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INTRODUCTION

Treatment with pulmonary surfactant sig-
nificantly reduces the morbidity and mortality 

OBJECTIVE To compare calfactant (CA) and poractant alfa (PA) administration traits, short-term 
clinical responses, and resource use in the neonatal respiratory distress syndrome (RDS) setting. 
METHODS An open label series of 277 (213 PA and 64 CA) infants was evaluated for 445 adminis-
trations. Registered respiratory therapists collected patient, surfactant administration, and post-
administration clinical data. Economic analysis involved labor costs of surfactant administration 
and usage, wastage, and product average wholesale price. Analysis utilized the Mann-Whitney 
rank sum test for differences in administration time and either the chi-square or Fisher’s exact 
test for categorical variables. 
RESULTS PA had a statistically lower bedside administration time than CA (3.8 minutes vs. 5.3 
minutes; P = .006) and a higher percentage of doses administered in less than five minutes 
(58.9% vs. 4.3%; P < .001). Doses administered per patient were similar (1.67 vs. 1.72). PA and CA 
were similar in time to recovery (81.4% vs. 74.3%), percent desaturation (24.8% vs. 26.7%), and 
bradycardia (3.8% vs. 8.5%). Reflux was significantly higher (13.2% vs. 3.5%; P < .001) with CA. 
Economic analyses found total administration costs per dose were $2.21 for PA and $3.08 for CA. 
Mean wastage costs were $141.21 for PA and $337.34 for CA (P < .001). 
CONCLUSIONS PA appeared to utilize fewer neonatal intensive care unit resources than CA due 
to reduced administration time and less wastage of drug product. Future studies should more 
closely evaluate time, resource, wastage, and post-administrative clinical effects to fully assess 
the impact of surfactant products in this setting. 
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associated with neonatal respiratory distress 

syndrome (RDS)1,2 by reducing air-liquid 
surface tension in the alveoli and preventing 
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collapse.3,4 Among the treatment modalities uti-
lized in the RDS setting, pulmonary surfactants 
demonstrate the best clinical and economic 
outcomes.5 To date, natural surfactants show 
greater clinical benefits in treating RDS than 
synthetic agents, including faster onset,5-10 fewer 
cases of pneumothorax,5-11 reduced dependence 
on supplemental oxygen and positive-pressure 
ventilation,5-11 and a lower mortality rate [rela-
tive risk 0.87 (95% CI, 0.76-0.98)].8 Natural sur-
factants may benefit from the presence of pro-
teins not contained within currently available 
synthetic surfactants: surfactant-associated 
proteins B and C, which increase phospholipid 
(PL) stability and enhance PL interaction with 
the air-liquid interface.5,7

Three natural surfactants are currently 
available in the United States: poractant alfa 
(PA; Curosurf, DEY, LP, Napa, CA), beractant 
(BA; Survanta, Ross Laboratories, St. Louis, 
MO), and calfactant (CA; Infasurf, Forest 
Laboratories, St. Louis, MO). PA and BA are 
compared in several published clinical trials 
that demonstrate relative advantages of PA 
when compared to BA in infant oxygenation,12-

14 ventilatory requirements,12-14 need for redos-
ing,13 incidence of complications such as patent 
ductus arteriosus,12 and mortality up to 36 
weeks postconceptional age in infants born 
at ≤ 32 weeks gestation.13 CA and BA are also 
compared in published clinical trials. Bloom et 
al. demonstrated a modest benefit in oxygen 
requirement with a longer sustained effect 
with CA compared to BA.15 However, to date, 
no studies directly compare PA to CA.

In the neonatal intensive care unit (NICU), 
time is often critical, particularly when treating 
RDS in very low birth weight preterm infants. 
Health care professionals in this setting place 
significant importance on medications that af-
ford easy preparation and quick administration 
and exert a rapid onset of action. Surfactant 
therapies that best meet these criteria and 
exhibit a lower incidence of adverse effects 
may reduce health care resource consumption 
and enhance outcomes. Additionally, in an era 
of heightened emphasis on cost efficiency,16-18 
economic differences that result from differ-
ences in vial size and product wastage could 
also play a role in determining a product’s place 
on a health system’s formulary. At the time of 
this evaluation, there are no published surfac-

tant studies that focus primarily on practical 
administrative measures such as these.

