0 "

Epithelial fragments predominate for the first
two to three days, but by day three or four there
is a rapid increase in polymorphonuclear
neutrophils and activated alveolar macro-
phages. By day 8 the alveolar macrophage is the
predominant cell.'0 Infants who progress to
chronic lung disease show persistently
increased numbers of neutrophils in lavage
fluid."

After the primary insult in the first days of
life there is an inflammatory response,' more
pronounced in those who develop bronchopul-

monary dysplasia, which is associated with an
increased ratio of proteases to protease
inhibitors." 12High concentrations offibronec-
tin" may contribute to monocyte chemotaxis'4
and possibly also to fibrosis.'3 Alveolar macro-
phages from preterm infants produce free
radicals, the concentrations of which are
increased in infants with bronchopulmonary
dysplasia and decreased in those receiving
glucocorticoid treatment.'5 Alveolar macro-
phages in vitro produce large amounts of
tumour necrosis factor a on being stimulated'6
and in animals and man pharmacological doses
can directly cause lung damage.9'7'8 High con-
centrations oftumour necrosis factor a occur in
bronchoalveolar secretions of adults with the
adult respiratory distress syndrome67 and may
be a mediator of injury in this condition,89
which has many similarities to the neonatal
respiratory distress syndrome.
Tumour necrosis factor a may potentially

induce lung damage by polymorph chemotaxis,
endothelial localisation, and stimulation of the
respiratory burst,419 20 and neutropenia has
been shown to protect animals against pulmon-
ary damage induced by tumour necrosis factor
a.21 It may also stimulate production of other
mediators and contribute to pulmonary
fibrosis.452324 Of potential relevance in the
neonatal respiratory distress syndrome is the
finding, in vitro, that tumour necrosis factor a
inhibits expression of pulmonary surfactant
proteins SP-A and SP-B,25 which appear
necessary for normal surfactant function.26
The finding of local production of tumour

necrosis factor a by the age of 4 days in the
neonatal respiratory distress syndrome sug-
gests several therapeutic possibilities. Cor-
ticosteroids, which decrease both synthesis and
release oftumour necrosis factor c,4 5 are widely
used in infants with chronic lung disease and
may improve pulmonary compliance,27 reduce
alveolar proteinase activity,' and, frequently,
decrease the duration of ventilation and
improve outcome.' 29 They are normally given
at 2-4 weeks of age, when it is already clear that
the infant has sustained chronic damage. If
inflammatory mediators, such as tumour
necrosis factor a, are produced within the first
week, possibly earlier corticosteroid treatment
would benefit the at risk infant-perhaps with
nebulised rather than systemic drugs to avoid
the risks of systemic treatment at this age.
Cyclooxygenase inhibitors also attenuate the
systemic effects of tumour necrosis factor a
though without altering its production5; per-
haps therefore non-steroidal anti-inflam-
matory drugs such as indomethacin may
influence lung injury. Finally, there may even-
tually be a role for monoclonal antibodies to
tumour necrosis factor a, which have been
given with apparent benefit to adults with
severe septic shock.'0
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