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ABSTRACT

INTRODUCTION: Meconium staining of amniotic fluid (MSAF) is a natural phenomenonin pregnant
mothers and their fetuses. MSAF may lead to developing Meconium Aspiration Syndrome (MAS).
Surfactant replacement therapy has recently emerged as a therapy in MAS, but no guideline
outlines how to administer it properly.

CASE PRESENTATION: We present two term neonates with severe MAS cases focusing on the
bolus surfactant replacement therapy. The first baby was given surfactant at 23 hours after birth
and the second baby at 8 hours after birth. We used Survanta (beractant) in the dose of 100
mg/kg BW in both cases. Clinical improvement was observed 24 hours after surfactant bolus
administration with different clinical characteristics, treatment approaches, and outcomes.
CONCLUSION: In conclusion, therapeutic surfactant bolus in severe MAS may improve outcomes
without significant adverse side effects.
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INTRODUCTION

Meconium-stained amniotic fluid (MSAF) is a
natural phenomenon occurring in pregnant
mothers and their fetuses. The presence of MSAF
may lead to developing Meconium Aspiration
Syndrome (MAS). This syndrome is characterized
by hypoxia, hypercapnia, and acidosis [1]. One-
third of infants with MAS require intubation and
mechanical ventilation. Data from Dr. Soetomo
Hospital, where our study was conducted,
revealed that MAS contributed was the 7th top
leading neonatal death cause, with 2.3% of all total
death [2]. Surfactant is composed of phospholipids

and associated proteins produced by the type |l
pneumocytes that line the alveoli and smallest
bronchioles [3]. Surfactant replacement has
recently emerged as a therapy. It is administered
intratracheally as either a bolus dose or in
dilute form to lavage the lungs in neonates with
MAS. However, no guideline outlines how to
administer bolus surfactant therapy in MAS in
our region. It is still controversial between bolus
and lavage surfactant therapy administration.
Limited study has directly compared these two
treatment modalities with different clinical
outcomes. We reported two patients with severe
meconium aspiration syndrome treated at Dr.
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Soetomo General Hospital, Surabaya, Indonesia,
with different clinical characteristics, treatment
approaches, and outcomes. We emphasize
surfactant bolus treatment and the treatment
outcomes. We aim to improve prognosis, increase
survival, and MAS prevention, benefiting the
patient and public health.

CASE PRESENTATION

Case 1: A baby girl with a chief complaint of
dyspnea and desaturation one day before hospital
admission. She was delivered by the caesarian
section with fetal distress and premature rupture
of the membrane (PROM). Mother was 25 years
old. No history of pregnancy problems. The
gestational age was 39-40 weeks; the birth weight
was 3000 grams, 50 cm in length, and 34 cm in
head circumference. Skin, nails, and umbilical cord
were stained with greenish meconium. The Apgar
Score was 3 at one minute and 4 at five minutes.
The baby was not crying, grunting, and had poor
muscle tone. We did the initial step, including
warm and maintaining normal temperature,
airway position, tactile stimulation, suction, and
repositioning. We continue with nasal Continuous
Positive Airway Pressure Therapy (CPAP) with
Positive end-expiratory pressure (PEEP) 8 and
maximum FiO2 80%.
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Physical examination on admission revealed a weak
cry with minimal grimacing to a painful stimulus,
grunting, and peripheral cyanotic. Blood pressure
(BP) was 65/40 mmHg, heart rate was 180 beats
per minute, respiratory rate (RR) 70 breaths per
minute with the temperature was 36,50C, pre
ductal saturation was 81% room air, and post
ductal saturation was 74%. Capillary refill time was
less than 3 seconds. Downes score was 5. Chest
X-Ray showed an area of diffuse hyperinflation.
Decreased expansion of the lung was indicated
by diaphragm linear that appeared as high as the
10th chest rib. Blood gas analysis (BGA) revealed
metabolic acidosis with the value: pH 7.25, pCO2
of 40 mmHg, pO2 of 104 mmHg, HCO3 of 17.5
mmol/L, TCO2 of 18.7 mmol/L, BE of-9.7 mmol/L,
SO2 of 97 %. Echocardiography revealed severe
tricuspid regurgitation and patent foramen
ovale, consistent with a diagnosis of pulmonary
hypertension.

