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Abstract

BACKGROUND & OBJECTIVES: Porcine surfactant (200 mg/kg initial dose) seems to be superior over bovine surfac-
tants (100 mg/kg) in respiratory distress syndrome (RDS). There is limited data on choice of surfactant from the developing
world. Logically using higher doses of porcine surfactant comes with additional burden of cost. We decided to evaluate the
clinical effect of different types of surfactants. METHODS: A retrospective analysis was conducted from August 2019 to
December 2022 in 6 tertiary centres. Neonates 24-34 weeks of gestation with RDS requiring either porcine (200 mg/kg) or
bovine surfactant (100 mg/kg) were enrolled. The proportion of combined outcomes of death and or CLD, redosing and other
morbidities in either group were analysed. The subgroup of preterm >28 weeks and outcomes between different surfactants were
analysed. RESULTS: Out of 1149 eligible babies, 302 (26%) received surfactant after stabilisation with CPAP. 158 received
porcine and 144 received bovine surfactant via INSURE technique. There was a higher combined outcome of death or CLD in
porcine compared to the bovine group [48 (30%) vs 20 (13%), OR:2.7; 95% CI:1.5-4.8; p=0.001] and similar combined outcomes
in >28 weeks sub-group. Redosing [27 (17%) Vs 18 (12%), OR:1.4; 95% CI:0.7-2.7; p=0.2] was similar. Other morbidities
like air leak, invasive ventilation, CPAP duration were similar between both the groups and different types of surfactants.
CONCLUSION: Porcine surfactant at 200mg/kg had similar combined outcomes of death/ CLD and redosing compared to
bovine surfactant in preterm >28 weeks. Considering the cost burden in the developing world, the efficacy needs evaluation in

randomised clinical trials.
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Abstract

BACKGROUND & OBJECTIVES: Porcine surfactant (200 mg/kg initial dose) seems to be superior
over bovine surfactants (100 mg/kg) in respiratory distress syndrome (RDS). There is limited data on choice
of surfactant from the developing world. Logically using higher doses of porcine surfactant comes with
additional burden of cost. We decided to evaluate the clinical effect of different types of surfactants.



METHODS: A retrospective analysis was conducted from August 2019 to December 2022 in 6 tertiary
centres. Neonates 24-34 weeks of gestation with RDS requiring either porcine (200 mg/kg) or bovine surfac-
tant (100 mg/kg) were enrolled. The proportion of combined outcomes of death and or CLD, redosing and
other morbidities in either group were analysed. The subgroup of preterm >28 weeks and outcomes between
different surfactants were analysed.

RESULTS: Out of 1149 eligible babies, 302 (26%) received surfactant after stabilisation with CPAP. 158
received porcine and 144 received bovine surfactant via INSURE technique. There was a higher combined
outcome of death or CLD in porcine compared to the bovine group [48 (30%) vs 20 (13%), OR:2.7; 95%
CI:1.5-4.8; p=0.001] and similar combined outcomes in >28 weeks sub-group. Redosing [27 (17%) Vs 18
(12%), OR:1.4; 95% CIL:0.7-2.7; p=0.2] was similar. Other morbidities like air leak, invasive ventilation,
CPAP duration were similar between both the groups and different types of surfactants.

CONCLUSION: Porcine surfactant at 200mg/kg had similar combined outcomes of death/ CLD and
redosing compared to bovine surfactant in preterm >28 weeks. Considering the cost burden in the developing
world, the efficacy needs evaluation in randomised clinical trials.

Study background and rationale

Respiratory Distress Syndrome (RDS) is a common cause of morbidity and mortality in preterm neonates,
especially those <34 weeks of gestation. Though the cases of classical severe Hyaline Membrane Disease
(HMD) are seen very less recently with the increasing usage of Antenatal Corticosteroid, a sizable number
of preterm neonates do require Surfactant Replacement Therapy despite receiving best of the Delivery room
practices including Continuous Positive Airway Pressure (CPAP).

