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Abstract Improvementsin neonatal intensive care have resulted in more extremely low

birthweight babies surviving who are at risk of developing chronic lung disease.
The preterm lung is vulnerable as it is both structurally immature and deficient
in surfactant and antioxidant defences. Mechanical ventilation and high inspired
oxygen concentrations are often necessary for preterm babiesto survive but they
can cause pulmonary inflammation which leads to lung damage. Abnormal heal-
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ing in the presence of ongoing inflammation |eads to airways remodelling which
can result in protracted respiratory problems in these babies. A commonly used
definition for chronic lung disease is the requirement for supplemental oxygen
beyond 36 weeks' postconception.

Many drugs that are commonly used for chronic lung disease have not been
subjected to proper randomised controlled trials but are widely used on the basis
of small studies showing short term benefits. They can be broadly divided into 2
groups. First, there are preventative drugs that are administered early to reduce
oxygen toxicity and pulmonary inflammation. Secondly, there are those adminis-
tered in established chronic lung disease, designed to reduce respiratory morbidity.
Pulmonary inflammation in the neonate is reduced by systemic corticosteroids.
Corticosteroid therapy within the first 2 weeks of life enables earlier extubation
of preterm babies with subsequent reduced chronic lung disease and improved
neonatal survival when given between 7 and 14 days. However, thereisanincreas-
ed risk of gastrointestinal haemorrhage, metabolic derangement, ventricular hy-
pertrophy and potential effects on long term growth and brain development.
Diuretics and inhaled bronchodilators improve pulmonary compliance and re-
duce oxygen requirements in established chronic lung disease but probably have
little effect in reducing the incidence. In babies with established chronic lung
disease, home oxygen therapy enables earlier discharge and prophylaxis against
respiratory syncytial virus can reduce morbidity from bronchiolitis. All of the
above therapies have adverse effects that need to be considered before initiating
treatment.

Recently, new drugs have become available which may be beneficial. These
include inhaled nitric oxide for reduction of ventilation-perfusion mismatching,
recombinant human superoxide dismutase for protection against oxidative stress
and alpha-1 proteinaseinhibitor which may reduce airwaysremodelling. At pres-
ent these therapies are undergoing clinical trials. Exogenous surfactant is bene-
ficia in respiratory distress syndrome and may reduce the risk of chronic lung
disease but there have been no randomised controlled trials of its use in estab-
lished chronic lung disease. Drugs which have been tried unsuccessfully include
erythromycin, ambroxol and mast cell stabilisers.

1. Pathogenesis and Clinical Course of
Neonatal Chronic Lung Disease

Neonatal chronic lung diseaseisamajor conse-
quence of premature delivery and prolonged neo-
natal intensive care. The original description in
1967 was of babies of about 34 weeks' gestation who
had required mechanical ventilation, developed a
persistent oxygen requirement beyond 28 days and
had the typical chest x-ray appearances of over-
inflation with cyst formation.!%] Advances in neo-
natal medicine over the past 3 decades have meant
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that fewer of these more mature preterm babies re-
quire mechanical ventilation and there has been a
reduction in chronic lung disease in this group.?
There are, however, many more extremely preterm,
extremely low birthweight survivors and as a re-
sult, the total number of babies with chronic lung
disease isincreasing.l23 The changing preterm pop-
ulation has necessitated a changein the sdefinition
of chronic lung disease from oxygen requirement
beyond 28 daysl to oxygen requirement beyond
36 or 40 weeks' postconception often associated
with hazy opacification on chest x-ray rather than

Drug Safety 2000 May; 22 (5)



Risk-Benefit Assessment of Drugs in Neonatal CLD

391

cysts and overinflation, the latter definition being
more predictive of long term outcome.[*!

Chronic lung disease results from abnormal tis-
sue repair following an acute injury to the prema-
ture lung which leads to fibrotic tissue replacing
normal alveoli.l5! The preterm lung is particularly
vulnerable to injury, as it is structurally immature
and deficient in both surfactant and antioxidant de-
fence mechanisms.[87] The initial damage proba-
bly results from ventilatory barotrauma or volu-
trauma disrupting the lung tissuel® along with
oxygen free radicals causing lipid membrane and
DNA damageto thecellslining the airways.[” This
damaged tissue triggers an inflammatory response
with inflammatory celld¥ and proinflammatory
cytokinesfound in high levelsin lung lavage fluid
from babies who subsequently develop chronic
lung disease.!1011 Theinflammatory process itself
may be harmful, further contributing to the lung
damage by increasing oxidative stress viathe neu-
trophil respiratory burst!!? and by the release of
proteolytic enzymes such as collagenases and
elastase which damage the extracellular matrix of
the lung.[13141 Some babies without initial respira-
tory distress who do not require oxygen or ventila-
tion may aso develop pulmonary inflammation,
for example as aresult of materna chorioamnion-
itis?®) or infection with Ureaplasma urealyticum
leading to chronic lung disease.l'8! Ongoing in-
flammation and a damaged extracellular matrix
probably lead to repair by fibrosis rather than re-
generation of normal lung tissue.

