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ABSTRACT: Meconium aspiration syndrome (MAS) is one of the
top causes of severe respiratory failure in neonates. This study was
designed to investigate the effective volume of therapeutic bronchoal-
veolar lavage (BAL) with diluted surfactant in the treatment of MAS
in newborn piglets. Human meconium was instilled in 24 piglets to
induce MAS, and the piglets were randomly divided into four groups:
1) control, no lavage; 2) lavage-10, BAL with diluted surfactant (5
mg/mL, Survanta) 10 mL/kg in two aliquots; 3) lavage-20, 20 mL/kg
in two aliquots; 4) lavage-30, 30 mL/kg in two aliquots. Cardiopul-
monary parameters were monitored, and the lung tissue was histo-
logically examined after experiments. The changes in oxygenation
and lung compliance of lavage-20 and lavage-30 groups were sig-
nificantly better than control and lavage-10 groups (p � 0.05), but
there was no significant difference between lavage-20 and lavage-30
groups. The lung injury scores were significantly lower in the de-
pendent site of lavage-20 and lavage-30 groups than the other two
groups. In conclusion, using 20 mL/kg diluted surfactant in two
aliquots to perform therapeutic BAL was as effective as 30 mL/kg
in improving the pathophysiological outcomes in MAS and may
warrant consideration clinically in treating MAS. (Pediatr Res
66: 107–112, 2009)

Meconium aspiration syndrome (MAS) is one of the top
causes of severe respiratory failure in neonates. De-

spite improvement in immediate resuscitation at birth and the
use of assisted ventilation, respiratory distress caused by
aspirated meconium is difficult to manage. Even with innova-
tive respiratory care, some neonates with severe MAS may
become candidates for extracorporeal membrane oxygenation
and high rates of mortality may occur (1–3).
The mechanisms in pathogenesis of MAS typically includes

local obstruction of the airway by meconium debris, with
associated impairment of gas diffusion, patchy atelectasis,
pulmonary vascular hypertension, pulmonary inflammation,
chemical pneumonitis, and surfactant inactivity (4–10). Bolus
surfactant administration has been tested for the treatment of
MAS previously, but no significant reduction in mortality and
other morbidities was obtained (11–14).

Effective meconium removal without inactivating or wash-
ing out surfactant is a potential additional treatment for treat-
ing MAS. Theoretically, the concept of therapeutic bronchoal-
veolar lavage (BAL) involves dilution and removal of the
meconium from the airspaces. Intervention to treat progressive
MAS using BAL with saline has not proved to be clinically
useful (15,16) and may even be detrimental as the volume of
saline can further impede gas exchange and worsen lung
mechanics. Some authors have tried to use bolus surfactant
given after saline lavage (15,17–20), but the surfactant distri-
bution was not uniformly obtained in the same manner as
when using surfactant lavage (21,22).
Recently, technique of therapeutic BAL with diluted exoge-

nous surfactant has been tried and shown some promising ben-
efits in improving pathophysiological responses, increasing
meconium removal amount, lowering ventilation duration, and
decreasing the severity of illness (12,23–40). However, the tech-
niques of therapeutic BAL are quite different among reported
animal (Table 1) (23,25–27,30,32–35,40) and neonatal studies
(Table 2) (24,28,29,31,36–39). The biggest difference was the
lavage volume of each aliquot (range: 2 mL/aliquot to 20 mL/
kg/aliquot) and lavage frequencies (range, 2–30 aliquots), thus
resulting in a large difference in total lavage volume (range, 9 mL
totally to 80 mL/kg) (Tables 1 and 2). Therefore, further studies
to elucidate the controversies in the BAL technique and whether
to BAL are crucial for neonatal applications.
We hypothesized that using an effective lavage volume of

diluted surfactant may improve the pathophysiological out-
come of MAS. This study was designed to test this hypothesis
in an experimental model of newborn piglets with MAS (25).

MATERIALS AND METHODS

All animals were managed according to the National Institutes of Health
guidelines for the care of animal subjects. All procedures were approved by the
local Institutional Review Board.