Animal-derived Natural Surfactant preparations are the ones now recommended as standard of care practice
for Surfactant replacement therapy in RDS!. Among these, bovine origin surfactant or Beractant (Survanta),
Bovine Lung Extract Surfactant — BLES (Neosurf) and Porcine origin surfactant — Poractant o (Curosurf)
are available for commercial use in India. There have been a few comparative studies evaluating natural
surfactants. Results differ based on comprehensive newborn unit policies used for overall management of
RDS. An important study among these, Ramanathan et al. compared the efficacy and safety of poractant
alfa and beractant in preterm infants with RDS (3 groups: 100 mg/kg of poractant alfa, 200 mg/kg of
poractant alfa, and 100 mg/kg of beractant). Mortality, redosing of surfactant, and oxygen supplements
were significantly reduced in the 200 mg/kg of poractant alfa group than in the 100 mg/kg of poractant alfa
or beractant groups?. However, it has also been reported that the timing of administration of the surfactant,
such as prophylactic versus rescue and early (within 2 hours after birth) versus delayed (later than 2 hours
after birth) treatment, is more important than the composition of the surfactant®. A recent meta-analysis in
2019, showed that poractant-o (at 200 mg/kg dose) is associated with better short term respiratory outcomes
including lesser combined outcome of BPD /mortality when compared to bovine surfactants at their licensed
dose (100 mg/kg) in preterm neonates with RDS*. The pooled analysis also showed an unusually high rate of
redosing with bovine surfactant (45% vs 21%) compared to porcine, which is hardly seen in clinical practice.
Most of these studies are a decade older, where the practice of antenatal steroids, delivery room CPAP, timing
of surfactant, surfactant need (rescue/prophylactic) etc. were still evolving. Higher doses of Poractant- o
will also incur higher cost. In contrast to meta-analysis, systematic review of studies of real-world evidence
shows similar outcomes in both types of animal derived surfactant.® Also, there is limited evidence from the
Indian subcontinent comparing the animal-derived natural surfactants in their standard prescribed doses in
real world scenarios. Hence, the current study was planned to evaluate the effect of surfactant preparations
in preterm RDS on various morbidities.

Material and methods

This retrospective study was conducted involving 6 tertiary care NICU of South India over a period from
August 2019 to December 2022. Both inborn and outborn preterm neonates born between 24- 34 weeks of
gestation having RDS and requiring rescue surfactant were enrolled. Exclusion criteria included babies with
antenatally or postnatally suspected or diagnosed structural lung disease, major congenital malformations



and where death or discharge (against medical advice) or referred to other NICU occurred within 24 hours
of life. The Institutional ethics committee approved the study at all centres.

Of the 6 tertiary centres that participated, one was a trust hospital, while the other 5 were private sector
hospitals. All the centres catered to both inborn and outborn neonates. All the centres started delivery
room CPAP with settings of 5 PEEP and 30% FiO2 using a T piece resuscitator in spontaneously breathing
infants. Surfactant was administered predominantly using INSURE technique when the baby continued to
have respiratory distress on settings of [?] 6 cm PEEP and FiO2 >30%.! All units either used porcine
surfactant (Curosurf, Chiesi, USA Inc) at 200 mg/kg or bovine (Neosurf, Cipla/Survanta, Abbott) at 100
mg/kg. The choice of surfactant was individual clinician based, however there was inclination towards usage
of porcine for extreme preterm owing to smaller volume of the dose. Redosing was considered when the baby
continued to have respiratory distress needing [?] 6 cm PEEP and FiO2 >30%, after 12 hours of first dose.
Nasal mask was used as a nasal interface in 5 centres and Ram’s cannula was used in one centre. All centres
had nurse:patient ratio of 1:2. Overall the protocols of managing RDS were similar across centres.

The data were identified from the unit specific registers/database. Case records of NICU admissions across
the hospitals in the collaboration were retrieved. Data retrieved included demographic, antenatal, perinatal
parameters related to RDS and neonatal morbidities and mortality. A standardised data collection proforma
was used across all units. Data was entered into a common database with coding of the centres. Chronic
lung disease (CLD) was defined as need for supplemental oxygen at 36 weeks i.e., moderate to severe CLD
as per the NICHD criteriaS.

