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Abstract
Objective-To estimate the cost of treating babies

with severe respiratory distress syndrome with
natural porcine surfactant.
Design-Retrospective controlled survey.
Setting-Regional neonatal intensive care unit,

Belfast.
Patients-33 Preterm babies with severe respira-

tory distress syndrome who were enrolled in a
European multicentre trial during 1985-7. 19 Babies
were treated with surfactant and 14 served as
controls.
Interventions-Treatment with natural porcine

surfactant.
Main outcome measure-Cost associated with

surfactant replacement treatment per extra survivor
in the treatment group and cost per quality adjusted
life year for each extra survivor.
Results-Fifteen (79%) of the 19 treated babies

and five (36%) of the 14 control babies survived. On
average, the control babies required 20 days in
hospital compared with 61 days for the treated
babies (or 91 days per extra survivor in the treatment
group). The cost per extra survivor in the treatment
group was £13 720, with the cost per quality adjusted
life year estimated at £710.
Conclusion-These costs compare favourably

with those of established forms of treatment in
adults. Thus surfactant replacement treatment for
severe respiratory distress syndrome is fairly
inexpensive and cost effective.

Introduction
Several randomised controlled trials have shown

that replacement treatment with natural surfactant
is effective in the neonatal respiratory distress syn-
drome.'" Most studies have shown an improvement in
survival rate without an increase in bronchopulmonary
dysplasia'-3 and with a reduction in the incidence of

complications, particularly pulmonary interstitial
emphysema, pneumothorax, and intraventricular
haemorrhage.2A In some neonatal units surfactant
replacement treatment has now become routine for
babies with severe respiratory distress syndrome.

Recently information on the cost of providing
neonatal intensive care has become available,' although
only a few reports refer to centres in the British Isles.`69
Neonatal intensive care is expensive but seems to be
cost effective, at least so far as infants weighing more
than 1000 g are concerned.5 Few studies have looked
specifically at the costs of surfactant replacement
treatment. Maniscalco et al showed a saving of $18 500
because of a reduction in the need for ancillary services
such as radiology and laboratory tests.'0 A saving of
$10000 for each survivor was reported in a Canadian
study."
The reduction in mortality brought about by

surfactant replacement treatment has added to the
number of babies surviving because of advances in
neonatal intensive care. As these babies are usually
very premature and of extremely low birth weight they
spend long periods in hospital before being discharged,
thus increasing demands for nursing and medical care.
When new methods of treatment are introduced it is
important to determine how they will affect budgeting
policies. As part of a multicentre trial3 we studied the
cost of giving natural porcine surfactant to babies who
had severe respiratory distress syndrome.

Patients and methods
The study was performed in the neonatal unit of the

Royal Maternity Hospital, Belfast. This has provision
for seven cots for level I and level II intensive care and
11 cots for special and nursery care. Intensive care and
special care were as defined by the British Paediatric
Association and British Association for Perinatal
Paediatrics.'2 Nursery care was similar to that defined
by Sandhu et al.' and was taken to include special
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observation and care for babies who could be fed
orally. The hospital was one of eight centres in six
European countries that took part in a multicentre trial
of natural porcine surfactant replacement (Curosurf)
from 1985 to 1987. Full details of the trial's design have
been reported.3
When babies of birth weight 700-2000 g with clinical

and radiological evidence of severe respiratory distress
syndrome required mechanical ventilation with more
than 60% oxygen we randomly allocated them, by
opening sealed envelopes, to either the treatment or the
control groups. The babies in the treatment group
were given natural porcine surfactant intratracheally in
a dose of200 mg phospholipid/kg and then two minutes
of manual ventilation. The control babies did not
receive placebo but were manually ventilated for two
minutes. Both groups received identical medical and
nursing care before and after randomisation apart
from the replacement treatment. The response to the
replacement treatment and short term outcome have
been described elsewhere.3
The total cost of neonatal intensive and special care

was calculated in a detailed survey of the staffing,
equipment, and facilities at the hospital during the trial
period, using a modified questionnaire based on that of
Hodges et al.13 Information was obtained on various
different costs, including those of ancillary services
(for example, laboratory tests and radiography),
hospital maintenance and overheads, and replacing
equipment. Costs for laboratory tests were derived
from charges made to private users outside the NHS.
Equipment was costed on an annual equivalent basis at
5%, in line with the rules specified at that time by the
Treasury. 4 The cost of replacing equipment was
converted to an annual charge, equivalent to a rental
charge. The cost ofmaintenance was assessed at 10% of
the cost of replacement per year. Salaries of all medical
and nursing staff working in the unit were calculated.
When budgeting figures were unavailable (for