The working diagnosis was a term infant with
meconium aspiration syndrome and persistent
pulmonary hypertension of the newborn (PPHN).
The baby was intubated with mechanical
ventilator support following no improvement
after CPAP. Thermoregulation was maintained by
infant warmer. Given fluid 80cc/kg BW/day via
an umbilical catheter. Empirical antibiotics were
given with Ampicillin 50mg/kg BW twice daily and

Figure 1: Chest x-ray taken 6 hours (Left) and 3 days (Right) after surfactant bolus administration
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Gentamycin 5mg/kg BW once daily. The PPHN
therapy was treated with oral sildenafil 0.5mg/
kg body weight (BW) four times a day, inotropic
support by dobutamine equal to 5 mcg/kg/minute,
and iloprost inhalation 2.5-5 mcg six times daily.
At 21 hours after birth, the baby was worsened
and got desaturated. The baby looked distressed
with RR 70-80 breath per minute, SpO2 75-80%,
Temperature (T) of 36,5 oC and we changed
ventilator setting to PCV rate of 60, Pcont of 20,
PEEP of 6, FiO2 of 100%. Sedation was controlled
by morphine maintenance dose 10 mcg/kg/min.
Bolus surfactant administration was instilled via an
endotracheal tube with a dose of 100mg/kg [4]. At
24 hours after the surfactant bolus, the baby was
hemodynamically stable. Chest X-ray evaluation
was performed and showed improvement (Figure
1). Eight days after surfactant administration, the
baby can maintain good oxygenation without
supplemental oxygen.

Case report 2: A baby girl born via spontaneous
delivery. The gestational age was 38 weeks, the
birth weight was 2600 grams, 49 cm in length,
and 33 c¢cm in head circumference. Skin, nails, and
umbilical cord stained with greenish meconium.
She wasn’t crying after birth, grunting, and had
poor muscle tone. The Apgar Score was 3 at one
minute and 5 at five minutes. We did the initial
step, including warm and maintaining normal
temperature, airway position, tactile stimulation,
suction, and repositioning. The maximum oxygen
saturation was 74% at the tenth-minute room air.
She received Neo T-CPAP with PEEP 8 and PIP 25
but was still lethargic and cyanotic. The maximum
oxygen saturation reached was only 80%.

Physical examination in NICU revealed a neonate
with a weak cry with minimal grimacing to a
painful stimulus, grunting, and cyanotic. Blood
pressure (BP) was 65/35 mmHg, heart rate (HR)
was 182 beats per minute, respiratory rate (RR)
64 breaths per minute with the temperature
was 36,50C, her pre-ductal saturation was 84%
and post ductal saturation was 81%. There was
severe chest retraction and capillary refill time
was less than 3 seconds. The Downes score was
8. Chest and abdominal X-Ray showed patchy
infiltrates, consolidation at left hemithorax, area
of hyperinflation and hypoinflation. Decreased
expansion of the lung was indicated by diaphragm
linear that appeared as high as chest rib 7th-8th.
The working diagnosis was a term infant with
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meconium  aspiration syndrome. The baby
was admitted to NICU following no clinical
improvement after initial resuscitation, intubated
and mechanically ventilated. Blood gas analysis
after intubation revealed metabolic acidosis with
the value: pH 7.19, pCO2 48 mmHg, pO2 138
mmHg, HCO3 18.3 mmol/L, TCO2 19.8 mmol/L,
BE — 9.9 mmol/L, SO2 98%. Thermoregulation was
maintained by infant warmer. The baby was placed
Nil Per Os, an umbilical catheter was inserted
and he was given total parenteral nutrition of
60cc/kg BW/day. Empirical antibiotics were given
with  Ampicillin 50mg/kg BW twice daily and
Gentamycin 5mg/kg BW once daily. Inotropic
support by dobutamine equal to 5 mcg/kg/minute
was initiated and maintained for 24 hours. At 6
hours after birth, the baby was worsened and got
desaturated with HR 176 bpm, RR 62 cpm, body
temperature 37, and Sa02 86%. ABG revealed still
metabolic acidosis with pH 7.19, pCO2 61 mmHg,
p0O2 61 mmHg, HCO3 23.3 mmol/L, TCO2 25.2
mmol/L, BE -4.9 mmol/L, SO2 88 %. Ventilator
setting was changed to PCV, P control 15, PEEP 5,
Pinsp 15, Rate 50, FiO2 90% with oxygen saturation
was 93%. Inotropic support by dobutamine
was increased equal to 10 mcg/kg/minute and
dopamine equal to 5 mcg/KgBW/minute was
added. Eight hours after birth, a bolus surfactant
was instilled via an endotracheal tube with a dose
of 100 mg/kg phospholipid (beractant). Chest x-ray
monitoring was done (Figure 2).

