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Abstract

Introduction: Surfactant replacement therapy (SRT) might cause acute
changes in cerebral oxygenation and alteration of brain bioelectrical activi-
ty. Varying physiologic responses and clinical outcomes were observed when
different surfactant preparations were instilled to treat neonatal respiratory
distress syndrome (RDS).

Material and methods: Neonates born at 26-30 weeks of gestation with
RDS requiring intubation and mechanical ventilation were randomized to
SRT either with poractant alfa (A) or beractant (B). Saturation (SpO,), heart
rate (HR), cerebral tissue oxygenation (5t0,) and amplitude-integrated elec-
troencephalography (aEEG) were simultaneously recorded prior to and up to
4 h after SRT.

Results: Mean SpO,, HR and StO, values were comparable between groups
at baseline and after SRT. There were differences in mean akEEG voltage be-
fore SRT, but amplitudes were within a range considered as normal in both
groups. Immediately after SRT and at a few single post-intervention time
points mean aEEG voltage was higher in the beractant group. There was
a significant difference in the percentage of time with the aEEG signal < 5 pV
after SRT between groups (mean 25.7% (A) vs. 16.5% (B), p < 0.05). Quantity
of bursts per minute and mean length of inter-burst intervals (IBI) in the
aEEG recording varied insignificantly but there was a significant difference
in the percentage of IBI > 30 s between groups (52.5% (A) vs. 36.6% (B),
p <0.05).

Conclusions: This is the first study assessing brain bioelectrical function and
oxygenation while using two different surfactant preparations in a neonate.
Cerebral effects of SRT are observed regardless of the type of surfactant, but
their magnitude may depend on the preparation and/or dosing used.

Key words: surfactant, cerebral oxygenation, amplitude-integrated
electroencephalography, newborn, preterm infant.
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Introduction

The first successful animal model of surfac-
tant replacement therapy was developed in the
1970s. After tracheal instillation of an animal-de-
rived surfactant extract obtained from lavage of
the lungs of mature rabbits directly into the tra-
chea of immature rabbits an improvement in lung
mechanics was noted [1]. Ten years later the first
successful experience with surfactant replace-
ment therapy in infants with respiratory distress
syndrome (RDS) was reported [2]. Administration
of animal-derived surfactant became a standard
of care in RDS management; however, surfactant
preparations differ in their source (bovine vs. por-
cine), method of extraction (minced vs. lavage),
composition  (viscosity, phospholipid content,
amount of surfactant protein, plasmalogen con-
tent), doses, and dosing volumes.

Surfactant deficiency has been suggested as
the primary cause of non-invasive respiratory
support failure in preterm infants [3, 4]. Despite
the clinical benefits, surfactant administration
remains an invasive procedure. With a standard
approach it requires intubation and may be as-
sociated with transient deterioration of patients’
condition, e.g. desaturation. It has been shown
that surfactant replacement therapy (SRT) may
cause acute changes in cerebral oxygenation and
suppression of bioelectrical activity measured
with amplitude-integrated electroencephalogra-
phy (aEEG) [5-9]. Varying physiologic responses
with different surfactant preparations have been
observed in an animal model [9]. There were sig-
nificant differences in clinical outcome in the com-
parison trials of bovine vs. porcine surfactants.
However, as they were only observed in studies
using a higher initial dose of porcine preparation
it remains uncertain whether this was caused by
the source or dose of the drug [10, 11].

The aim of this study was to compare cerebral
oxygenation and bioelectrical activity during SRT
with porcine and bovine surfactant.

Material and methods

Preterm infants hospitalized at the Department
of Neonatology of Poznan University of Medical
Sciences (PUMS) with clinical symptoms of RDS,
requiring intubation and mechanical ventilation,
with FiO, requirements > 0.4 and gestational age
(GA) of 26-30 weeks, were included in the study
after written parental consent. This was a pro-
spective, randomized, controlled trial approved by
the local Institutional Review Board (IRB).