This pilot evaluation was conceived to pro-
vide important preliminary information about 
differences that may exist between PA and 
CA as a prelude to further investigation. The 
primary objective was to compare the technical 
administration traits of PA and CA in treating 
premature neonates with RDS in the NICU set-
ting. Secondary objectives included comparing 
their impact on short-term clinical effects and 
resources utilized. 

METHODS

In order to observe potential differences 
in the technical aspects of administration 
between PA and CA, very low birth weight 
preterm infants were enrolled in a sequen-
tial, non-randomized, open label study at the 
Pennsylvania Hospital NICU of the University 
of Pennsylvania Health System from October 
2001 to May 2004. PA was used exclusively 
from October 2001 to August 2003 and CA was 
used exclusively from September 2003 to May 
2004. PA was resumed for routine use after the 
completion of the study. Approval was obtained 
from the institutional review board as a non-
consent study because of the observational 
nature of the evaluation.

All infants who were intubated and required 
surfactant therapy for RDS during the inves-
tigational period were included in the study. 
There were no exclusions for any concomitant 
conditions or disease states, as these variables 
were not expected to affect the administration 
of surfactant therapy. Consistent with product 
labeling, PA was dosed at 2.5 mL/kg initially, 
then at 1.25 mL/kg for additional doses.19 CA 
was dosed at 3 mL/kg for all doses.20 Each 
dose was administered intratracheally by a 
registered respiratory therapist (RRT) in two 
aliquots, according to manufacturer dosing 
recommendations.19,20 

The Pennsylvania Hospital NICU is a 45-bed 
Level III unit. There is a dedicated RRT staff 
of at least one RRT at all times. The RRTs 
have from 8 to 26 years of experience, and 
all are highly skilled in administering vari-
ous surfactant products. Because of the RRT 
familiarity with different surfactant products, 
the study design did not include a “learning 
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curve” when changing surfactant products. The 
same RRT staff was present for both phases of 
the study.

RRTs administered the surfactant following 
the same standard dosing procedures. Both 
surfactants were administered with the same 
ancillary supplies and equipment. At the time of 
surfactant administration, the RRTs recorded 
temporal, clinical, and pharmaceutical data in a 
standard data collection table. Patient informa-
tion included gender, gestational age, and birth 
weight. After administration, the infants were 
observed for five to fifteen minutes to record 
the incidence of any short-term clinical effects. 
The RRTs documented their own time and 
clinical descriptions; because this was an obser-
vational study, formal time and motion studies 
with objective third party observers were not 
done. Infants were administered additional 
doses of surfactant if they remained intubated 
and were still receiving supplemental oxygen 
(FiO2 ≥ 0.30) more than twelve hours after the 
previous dose, at the discretion of the attend-
ing neonatologists. All infants did not receive a 
repeat dose if FiO2 was ≥ 0.30, but there were 
no changes in attending staff or repeat dosing 
strategies during the study. 

The primary outcome measures of the study 
were the time of drug administration to the 
infant, and the following short-term clinical 
effects: time to recovery; number of surfactant 
doses administered; reflux up the endotracheal 
tube or into the pharynx; oxygen desaturation, 
defined as pulse oximetry < 90%; and bradycar-
dia, defined as heart rate <100 beats per minute 
during administration. Secondary outcome 
measures included the number of vials used 
for each administration and unused product 
remaining within the single-dose vials (which 
was discarded after one use, per manufacturer 
recommendations).19,20