example, for maintenance costs) figures were derived
by apportionment. For several items only approximate
information could be derived as the NHS does not have
readily accessible detailed information on costs.
To calculate the cost per cot day we gathered data on

the number of babies treated, the length of stay, and
the proportion of the total number of cot days spent at
each level of care. As the neonatal unit combines care at
levels I and II and special care and staff are not
specifically dedicated to each level ofcare the calculation
of the cost per cot day for each level entailed using
weightings derived in a detailed study at Birmingham
Maternity Hospital.6 That study found that the ratio of
costs per bed day for levels I and II and special care was
6:3:1. The breakdown of cot days by level of care at our
hospital for levels I and II and special care was
1 1: 14:2-4 respectively.
The survey at our hospital did not cover resources

devoted to nursery care. In the absence of any data
available locally estimates of costs were derived from
information on the cost of paediatric cots in the west of
Scotland. '1 The costs per cot day estimated by this
method were within the range found for Trent region
with an identical method.'3 Our hospital has costs
above the average for hospitals in Trent, so the cost per
quality adjusted life year in Belfast may be higher than
that elsewhere.
The surfactant used in the multicentre study was

supplied free by the Karolinska Institute, Stockholm.
As future supplies would be made commercially we
included in our calculations the approximate sterling
equivalent cost of commercial surfactants available at
the time of the trial-that is, £500 for each phial, which
is generally equivalent to one dose.
To identify the extra cost associated with additional

surviving babies we calculated how many more babies

survived in the treatment group than in the control
group and took the extra cost as being that above the
cost of the normal treatment provided to the control
group. Using the cost per bed day for each level of care,
we calculated the cost per baby from our hospital
entered into the multicentre trial, the cost per survivor
in the control group, and the cost per extra survivor in
the treatment group.

In addition, using standard methods, we calculated
the cost per quality adjusted life year for each surviving
baby in the treatment group.'6 This calculation was
made assuming that surviving babies would live to the
age of 70 and that the incidence of handicap was equal
in the treated and control babies. We were unable to
compare the incidences of handicap between the two
groups statistically, given the small numbers of babies
in the study. The results of developmental follow up at
1 year of babies from the multicentre trial, however,
indicated that there was no difference in the propor-
tions of handicapped babies in each group'7 (treated
babies 8/51, control babies 4/25).

Results
Thirty three babies were enrolled in the trial from

the Royal Maternity Hospital; 19 were given surfactant
replacement treatment and 14 served as controls. Birth
weight, gestational age, and the proportion of male
babies were similar in each group (table I). The
proportion of babies surviving to discharge from
hospital was significantly greater in the treated group
(79% v 36%; p<001 (X2 test)). The cumulated number
of days spent at each level of care was higher for all
levels in the treated group (table II) even after scaling
down to give figures for 14 babies (the total number of
days of care for 14 treated babies was 857 days, or 577
more days than for the control babies). The average
length of stay per baby was 20 days in the control group
and 61 days in the treatment group; thus a large part of
the cost of achieving a better outcome was due to a
longer stay in hospital.
The number of extra days of care was allocated to the

eight extra surviving babies in the treatment group by
dividing the difference in the average number of days
of care between the treatment and control groups by
the net percentage survival (43%); thus the additional
length of care per extra survivor was 95 days. By using
the relative ratios of the numbers of days spent at the
different levels of care derived from table II and a ratio
of days spent at level I and level II intensive care of
1-1:1-4 these 95 days were broken down into the
numbers of days of care shown in table III. Table III

TABLE I-Characteristics of babies entered into trial

Treatment group Control group
(n= 19) (n= 14)

Mean (SD) birth weight (g) 1240 (310) 1333 (347)
Mean (SD) gestational age

(weeks) 27-9(1-6) 28-9(2-2)
No (%) male 11 (58) 8 (57)
No (%) surviving to discharge 15 (79)** 5 (36)
Survivors:
Mean (SD) birth weight (g) 1287 (337)* 1625 (261)
Mean (SD) gestational age

(weeks) 28-1(1-7)* 30-0(2-5)

Significance of difference between groups: *p<0.05, **p<0.01.