The primary outcome measure studied was combined outcome of Mortality or Chronic Lung Disease (CLD).
The secondary outcome measures which were studied are proportion of babies requiring redosing of sur-
factant, Air leaks, invasive ventilation, ROP requiring LASER, PDA requiring treatment, Intraventricular
hemorrhage (IVH) (>Grade 3 or 4), Necrotizing enterocolitis (NEC) (>Stage 2B) and duration of hospital
stay.

Statistical analysis

The collected data was coded and entered to the Statistical Package for Social Science (IBM- SPSS v.25, SPSS
Inc) for analysis. The variables listed were analysed and compared between the groups. The quantitative
data were presented as mean and standard deviation when their distribution is parametric and as median and
range when their distribution is nonparametric. Qualitative variables were presented as number, percentages,
or proportions. The confidence interval was set to 95% and the margin of error accepted was set to 5%.
P-value was considered significant if P [?] 0.05. Appropriate statistical tests were used to compare the
variables. The confidence interval was set to 95% and P-value considered significant if P [?] 0.05. Subgroup
analysis was done for gestation >28 weeks and between surfactant types (Curosurf, Survanta, Neosurf)

Results

Out of 1149 infants, between 24-34 weeks of gestation, 302 (26%) babies received surfactant after stabilisation
with CPAP (rescue surfactant). 158 babies received porcine and 144 received bovine surfactant via INSURE
technique. The mean gestation (standard deviation) of the enrolled babies were 29 (2) weeks. The mean
birth weight (standard deviation) of the babies was 1270 grams (437). The demographic characteristics are
summarised in table 1. At baseline, the porcine group had babies with lower gestation and birth weight and
higher proportion of babies with completion of antenatal steroid course, lower APGARs, CLD, screen positive
early onset sepsis, PDA requiring treatment; and longer length of stay compared to babies receiving any
bovine surfactant. The combined outcome of death or CLD was statistically significant in porcine compared
to the bovine group [48 (30%) vs 20 (13%), OR:2.7; 95% CI:1.5-4.8; p=0.001]. Redosing [27 (17%) Vs 18
(12%), OR:1.4; 95% CIL:0.7-2.7; p=0.2] was similar in both the groups. Other important morbidities like
duration of CPAP, invasive ventilation, air leak, severe IVH, ROP requiring LASER, NEC were similar.

Subgroup analysis of babies >28 weeks showed a similar rate of combined outcome of CLD/death [16 (14%)
Vs 14 (10%), OR1.4; 95% CI:0.6-3; p=0.4. There was a higher proportion of screen positive early onset



sepsis and longer length of stay. Other morbidities like redosing, air leak, need for invasive ventilation and
CPAP duration were similar between both the groups. The subgroup analysis is summarised in table 2.

On comparison of three different surfactant preparations, the CLD or combined outcome with CLD and
mortality was higher in the porcine group compared to the other two bovine preparations. However, the
porcine group had lower gestational age and weight. Other morbidities like redosing, air leak, need for
invasive ventilation and CPAP duration was similar. The comparison is summarised in table 3.