Lung fibrosis in chronic lung disease leads to
impaired gas exchange, decreased lung compli-
ance, airwaysobstruction, ventilation-perfuson mis-
matching and increased energy expenditure for
breathing.[17:18] The airways are hyper-reactive with
atendency for bronchospasm.!1¥! There is associ-
ated pulmonary hypertension2% and pulmonary
oedemal2!l which can rapidly worsen during acute
cyanotic spells.

Theincidence of chronic lung disease varies be-
tween centres but generally occurs in about 20 to
30% of newborns who require mechanical ventila-
tion.[?223 Theincidence increases with decreasing
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gestation with about 85% of babies <700g being
affected falling to 5% at 15009 and above.l3! Clin-
ically, babies with chronic lung disease often have
a protracted need for mechanical ventilation and
supplemental oxygen. They areusually tachypnoe-
ic with wheezing, intermittently interrupted by
spells of apnoeaor acute cyanosis. They remain as
inpatients for longer than babies without chronic
lung disease necessitating extra expense and in-
convenience for their parents. They may continue
to wheeze long after hospital dischargel?4 and
have diminished pulmonary reserve to cope with
minor upper respiratory tract infections even when
they no longer require supplemental oxygen.

Viral illnesses such as bronchiolitis caused by
respiratory syncytial virus (RSV) frequently ne-
cessitate repeat hospital admissions and occasion-
ally the need for repeat mechanical ventilation.[23]
Increased energy expenditure for breathing cou-
pled with poor nutrition often lead to poor growth
in infancy.[?8] Chronic pulmonary hypertension
can lead to cor pulmonale with recurrent bouts of
acute pulmonary oedemaand increased risk of sud-
den death.[?”] Developmentally, children with se-
vere chronic lung disease do not perform as well
astheir peers perhaps as aresult of chronic illness
and early prolonged hospitalisation.[28! Eventually,
with time, the majority will achieve almost normal
lung function.[17]

By definition, babies with chronic lung disease
will require supplemental oxygen to maintain nor-
mal arterial oxygen saturation although various
drugs can influence the duration and concentration
of oxygen required. A high inspired oxygen con-
centration can potentiate pulmonary inflammation
and itislogical to endeavour to lower inspired ox-
ygen if possible. If, however, only a low concen-
tration of supplemental oxygen is required thisis
probably relatively safe and the risk-benefit ratio
of the drugs used to improve lung function com-
pared with continued oxygen therapy must be con-
Sidered.

Drugs for chronic lung disease can be divided
broadly into those administered early with theaim
of reducing ventilation requirements and minimis-
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Table I. Meta-analysis of early postnatal corticosteroid therapy (<96 hours after birth) trials (after Halliday,®® with permission)

No. of babies TRR 95% CI NNT or NNH ~ 95% CI
Benefits
Mortality before discharge 1282 1.05 0.87-1.28 -
CLD at 36 weeks 1212 0.69 0.55-0.87 14 8-33
Death or CLD at 36 weeks 1212 0.88 0.78-1.00 18 9-1000
Failure to extubate within 1 week 588 0.74 0.62-0.89 8 5-20
Pneumothorax 535 0.64 0.37-1.11 - -
Patent ductus arteriosus 877 0.61 0.48-0.77 8 6-15
Risks
Infection 814 0.95 0.71-1.27
Hyperglycaemia 509 1.25 0.91-1.71
Hypertension 509 221 0.79-6.20 - -
Gastrointestinal haemorrhage 731 2.12 1.33-3.38 14 9-34

ClI = confidence interval; CLD = chronic lung disease; NNH = number needed to harm; NNT = number needed to treat; TRR = typical

relative risk.

ing oxygen toxicity, and those administered | ater to
facilitate earlier discharge and reduce respiratory
morbidity. Drugs widely used in hospital include
corticosteroids, diureticsand inhaled bronchodil at-
ors and corticosteroids. After discharge, therapies
include home oxygen and RSV prophylaxis with
hyperimmune globulin or monoclonal antibody.
Recently someinnovative new therapies have been
developed that are undergoing clinical trials. The
aim of thisreview isto balancethebenefitsof drugs
for prevention and treatment of chronic lung dis-
ease with their possible risks.

2. Corticosteroids

Inflammation plays a key role in the develop-
ment of chronic lung diseasel%11 and corticoste-
roids can reduce inflammation in the neonatal
lung.[29 Infants with respiratory distress syndrome
have higher levels of endogenous cortisol than
healthy neonates, presumably on the basis of a
stress responsel3d but levels are no different be-
tween those who subsequently develop chronic lung
disease and those who do not.[31 In 1 study babies
who developed chronic lung disease had low cor-
tisol levelsfollowing adrenocorti cotropic hormone
stimulation during the first week of life.[32 Wheth-
er adrenal insufficiency is associated with in-

0 Adis International Limited. All rights reserved.

creased risk of developing chronic lung disease is
still debated.

There have been many randomised controlled
trials examining benefits and risks of systemic cor-
ticosteroids for babieswith or at risk of chronic lung
disease.[3334 Meta-analysis of all of thetrialsupto
July 1999 enables the results to be studied collec-
tively. The studies have been divided into 3 groups
depending on the time of treatment after birth: (i)
early treatment (<96 hours);3 (i) moderately early
treatment (7 to 14 days);[% and (iii) late treatment
(>3 weeks).[371 In most trials dexamethasone was
compared with placebo. Dexamethasone was usu-
ally given in areducing dosage (0.5 mg/kg/day
for 3days, then 0.25 mg/kg/day for 3 days, followed
by 0.12 mg/kg/day for 3 days, and finally 0.05
mg/kg/day for 3 days) although hydrocortisone has
also been used(38! and other dosage regimens em-
ployed.

