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Summary An analysis of the economic data from a l11ulticClltrc, randomised, placebo
controlled clinical trial of colfosccri l palmitate in infants with neonatal respiratory 
distress syndrome (NRDS) and birthweights of I 250g or more is presented. 

Two 5 ml/kg (67.5 mglkg) doses of a synthetic surfactant (co!fosceri! palmi
tate) or air placebo were administered to 1237 infants who were receiving me
chanical ventilation and had an arterial/alveolar oxygen tension ratio of less than 
0.22. In addition to the clinical end-points for safety and efficacy. data were 
collected on length of hospital stay. days in the neonatal intensive care unit, days 
on mechanical ventilation. days on oxygen. and hospital charges until the child 
reached I-year adjusted age. One-year adjusted age is attained when the time 
elapsed since binh is equal to 365 days plus the number of days of prematurity. 

Rescue treatment with synthetic surfactant therapy has been shown to reduce 
the incidence of complications ofN RDS. Growth and development of infants who 
received colfosceril palmitate therapy in the study and survived to I·year adjusted 
age were equivalent to those of the survivors in the air placebo group. For the 
cohon of treated infants, colfosceril palmitate reduced the avemge length of stay 
at 2 levels of care needed during both the initial hospitalisation (it reduction of 8 
days overall and 5 days in intensive care) and all first year hospitalisations (a 
reduction of 9 days overall and 5 days in intensive care). Total hospital charges 
for the initial hospitalisation and through I-year adjusted age for a hypothetical 
cohort of 100 infants treated with colfosceril palmitate were less than those for a 
comparable cohon in the air placebo group. 

The results wou ld, therefore, suggest that rescue therapy with colfosceril pal
mitate in infants with NRDS and binhweighlsover [250g can result in substantial 
reductions in hospital resource utilisation and charges in addition to the clinical 
benefits associated with its use. 



Resource Use with Synthetic Surfactant 

A synthetic surfactant has been st udied in con
trolled clinical trials involvi ng more than 12000 
infants.11 -41 These studies have demonstrated that 
synthet ic surfactant improves both survival and 
morbidity when administered to premature infants 
either as rescue or prophylactic treatment for respi
ratory distress syndrome. While the clin ical out
comes are well documented, the economic conse
quences have not. as yet. been thoroughly assessed 
and reponed. 

Health policy-makers. regulatory authorities, 
reimbursement agencies. and clinicians arc in
creasingly requiring information about the eco
nomic value o f innovative health technologies be
fore sancti on ing their widespread fu nding or use. 
For example. in the state of Oregon a policy was 
recently introduced whereby Medicaid will fund 
only those healthcare interventions which achieve 
economic benefits surpassing a prespecified cut
off level. Below this level services will not be re
imbursed. ISI In Canada. the Ontario provincial 
governmen t has prepared draft legislation and 
guidel ines stating that the degree of economic value 
of a new drug will be used to detennine ils price and 
reimbursement slatus.l6l The Federal government 
is considering adopting this ini ti ative throughout 
Canada.PI Sim ilar policies have already been im
plemented by the Pharmaceutical Benefits Pricing 
Commission in Australi a.l81 

Economists have developed analytical tech
niques for assessing the 'value for money' of med
ical tech nologies and practices. Known co llec
tively as 'economic evaluation'. these techniques 
bring together the empirical ev idence about the 
effectiveness of a technology and its effects on 
healthcare costs.l9] Such data are imponant inputs 
into decision-makers' assessments of the relative 
value of heallhcare programmes competing for a 
share of limi ted healthcare budgets. There is now 
substantial literature on economic evaluation in 
healthcare.r 101 

Several stud ies have been conducted to evaluate 
the economic benefits of neonatal healthcare.ll1.131 
Irrespecti ve of the country in which the st udies 
were conducted. each has generally concluded that 
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the significant funding requi red for intensive care 
of premature infants is a relatively good use of 
healthcare resources. Nevenheless, provision of 
neonata l intensive care is expensivel141 and the 
economic effects of new products designed for use 
in the neonatal intensive care unit will continue to 
be subject to close scrutiny. 