TABLE iI-Cumulated number of days spent by babies at each level
ofcare

Treatment group Control group
(n= 19) (n= 14)

Intensive care 305 79
Special care 585 161
Nursery care 273 40

Total 1163 280
Total/baby 61 20
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TABLE iII-Cost of treatment at each level of care for each extra
survivor in treatment group

No of days of care Cost/day (£) Total cost (f)

Level I intensivc care 10 464 4 640
Level II intensive care 15 232 3 480
Special care 48 77 3 696
Nurserv carc 22 34 748

Subtotal 95 12 564
Cost of surfactant 1 156
Total 13 720

TABLE IV-Cost of surfactant replacement treatment per quality
adjusted life year for each extra survivor in treatment group compared
with costs ofother treatments

Cost/quality adjusted
Treatment life year (£)

Surfactant replacement 710
Renal transplantation" 1400
Single vessel coronary artery bypass grafting2" 6000
Haemodialvsis in hospital" 9000

also shows the daily cost for each level of care
calculated from information on unit costs. The product
of the number of days at each level of care and the cost
for that level gave a cost per extra surviving baby given
treatment of £12 564. To this had to be added the cost
of surfactant, which was £1156 per extra survivor.
Therefore the total cost of achieving one extra survivor
by giving surfactant replacement treatment was
£13 720. Similarly, the cost per surviving control baby
was £8492. In planning the more widespread use of
surfactant it is useful to know the cost per baby entered,
into the programme; this was £5888. The cost per
quality adjusted life year per additional surviving baby
given treatment was roughly £710.

Discussion
There is no doubt that surfactant replacement

treatment is successful, increasing neonatal survival
and reducing complications.'` As surfactant becomes
more widely available doctors will need to know
whether this increased survival of very immature
babies will appreciably increase the cost of intensive
care. In this study we found that the average cost per
extra survivor in the treatment group was about
£13 700. This is broadly similar to the cost of treating a
very low birthweight baby who survives (£5000-10 000
in Birmingham,6 £3000-15 000 in Liverpool,7 £8000-
10000 in Leeds,8 and £12 000-15 000 in Dublin).9 We
did not differentiate between categories of birth weight
in our cost analysis; the cost of intensive care is
inversely proportional to birth weight,'8 and we would
not expect this to be any different for our babies.
The overall care of babies who survived cost more

for those in the treatment group than for the controls,
but the babies in the treatment group were more
immature and lighter (table I). They would therefore
have been expected to stay in hospital for longer.
Similarly, the control babies who survived may have
had less severe disease and required a shorter duration
of care.
The cost per additional quality adjusted life year

gained by the use of surfactant was roughly £710. This
compares favourably with the cost per quality adjusted
life year of some forms of treatment for adults in the
United Kingdom (table IV). Many of these treatments
have not been subjected to randomised clinical trials. It
is difficult, however, to compare one estimate with
another because the figures may have been derived by
different methods.
We encountered several methodological difficulties

in deriving our information on costs. Our data were
derived from a small study of babies in one unit and
may not apply to a larger group or to other units. It

would have been preferable to perform a complete
cost analysis of the European multicentre study, but
this was not practical: each of the six countries that
participated has a different system of health care and a
different currency from those of the others. As a check
on the sensitivity of the results for the cost per quality
adjusted life year in our study, however, we did the
same calculation using the slightly lower survival rates
for preterm babies in all units taking part in the
European multicentre study. On this assumption the
cost per quality adjusted life year was found to be
£870.
We could not obtain exact information on costs for

each baby individually as this is not yet generally
available within the NHS. Similarly, some costs-for
example, those for heat, light, and power-were not
directly available and had to be derived by apportion-
ment from the overall hospital charges. It may not be
necessary for these costs to be accurate as they did not
account for large percentages of the total annual cost
of care.
Our calculations gave an estimate of the average total

cost of neonatal care. This included a charge for the
extra capacity, which was appropriate as demand for
neonatal intensive care will grow if surfactant is
routinely used. The main conceptual objection to the
calculations is that average rather than marginal cost
was derived. This is not of great concern: there is little
reason to expect appreciable differences between
average and marginal costs as staffing is the largest
component and extra cots bring extra staff almost pro
rata. Analysis of the data reported by Hodges et al'
shows few economies of scale, so that long term average
cost may be used as a proxy for long term marginal
cost.
The only other available studies on the cost of

surfactant treatment suggested that money can be
saved,''" mainly by a reduction in the need for
ancillary services.'" Most of the cost of providing
neonatal care is made up of the salaries of medical and
nursing staff.'8 In our study this amounted to three
quarters of the annual budget of just under £1 4m.
Possibly savings on ancillary services might make a
major impact on the total cost, given that a prolonged
stay in hospital could lead to their increased use.
We conclude that the cost of producing one extra

survivor by treating severe respiratory distress
syndrome with porcine surfactant is about £13700.
This cost should be weighed against the benefits of the
baby's surviving with a low probability of neurological
abnormality and the potential for a healthy, productive
life span of up to 70 years. Viewed in this light,
surfactant treatment is fairly inexpensive and cost
effective and should not be withheld from severely ill
babies for reasons purely of cost.
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Abstract
Objective-To determine the value of screening

for bacteriuria in infants with special emphasis
on the natural course of untreated asymptomatic
bacteriuria, renal growth, and renal damage.
Design-Prospective six year follow up of infants

with bacteriuria on screening in an unselected infant
population.