Statistical differences in administration time 
between the PA and CA groups were tested 
using the Mann-Whitney rank sum test. Ad-
ministration time was further categorized into 
< 5 minute and ≥ 5 minute intervals. Recovery 
times were also subsequently categorized into 
< 1 minute and 1-5 minute intervals. Catego-
rized variables including the clinical outcome 
observations of desaturation, reflux, and brady-
cardia were tested using either the chi-square 
or Fisher’s exact test. Statistical significance 

was defined as P < .05.
A pharmacoeconomic analysis was also con-

ducted to determine the costs associated with 
each therapy. The cost of surfactant administra-
tion was determined by multiplying the RRT 
wage ($35/hour for Philadelphia area; $0.58/
minute)21 by the time spent by the RRT. The cost 
of wasted drug was determined by subtracting 
the amount of the surfactant dose given from 
the amount of surfactant in the vial dispensed, 
then multiplying by the per-mL cost for each 
product, which was determined using average 
wholesale price (AWP 2005). For PA, AWP was 
$327.60 for a 1.5-mL vial and $641.34 for a 3-
mL vial.22 For CA, AWP was $732.12 for a 6-mL 
vial.22 For patients receiving PA who required 
both 3-mL vials and 1.5-mL vials, the cost per 
mL of the 1.5-mL vial was used to calculate 
wastage costs. 

RESULTS

A total of 277 patients were evaluated: 213 
in the PA group and 64 in the CA group. The 
patient data and dosing characteristics have 
been summarized in Table 1. The average ges-
tational age of the study population was 29.4 
± 3.5 weeks in the PA group and 30.2 ± 4.2 
weeks in the CA group. Average birth weight 
was 1410 ± 676 grams for the PA group and 
1649 ± 875 grams for the CA cohort. Infants 
in the PA group received a mean of 1.67 doses 
per patient. Infants in the CA group received 
a mean of 1.72 doses per patient.

With respect to time-in-motion observations, 
there was a significant difference in average 
surfactant administration time between groups 
for the 141 administrations for which time 
was recorded (95 PA, 46 CA) (Figure 1). Mean 
surfactant administration time per dose of PA 
was 3.8 minutes, compared to 5.3 minutes for 
CA (P = .006). Furthermore, there was a signifi-

Table 1. Study population

PA CA

Number of patients 213 64

Mean # doses per infant 1.67 1.72

Birth weight (g)* 1410 ± 676 1649 ± 875

Gestational age (wks)* 29.4 ± 3.5 30.2 ± 4.2

CA, calfactant; PA, poractant alfa
* mean ± SD
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cant difference in the percentage of doses that 
were administered in less than five minutes 
(Figure 2). In the PA treatment group, 58.9% 
of the surfactant doses were administered in 
less than five minutes, whereas only 4.3% of 
CA doses were administered in that time (P < 
.001). There was no difference in preparation 
time for the two surfactant products.

Clinical observations were also made during 
the initial five- to fifteen-minute period after 
surfactant administration to gauge tolerabil-
ity (Figure 3). A significant difference in the 
incidence of reflux between the two treatment 
groups was observed (PA 3.5% vs. CA 13.2%; 
P < .001). There was also a trend toward fewer 
episodes of bradycardia with PA (PA 3.8% vs. 
CA 8.5%; P = .05). In addition, a lower inci-
dence of desaturation was observed with this 
surfactant, although the difference was not 
significant. In terms of time for recovery after 
administration (Figure 4), PA showed a greater 
percentage of patients with a recovery time 
of less than one minute, although it was not 
significant (PA 81.4% vs. CA 74.3%). 

In addition to clinical observations, economic 
factors were also considered. Since preparation 
time was not significantly different between 
surfactants, costs were only calculated for 
administration time of each dose (Figure 5). 
Administration costs per dose were $2.21 
for the PA group and $3.08 for the CA group. 
A significant difference in cost due to drug 
wastage between the groups was also noted 
(Figure 6). Mean wastage cost per dose in the 
PA group was $141.21, while mean wastage 
cost in the CA group was $337.34 (P < .001). 
This resulted in a cost savings of $196.13 per 
dose delivered. 

DISCUSSION

This exploratory study was the first to com-
pare CA and PA. The goal was to evaluate the 
technical aspects of administration with initial 
short-term clinical observations and economic 
implications of two surfactant products. Ob-
servations indicated that PA was associated 
with a shorter average administration time 
compared to CA, fewer incidences of reflux, and 
trends favoring time to recovery, incidence of 
desaturation, and bradycardia. PA appeared to 
offer a cost savings compared to CA based on 
cost of administration and drug wastage. 