2.1 Benefits of Corticosteroids

Meta-analyses of thetrials of corticosteroid ther-
apy have been summarised inthe CochraneLibrary
(July 1999). Thereare 11 individual studiesof early
(treatment started before 4 days) corticosteroid
treatment and meta-analysis showed a significant
reduction in chronic lung disease at 36 weeks and
more rapid weaning from mechanical ventilation

Drug Safety 2000 May; 22 (5)
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(tablel).[3% Meta-analysis of 6 trials of moderately
early (treatment started between 7 and 14 days)
corticosteroid therapy showed a reduction in neo-
natal mortality, earlier extubation and areduced risk
of chronic lung disease at 36 weeks (table I1).[3¢]
Meta-anaysisof 8 trials of late (treatment started af -
ter 3weeks) systemic corticosteroid treatment show-
ed amore rapid weaning from mechanical ventila-
tion in the corticosteroid-treated group but there
was no reduction in mortality!37 (tablell1). Calcu-
lation of the number needed to treat (NNT)!4 en-
ables adirect comparison of benefits and risks.

Overall it would appear that corticosteroid ad-
ministration exerts short term beneficial effectson
the neonatal lung with improved lung mechanics
and gas exchange that facilitate earlier extubation.
The additional benefitsof lesschroniclung disease
and areduction in the total duration of supplemen-
tal oxygen only occurs when corticosteroids are
given within the first 14 days of life. With moder-
ately early corticosteroids the benefit of areduced
mortality at 28 days hasto be balanced against the
risks of this treatment.

2.2 Adverse Effects of Corticosteroids

There are many reported adverse effects of dex-
amethasone in preterm babies (table IV).[4Y Tran-
sient hyperglycaemiaiscommon andinvariably re-

spondsto insulin therapy and reduced corticosteroid
dosage. Hypertension and left ventricular hyper-
trophy also occur during corticosteroid treatment
but resolve when it is discontinued and their long
term significance is uncertain.[*2l Complications
such as gastrointestinal haemorrhage or perfora-
tion and growth failure are more important as they
could potentially havelong termimplications. Lin-
ear growth ceases during dexamethasone therapy,
resuming when it is discontinued.[*3] There are
concerns that interruption of growth during this
critical early period may influencelater ‘ program-
ming’ of somatic growth.

Corticosteroids may also have an effect on the
developing brain. In animal studiesthey have been
shown to reduce brain growth!#4! and impair motor
function.[4%] Early treatment with corticosteroidsis
also associated with asignificant declineintherate
of head growth in human newborns.[*! In 1 ran-
domised tria corticosteroid-treated neonates had
an increased number of new periventricular
echodensities on cranial ultrasound scan although
this was not statistically significant.[4”] Although
no deleterious effects on development have been
demonstrated with single courses of corticoste-
roids given before birth,[“8 recent studies have
shown that corticosteroid treatment soon after birth
increasestherisk of abnormal neurodevel opmental

Table Il. Meta-analysis of moderately early postnatal corticosteroid therapy (7 to 14 days after birth) trials (after Halliday,*% with permission)

No. of babies TRR 95% CI NNT or NNH 95% ClI
Benefits
Neonatal mortality 580 0.46 0.26-0.82 16 9-55
Mortality before discharge 269 0.64 0.40-1.03 -
CLD at 36 weeks 228 0.52 0.40-0.68 3 2-5
Death or CLD at 36 weeks 228 0.64 0.52-0.80 4 3-7
Failure to extubate within 1 week 84 0.62 0.46-0.84 3 2-7
Pneumothorax 168 0.94 0.56-1.56
Risks
Infection 269 111 0.79-1.57
Hyperglycaemia 269 1.27 0.99-1.63 - -
Hypertension 209 5.30 1.29-21.7 13 7-77
Gastrointestinal haemorrhage 125 2.50 0.52-12.1 -
Left ventricular hypertrophy 78 9.00 1.20-67.7 5 3-16

ClI = confidence interval; CLD = chronic lung disease; NNH = number needed to harm; NNT = number needed to treat; TRR = typical

relative risk.
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Table Ill. Meta-analysis of late postnatal corticosteroid therapy (>3 weeks after birth) trials (after Halliday,®® with permission)

No. of babies TRR 95% CI NNT or NNH 95% CI
Benefits
Mortality before discharge 411 1.16 0.76-1.77 - -
Failure to extubate 28 days 301 0.54 0.32-0.92 10 5-62
Risks
Infection 366 1.05 0.73-1.50 - -
Hyperglycaemia 366 1.59 1.07-2.36 10 5-50
Hypertension 366 3.02 1.33-6.86 15 9-43
Gastrointestinal haemorrhage 306 1.46 0.45-4.80

ClI = confidence interval; CLD = chronic lung disease; NNH = number needed to harm; NNT = number needed to treat; TRR = typical

relative risk.

outcome.[*950 These studies had incomplete fol-
low up of eligible surviving babies but a more re-
cent study of the long term outcome of infants
given a 42 day course of dexamethasone showed
similar resultseven though the drug was started late
rather than early.[*? The duration of therapy may be
important, in addition to its timing after birth.