Figure 1: A chest x-ray taken 6 days after surfactant
administration
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Table 1: Summary of clinical characteristics of the patients and maternal history

Variables Patient 1 Patient 2
Mother’s age 25 35
Gestational age 38 weeks 38 weeks
Apgar score (1 min/5 min) 3/4 3/5

Delivery mode

Endotracheal suction in the delivery

room

Nasal prong CPAP (day start)

PPHN

Chest x-ray

Cesarian section

Hyperinflation and hypoinflation

Cesarian section

Yes Yes
0 0
Yes No

Hyperinflation and patchy infiltrates

A day after surfactant administration, the baby was
hemodynamically stable. Chest x-ray evaluation
was taken 6 days after the surfactant bolus.
ABG revealed pH 7.21, pCO2 69 mmHg, pO2 67
mmHg, HCO3 27.6 mmol/L, TCO2 29.7 mmol/L,
BE - 0.3 mmol/L, SO2 93 %. On the 26th day,
echocardiography was performed and revealed
mild TR (max PG 17.9 mmHg). Advice from pediatric
cardiology division dobutamine and dopamine was
decreased gradually. The baby was extubated on
the fourth day, replacing it with NIPPV. We then
gradually changed her to CPAP, HFN (High Flow
Nasal), then nasal cannulae. On the tenth day,
the baby was weaned off O2. Descriptive data
before and after surfactant administration are
summarized in table 2.

DISCUSSION

Two distinct scenarios of MAS treated with
surfactant therapy are described above. Both
cases improved after surfactant administration,
despite different clinical characteristics, treatment
approaches, and outcomes. MAS primarily affects
term and post-term infants and is extremely rare
in preterm newborns. In this case, both were
term infants. We diagnosed MAS by the following
clinically-based findings: the first case showed

evidence of meconium-stained MSAF, respiratory
distress, and a chest x-ray showed an area of
hyperinflation and hypoinflation. The second case
chest x-ray revealed hyperinflation with patchy
infiltrates. These findings suggest that MAS was the
cause of respiratory distress in both cases. Arterial
blood gas revealed metabolic acidosis in both our
cases. Clinical characteristics of the patients and
maternal history are summarized in table 1.

MAS is diagnosed by history taking, clinical course,
and radiographic. Transient tachypnea of the
newborn (TTN) is a frequent cause of respiratory
distress in late preterm infants (34 to 37 weeks
gestation). In contrast, MAS is most frequently seen
in postmature infants (>41 weeks’ gestation)[5]. To
define MAS severity, we use criteria by Cleary and
Wisell: (1) mild, requiring < 40% oxygen therapy for
< 48 hours; (2) moderate, requiring > 40% oxygen
therapy for at least 48 hours; (3) severe, requiring
assisted mechanical ventilation for more than 48
hours and is often associated with PPHN [6]. In this
case, all infant oxygenation was given with FiO2 >
40% more than 48 hours. So, it can be categorized
as severe MAS.