Several valuable observations can be made 
based on this analysis. A significantly shorter 
surfactant administration time is observed 
with PA, and this disparity may be due partly to 
the higher PL concentration in that surfactant: 
PA contains 99% PL, at a concentration of 80 
mg PL/mL, whereas CA consists of 95% PL at 
a concentration of 35 mg PL/mL.19,20 The higher 
PL concentration in PA allows for a smaller vol-
ume and facilitates more rapid administration. 
The percentage of doses administered within 
five minutes is greater in infants receiving PA 
than with CA. This difference in administration 
time can be clinically significant for both the 
RRT providing care in a stressful environment 
and the distressed, physiologically labile infant 
receiving ventilatory support. The higher PL 
concentration also affords administration of a 
more potent dose (200 mg/kg). Ramanathan 
et al.13 reports that administration of a larger 
initial dose of PA (200 mg/kg) results in a sig-
nificantly greater percentage of infants who 
are successfully treated with only one dose 
compared to a smaller PA dose of 100 mg/kg 
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(73% vs. 59%; P < .002). Fewer instances of 
redosing indicate faster clinical resolution of 
RDS, which results in reduced resource uti-
lization and increased cost savings. Another 
factor that may play a role in the observed 
difference in administration time is the viscos-
ity of the products. A less viscous surfactant 
may be reasonably expected to have a quicker 
administration time, as well as other desirable 
administrative or clinical effects.23 

The differences in PL concentration that 
result in a corresponding lower dosage volume 
associated with PA may also account for the 
reduced adverse effects seen with PA in this 
study. The significantly lower percentage of 
infants who refluxed surfactant into the endo-
tracheal tube or pharynx with PA is likely due 
to the larger volume of surfactant administered 
with CA and possibly also a difference in vis-
cosity. These differences, although slight, may 
be clinically important. Reflux may contribute 
to obstruction of the endotracheal tube or tra-
cheobronchial tree, which may predispose the 
neonate to development of distended terminal 
airways, pulmonary interstitial emphysema or 
pneumothorax,24 decreased arterial saturation, 
and bradycardia.7 Furthermore, reflux disrupts 
the administration of pulmonary surfactant, 
delaying the time it takes the drug to reach its 
site of action. This adverse effect may result 
in drug loss, greater resource utilization, and 
discomfort to the infant. Such maldistribution 
of surfactant may also impede the neonate’s 
recovery from RDS. Indeed, infants appear to 
experience a quicker recovery time with PA 
(Figure 4). With less reflux, the delivery of care 
is effectively coupled with greater tolerance 
and ease of administration. 

Furthermore, larger volumes of surfactant 
may be associated with transient hypercapnia 

and a decrease in oxygenation. When admin-
istering surfactant to very low birth weight 
neonates, the transient hypercapnia that is 
associated with the administration of the sur-
factant appears to have an impact on cerebral 
blood flow and its autoregulation.25,26 It would 
be desirable to minimize the fluctuation in 
PaCO2 that has been shown to be associated 
with the administration of surfactants. Ad-
ditionally, less volume could cause less of a 
surface-active effect with respect to the distur-
bance of ventilation for the brief period of time 
that the surfactant is being administered and 
then distributed in the lungs. Thus, a smaller 
volume may have an impact on these param-
eters, and its effects should be evaluated in 
controlled clinical trials.

Differences in composition and viscosity 
may have other consequences as well. Rudi-
ger et al. observe that preterm infants who 
develop bronchopulmonary dysplasia have a 
significantly lower percentage of several com-
pounds, including polyunsaturated fatty acid-
containing phospholipids and plasmalogen, a 
minor surfactant lipid, in their lungs.27 These 
compounds contribute to lower surfactant 
viscosity at low surface tension levels.28 PA 
contains a relatively high proportion of these 
components compared to other available sur-
factants, although CA’s relative concentration 
is not available to compare directly to PA’s.28 A 
direct viscosity comparison between PA and CA 
should be considered for future research. 