The introduction of surfactant replacement ther
apy into routi ne clinical practice in neonatal care 
raises a number of important economic questions. 
including: what will be the effects on cost of care 
in the neonalal intensive care unit (NICU) for sur
vivors. non survivors and all treated infants; and, if 
it increases the cost of care for all treated infants, 
what is the incremental cost per year of life saved? 

A recent retrospective study I tSI has demon
strated overall cost savings in several US hospitals 
since the introduction of surfactant therapy for 
treatment of neonatal respiratory distress syn
drome (NRDS) in premature infants. While there 
are several prospective studies that attempt to ad
dress these issues, these studies have been based 
on data from a small number of patientsl16.2t I and 
thus have not produced definitive experimental 
data about the economic value of this in novative 
therapy. 

The purpose of this paper is to present the results 
of the analysis of the economic data that were col
lected prospectively as secondary end-points in a 
large double-blind, randomised placebo-controlled 
tri a l of rescue (i.e. initiated only after the infant 
has developed symptoms of NRDS) synthetic sur
factant replacement therapy. These data are used in 
conjunction with evidence of cli nical effectiveness 
to assess the economic effect of synthetic surfac
tant therapy from the perspective of a third-pany 
payer that reimburses hospital charges and from 
the perspective of the hospital in terms of resource 
usc. 

Methods 

Economic evaluation of innovative therapies re
quires assessments of and/or assumptions about 
clinical effectiveness, medical resource utilisation, 
and the associated costs.l 91 All data used in this 
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study were collected prospectively in a multicentre. 
randornised, double-blind. placebo-controlled tri al 
in the US and Canada comparing 2 rescue doses of 
either synthetic surfactant (calfosceril palmitate) 
or air placebo in infants with NRDS and birth
weights of [250g or more. 

A total of 1237 infants w ho were receiving me
chanical ventilation, had a ratio of arterial 10 alve
olar oxygen tension below 0.22. and were less than 
24 hours old, were randomised to receive colfos
ceril palmitate (n = 614) or air placebo (n = 623). 
Infants assigned to the calfosceril palmitate group 
received the initial dose (5ml (67.5mg) per kilo
gram of body weight I within 24 hours of birth. and 
the second dose 12 hours later. Infants were strati
fied at birth by birthweight and gender. The eco
nomic outcomes. like the clinical outcomes, were 
evaluated fora period of I year following entry into 
the clinical trial. 

Clinical Effectiveness 

The trial design and clinical findings of the trial 
have previously been reported in detail. 12l Signifi
cant improvements in measures of efficacy- and 
safety-related outcomes were observed in the sur
factant-treated infants. Mortali ty was reduced by 
colfosceril palmitate therapy versus placebo in the 
neonatal period. 4 vs 7%, and at I year adjusted 
age. 7 vs 9%. The reduction in mortality was pri
marily attributab le to a reduction in death from 
NRDS. Reported improvements in perinatal mor
bidity with colfosceril palmitate versus placebo 
therapy included a lower incidence of broncho
pulmonary dysplasia (3 vs 5%: p :0 0.021). a re
duction in the frequency of intraventricu lar haem
orrhage (18 vs 23%; p = 0.036), patent ductus 
arteriosus (45 vs 54%; p:o 0.004), pu lmonary hy
pertension (2 vs 6%; p < 0.001), and a reduction in 
pulmonary air leaks ( 18 vs 30%; P < 0.001). 

Res ults from a follow-up study to determine 
whether improvements in perinatal morbidity are 
associated with changes in long term developmen
tal outcomes were reported separatel y.1 221 At I year 
of age, developmental outcomes in the infants 
randomised to receive colfosceril palmitate were 
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equivalent to those in the air placebo group. Fur
thermore, chronic lung disease was less common 
in the col fosceril palmitate recipients. Significantly 
fewer children in the surfactant treated group were 
receiving medication for chronic lung disease or 
respiratory support at I year of age. 