Data from the meta-analyses enable quantifica-
tion of the magnitude of risk. For example, early cor-
ticosteroids increase the chance of gastrointestina
bleeding (tablel). For every 14 babies given corti-
costeroidsin the first 4 days of life there will be 1
extra case of gastrointestinal haemorrhage and 1
extra baby without chronic lung disease at 36
weeks (tablel). For moderately early corticosteroid
treatment there will be an extra case of |eft ventric-
ular hypertrophy for every 5 treated compared with
an extra survivor at 28 days for every 16 treated,
but these estimates have quite wide 95% confi-
denceintervals (table 11). Late treatment with cor-
ticosteroids is also associated with increased risk
of adverse effects balanced against earlier extuba-
tion and reduced need for further dexamethasone
(table I11). More worrying are the data from long
term follow up studies which showed an approxi-
mate 2-fold increase in therisk of cerebral palsy and
abnormal neurological assessment in babies treat-
ed early with dexamethasonel*®50 or with long
courses of 4 to 6 weeks.[4951]

On balance, it may be reasonable to administer
a single, short reducing course of dexamethasone
to ventilated preterm babiesin whom severe chronic
lung diseaseisfelt to be evolving perhaps between

0 Adis International Limited. All rights reserved.

7 and 14 days after birth. Thiswill facilitate earlier
extubation, reduce the likelihood of developing a
protracted requirement for supplemental oxygen
and improve neonatal survival. Administration of
corticosteroids to unventilated oxygen-dependent
infants or those with established chronic lung dis-
ease should probably be avoided. In these situa-
tions the benefit of transiently reduced oxygen re-
quirement needs to be weighed against the risks of
known and potential adverse effects.

3. Diuretics

Pulmonary oedemaisaprominent feature of early
chronic lung disease!>2 and can be reduced by the
administration of diuretics.[53 Both loop and thia-
Zide diuretics are used to treat chronic lung disease
usualy in combination with a potassium-sparing
diuretic such as spironolactone. Loop diuretics
such as furosemide act on the ascending loop of
Henlé to block chloride reabsorption, thereby pro-
moting sodium and water excretion. However, not
all of thebeneficial effectsare mediated by increas-
ed diuresis. Some of the improvement in lung me-
chanics may be due to direct effects of furosemide
on the lung as demonstrated by studies using in-
haled furosemide.[>4

Thiazide diuretics inhibit sodium reabsorption
in therenal tubules and are less potent than furose-
mide at promoting diuresis. Spironolactoneisacom-
petitive inhibitor of aldosterone and promotes so-
dium excretion whilst retaining potassium.

Drug Safety 2000 May; 22 (5)
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3.1 Benefits of Diuretics

Despite their widespread use, the evidence for
benefit from diuretics in chronic lung disease is
based on only a handful of small studies. These
consistently showed that there are significant im-
provements in pulmonary mechanics (improved
compliance and decreased resistance) following
both furosemidel®>-%8 and thiazidel5%-62 diuretics
and that these changes are accompani ed by improved
oxygenation. However, it is less clear if these ef-
fects are sustained and whether diuretics influence
outcomes such as death or duration of mechanical
ventilation. In 1 controlled trial, prolonged furose-
mide administration was shown to reduce inspired
oxygen need only during treatment without reduc-
ing the total duration of supplemental oxygen.[62
Only 1 study has reported a decreased mortality in
diuretic-treated babies3l and to date there have
been no large multicentre randomised controlled tri-
als. The benefit of a reduced requirement for in-
spired oxygen during treatment needs to be weighed

Table IV. Reported adverse effects of corticosteroid treatment in
neonates

CNS Developmental delay
Electroencephalogram abnormalities
New echodensities on ultrasound

Ophthalmological

Cardiovascular

Retinopathy of prematurity
Hypertension

Cardiac hypertrophy
Sustained bradycardia
Respiratory Pneumothorax?®
Gastrointestinal Gastric haemorrhage
Gut perforation
Renal Nephrocalcinosis
Calciuria

Muscle wasting

Poor bone mineralisation

Musculoskeletal

Increased white cell count
Neutrophilia
Infection®

Haematological

Growth failure
Hyperglycaemia
Proteolysis

Adrenal suppression
Increased irritability

Metabolic

Psychological
a Now disproven.
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against the possible adverse effects of long term
diuretic therapy.

3.2 Adverse Effects of Diuretics

There are many adverse effects of diuretic ther-
apy in preterm babies. In the short term, furosemide
may cause fluid and electrolyte imbalance leading
to volume depletion, alkal osis, hyponatraemia, hy-
pokalaemia and hypochloraemial®4 In addition
thiazide diuretics and spironolactone can cause ur-
aemia, hyperuricaemia, hyperkalaemia and hypo-
magnesaemia.l®l Prolonged furosemide therapy
results in chronic hypercalciurial®® which predis-
poses to nephrolithiasis, renal calcification(® and
bone mineral depletion.!%5] Neonates in whom fu-
rosemide has been combined with prolonged total
parenteral nutrition may also develop gallstones.[67]
Furosemideisalso ototoxic particularly when used
in high dose and combined with aminoglycoside
drugs.[68]

Diuretics are probably best restricted to short
courses during bouts of suspected pulmonary oe-
demacor cor pulmonale. If they are administered over
aprotracted period it is probably best to use athi-
azide diuretic in combination with spironolactone.
Babiesreceiving long term diuretic therapy should
have regular assessment of their electrolyte levels
and bone mineral status as well as intermittent re-
nal ultrasound scans to rule out nephrocalcinosis.
Audiology screening is justified in any sick pre-
term baby but particularly those who have been
exposed to ototoxic drugs.