Other favorable short-term clinical trends 
associated with PA include time to recovery, 
percentage of infants experiencing oxygen 
desaturation, and bradycardic events. Oxygen 
desaturation and bradycardia are undesir-
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able side effects because they impair oxygen 
delivery, incur further NICU intervention and 
resource utilization, and place unwarranted 
stress on the infant. Although not directly 
statistically comparable, the rate of bradycar-
dia associated with PA in this analysis (3.8%; 
Figure 3) is lower than the 5.2% rate of bra-
dycardia observed in a postmarketing study of 
more than 900 preterm infants by Lamboley-
Gilmert et al.29 The rate of transient desatura-
tion (15.7%) in their analysis is lower than the 
rate of desaturation observed in the present 
analysis (25%; Figure 3), but this may be due 
in part to the fact that Lamboley-Gilmert and 
colleagues defined desaturation as the decrease 
of oxygen saturation below 85%, whereas in 
this study, desaturation was defined as less 
than 90%. 

Financial benefits may be observed when 
considering administration time and drug 
wastage. The key driver to savings in this 
analysis was less waste of PA, resulting in 
a significant mean cost-savings per dose of 
$196.13. Marsh et al.30 performed a similar 
study comparing the vial sizes, drug waste, 
and cost savings of PA and BA and also found 
that vial size was a key cost driver.

The difference in administration cost per 
patient (Figure 5) is likely a conservative esti-
mate of cost savings. In the level three NICU 
that served as this study’s setting, specialized 
RRTs are responsible for administering surfac-
tant to the infants. However, in some hospitals 
or in certain circumstances, neonatologists or 
neonatal nurse practitioners may be required 
to directly administer the surfactant therapy. 
Applying neonatologist or specialty nurse wage 

data would increase the economic disparities. 
Additionally, there is a less tangible opportu-
nity cost associated with taking a physician 
away from practice to perform the technical 
task of surfactant administration.

The endpoints explored herein reflect impor-
tant aspects of surfactant therapy that should 
be considered in future studies. Future assess-
ments of surfactants should take into account 
the impact of preparation and administration 
time, recovery time, and product wastage. 
It would also be valuable to examine other 
factors, such as rates and costs of redosing 
and re-intubation, as well as preparation and 
administration time that takes into account 
all aspects of the drug delivery process, such 
as delivery time of the drug to the unit from 
the pharmacy or an automated dispensing 
machine. A study of this nature would allow an 
examination of the relative time span between 
the physician order and drug administration. 
Other areas of interest for investigation that 
may affect surfactant administration include 
analyses considering gestational age, weight, or 
disease severity. Furthermore, this study was 
not designed or powered to analyze long-term 
clinical differences between PA and CA, such 
as mortality or chronic lung disease. Due to the 
lack of comparative studies between these two 
surfactants, an investigation of this manner 
would be useful and relevant, albeit difficult, 
as it has been estimated that measurement of 
a statistically significant reduction in mortal-
ity would require a sample size of more than 
several thousand patients.31

Due to the nature of the study design, this ex-
ploratory analysis has several limitations that 
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must be acknowledged. The primary limitation 
is the use of a sequential, non-randomized, 
open label design, which invites the possibil-
ity of change in clinical practice over the time 
period of the study, as well as potential bias 
of the clinicians in favor of either drug. Due 
to the observational design and less of design 
control, the surfactants were used exclusively 
for different lengths of time, which results in 
an unequal amount of data between treatment 
groups. It would be ideal for future studies to 
be randomized, double-blind, and involve par-
allel-treatment groups over the same length 
of time. Another limitation is the use of AWP 
to determine costs because institutional costs 
vary based upon individual contracts; the 
actual institution costs for this analysis were 
unavailable throughout the entire study period. 
Since this analysis was conducted at a single 
institution, the results may not accurately 
reflect other regions that may have different 
policies or practices. 

Furthermore, power to determine significant 
statistical differences between the short-term 
clinical outcomes was not determined a priori. 
Therefore, in this study, a type II error may have 
occurred if the number of infants enrolled was 
not sufficient to detect a significant difference. 