The fi ndi ngs on clinical effecti veness were used 
in the analysis of the economic outcomes as fol
lows. Differential survival rates at I year of age 
were computed and used in conjunction with life 
tables to caleulate the addit ional years of life saved 
due to colfosceril palmitate treatment. 1231 Life ta
bles list the probabilities of being alive at each age. 
The proportion of females in the trial was approx
imately 36%. Discounted additional years of li fe 
saved were calculated from the li fe tables using a 
d iscount rate of 5%, a rate commonly used in cost
effectiveness studies. 124J Discounting of the bene
fits (i .e. life-years gained) accounts for the greater 
value generally assigned to immed iate gains com
pared with those further in the future. Based o n the 
I-year morbidity data summarised above, we as
sumed that colfosceril palmitate use did not in
crease long term medical care resource use and 
costs associated with residual physical and mental 
impairment in the treated cohort compared with 
controls. 

Medical Care Resource Utilisation 

Data were collected prospectively on key items 
of medical care resource utilisation for the treat
ment o f the 2 groups of infants. Previous economic 
studies in neonatal care have highlighted the 
resource utilisation parameters which are the main 
determinants of cost.112,251 These studies provided 
the basis for selecting the medical resource use 
variables to evaluate. Data were collected by a 
study coordinator and neonatologist for the follow
ing variables: days on intennittent mandatory ven
til ation: days o n supplementary oxygen: days in 
NICU prior to first discharge: days in hospital prior 
to first discharge: days in NICU to I year of age, 
'i ncluding readmission days: and days in hospital to 
1 year of age, including readmission days. Discharge 
from the NICU and from the hospital depended o n 
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fac tors s uch as weight, adjusted age and health sta
tus, and was decided by each investigator. 

Conventional methods were used to calcul ate 
the summary statistics (mean, standard error, me
dian) for all variables for infants with complete 
I-year foll ow-up. and subdi vided by survivors at I 
year and nonsurvivors. 95% confidence intervals 
(CIs) were calcu lated for differences in the mean 
resource use, assuming a standard normal distribu
tion to define plausible ranges for the resource use 
variables. 

Hospital Charges 

Economic evaluation requires a monetary val ue 
to be pl aced on the medical care resource used in 
the provision o f the treatmenls being compared. 
For this reason, data on total charges were col
lected for eaeh infa nt during the trial. The total s 
included charges for room. laboratory and physi
cian services. and for medicat ions administered. 
Investigators were instructed to ass ign to the room 
charges category all other categories of charges not 
collected sepamtely. Total charges were counted as 
missing if all categories of charges were not avai l
able. Charge data were collected in the US onl y 
Inumber of infants was 759 (387 in the colfos
ceril palmitate group, 372 in the placebo group)J. 
Charge data were obtained fro m patient bill s. and 
are ex pressed in terms of SUS for the time period 
of the trial. 1987 to 1990. The dalabase was not 
finali sed unti l approx imately 18 months after the 
end of the trial to allow for more complete capture 
of the charge data. 

Convention al methods were used to calculate 
the summary statistics (mean , standard error. me
di an) for the charges for the inilial hospitalisation 
and fi rst year for infants with complete I-year fol
low-up. and subdi vi ded by survivors and non
survivors. 95% Cis were calculated f or differences 
in the mean charges based on a standard normal 
statistic to define plausible ranges for the charge 
data. Results from the analysis of charges were also 
used in conjunction with the findings on cl in ical 
effectiveness to assess ratios of incremental charges 
to e ffec ti veness of the surfactant. 

Ratio of Incremental Charges 
to Effectiveness 
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While the key purpose of thi s analysi s was 10 
report the ou tcomes of the economic variables ob
served in the trial. it i s also possible 10 use the 
results to assess the ratio of incremental charges to 
effecti veness of col fosceril palmitate treatment. 
Thi s analysis involves weighing the survival ben
efit s of therapy against the charges associated 
with ach iev ing them. The effecti veness and total 
charges data were. therefore. combined in 2 ways. 
First. total churges for a cohort of 100 in fants were 
div ided by the number of survivors in that cohort 
to calculate a 'charge per survivor ' for each group. 
This calculation is in keeping with the reporting of 
resul ts from other studies in neonatal care. lt6l Sec
ondly, and more appropriately for decision-mak
ing, incremental analysis was perfonned. whereby 
the differences in charges were compared wi th the 
differe nces in survival outcomes, measured in 
te rms of both additional number of surviVors and 
number of life-years gained (additional number of 
survivors multipl ied by li fe expectancy per survi
vor). Results reported in thi s way permit compari
sons to be made wi th fi ndings from other heal th
care evaluations. 