4. Inhaled Bronchodilators

Drugs are administered by inhalation in order to
reach thetarget organ, thelungs, directly and there-
by minimise the risk of systemic adverse effects.
Aerosol delivery of therapeutic agentsis either by
metered dose inhaler with spacer or by nebulisa-
tion. Studies employing radioaerosols have shown
that both techniques result in poor distribution of
the drugs, with less than 1% actually being depos-
ited whereitisclinically effective.[59 Despite this,
many studies have reported significant changesin
pulmonary mechanicsfollowinginhaled drug ther-
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apy.[70-72] This has led to the widespread use of in-
hal ed bronchodilators and corticosteroids despite the
paucity of evidence for benefit from well designed
randomised controlled trials.

4.1 Benefits of Bronchodilators

Hyper-reactivity of the bronchiolar smooth mus-
cleispresent from asearly asthefirst week of life.[”0
Bronchodilating drugs such as [3>-agonists (e.g.
salbutamol)!”Y and anticholinergics (e.g. ipratrop-
ium bromide),[”2 have beneficial effectson pulmo-
nary compliance and resistance which can lead to
short term improvements in blood gases. Despite
these potential benefits there has been only 1 tria
of prolonged inhaled bronchodilator therapy in ba-
bieswith chronic lung disease.[”3] Thisshowed that
salbutamol, either given alone or in combination
with beclomethasone, had no effect on survival, du-
ration of mechanical ventilation or oxygen therapy.

4.2 Adverse Effects of Bronchodilators

Adverse effects of inhaled [32-agonists are well
documented in older children with asthmabut have
not been studied in the preterm infant. They can
cause dysrhythmias and hypokalaemia and are as-
sociated with increased mortality when used reg-
ularly for asthmal” In animal studies, long term 32-
adrenergic stimulation increases pulmonary smooth
muscle and causes right ventricular hypertrophy,
both features that are prominent in chronic lung
disease.["]

These data suggest that bronchodilators may
only have alimited rolein thetreatment of chronic

Table V. Meta-analysis of early postnatal inhaled corticosteroid
therapy vs placebo trials (after Halliday,®% with permission)

Outcome No. of babies OR 95% ClI

Mortality 419 0.75 0.37-1.52
Failure to extubate 76 0.56 0.22-1.43
CLD at 36 weeks 156 0.79 0.29-2.17
Infection 76 0.56 0.17-1.77
Hyperglycaemia 76 0.93 0.29-3.04
Hypertension 76 1.13 0.34-3.74

ClI = confidence interval, CLD = chronic lung disease; OR = odds
ratio.

0 Adis International Limited. All rights reserved.

lung disease and should probably be reserved for
short term exacerbationswhen wheezing isaprom-
inent feature.

5. Inhaled Corticosteroids

Inhaled corticosteroids are widely used for chron-
ic lung disease without proper evidence from trials
supporting tolerability or efficacy. The available
studiesare small and mainly published asabstracts.
These have compared beclomethasone,[ 6! budeson-
ide,[’7 flunisolidel”® and fluticasone propionatel 79}
with placebo. In some studies there was a trend
towards reduced time on mechanical ventilation
and need for oxygen at 36 weeksin corticosteroid-
treated babies but the numbers were too small to
draw meaningful conclusions. The studieswere sum-
marised and subjected to a systematic review.39
Meta-analysis showed a trend towards reduced
mortality, earlier extubation and reduced chronic
lung disease without a significant increase in ad-
verse effects but the results were not statistically
significant (table V). Recently, a larger study of
253 preterm babies was published as a full pa-
per.[89 This showed no reduction in chronic lung
disease in babies treated with inhaled beclometh-
asone but there was a reduced need for later sys-
temic corticosteroids and less mechanical ventila-
tion at 28 days.[8%

Inhaled and systemic corticosteroids have also
been compared directly in 3 randomised trials. Al-
though these studieswere small they suggested that
the effects of systemic corticosteroids on lung me-
chanics were more rapid than with inhal ed cortico-
steroids. There was however, no difference in the
incidence of chronic lung disease at 36 weeks be-
tween the groups.!89 A much larger trial is needed
and this is currently underway to compare early
(<72 hours) and late (>15 days) corticosteroid treat-
ment, and simultaneously compareinhal ed budeson-
ide and systemic dexamethasone (the Open Study
of Early Corticosteroid Treatment for the preven-
tion of chronic lung disease in neonates with respi-
ratory distress syndrome).[82
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6. Home Oxygen Therapy

Home oxygen therapy has been in use for over
2 decades'®3] and is now becoming routinely avail -
able in most tertiary neonatal centres. Prolonged
requirement of supplemental oxygen no longer ne-
cessitates inpatient care provided the caregivers
can betrained in its administration from cylinders
or concentrators and recognise when to seek med-
ical assistance.