Several potential variables associated with 
the study design and its limited control merit 
mention. As the study involved surfactant ad-
ministration by different RRTs over a period 
of years, there may be variability between 
the individual RRT administration times 
and techniques. It is also possible that as an 
individual RRT becomes more adept with 
surfactant administration, the time required 
for drug administration decreases. Although 
it would be difficult to eliminate this variable 
entirely, it might be minimized by conducting 
a trial with parallel treatment groups that 
measures the consistency of RRT administra-
tion times. Another potential variable involves 
the re-use of partially used vials. Although the 
manufacturers state that the surfactant vials 
are for single-use,19,20 some institutions draw 
up multiple doses from the same vial. Because 
the manufacturer’s recommendations were fol-
lowed in this study, the results might differ from 
those in institutions that utilize vials for mul-
tiple doses; they may have different economic 
results, as they would likely incur less overall 

wastage. Yet another variable that may affect 
drug wastage and cost is the availability of a 
smaller CA vial. At the time of the study, CA was 
only available as a 6-mL vial. A 3-mL vial has 
since become available. A sensitivity analysis 
was performed to determine the impact of this 
new size, as well as several other variables. 

Variables tested included the acquisition 
cost of the products, a new vial size for CA, and 
labor costs. The first variable examined for the 
sensitivity analyses was the AWP cost of the 
products. Holding the cost of PA constant, it 
was determined that the AWP cost of the 6-mL 
vial of CA would have had to be $303 for the 
wastage costs to be equal. This was less than 
half the actual AWP price. It was also deter-
mined that the AWP cost of the 6-mL vial of 
CA would have had to be $360 for the cost dif-
ference to no longer be statistically significant. 
With the recent introduction of a 3-mL vial for 
CA,20 it was next decided to go back and replace 
the use of 6-mL vials with 3-mL vials where 
appropriate and recalculate the cost difference. 
The mean wastage cost dropped to $169.47, 
which was not statistically different from the 
PA mean wastage cost of $141.21. 

Finally, sensitivity analyses were performed 
around the use of other health care profession-
als instead of administration by only RRTs. At 
the time of writing, the median neonatologist 
salary in the Philadelphia area was $200,207 
per year.32 Assuming a 40-hour workweek, this 
would average $96.25/hr ($1.60/min), nearly 
three times the RRT rate. If administration 
were performed by only neonatologists, the 
mean cost would have been $6.08 for PA and 
$8.48 for CA. A median salary in the Phila-
delphia area for neonatal nurse practitioners 
was $85,094,32 which translates into $0.68/min. 
The total cost for neonatal nurse practitioners 
to administer PA would have been $2.58, and 
$3.60 for CA. 

Ideally, a large, randomized, controlled trial 
comparing parallel treatment groups over an 
equal length of time would firmly define the 
differences between these products, although 
it would be difficult to carry one out with 
adequate sample size and power. The results 
obtained in this analysis should aid in future 
study direction regarding hypothesis genera-
tion, endpoints, and study design, and intro-
duce a new perspective on variables to be con-
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sidered when selecting a surfactant for clinical 
application. Evaluation of existing surfactants 
and new formulations in this manner as they 
become available would assist the clinician in 
assessing the costs and benefits of individual 
surfactant preparations. 

This pilot study was an exploratory evalu-
ation to determine how PA and CA compared 
with respect to their technical aspects of admin-
istration, short-term clinical observations, and 
the implications of any differences observed. 
These observations come with some limitations, 
based primarily on the study design, but the re-
sults imply that there may be areas of difference 
between PA and CA in drug administration 
time and short-term clinical outcomes. 

CONCLUSIONS

The results of this initial pilot evaluation 
indicate that PA appears to involve less time 
for administration than CA with significantly 
fewer instances of reflux. Furthermore, the 
trends appear to favor PA with respect to 
time to recovery, percent desaturation, and 
bradycardia, and PA consumes significantly 
less staff time and administration costs. PA is 
associated with less product waste based on 
unused surfactant remaining in vials during 
the dates of the study. Considering the limi-
tations of this evaluation, the results of this 
exploratory investigation suggest that there 
may be differences in administration time 
and, thus, cost between PA and CA, as well 
as differences in the incidence of short-term 
clinical observations. Prospective, randomized 
controlled trials are needed to further establish 
potential differences that exist between these 
surfactant products’ technical, clinical, and 
financial outcomes. 
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