Sensitivity Analysis 

It is standard practice in economic evaluat ions 
to exami ne the extent to which the resul ts are sen
sitive 10 changes in the values of key parameters 
andlor assumptions made. 191 Because of signifi
cant loss to follow-up for both resource usc (N ICU 
days and hospital days) and charge data at I year. 
the Kaplan -Meier product-limi t method was used 
in a sensitivi ty a nalysis to calculate the summary 
statistics, thus adj usting for miss ing data for in
fants who were lost to follow- up after the fi rst hos
pital di scharge. 1261 ln contrast t o the main analysis, 
Kaplan-Meier estimations include data from in
fants lost to follow-up, up until the point at which 
patient records were discontinued. In addition, the 
charges dala collected in the trial were converted 
to cost estimates using the total cost to charge ratio 
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Table I. Mortal ity at I-year fol low-up 

Parameter Air mean (SE) Surfactant mean 

Male patients (%) 63 " Pali€f1ls randomise<! to 623 '" 
treatment 

Death by 1 year (%) 9(1.2) 7 (1.1) 

Deaths due to NRDS (%) 33 " Abbreviations: NRDS _ neonatal respiratory distress syndrome: 
SE - standard error 01 the mean. 

for each study hospital (where available) to deter
mine whether the conclusions from the main anal 
ysis changed when costs were used instead of 
charges. The ratios were available for 19 of 23 US 
trial study si tes. M iss ing cost to charge ratios were 
imputed usi ng the med ian known rates for that type 
of hospital (chi ldren's hospitaL state university 
hospital, and private university hospilal). Cost to 
charge ratios for nonsludy-site hospital s where in
fant s received care during the first year were as
sumed to be the same as those for the study site 
where the infant was enrolled and treated with col
fosceril palmitate. 

Results 

Clinical Effectiveness 

Results from the survival analysis are presented 
in table I. The survival rate at I year of age was higher 

Table II. Hospital resoorce use during the initial hospitalisation only 

Back/rouse cI al. 

for the colfosceril palmitate recipients than for 
the air placebo group (0.93 vs 0.91, respectively). 
Thus. it is est imated that 2 additional lives would 
be saved for every 100 infants treated with col
fosceril palmitate. Based on the 95% Ci on the dif
ferences between the surv ival rates (- 0.01, 0.05), 
the plausibl e range of outcomes is between - I and 
5 additional survivors per [00 infants treated. 

Using the prov isional US life table for 1992, the 
actuarial life expectancy fo r infants aged I year, 
weighted by the ratio of fema les to males in the 
study, is 74 years. Thi s life expectancy was dis
counted at 5% to give 19.0 discounted life-years: 

90 

L (t.ost ' x the probability of being alive at time i 
i~ 1 

Mult iplying the number of survivors in a hypothet
ical cohort of 100 infants by the undiscounted and 
discounted life expectancy gives a gain of 148 un
discounted and 38 discounted life-years attribut
able to the use of colfosceril palmitate treatment 
[with 95 % CIs of (370. -74) undiscounted and (9S, 
- 19), discounted]. 

Medical Care Resource Utilisation 

No resource use data were availab le for approx
imately 6% of the infants in the trial. Data capture 
over the I-year follow-up period was incomplete 
for 11 % of infants for whom some resource use 
data were available. 

Parameter Air Surfactant Ditlerence 95% CI 

mean (SE) " mean (SE) " 
(surfactant - air) 

A ll infants· 

Total days in hospital 45.4 (2.28) '" 37.2(1 .33) '" -02 (-13.4. -3.03) 

Days in intef1sive care 18.6(1.41) '" 13.8 (0 .89) '" -48 (-8. 1,-1.5) 

One-year s urvivors 

Total days in hospital 46.1 (2.26) '" 37.S (1.19) '" -0.' (-\3.S. -3.4) 

Days in intensive care 17.S (1.36) '" 12.8 (O.SI) '" -48 (-7.8, -1.8) 

One-year nonsurvivors 

Total days in hospilal 39.8 (9.97) 57 31.S(10.15) 38 -0.2 (-36.7.20.3) 

Days in intensive care 26.4 (S.59) 58 25.4 (8.79) " - 1.0 (-23.0.21.0) 
, Exclliding intants '<lst to tollow-up. 