Patients were randomly allocated to one of the
treatment groups: SRT with porcine preparation —
poractant alfa (Curosurf, Chiesi Farmaceutici Parma,
Italy), which contains phosphatidylcholine and ap-

with porcine and bovine preparations

proximately 1% surfactant protein (SP) B&C; 80 mg/
ml phospholipid concentration; given at a dose of
200 mg/kg in 2 aliquots; or with a bovine prepara-
tion — beractant (Survanta; AbbVie Inc., USA), which
contains dipalmitoyl phosphatidylcholine, tripalmi-
tin, palmitic acid and less than 0.5% SP B&C; 25
mg/ml phospholipid concentration; given at a dose
of 100 mg/kg in 4 aliquots [12]. All patients received
20 mg/kg caffeine citrate intravenously prior to SRT.
No premedication was used for endotracheal intu-
bation. All neonates received the surfactant during
the first hour of life. Patients were ventilated us-
ing pressure-controlled synchronized intermittent
mandatory ventilation aiming at tidal volumes of
approximately 5 ml/kg. Fraction of inspired oxygen
(Fi0,) was titrated to keep SpO, within 90-95%. Ar-
terial blood gas analysis (ABG) was performed be-
fore and after surfactant administration.

During the study the following parameters were
continuously monitored and simultaneously record-
ed: saturation (SpO,) and heart rate (HR) measured
with pulse oximetry (SpO, module integrated with
aEEG transducer, Nonin, USA), cerebral tissue oxy-
genation (S5t0,) measured with near-infrared spec-
troscopy (NIRS) (Invos 5100 oximeter, Medtronic,
USA), amplitude-integrated electroencephalogra-
phy (Neonatal CFM, Elmiko, Poland).

For NIRS measurements a pediatric cerebral
sensor was placed on the right side of the fore-
head. For aEEG monitoring two electrodes, C3-C4,
were used. Brain bioelectrical activity was moni-
tored separately from both hemispheres, but for
the purpose of the study an averaged aEEG signal
was utilized. Dedicated software was used for si-
multaneous recording of SpO,, HR, StO, and aEEG
signals (Elmiko, Poland). Monitoring was initiated
5 min before the procedure and continued for 4 h.
Analysis of monitored variables between groups
was based on comparison of mean values as well
as their relative changes versus baseline.

Additionally, for aEEG percentage of time with
low voltage < 5 pV and the amount of inter-burst
intervals (IBI) were assessed [13]. IBl was defined
as an interval > 2 s that contained no EEG activity
above 15 pV [13, 14]. IBI = 30 s were considered
pathological [13-16].

Statistical analysis

The normality of the data distribution was
checked using the Shapiro-Wilk test. For statistical
analysis Student’s t, Mann-Whitney and Fisher exact
tests were used (Statistica 13.3, TIBCO Software Inc.).

Results

Twenty-four newborns were enrolled in the
study and twenty-two were included in the anal-
ysis (eleven in each group, Figure 1). Two patients
were excluded due to technical issues with signal
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Figure 1. Enrollment flow chart

recordings. There were no significant differences
in mean birthweight, GA, and Apgar scores after
the first and fifth minute of life, rates of prenatal
steroids administration or premature rupture of
membranes between groups (Table I).

FiO, values before and after SRT were similar for
both preparations. There were no significant differ-
ences between groups in ABG, SpO,, HR and StO,
at baseline. Mean ABG values after the procedure
were comparable in patients treated with beractant
vs. poractant alfa (Table Il). Mean SpO, during and
after SRT was similar in both groups. At selected
timepoints there were differences between groups
in relative SpO, changes versus baseline, but
they do not seem clinically significant (Figure 2).
Mean HR values were similar in both groups,

Table I. Patients’ demographic data presented as

gradually decreasing during the observed period
(Figure 3). Mean StO, did not differ significantly
between groups throughout the study (Figure 4).
There were differences in mean akEEG voltage
before SRT, but amplitudes in both groups were
within a range considered as normal (5-50 V)
[13]. Immediately after SRT and at a few single
time points > 120 min after intervention mean
aEEG voltage was higher in the beractant group
(Figure 5). There was a significant difference in
the percentage of time with aEEG signal < 5 uVv
after SRT between groups (mean 25.7% for porac-
tant vs. 16.5% for beractant, p < 0.05). Quantity of
bursts per minute and mean length of inter-burst
intervals (IBI) in the aEEG recording varied insig-
nificantly (Table Ill). There was also a significant
difference in the percentage of IBI > 30 s between
the two groups (52.5% for poractant vs. 36.6% for
beractant, p < 0.05).