Setting-Paediatric outpatient clinic.
Patients-50 Infants (14 girls, 36 boys) with

bacteriuria on screening verified by suprapubic
aspiration from an unselected population of 3581
infants in a defined area of Gothenburg.

Interventions-Children with asymptomatic
bacteriuria and normal findings on initial urography
were untreated, although other infections were
treated.
Main outcome measures-Culture of urine and

determination of C reactive protein concentration
every six weeks for the first six months after diag-
nosis, every three months from six months to two
years, and every six months between two and three
years; thereafter yearly urine culture. Evaluation of
renal concentrating capacity with a desmopressin
test; radiological examination, including first and
follow up urography and micturition cystourethro-
graphy without antibiotic cover; and measurement
of renal parenchymal thickness and renal surface
area.
Results-Of the original 50 infants, 37 (12 girls, 25

boys) were followed up for at least six years. Two
infants developed pyelonephritis within two weeks
after bacteriuria was diagnosed; the others remained
free of symptoms. 45 Infants were untreated; the
bacteriuria cleared spontaneously in 36 and in
response to antibiotics given for infections in the
respiratory tract in eight. Recurrences of bacteriuria
were observed in 10 of the 50 children, of whom one
had pyelonephritis. No child had more than one
recurrence. At follow up urography in 36 of the 50
children (9 girls, 27 boys) after a median of32 months
no child had developed renal damage. First samples
tested for renal concentrating capacity showed
significantly higher values than those from a refer-
ence population (mean SD score 0*50, 95% confi-
dence interval 0-21 to 0 79; p<0 001), but the last
samples showed no significant difference (mean SD
score 0-08, -0-24 to 0 40; p>0 05).
Conclusions-Mass screening for bacteriuria in

infancy results primarily in detection of innocent
bacteriuric episodes and is not recommended.

Introduction
Several investigations have indicated that pyelo-

nephritic renal scarring commonly occurs early in

life.'4 When studying bacteriuria in neonates and
infants suprapubic aspiration or urethral catheterisa-
tion is required to verify bacteriuria.'6 Very few
screening studies of neonates and infants have
been reported in which such verification has been
performed,6`8 and no long term follow up study exists.
A prospective study of infants was therefore conducted
to clarify whether screening for bacteriuria might
identify individual children at risk of developing renal
damage. This paper describes the results of long term
follow up of 50 infants with bacteriuria on screening
verified by suprapubic aspiration.

Subjects and methods
STUDY POPULATION, SCREENING TECHNIQUES, AND
YIELD OF SCREENING

Bacteriuria was studied in an unselected population
of 3581 infants (1899 girls, 1682 boys) in a defined area
of Gothenburg. Screening was performed three times
during the infants' first year of life at the ages of 0 25 -
1-9 months, 2-0-7-9 months, and 8-0-11-9 months.
The primary screeningwas performed by bag sampling.
In infants with >50 000 bacteria/ml in two successive
bag samples suprapubic aspiration was performed.

Ninety four per cent of the total population partici-
pated in the screening. Altogether, 14 girls and 36 boys
had bacteriuria on screening confirmed by suprapubic
aspiration, the incidence being 0 9% for girls and 2-5%
for boys. The incidence at the three screening occasions
was 0-2%, 0-2%, and 0-5% respectively for girls and
1-6%, 0-8%, and 0-2% for boys.9
The percentage of infants in the study population

contracting symptomatic urinary tract infection before
1 year of age was 1-1% for girls and 1-2% for boys.
These infants had their infection diagnosed and treated
outside the screening programme.9

INITIAL RADIOLOGICAL INVESTIGATION

Radiological examination was performed after a
median time lapse of 23 days from diagnosis (range
four to 47 days). Urography was performed in 49 of the
50 infants and voiding cystourethrography without
antibacterial prophylaxis in 46. Renal abnormalities
were found in two girls and one boy. One of the girls
had obstruction of the pelviureteral junction with
hydronephrosis and general parenchymal thinning and
the other had a duplicated collecting system. The
boy had an ectopic kidney with contralateral renal
malrotation. Vesicoureteral reflux of grade one or two
on a scale of 0-5'° was seen in one girl and four boys. In
addition, one boy had a urethral valve with minimal
urethral obstruction that did not require surgical
intervention.
The incidence of renal abnormalities was 14% (95%

confidence interval 2 to 43%) in girls and 3% (0 to 15%)
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