Abbreviations: Cf ~ confidence inlerval; n" number of inlants; SE " standard error 01 the mean. 
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Table Itt . Hospitat resource use dunng lirst year 01 lile 

Parameter Air Surfactant DiHerence 95%CI 

mean (SE) 0 mean (SE) " 
(surfactant - air) 

All infants" 
Total days in hospital 49.5 (2.43) 52' 40.7 (1.48) 50' -<1.8 (- 14.4,-3.2) 

Days in intensive care 18.9(1.43) 52' 14.0 (0.91) 50' -" (-8.2,-1.6) 

Days ()(I mechanical ventilator 11.8 (1.24) 533 7.6 (0.74) 522 -4.2 (-9.4,1.0) 

Days ()(I oxygen' 35.9 (3.25) "" 21.9 (2.OS) 522 - 14.0 (-21 .5, -6.5) 

One-year survivors 
TOlal days in hosptal SO.5 (2.42) "7 4t.4 (1 .38) '" -9.' (-14.7. --3.5) 

Days in intensive care 18.0 (1 .36) '" t2 .9 (0.61) '" - 5.t (--8.1.-2.1) 

Days on mechanical vent ilator 10.1 (1.12) '" 62 (0.30) '" -39 (--8.2. - 1.6) 

Days on oxygen 35.3 (3.38) '" 21.0 (2.07) 478 -14.3 (-22.2. --8.4) 

One-ye~1r nonsurvivors 
Total days in hospital 41.4 (10.21) " 32.0(10.16) 38 -9.4 (--38.2.19.4) 

Days in intensive care 26.4 (6.59) 58 27.6 (9.01) 40 +1.2 (-21.1, 23.5) 

Days ()(I mechanical ventilator 26.0 (6.44) " 23.3 (7 .81) " -2.7 (-22.9, 17.5) 

Days on oxygen 40.7 (11 .26) 59 31.8 (9.27) " -<1.9 (-38.1,2Q.3) , Exduding infants lost to follow-up. 

Abbreviations: CI = confideflC(! interval: n = number of infants: SE = standard error of the mean. 

Tables II and III show the mean levels of med
ical care resource utilisation observed in the trial 
for each treatment group as well as the 95% CI for 
the ini tial hospitalisat ion and first year of life, re
spectively. During the initial hospitalisation, the 
use of colfosceril palmitate for all infants with 
complete I-year data saved an average of 8.2 days 
of hospitalisation overall and 4.8 days of intensive 
care treatment for each infant. During the first year 
these savings were maintained, 8.8 days overall 
and 4.9 days in intensive care. In addition, there 
were 4.2 fewer days on mechanical ventilation and 
14 fewer days on oxygen. These differences were 
all statistically significant except for the difference 
in days on mechanical ventilation. The resource 
utilisation differences for the first year are also il
lustrated in figure L 

The results fo r the surv ivors 10 I year and non
survivors analysed separately, for both the initial 
hospitalisati on and the firs t year. arc also worthy 
of comment. The data for the I-year survivors show 
large, statisticall y sign ificant, reductions in each 
component of resource use for the colfosceril pal
mitate group compared with the placebo group. How
ever, the treatment differences for the nonsurvivors 

were statis ti cally nonsign ificant. The results for 
the nonsufvivors shou ld be considered with cau
tion because of the small number of deaths in each 
treatment group. The resource use data were sub
divided by country, US and Canada, and reanalysed. 
There were no differences in the results between 
the 2 countries. 