6.1 Benefits of Home Oxygen Therapy

Maintaining arterial oxygen saturation between
92 and 96% decreases pulmonary vascular resis-
tance thereby reducing cor pulmonale.[20.271 Main-
tenance of adeguate tissue oxygenation also im-
proves growth(®4 and reduces the incidence of
apnoea and bradycardia.l8® Babies with chronic
lung disease often require low concentrations of
supplemental oxygen for many weeks with an in-
crease during periods of activity such as feed-
ing.[88] M anaging babies at home enablestheir par-
ents to become involved with their everyday care
at an earlier stage which may improve parent-in-
fant bonding. Savings in hospital costs have been
estimated at $US40 000 per baby managed at home
in 1993, although the financial burden on the fam-
ily may be increased.[8"]

6.2 Risks with Home Oxygen Therapy

Low dose inhaled oxygen is probably nontoxic
provided it is carefully regulated. The risks with
home oxygen administration are more to do with
the baby being moved to an environment wherethe
monitoring is less intense and where there is an
increased risk of exposure to respiratory patho-
gens. It isimportant that families are carefully as-
sessed for suitability beforethistreatment isimple-
mented, that a reliable supply of oxygen cylinders
is available and that early rapid access to a paedi-
atrician is available if required.[®8l The parents
should be nonsmokersastherisk of explosion with
100% oxygen is considerable. Babies on home oxy-
gen often require hospital re-admission during in-
tercurrent illnesses and parents need to be taught

0 Adis International Limited. All rights reserved.

tolook for signsof increasing respiratory distress.[86]
Therisk of sudden infant death syndrome or acute
life threatening events does not appear to be in-
creased in babies treated with oxygen at home.[8!

7. Respiratory Syncytial Virus
(RSV) Prophylaxis

Babies with chronic lung disease have poor re-
spiratory reserve and viral infections such as bron-
chiolitis caused by RSV can lead to major setbacks
requiring re-hospitalisation and even repeat me-
chanical ventilation.!®d Prophylaxis with monthly
infusionsof RSV immune globulin administered to
babieswith chronic lung disease has been shown, in
randomised controlled trials, to reduce the inci-
dence (8 vs 13.5%)1°U and severity of RSV infec-
tion.[91:921 Adverse effects from this therapy are
generally mild and include fluid overload, fever
and decreased oxygen saturation which occur in
about 5% of treated babies.[®d M ajor drawbacks of
this treatment are the cost and the inconvenience
of regular hospital attendance for drug administra-
tion.

The recent development of a monoclonal anti-
body has meant that RSV prophylaxis can be ad-
ministered as a series of intramuscular injections,!®?!
although it has been calculated that as many as 24
babies may require treatment over the winter
months in order to avoid 1 single episode of re-
hospitalisation.[?¥ Attempts to use RSV immune
globulin in high risk babies with established RSV
infection have not been successful .[%] Recently, a
vaccine has been devel oped which has been shown
to be both well tolerated and effective,®! and
hopefully immunisation for prevention of RSV in-
fection will be available in the near future.

8. Benefits and Risks of Potential New
Therapies for Chronic Lung Disease

Improvements in our understanding of the mo-
lecular physiology of respiratory disease and the
pathogenesis of chronic lung disease have led to
the development of some innovative therapies.
Collectively these drugs can potentially reduce oxy-
gen toxicity and improve pulmonary function but
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before they come into widespread use they need to
be subjected to rigorously conducted double-blind,
randomised, controlled trias.

8.1 Inhaled Nitric Oxide

Pulmonary hypertension and ventilation-perfusion
mismatching are found in babies with chronic lung
disease. Nitric oxide is a potent vasodilator and
inhaled nitric oxide can selectively reduce pulmo-
nary hypertension and improve oxygenation with-
out having effects on the systemic circulation. Ni-
tric oxide therapy clearly reduces the need for
extracorporeal membrane oxygenation therapy in
term infants with persistent pulmonary hyperten-
sionl®! but there are very few studies involving pre-
term babies. Theoreticaly, inhaled nitric oxide in
babies with early chronic lung disease should re-
duce pulmonary vascular resistance and selectively
increase blood flow to areas of lung that are being
adequately ventilated, thereby improving oxygen-
ation and reducing ventilation reguirements and
therisk of oxygen toxicity. These possible benefits
would need to be weighed against the possible ad-
verse effects of nitric oxide, including effects on
platelets and bleeding,[%! possible interactions with
surfactant,[?®! and increased pulmonary inflamma-
tion.[100]

The available datafrom preterm babies with re-
spiratory distress syndrome show that inhaled ni-
tric oxide resultsin improved oxygenation, but the
studies were too small to demonstrate differences
in long term outcome.[101:192] | 1 study there was
aworrying 64% incidence of intracranial haemor-
rhage.[103! Further research is obviously needed be-
fore inhaled nitric oxide can be recommended for
babies at risk of chronic lung disease. At present, a
multicentre collaborative tria is underway in the
UK; arandomised controlled trial of ventilatory sup-
port with inhaled nitric oxide compared with ven-
tilatory support without inhaled nitric oxidefor ne-
onates with severe respiratory failure. This trial
may be ableto determineif inhaled nitric oxide can
prevent chronic lung disease.[82
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8.2 Antioxidant Therapy