Subjects. Neonatal piglets less than 2 wk of age were anesthetized with
intramuscularly administered atropine (0.1 mg/dose) and ketamine (25 mg/
kg/dose) before surgical procedures. All animals were placed in a supine
position and given a s.c. injection of lidocaine hydrochloride (2%) for local
anesthesia. After placing an uncuffed endotracheal tube (3.5 mm ID, Portex
tracheal tube, SIMS Portex, Hythe, Kent, UK) via a tracheotomy, controlled
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mechanical ventilation was established using a volume-controlled animal
ventilator (Model 683, Harvard, South Natick, MA). Tidal volume (VT) was
set at 10 mL/kg, the ventilator rate at 30 breaths/min, the I:E ratio at 1:1,
positive end-expiratory pressure (PEEP) at 5 cm H2O, and the fractional
concentration of inspired oxygen (FiO2) at 1.0. These ventilator settings were
kept constant throughout the experiments, except the ventilator rate was
increased by 2–5 breaths/min when the blood gas analysis showed arterial
PCO2 (PaCO2) higher than 50 mm Hg and pH less than 7.25. A 3.5-Fr
umbilical vessel catheter (Argyle, Sherwood Medical Corp., St. Louis, MO)
was placed in the right femoral vein for medication and anesthesia. After the
induction of anesthesia, a solution of 0.33% saline in 5% dextrose was infused
i.v. at a rate of 5 mL/kg/h. Animals were then paralyzed with i.v. pancuronium
bromide (0.2 mg/kg), sedated with midazolam (0.5 mg/kg), and maintained
with a continuous infusion of ketamine (5 mg/kg/h), midazolam (0.5 mg/kg/
h), and pancuronium bromide (0.2 mg/kg/h). A 3.5-Fr umbilical vessel
catheter (Argyle, Sherwood Medical Corp., St. Louis, MO) was placed in the
right femoral artery for continuous recording of arterial blood pressure and for
blood sampling. Body temperature was maintained at 38–39°C throughout
the experiment by a servo-controlled heating blanket.

Physiologic monitoring. Throughout the experiment, the electrocardio-
graph, mean arterial blood pressure (MBP), peripheral capillary oxygen
saturation (SpO2), and anal temperature were continuously monitored (HP
M1205A OmniCare Model 24/24C; Hewlett-Packard Company, Palo Alto,
CA). Respiratory flow was measured with a Fleisch No 3 heated capillary tube
pneumotachograph (Richmond, VA) coupled with a differential pressure
transducer (MP-45-16; Validyne, Northridge, CA). The pressure transducers
were calibrated using a water manometer. All signals for respiratory flow and
airway pressure were recorded with a data acquisition system (PowerLab
16/30; ADInstruments Pty LTD, Bella Vista, NSW, Australia). The flow
signal was integrated to give VT, and compliance of the respiratory system
(Crs) was measured on a breath-by-breath basis with an on-line computer
system equipped with an analog/digital converter (DA100C; BIOPAC Sys-
tem, Inc., Goleta, CA) and appropriate software (Chart & Scope; ADInstru-
ments Pty LTD, Bella Vista, NSW, Australia). Arterial blood samples for

blood gas analysis (STAT 3; NOVA Biomedical, Waltham, MA) were taken
every 30 min until the end of experiments.

Induction of meconium aspiration injury. Meconium obtained from
healthy human infants less than 24-h-old was pooled, homogenized, diluted
with 0.9% saline to a 20% (by weight) slurry, and frozen (�20°C) until use.

After baseline measurements, the animals were given 3–5 aliquots of 1 mL/kg
20% meconium slurry via the endotracheal tube using an 8-Fr feeding tube as an
introducing catheter. The goal was to reduce arterial PO2 (PaO2) to less than 100 mm
Hg (13.3 kPa) at FiO2 1.0 and Crs to lower than 2/3 of the baseline value (25).