Hospital Charges 

Use of colfosceril palmitate resulted in overall 
savings in mean hospital charges. The mean charges 
for each treatment group as well as the 95% Cis 
arc shown in table IV. Total charges in the col fos
ceri! palmitate group for the initi al hospitalisation 
were $US46 807 compared wi th $US59478 for 
the ai r placebo group. a saving of SUS 12671 per 
treated infant. The difference in IOtal charges per 
treated infant is the same at the end of the first year, 
$USI2 891. These results are consistent with the 
significant reductions in the levels of medical care 
resources reported in tables II and Ill. Figure 2 
presents the charge differences between the treat
ment groups broken down by charge category, room 
charges. laboratory charges, medication charges 
(excluding the cost of the colfosceril palmitate), 
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• Totallenglh of slay 

• Days in intensive care 

Days on ml!(:han;cal ventilatOf 

• Days on oxygen 
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Differences (days) 

Fig. 1. Mean differences in I-year resource use (col/oseeril palmitate recipients minus air recipients) across all infants enrolled in the 
cliniCal trial. The bars indicate 95% confidence intervals. 

physician charges, and total charges (including the 
cost of the colfosceril palmitate). Although reduc
tions in charges are apparent for all categories, the 
largest effcct is through reduced room charges. 

Ratio of Incremental Charges 
to Effectiveness 

The ratio of incremental charges to effect ive
ness may be assessed by comparing charge per sur
vivor for the 2 patient groups, or by computing the 
ratio of the incremental charges with the incremen
tal benefits, measured in lives saved and life-years 
gained for the 2 patient groups . These computa
tions arc presented in table V. The charge per sur
vivor is $US53 526 for the col fosceril palmitate 
treatment grou p and $US68 868 for the air placebo 
group. Since the mean incremental charges for treat
ment are negative, it is not appropriate to calculate 
the incremental charge per year of life saved . 

Sensitivity Analysis 

Table VI presents the results of the product-limit 
analysis of the I-year resource use (USA and Canada) 
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and charge (USA only) data, using data from in
fants with both complete and incomplete fo llow
up. The results show that although the numerical 
estimates differ from the estimates using only in
fants with complete follow-up, the direction and 
magnitude of the effects are similar. Table VI also 
presents the cost esti mates for the USA infants with 
complete follow-up. The differences in costs are 
simi lar in magnitude to the differences in charges. 

Discussion 

The results presented in th is paper show that 
treatment of NRDS with colfosceril palmitate in 
infants with birth weights of at least I 250g results 
in reduced charges compared with the placebo 
group in addition to the health benefits. There are 
3 likely reasons fo r these results. 

First, for premature infants larger than 1250g. 
NRDS is likely to prolong their stay in the hospital. 
For smaller infants. size and gestational age are the 
major factors in determining when they can be dis
charged. In smaller in fants. even untreated NRDS 
generally resolves itself before the infant is ready 
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Table IV. Charges (in 1987-1990 SUS) for initial hospital isation and those incurred duling the l irst year oll ile (US infants only) 

Parameter ., Surfactant Difference 95%CI 

mean (SEl " mean (SE) " 
(surfactanl - air) 

All infanlS' 
Initial hospitalisalion 59478 (5748) 239 46807 (3878) '" -12671 (- 26 261. 919) 

First year 62 670 (5922) 239 49799 (4050) '" -12891 (-26953.117\) 

One-year survivors 
Inilial hospitalisation 61330(6186) '" 43629 (1927) , .. - 17701 (-30 659. --4742) 

First year 64 694 (6377) '" 46761 (2343) , .. -17933 (-31 522. --4345) 

One-year non survivors 
Initial hospitalisation 45529 (15 324) 28 74831 (34 197) 22 +29302 (--45645. 104247) 

Firsl year 47 42{1 (15 645) 28 76392 (34 154) 22 +28972 (--46 162. 104 1(6) , Exduding infants lost to follow·up. 

Abbreviations: CI '" confidence interval: n '" number 01 infants: SE '" standard error of the mean. 

10 leave the hospital and. t hus, does not i n itsel f 
prolong hospitali sation unless complications oc
cur. On the other hand. for larger premature infa nts. 
successful treatment of NRDS could lead to a re

duction in hospitali sation since larger infants may 
have shorter hospital stays. 

bronchopulmonary dysplasia were reduced in in
fants receiv ing synthetic surfactant,12! as was use 
of med ications in t he N ICU. Thus. a lower imen
sity of daily care in the hospital was observed. 