Antioxidants such as retinol (vitamin A), toco-
pherol (vitamin E) and the enzyme, superoxidedis-
mutase have been administered to preterm babies
at risk of chroniclung diseasein an attempt to reduce
oxygen free radical-induced lung inflammation.
Retinoll1%4 and tocopheroll1%! have not been
shown toimprove outcomein randomised trialsbut
superoxide dismutase has shown some promise.
Endogenous pulmonary superoxide dismutase |lev-
els increase with increasing length of gestation in
fetal postmortem specimens.[198 Superoxide dis-
mutasein combination with other antioxidants pro-
bably providesthefirst line of antioxidant defence.
Early clinical trials with subcutaneously adminis-
tered superoxide dismutase from a bovine source
were disappointing.[1%7 More recently, recombi-
nant human superoxide dismutase has been shown
in animal studies to significantly reduce the lung
damage caused by hyperoxia and hyperventilation
when administered intratracheally.[1%8! Pharmaco-
kinetic studiesin human infants have demonstrated
that recombinant human superoxide dismutase can
be safely administered directly into the lungs and
that this results in a significant increase in the
antioxidant activity of the lung lavage fluid.[109.110]
At present there are no studies large enough to
demonstrate significant differencesin clinical out-
comes in infants who have received this therapy,
but these are currently being undertaken in the US.

Seleniumisan essential component of another im-
portant antioxidant, the enzyme glutathione perox-
idase. Preterm babies become selenium depl eted! 11
and low levels of selenium are associated with in-
creased respiratory morbidity.[12 Selenium reple-
tion protects neonatal rat lungs from the effects of
hyperoxia,!113 and preliminary human studies sug-
gest that selenium supplementation to human new-
borns is well tolerated.[' To date, there are no
published randomised controlled trialslargeenough
to show whether or not selenium supplementation
is efficacious in reducing chronic lung disease.

Drug Safety 2000 May; 22 (5)



Risk-Benefit Assessment of Drugs in Neonatal CLD

399

8.3 Alpha-1 Proteinase Inhibitor

A recent approach to preventing chronic lung
disease has been to attempt to reduce the destruc-
tiveeffects of elastase on thelung by administering
alpha-1 proteinase inhibitor (alpha-1 antitrypsin).
Alpha-1 proteinase inhibitor formsacomplex with
neutrophil elastase thereby preventing destruction
of the extracellular matrix. Intravenous alpha-1
proteinaseinhibitor (60 mg/kg bodyweight) or pla-
cebo was infused on 4 occasions during the first 2
weeks of life.[115] There was areduced relativerisk
[RR 0.48; confidenceinterval (Cl) 0.23to 1.00] of
chroniclung disease at 36 weeksin thetreated group
which just failed to reach statistical significance,
but there was a significant reduction in the inci-
dence of pulmonary haemorrhage (RR 0.22; CI
0.05 to 0.98). The treatment was well tolerated by
the infants and further studies are warranted.

8.4 Exogenous Surfactant

It is now well established that exogenous sur-
factant therapy is beneficial for the prevention and
treatment of respiratory distress syndrome and
timely surfactant therapy will probably also pre-
vent chronic lung disease in some cases.[!16l What
is not clear iswhether surfactant therapy would be
beneficial to babies with established chronic lung
disease. Although not primarily deficient in surfac-
tant, babies with chronic lung disease may have
surfactant inactivation due to leakage of serum
proteins into the alveolar spaces. It has been hy-
pothesi sed that surfactant supplementation in these
babies may be beneficia in reducing ventilation
and oxygen reguirements.

Surfactant has been administered to 10 infants
with early chronic lung disease who remained ven-
tilated in more than 40% oxygen. They showed im-
proved oxygenation over the 72 hours following
treatment but long term benefits were not ob-
served.[1171 Surfactant may prove to be auseful ad-
junctivetherapy for babieswith chronic lung disease
but cannot be recommended until it has been sub-
jected to amuch larger randomised controlled trial.
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8.5 Antibacterials (Erythromycin)

An association between mycoplasma colonisa-
tion of the lower airways and the development of
chronic lung disease has led to speculation that or-
ganisms such as Ureaplasma urealyticum may con-
tribute to the prolonged pulmonary inflammatory
response seen in these infants.[16:1181 One study
suggested that if babieswere culture positive they
had more than a 10-fold greater risk of chronic
lung diseasel19 In a randomised, double-blind,
placebo-controlled trial of erythromycin therapy
(15 mg/kg/dose 3 times daily for 1 week) in babies
less than 30 weeks' gestation, the treatment group
was found to have no reduction in pulmonary in-
flammation and no reduction in chronic lung dis-
ease.[120 Only 9 out of 75 babieswere culture pos-
itive in this study but it is interesting to note that
pulmonary inflammation was no greater in this
group. Theauthorsfelt that theoverall contribution
from infection to the development of chronic lung
disease was probably low and that even confining
erythromycin therapy to colonised babies would
probably not make asignificant difference. Others
have shown that ureaplasmainfection isassociated
with a reduction of respiratory distress syndrome
but anincreasein chronic lung diseaseindependent
of gestational age.['8 These authors believed that
treatment of affected infants after birth would be
unlikely to improve outcome and that identifica-
tion and treatment of women with ureaplasma in-
fection before preterm birth was necessary.