Surfactant replacement therapy has recently
emerged as rescue therapy in MAS, which has
the advantage of decreasing morbidity and
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Table 2: Descriptive data before and after surfactant administration of the 2 cases

Patient 1 Patient 2

Age on arrival (hour)
Time of administration

Surfactant doses

Types of surfactant

Clinical and laboratory characteristics before

surfactant bolus:

- Ol

- A-aDO,

- Blood pressure
- HR

- RR

24 hours after bolus

- Ol

- AaDO,

- Blood pressure
- HR

- RR

Adverse event
PPHN

23 hours after birth

100 mg/kg BW

8 0
8 hours after birth

100 mg/kg BW

Phospholipid Phospholipid
Natural Natural
34.4 39
624 463
65/40 65/35
180 182

70 68

9.1 9.2
225 376
70/45 70/45
138 155

50 56

No No

Yes No

Ol: Oxygenation Index, HR: Heart Rate, RR: Respiratory Rate, A-aDO2: Alveolar-Arterial Oxygen Gradient, PPHN:

Persistent Pulmonary Hypertension of the Newborn

mortality[7,8]. In vitro studies have shown that
meconium interferes with surfactant in several
ways: inactivation of its function depending
on the concentration, direct toxicity on type Il
pneumocytes, displacement of surfactant from
the alveolar surface, and decrease of surfactant
protein A and B levels [9]. A systematic review
by Natarajan et al. stated surfactant therapy in
neonates with MAS either as bolus or lavage
was found to reduce the duration of mechanical
ventilation and hospital stay [10].

Survanta (Beractant) is a natural surfactant and the
only available option in our hospital pharmaceutical
formulary. A recent study by Singh et al. revealed
no statistically significant differences in the results
achieved after administrations of natural and
synthetic surfactant [11]. Based on clinical criteria,
a total of 100 mg/kg BW phospholipid surfactant
bolus was used in both cases. This amount was
based on the suggestion of Dargaville et al. and
the clinical outcomes of our cases were excellent
[3]. In our first case, the oxygen index (Ol) was
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34.4 and the alveolar-arterial oxygen gradient
(AaDO2) revealed 619, while in our second case, Ol
revealed 39 and AaDO2 457. Clinical improvement
24 hours after surfactant bolus administration was
seen in this case series. Ozge et al. also defined
other criteria for surfactant administration in the
newborn: the need for mechanical ventilation
with a Fi02 > 0.5, Mean airway Pressure (MAP) >
7 cm H20, Ol > 15, and/or abnormal arterial blood
gas analysis showing hypoxia (PaO2< 50 mmHg),
hypercapnia (PaCO2> 50 mmHg) or acidosis
(pH < 7.2) combined with radiological evidence
of pulmonary disease on the chest X-ray. Both
newborns in our case series meet these criteria
(3,12].

The first baby was given surfactant at 23 hours after
birth due toaninsurance issue and the second baby
at8hoursafterbirth. Failingtoadminister surfactant
early will reduce its effectiveness by inflammatory
and chemical changes induced by meconium
aspiration gradually increased over time after
birth. It is doubtful whether there is much benefit
gained by surfactant administration after 24 hours
[3]. Research by Dargaville et al. in 2011 showed a
lack of effectiveness when administered 14 hours
after birth [12]. Old data in 1997 demonstrated
on a model of MAS piglet, inflammatory indicator
peaks between 12- 24 hours [13]. A recent study
revealed that surfactant should be given before 6
hours to have a beneficial effect [3]. The first case
showed better clinical outcomes immediately after
surfactant administration, while the second case
did not. We assumed the underlying pulmonary
pathology was more severe in the first case. PPHN
was not confirmed in our second case because
echocardiography was not performed immediately
after birth. Initial chest x-ray in our second case
showed infiltrates, while in the first case, it did not.
In the first case, the administration of surfactant
bolus followed by iloprost and sildenafil had
a positive influence on the improvement in
oxygenation. Sildenafil oral was given 1.5 mg four
times daily. Sahl and Olson conducted Cochran
analysis on the effectiveness of sildenafil for PPHN
infants and concluded that sildenafil could reduce
mortality, and improve oxygenation in infants with
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