Secondly, compl ications associated wi th pre
maturity such as intraventricu lar haemorrhage and 

• 

·30000 -20000 -10000 

Thi rdly, treatment of NRDS with synthetic sur
factam in larger premature infants has onl y a small 
absolute effect on survival large ly because survival 
is excellent without surfactant. In smaller prcma-

Room charges 

laboratory charges 

Medication charges-

Physician charges 

Total charges'-

o 00000 

Differences in charges 

Fig. 2. Mean differences in I-year charges (cotfosceril palmitate recipients minus air placebo re<:ipients) tor all US infants enrolled 
in the clinical trial. The bars indicate 95% confidence intervals. Symbols: • denotes not including colfosceril palmitate; -- denotes 
including colfoseeril palmitate . Charges are in 1987· 1990 SUS for infantS treated in the US only. 
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Table V. Ecooomic value analysis . Charges are in 1987·1990 $US 

Parameter Oifferer.ce 95% CI 
(surlactanl - air) 

Charges per infant -12891 (-26953, 1171) 
A(ldilionall'year survival 0.'" (--{I.01,0,05) 

probabil ity 

Life-years gained '" (3.70, --{I.74} 
(ulldiscounled) per infant 

Lile-years gained (5% 0.38 (0.95, --(I.19) 
discount) per infant 

Charges per survivor" -15342 

a Total cllarges for a cohort of 100 infants divided by the 
expocted number of 5urviVO(s at 1 year. 

Abbreviaticms: Cl '" confidence interval. 

lure infants, the absolute effect of synthetic surfac
tant on survival is much greater. Since premature 
infants who survive the first year generally incur 
large charges that year, while those who die do 
nOIPO] there are only limited increases in the 
charges of treating increased survi vors 10 offset the 
reduction in charges for the infants who would 
have survived without surfactant treatment. 

Resource usc data arc presented for both the ini
tial hospitalisation as well as the first year of hos
pital usc on ly for those in fants that had complete 
I-year resource use data. In general. resource usc 
data were more complete for the initial hospitalisa
tion than for the full first year. In particular. 6% of 
infants had no resource use data and I I % had in
complete follow-up for the resource use data after 
the 28-day evaluation. Other studies on the eco
nomic value of surfactant therapy have presented 
only data for the initial hospitalisation.1 161 The re
sults indicate that the reductions in resource use 
continue after the fi rst hospital stay. 

Data were not co llected for outpatient care dur
ing the trial period. At I year of life, differences 
observed between the treatment and placebo groups 
in the use of medications for chronic lung disease 
indicate that there may also be reductions in outpa
tient care during the first year fo r infants with 
NRDS treated with synthetic surfactant. 

The fi nancial data collected during the tri al from 
the US sites were hospital charges data (t he 
amounts that appear on the patient bil l). These data 
are re levant for thi rd-party payers who reimburse 
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the hospital on the basis of charges and fo r the hos
pital in terms of revenue estimation for charged
based patients. Charges are generally higher than 
costs. because the hospital attempt s to generate 
funds fo r new programmes and equipment and 
buildi ng replacement. as well as to cover bad debts 
and costs orchllrges that arc disallowed by selected 
third-party payers. Economic costs (the prices paid 
by the hospital for the resources consumed) are 
more relevant from a societal perspective and ac
count ing costs (economic costs allocll ted to each 
uni t of service) more relevant for those who re
imburse on the basis of costs.l261 

As part of the se nsitivity analysis, the total 
charge data were adjusted by esti mated hospital ac
counting cost 10 charge ra tios, taken from Medicare 
cost reports. This adjustment was only approxi
mate because total cost to charge ratios were only 
obtained for a subset of the study sites and were 
obtllined for none of the hospitals that were not 
listed as a study site. The missing values were im
puted from the availab le data. The results of the 
sensitivity analysis illustrate that the cost differ
ences between the placebo and treatment groups 
are somewhat smaller than the charge differences 
in absolute magnitUde, but were in the same direc
tion as the charge differences. Thus, the conclu
sions from the charge estimates presented in this 
paper do not change when this adjustment is made. 
Charges data were collected at the US sites only 
and were less complete than the resource use data 
(29% with no data and 15% with incomplete data). 