Experimental protocol. After the induction of meconium aspiration injury,
a period of 20 min was allowed for stabilization before postinjury physiologic
data were measured. A total of 24 newborn piglets received meconium
instillation and were randomly assigned to one of four study groups. They
were as follows: 1) control group (n � 6): animals received tracheal suction-
ing until the suctioned fluid was clear; 2) lavage-10 group (n � 6): 10 mL/kg
diluted surfactant (5 mg/mL, Survanta; Abbott Laboratories, Abbott Park, IL)
in two aliquots was used for BAL; 3) lavage-20 group (n � 6): 20 mL/kg
diluted surfactant in two aliquots was used for BAL; and 4) lavage-30 group
(n � 6): 30 mL/kg diluted surfactant in two aliquots was used for BAL.
Physiologic post-therapy data were measured at 30-min intervals for a total of
4 h. The concentration of surfactant was chosen to be 5 mg/mL because that was
the most common applied concentration in human and animal studies, and there
was no evidence to show better outcome with a higher or lower concentration
(Table 1 and 2). Two aliquots were chosen to minimize the frequencies of
possible oxygenation desaturation induced by BAL (26,29–31,38).

During BAL, the lavage fluid was instilled via a feeding tube into the
endotracheal tube. After positive pressure ventilation for 10 s, the fluid was
suctioned out using a suction catheter (8.0-Fr) connected to a mucus specimen
trap (Bard Mucous Specimen Trap 80 mL; C.R. Bard, Inc., Covington, GA) to
collect the return fluid (29–31). The second lavage would be performed at least
5 min after the first lavage, and the SpO2 should be higher than 80%. Further
suctioning was performed if there was evidence of residual meconium-stained
fluid when the oxygen saturation returned to higher than 80%.

Table 1. Reported volumes of therapeutic surfactant lavage in meconium aspiration syndrome with animal models (1992–2008)

Surfactant Concentration (mg/mL) Volume (per aliquot) Aliquots Volume (totally) Animal model (subjects number) Reference

Curosurf 10 3.3 mL/kg 3 10 mL/kg Rabbits (6) 23
Survanta 5 5 mL/kg 4 20 mL/kg Piglets (5) 25
Surfacten 6 2 mL/kg 4 8 mL/kg Rabbits (7) 32
Survanta 2.5 15 mL/kg 2 30 mL/kg Piglets (8) 30

3 mL 10/kg* 30 mL/kg Piglets (8)
Survanta 5 2.5 mL/kg 4 10 mL/kg Piglets (6) 33
Surfactant-TA 12 mg/kg/aliquot 2.5 mL 4 10 mL Piglets (6) 34
Surfactant-TA 2.5, 5, 10 3.3 mL/kg 3 10 mL/kg Rabbits (18) 27
KL4-surfactant 2, 15 20 mL/kg 4 80 mL/kg Rabbit (5) 40†
Surfactant-TA 5 2.5 mL/kg 4 10 mL/kg Rabbits (5) 35
Survanta 25 5 mL/kg 2 10 mL/kg Piglets (7) 26

Curosurf (product of Chiesi Farmaceutici, S.p.A, Parma, Italy, and manufactured for Dey laboratories, Napa, CA); Surfacten (product of Mitsubishi Pharma,
Osaka, Japan); Surfactant-TA (product of Tokyo-Tanabe Co. Ltd., Tokyo, Japan); Survanta (product of Abbott Laboratories, Abbott Park, IL); KL4-Surfactant
(product of Johnson and Johnson Company, Raritan, NJ).
* The total lavage volume was 30 mL/kg and each aliquot was 3 mL, so the total aliquots was 10 aliquots/kg (�30 aliquots in an 3-kg animal).
† For each aliquot, the volume of 20 mL/kg was divided into two equal portions, one half into the right lung, and the second half into the left lung. The

surfactant concentrations were 2 mg/mL at the first 3 lavages, and 15 mg/mL at the 4th lavage.

Table 2. Reported volumes of therapeutic surfactant lavage in neonates with meconium aspiration syndrome (1999–2008)

Surfactant Concentration (mg/mL) Volume (per aliquot) Aliquots Volume (totally) Subjects number Reference

Survanta 5 15 mL/kg 2 30 mL/kg 3 31
Survanta 5 3–15 mL/kg 2–3 9–30 mL/kg 8 29*
Survanta 10 2 mL 10 20 mL 11 36

5 2 mL 20 40 mL 9
Curosurf 5.3 2.5 mL 6/kg 15 mL/kg 8 37
Curosurf 5 7.5 mL/kg 2 15 mL/kg 1 38
Survanta 5 3.75 mL/kg 4 15 mL/kg 18 39
Surfaxin 2.5, then 10 8 mL/kg 6 48 mL/kg 15 24†
Survanta 5 2 mL 7.5/kg 15 mL/kg 6 28