Discussion

To our knowledge this is the first study to as-
sess brain bioelectrical function (as aEEG) and
oxygenation while using two different surfactant
preparations in neonates. Beractant and poractant
alfa were chosen for this comparison as they are
among the most popular formulations and had
been compared in previous clinical trials. Reported
outcomes included a significant increase in the risk
of mortality prior to discharge and death or oxy-
gen requirement at 36 weeks’ postmenstrual age in
infants treated with modified bovine minced lung
surfactant extract compared with porcine minced
lung surfactant extract [10, 11, 17, 18].

In the present study patients tolerated both
preparations well with no significant differences

Table I1. Blood gas analysis and FiO, results before
and after surfactant administration. Data present-
ed as mean (SD)

Parameter Beractant Poractant alfa P-value
mean (SD) or percent (%)

Before SRT:
Parameter Beractant  Poractant alfa  P-value FiO, 0.65 (0.22) 0.58 (0.24) ns
aGge:tatlonal 27.5(1.2) 27 (1.7) ns oH 7.27 (0.08) 7.25 (0.1) ns
[weeks] pO,[mm Hg] 70.36 (25.78) 70.14 (8.03)  ns
Birth 1058 (252) 1075 (306) ns pCO,[mm Hg] 44.74 (10.62) 54.87 (19.74)  ns
weight [g] BE -5.95 (4.14) —4.23 (1.85) ns
Apgar 5(2) 6(2) ns After SRT:
score 1 .

) o FiO, 0.28 (0.07) 0.24 (0.06) ns

Apgar 7 (2 7(1 ns
score 5 pH 7.27 (0.05) 7.31(0.1) ns
Prenatal 73 100 ns pO,[mm Hg] 73.99 (28.12) 89.76 (45.70) ns
steroids pCO,[mm Hg] 49.71 (7.1) 51.05 (19.39) ns
PROM 18 18 ns BE -4.15 (2.3) -4.16 (2.11) ns

SD - standard deviation, PROM — premature rupture of membranes,
ns — not significant.

SD — standard deviation, SRT — surfactant replacement therapy,
ns — not significant.
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with porcine and bovine preparations
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Figure 2. SpO, before, during, and after surfactant replacement therapy. Values presented as mean (dots) and
confidence intervals (vertical lines). A — The graph shows mean values. B — The graph shows delta values after the
procedure. Statistically significant changes are marked with (*)
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Figure 3. HR before, during, and after surfactant replacement therapy. Values presented as mean (dots) and con-
fidence intervals (vertical lines). A — The graph shows mean values. B — The graph on the right shows delta values
after the procedure. Statistically significant changes are marked with (*)

in HR, SpO, or StO,. However, bioelectrical activity
of the brain varied between groups. Interestingly,
the use of poractant alfa, which has been report-
ed previously to be clinically superior to beractant,
led to more pronounced depression of the aEEG
signal. Decrease of cerebral activity lasting up to
24 h despite improvement of pulmonary function
after SRT has been reported before with various
preparations and techniques of administration
[5-8]. One of the proposed mechanisms leading

to this phenomenon is a rapid decrease in pulmo-
nary vascular resistance after SRT. Increased left
to right shunting via the ductus arteriosus during
and after SRT may result in alteration of cerebral
blood flow and subsequent changes in bioelectri-
cal activity [7]. Association of hemodynamic fluc-
tuations with EEG alterations have been reported
in preterm infants [19].

None of the patients included in the study
received premedication; thus it is likely that

Arch Med Sci 3, 1t May / 2022

655



Tomasz Szczapa, tukasz Karpinski, Hanna Szczapa-Krenz, Beata Witostaw, Aleksandra Adamczak, Jerzy Moczko, Izabela Miechowicz,

Pawet Niedbalski, Marta Szymankiewicz-Breborowicz, Jan Mazela

A 100

95
920
85
80 ]

o TR AL

70

T
LY
b Y
PN
<=

$t0, (%)

65

60

B

20

15

10

7
Vil
/7
Aol
/A
A
v
)
o
~J
Tk
y

Time [min]