Discussion

In our study there was a higher combined outcome of death or CLD in porcine compared to bovine groups [48
(30%) vs 20 (13%), OR:2.7; 95% CI:1.5-4.8; p=0.001]. This finding is unlike Cochrane review which found
lesser mortality (in-hospital) in porcine group. Cochrane Meta-analysis done by Singh et.al. demonstrated
a significant increase in death or oxygen requirement at 36 weeks’ postmenstrual age (typical RR 1.30, 95%
CI 1.04 to 1.64; typical RD 0.11, 95% CI 0.02 to 0.20; NNTH 9, 95% CI 5 to 50; 3 studies and 448 infants;
moderate quality evidence) in bovine group compared to porcine group.”Systematic review by Tridente et.al.
shows a trend favouring porcine groups as well*. In this review, 12 trials reported data on the composite
BPD/mortality outcome, analysing poractant-o given at a dose of 200 mg/kg and another study evaluating
poractant-a at a dose of 100mg/kg which showed significantly. The concept CLD has evolved over a period
of time with changing definitions based on the pathophysiological understanding of the condition. Even after
the widely used NICHD workshop definition which is used in our study, modifications are ongoing. 6182
This finding is unlike Cochrane review which found lesser mortality (in-hospital) in porcine groups. Cochrane
Meta-analysis done by Singh et.al. demonstrated a significant increase in death or oxygen requirement at 36
weeks’ postmenstrual age (typical RR 1.30, 95% CI 1.04 to 1.64; typical RD 0.11, 95% CT 0.02 to 0.20; NNTH
9, 95% CI 5 to 50; 3 studies and 448 infants; moderate quality evidence) in bovine group compared to porcine
group.® Systematic review by Tridente et.al. shows a trend favouring porcine groups as well*. In this review,
12 trials reported data on the composite BPD/mortality outcome, analysing poractant-o given at a dose of
200 mg/kg and another study evaluating poractant-o at a dose of 100mg/kg which showed significantly lower
incidence in neonates treated with 200 mg/kg poractant-a (p < 0.001), and pooling together neonates treated
with both doses (p < 0.001) compared to bovine surfactant.? The review by Luna et.al. which compares
RWE and RCTs showed that the composite endpoint of BPD or death occurred with similar incidence in
the beractant and poractant alfa groups in the two studies with RWE that reported this outcome.?%-12

Moderate-Severe BPD, were more common among babies which received Porcine surfactant. This was
unlike Cochrane review where no difference was found and in contrast to Tridente et.al. meta-analyses.®*
This could be due to the babies which received Porcine surfactant being smaller babies with average GA
of 28 weeks compared with those who received bovine surfactant with average GA of 30 weeks (p<0.001),
which inherently increases the chances of having BPD of any severity. This observation can also be seen to
be coherent with the subgroup analysis of infants>28 weeks, which does not show a statistically significant
difference in case of Moderate-Severe BPD. A real-world study by Paul S et.al. that compared the incidence
of BPD with beractant and poractant alfa found no significant difference between treatments.'!

In our study, the need for redosing of surfactant in RDS was not different between porcine and bovine
surfactant in their standard initial dose (p=0.2). Subgroup analysis of infants of >28 weeks as well as
individual surfactants did not show any difference(p=0.1). This is in contradiction with the meta-analyses
by Tridente et.al.* where redosing was needed more often in the bovine group than in the porcine group with
a statistically highly significant difference (p=0.001). The said study also concludes that the effect on the
need for redosing is greater at higher gestational ages unlike what we found in our study. This could be likely
attributed to the usage of studies well from 3 decades back when the supportive care for preterm babies who
might have RDS was not standardised compared to the present day. Lanciotti L et.al. noted that if poractant
alfa is used, need for re-dosing can be minimised by using a larger initial dose of 200 mg/ kg. For other
surfactants, such data are not available.® As per The Cochrane review by Singh et.al. , significant increase
in the incidence of 'receiving > 1 dose of surfactant’ was noted in infants treated with modified bovine
minced lung surfactant extract compared with porcine minced lung surfactant extract. Clinical equivalence



was noted with no significant differences in comparative trials between bovine lung lavage surfactant and
modified bovine minced lung surfactants.”

In our study there was no difference in the duration of CPAP needed as well as Invasive ventilation needed
(p=0.06 and p=0.6 respectively). Length of hospital stay was more in babies which received porcine surfac-
tant (p<0.001). This may be due to the fact that porcine group babies compared to bovine groups were of
a lower gestational age (28 weeks vs 30 weeks) and lower birth weight (1113 grams vs 1443 grams).

In our study we did not find any statistically significant difference for any pulmonary air leaks like Pneumoth-
orax(p=1). This is in line with Cochrane review’ but contrasts Tridente et.al. study* which concludes less
chances of Air leak among porcine surfactant use. This could be due to understanding that the occurrence
of air leaks may be more attributable to the lung tissue, sepsis, ventilatory strategies than the surfactant.