Curosurf (product of Chiesi Farmaceutici, S.p.A, Parma, Italy, and manufactured for Dey laboratories, Napa, CA); Surfaxin (product of Discovery
Laboratories, Inc, Warrington, PA); Survanta (product of Abbott Laboratories, Abbott Park, IL).
* 9–15 mL/kg in 2–3 aliquots were done in four cases, and 20–30 mL/kg in two aliquots in another four cases.
† The concentration of first four aliquots was 2.5 mg/mL, and there were other seven cases in control group.
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At the end of the experiments, the animals were euthanized with a high dose
of 15% potassium chloride. With the PEEP kept at 5 cm H2O, the chest was
opened and the lungs were inspected to assess gross morphology. Two blocks of
the right lung (nondependent site of the middle lobe and dependent site at the
superior segment of the lower lobe, around 1 cm3) were obtained and fixed by
immersion in 10% formaldehyde solution for more than 24 h. Tissue specimens
were embedded in paraffin and were cut into sections, which were subsequently
stained with hematoxylin and eosin. Sections were examined in a blinded fashion
using light microscopy (Olympus AX-80; Yuanyu Industry CO, LTD, Taipei,
Taiwan). The histology was scored using a quantitative scoring system by an
investigator blinded to the study group. Injury variables scored were alveolar and
interstitial inflammation, alveolar and interstitial hemorrhage, atelectasis, and
necrosis (41,42). The severity of injury was graded according to the following
scales: no injury � 0; injury to 25% of the field � 1; injury to 50% of the field �
2; injury to 75% of the field � 3; and diffuse injury � 4.

Data analysis. Values were presented as the mean � SEM for paramet-
ric data or median (range) for nonparametric data. Data analysis was
performed using SigmaStat 3.1 (Systat Software, Inc., Point Richmond,
CA). A paired t test and Wilcoxon Signed Ranks test were used to compare

data in the same group when appropriate. One-way ANOVA and Kruskal-
Wallis test were used to compare data among the different groups when
appropriate. Two-way repeated measure ANOVA was used to analyze the
serial data over the experimental period of time among different groups. A
post hoc Student-Newman-Keuls test was performed for multiple pairwise
comparisons if p � 0.05. Significance was accepted at the p � 0.05 level.

RESULTS

Characteristics of study animals and effects of meconium-
aspirated lung injury. Mean body weight (1.7 � 0.1, 1.8 �
0.1. 1.6 � 0.1, and 1.6 � 0.1 kg, respectively) and age (7 �
0, 10 � 1, 9 � 1, and 7 � 1-d-old, respectively) did not vary
significantly among the four study groups (Table 3). Before
meconium instillation, cardiopulmonary profiles did not vary
among the groups. There was no significant difference in the

Figure 1. Changes of cardiopulmonary profiles during the 4-h experiments (mean � SEM). A, changes in PaO2; B, changes in alveolar-arterial oxygen difference
(A-aDO2); C, changes in pH; D, changes in PaCO2; E, changes in heart rate; F, changes in blood pressure; G, changes in Crs. Control (F): no lavage (n � 6); lavage-10
(E): bronchoalveolar lavage (BAL) with 10 mL/kg diluted surfactant (n � 6); lavage-20 (�): BAL with 20 mL/kg diluted surfactant (n � 6); lavage-30 (ƒ): BAL with
30mL/kg diluted surfactant (n� 6). (*) Twoway repeatedmeasure ANOVA p� 0.05 vs. control group; (†) Twoway repeatedmeasure ANOVA p� 0.05 vs. lavage-10 group.