8.6 Ambroxol

Ambroxol, ametabolite of bromhexine, may have
beneficial effects on surfactant synthesis and se-
cretion.21l In 1 randomised controlled study of
preterm babieswith respiratory distress syndrome,
ambroxol therapy (30 mg/kg bodyweight daily by
intravenous infusion for 5 days) was shown to im-
proverespiratory outcome at 28 dayswith areduc-
ed incidence of chronic lung disease (29 vs 54%)
and lower oxygen requirements.[*221 The method-
ology of this study has been criticised because 31
of the 179 babies enrolled were not included in the
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fina analysis. The same authors have recently shown
only a very modest improvement in lung compli-
ance over 4 weeksfollowing ambroxol treatment(123l
and this therapy is unlikely to become part of the
routine management of babies at risk of chronic
lung disease.[116]

8.7 Masst Cell Stabilisers

Both systemic (ketotifen) and inhaled (sodium
cromoglycate) mast cell stabilisers have been used
in an attempt to reduce the incidence and severity
of chronic lung disease. A randomised controlled
trial of ketotifen therapy reported fewer symptoms
and reduced need for other medicationsin thetreat-
ment group.[24 However, the value of this study
was limited by the fact that it was not blinded and
no differences in objective outcomes were demon-
strated. A blinded randomised study of aerosolised
sodium cromoglycate failed to show any reduction
in bronchopulmonary dysplasia in the treatment
group.[125] At present, it seemsthere are no indica-
tions for mast cell stabilisersin preterm babies.

8.8 Anfileukotrienes

Leukotrienes are products of arachidonic acid
metabolism and have been shown to beinvolved
in airways inflammation in asthma. Antileuko-
triene drugshave been demonstrated to reduce bron-
choconstriction and improve symptomatology in
asthma.[126] The role of leukotrienes in chronic
lung disease has not been studied. If leukotrienes
are involved in this disease then antileukotriene
drugs may offer new therapeutic opportunities.

9. Conclusions

Chronic lung disease remains a major problem
facing neonatol ogists and paediatricians. Many of
the drugsthat are used to treat chronic lung disease
have not been subjected to proper randomised con-
trolled trials. Although the efficacy of some drugs
is unproven they are almost certainly beneficial in
certain circumstances, and it islikely that they will
continue to be used in the absence of aviable alter-
native. It is therefore essential that there are clear
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therapeutic objectives before prescribing them and
that the potential adverse effects of the drugs are
considered in the context of these objectives. For
example, if itisbelieved that areductioninthetime
spent on mechanical ventilation at high concentra-
tions of inspired oxygen is the key to reducing
chronic lung disease, it might be reasonable to use
powerful drugs such as corticosteroids which have
been proven to facilitate earlier extubation in spite
of the risk of serious adverse effects.

Similarly, it would be reasonableto use drugsthat
improve pulmonary compliance, such as diuretics
and bronchodilators, if these were believed to fa-
cilitate earlier extubation, or reduce the inspired
oxygen concentration from toxic levels to better
tolerated lower levels. It is less clear, however, if
drug treatment is justified in babies with chronic
lung disease who requireonly low to moderate con-
centrations of supplemental oxygen. Low dose oxy-
gen isrelatively well tolerated and although corti-
costeroids, diuretics and bronchodilators will reduce
the requirement for oxygen, thiswill be at the ex-
pense of the numerous adverse effects. A safer alter-
native may be to manage theseinfantswith supple-
mental oxygen at home and reserve drug treatment
for periods of exacerbation or intercurrent illness.

Another important consideration is financial
cost. Many drugs that are commonly used for
chronic lung disease are inexpensive and may be
used tofacilitate earlier dischargeto reducethe cost
of inpatient care. Provision of home oxygen ther-
apy will somewhat circumvent thisargument. With
RSV prophylaxis, the issue of cost has also gener-
ated great debate. Although RSV prophylaxis is
proven to be well tolerated and of therapeutic ben-
efit, the drugs are expensive and also costly in
termsof the commitment required to attend for reg-
ular antibody administration. This expense and in-
convenience needsto be weighed against what isa
fairly modest reduction in the incidence of RSV
requiring hospitalisation.

In the future it is likely that new drugs will be
available that can reduce oxygen toxicity and pre-
vent progression to pulmonary fibrosis. It must be
borne in mind, however, that chronic lung disease
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does not have a single simple pathogenesis and
new specific treatments may not be easy to de-
velop. Recombinant human superoxide dismutase
and alpha-1 proteinase inhibitor appear relatively
well tolerated but their efficacy is not yet proven.
The role of inhaled nitric oxide is also yet to be
defined. Although thereis short termimproved ox-
ygenation with inhaled nitric oxide, some of its
metabolites may potentially increase respiratory
inflammation. With time the benefits and adverse
effects of these newer treatments will become
clearer, but until then they should only be used with
caution within the context of clinical trials. Unfor-
tunately, there remain too many unproven treat-
ments for neonatal chronic lung disease.!127]
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