The occurrence ROP requiring LASER was similar in both bovine and porcine groups in our study(p=0.6).
As per Cochrane review as well, no significant difference was found between surfactant preparations and
occurrence of ROP needing LASER.”

PDA requiring treatment was noted to be more in porcine group (24%) compared to bovine group (12%)
which was statistically significant (p=0.006). However, Cochrane reported no effect of surfactant preparation
on risk of PDA requiring treatment with cyclooxygenase inhibitor or surgery.” In a study by Mussavi et.al. it
was noted that in neonates over 32 weeks there was a significant difference between groups for the incidence
rate of PDA (P = 0.011) but not below 32 weeks.!® The smaller the gestation, the more chances of having
a PDA needing treatment due to inherent prematurity related factors probably explains the occurrence in
our study.

The study did not find a statistically significant difference between bovine and porcine groups with respect to
IVH (of any grade) and more importantly IVH of Grade 3 or more. The Cochrane review also did not show
demonstrable significant difference among the surfactant preparations on the risk of IVH (of any grades) as
well as severe IVH of Grade 3 or more.”

The incidence of NEC in our study was no different than among bovine and porcine groups (p=0.6). Even the
Cochrane review does not show any difference between the surfactant preparations with respect to occurrence
of NEC of any stage.” In a study by Najafian et.al. they found that intraventricular haemorrhage (IVH)
and necrotizing enterocolitis (NEC) are more frequent in the Curosurf group in comparison with Survanta
in 29-32 weeks neonates. It was also realised that lower birth weight and lower gestation were associated
with more complication in both groups.'®

We chose retrospective data from December 2022 backwards to August 2019 as it was after an Update by
European Consensus Guidelines on management of RDS! had been published and widely being discussed
and adopted in our Neonatal units. A sub-group analysis of neonates > 28 weeks was chosen because these
were babies who were candidates for less RDS, less CLD (or BPD) and other morbidities compared to those
[?7] 28 weeks. Also, there was an inclination towards porcine surfactant by some clinicians in [?] 28 weeks
based on European consensus guidelines. Alongside subgroup analysis was done with all the 3 commercially
available surfactants in India.

Limitations

As far as limitations of our study, apart from being a retrospective study from across 6 centres, an important
limitation of our study is that we have not collected the data on pulmonary haemorrhage and its association
with the type of surfactant used. Study by Tridente et.al. favours use of porcine surfactant which had noted
lesser lung haemorrhage whereas the cochrane review showed no difference.*” We felt lung haemorrhage
having multiple etiologies in very small newborns including hemodynamically significant PDA, sepsis, DIC
has more confounding factors and attributing it to type of surfactant type may not be easy in a retrospective
design. Possibility of approximation of dose of surfactant due to more common whole-vial based dosing in
place of exact weight-based dosing remains inherent limitation of retrospective study.'3



Cost benefit analysis comparing the surfactant preparations has not been attempted owing to the varied
hospital policies of billing. This precludes our assumption that bovine surfactant use may reduce the cost
compared to porcine surfactants. Magni et.al. have noted that here were no significant differences in
neonatal intensive care unit (NICU) length of stay or NICU total costs between infants treated with beractant
(Survanta@®)), calfactant (Infasurf®)) or poractant alfa (Curosurf®)) in a study data from developed countries
and funded by Chiesi Farmaceutici S.p.A.14

More data from a larger sample size, randomised controlled studies, from India may be needed to address
the issues of type of surfactant usage in RDS with different morbidities and mortality.

Conclusion

Porcine surfactant at 200mg/kg had similar combined outcomes of death/ CLD and redosing compared
to bovine surfactant in preterm >28 weeks. Considering the cost burden in the developing world, with no
added advantage of using higher doses of porcine surfactant over bovine surfactant, there is an urgent need
to evaluate the efficacy in randomised clinical trials.
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