# Poractant +Beractant

Figure 4. StO, before, during, and after surfactant replacement therapy. Values presented as mean (dots) and
confidence intervals (vertical lines). A — The graph shows mean values. B — The graph shows delta values after the
procedure. Statistically significant changes are marked with (*)
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Figure 5. aEEG voltage before, during, and after surfactant replacement therapy. Values presented as mean (dots)
and confidence intervals (vertical lines). A —The graph shows mean values. B — The graph shows delta values after
the procedure. Statistically significant changes are marked with (*)

observed differences in brain activity between
groups were mainly related to differences in
surfactant composition and biophysical proper-
ties. Poractant alfa in comparison to beractant
contains larger amounts of total phospholipids,
plasmalogens and polyunsaturated phospholip-
ids, which improves surface activity. There are
also significant differences in the surface vis-
cosity between studied preparations. For berac-
tant it was found to rise with decreasing surface

tension, while lower surface tensions without an
increase in viscosity were observed for poractant
[20]. Poractant has been shown to have superior
film formation properties in comparison to other
preparations [21]. It has been reported that vari-
ous surfactants markedly differ in their sensitivity
to inhibitory plasma proteins (e.g. fibrinogen, al-
bumin and hemoglobin) [22].

Another factor that may be associated with the
observed differences in brain activity after SRT is
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Table Il. Quantity of bursts per minute and length
of inter-burst intervals in the aEEG recording after
surfactant replacement therapy. Data presented as
mean (SD)

Parameter Beractant  Poractant alfa  P-value
Bursts per 2.6(1.2) 1.9 (1.1) ns
minute

Length of 26 (12) 35 (11) ns
IBI [s]

SD - standard deviation, IBI — inter-burst intervals, ns — not
significant.

the volume of administered drug. Similar to our
study, in which beractant was given at a larger to-
tal volume than poractant (4 ml/kg vs. 2.5 ml/kg)
but with more partial doses (4 vs. 2), Greisen
et al. assessed the effects of surfactant admin-
istration using two (1.25 ml/kg) vs. six (approxi-
mately 0.42 ml/kg) aliquots and found that EEG
suppression lasted longer in the latter group de-
spite lack of differences in blood-gas parameters
and “more gradual” circulatory changes with more
aliquots. No correlations between EEG and cardio-
pulmonary parameters was found in that study
[23]. However, a relationship of aEEG voltage with
selected cardiovascular parameters such as su-
perior vena cava flow was described in preterm
infants by other authors [24]. It is not certain
whether these changes are related directly to dose
or perhaps the length of the procedure and less
rapid changes in lung mechanics. Mode of admin-
istration is another factor that may influence ce-
rebral effects as differences in brain oxygenation
were observed between intubated patients and
those treated using less invasive surfactant ad-
ministration [25, 26].

Described differences between surfactant
preparations can lead to disparate dynamics of re-
sponse. This may be a potential explanation of ob-
served differences in bioelectrical cerebral activity.
In an animal study by Ricci et al. poractant showed
superior performance over another bovine prepa-
ration (bovactant). Therapy with the porcine drug
resulted in more rapid recovery in surfactant defi-
cient rabbits and lambs. Higher oxygenation and
ventilation efficiency indices were found for po-
ractant alfa. Higher intrapulmonary gas volumes
were also observed in this group [27]. Ventilation
efficiency may affect cerebral blood flow, which
can further influence EEG activity in preterm ne-
onates [28]. Perhaps more rapid changes of pul-
monary function are not equally beneficial for the
lung and the brain.

The main limitations of the study include a rel-
atively small sample size and the short time of
observation. Although there was a difference in
mean aEEG voltage at baseline, these findings
should be interpreted with caution. Additionally,

with porcine and bovine preparations

CO, levels were only monitored using blood gas
analysis. Continuous transcutaneous CO, moni-
toring might provide more dynamic changes in
gas exchange after surfactant administration. Ob-
served changes in bioelectrical baseline activity
might also be related to temporary airway occlu-
sion and the aftermath of such a situation and the
clinical significance of these findings may be only
transient.

Our findings warrant additional studies to in-
vestigate the influence of preparation type and
dose on neonatal cerebral function and on dif-
ferences in neurologic outcomes to better under-
stand how surfactant administration may be fur-
ther optimized.
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