Discounting of the benefits (life-years gained) 
is generally recommended for economic analy
ses[9] and has been used in previous economic anal
yses of neonatal intensive care. Forexample, Boyle 
et al.113 ] justify their use of discounting for benefits 
with the argument that new treat ments in the NIC U 
require the early expenditures of large sums of 
money to achieve later gains in numbers of life
years or prod uctivity_ Thus. discoun ted survival 
benefits are the most appropriate for economic 
evaluation. 

The product-limit survival techniques that we 
used to estimate the level of hospital care use and 
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Table VI. 5ensitivily analysis 

Parameter ~, SlJrlactant Dillerence 95%CI 

mean (SE) , mean (SE) , (surfactanl - air) 

Product·llmlt estimates" 
Total days In hospital 53.6 (2.71) ... 43.3{1.61) 580 -10.3 (-16.6. -4.0) 
Days In Inlensive care 22.3 (1 .78) ... 18.8{1.52) '79 -3.' (-8.2.1.2) 

I-year charQeS (SUS) 85 578 (11685) 200 67 358 (8342) 256 -18220 (-47 2fi1 . 10821) 

Cost .sljmates~ 
Initial hospitaIi$lltion 46 811 (5427) 239 35 322 (3480) ". -11489 (-24 t25. t147) 

First year 49431 (5556) 239 37846(3654) ". - 11585 (-24615. 1445) 

• All inlanlS wi1h resource use data . 

b Excluding inlanls lost 10 1001ow·up. 

Abbreviations: CI . con/idence interval: n . number oIlnlants: SE" starldard ellor ollhe mean. 

charges through I year in the se nsiti vity analy
sisl27l are si milar to those which have been used 
recently by several researchers in the analyses of 
the costs of treating patients wi th AIDS.[2S-)O[ All 
of these research groups have recogni sed the value 
of using statis tical techniques that were developed 
for obtaining the most in formation possible from 
incomplete data. In th is study. incomplete data 
were rare for the data obtained during the initial 
hospitali sation, but were more cOlllmon for the I 
year data. Use of product-limit techniques al lowed 
us to use all the data that we were able 10 collect 
while adjusting for the incompleteness. The resul ts 
of the main analysis of data from infants with com
plete fo llow-up were not significantly different in 
either direct ion or magnitude from resul ts obtained 
using the product-lim it method. 

The economic value of a new therapy depends 
bot h on its effect on healthcare budgets and on life
time health , including both the quality and duration 
of life. Eidelman.l3 l ) on the basis of several pub
lished studies, has suggested that Ihe total annual 
cost of surfactant use in the US might be in the 
range of $US280 million to $US350 mi llion be
cause of the increased number of survivors in the 
750 to I 350g birthweight range. The recent study 
of Schwartz el aU l51 as well as this study, indicate 
that the cost savings attributable to surfactant usc 
for larger in fa nts, most of whom would have sur
vived without it . offset increased costs because of 
increased survival in the smaller inf:lIIts. In the 

Schwartz et al. I151 study, hospital costs arc est i
mated to have decrcased for all infants weighing 
between 500 and 1500g after the introduction of 
surfactants. However. average length of stay re
mained the same. 

The est imates presented in this paper focus on 
the infants in the upper end and above the birth
weight range in the Schwartz et a1. (15) paper and 
show a reduction in total hospital resource utili sa
tion and charges for infants with NRDS and birth
weights of at least 1250g who are treated with 2 
rescue doses of colfosceril palmitate during their 
first 24 hours of li fe. Clinical follow-up data for 
the i nfants in this paper show that. although there 
are a few more total survivors in the colfosceril 
palmitate group than in the air placebo group, there 
is no difference in the number of infants with men
tal or physical developmental impairments. In fact, 
the absolute number of impaired infants is less in 
the group treated with colfosceri l palmitate.1221 

This finding suggests that the charges of care for 
in fant s treated with colfosceril palmitate after 1-
year adjusted age will be no different from those 
for an untreated cohort. [32·))1 The results would. 
therefore, suggest that2 rescue doses of colfosceril 
palm itate in infants wi th NRDS and birth weights 
over I 250g can result in substantial reductions in 
hospital resource use and s ubstantial savi ngs in 
hospital charges during the first year of life in ad
dition to Ihe clinica l benefits associuted with its 
use. 
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