Table 3. Characteristics of study animals at baseline and postinjured, pretreatment stage

Group pH
PaCO2

(mm Hg)
Pao2

(mm Hg)
A-aDO2

(mm Hg)
Peak inspiratory

pressure (cm H2O)
Crs

(mL/cm H2O/kg)
Heart rate
(beats/min)

Mean blood
pressure (mm Hg)

Baseline
Control 7.42 � 0.03 38 � 3 443 � 26 223 � 24 13 � 1 0.91 � 0.02 186 � 21 87 � 5
Lavage-10 7.42 � 0.03 41 � 3 464 � 37 198 � 34 15 � 1 0.79 � 0.08 172 � 19 86 � 6
Lavage-20 7.47 � 0.02 35 � 1 467 � 7 202 � 8 16 � 1 0.80 � 0.04 152 � 16 83 � 3
Lavage-30 7.42 � 0.04 33 � 3 436 � 28 173 � 11 13 � 3 0.78 � 0.04 185 � 26 82 � 6

Postinjury, pretreatment
Control 7.33 � 0.04* 61 � 5* 67 � 6* 581 � 7* 23 � 2* 0.43 � 0.01* 190 � 24 84 � 6
Lavage-10 7.32 � 0.04* 53 � 4* 65 � 5* 582 � 4* 27 � 1* 0.39 � 0.02* 202 � 24 95 � 4
Lavage-20 7.37 � 0.02* 46 � 3* 74 � 7* 582 � 6* 26 � 1* 0.40 � 0.02* 157 � 21 93 � 5
Lavage-30 7.34 � 0.01* 54 � 4* 77 � 8* 569 � 10* 22 � 4* 0.42 � 0.02* 195 � 22 89 � 4

Control, no lavage; Lavage-10, lavage with 10 mL diluted surfactant; Lavage-20, lavage with 20 mL diluted surfactant; Lavage-30, lavage with 30 mL diluted surfactant.
* p � 0.05 vs. the corresponding preinjury data of the same group. Data are expressed as the mean � SEM.
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instilled amount of meconium among the groups (3.8 � 0.7,
3.5 � 0.2, 3.8 � 0.3, 3.2 � 0.2 mL/kg, respectively). Imme-
diately after induction of meconium aspiration injury, all
animals developed evidence of severe lung injury character-
ized by a significant decrease in mean Crs to a value of less
than 50% of its baseline and by a dramatic drop in mean PaO2
to a level less than 80 mm Hg [10.7 kPa] (Table 1). Addition-
ally, a significant decrease in mean arterial pH and significant
increases in PaCO2, alveolar-arterial oxygen gradient (A-aDO2),
and peak inspiratory pressure after meconium instillation were
noted (Table 1). All study animals survived until the end of
experiments.
Effects of surfactant lavage. During the lavage procedure,

we observed brief oxygenation desaturation. The SpO2 went
down from 90–95 to 70–75% in all three lavage groups and
returned back to higher than 80% in �1 min, and then
continuously went up to higher than 90% after one additional
min. Tachycardia and occasional bradycardia with mild
changes in blood pressures were seen in some animals. After
SpO2 recovered, the heart rate and blood pressure were stable
until the end of the experiments in the three lavage groups.
The time needed to accomplish the total lavage procedures
(two aliquots) was 7–8 min. Most of the fluid lavaged from
the lungs showed a dark bloody and/or greenish appearance.
The ratio of fluid suctioned out of the lungs after BAL was
significantly different among the groups (p � 0.05), and it was
highest in the lavage-30 group (56 � 1%) compared with the
other two lavage groups (39 � 4% and 40 � 3% in lavage-10
and lavage-20 groups, respectively). Thus, the fluid deposition
in the lungs was �44% in lavage-30 group and 60% in the
other two groups.
The serial changes in cardiopulmonary profiles during the

4-h observation period are tabulated in Fig. 1. As shown, mean
values of PaO2 in the control group remained at lower than 100
mm Hg for the entire 4-h observation period. The PaO2 of the
lavage-10 group improved 90 min after lavage and remained
at a level around 100 mm Hg until the end of the experiments.
In contrast, PaO2 in the lavage-20 and lavage-30 groups dis-
played a trend toward improvement over time, and they were
significantly different from the control and lavage-10 groups
(p � 0.05) (Fig. 1A). The changes in A-aDO2 also revealed
significantly lower values in the lavage-20 and lavage-30
groups than the control and lavage-10 groups (p � 0.05) (Fig.
1B). We also found a tendency of higher PaCO2 and lower pH in
the control group than the other three treatment groups during the
last hour of the experiment; however, there was no significant
difference in PaCO2 and pH among all study groups over time
(Fig. 1C and D). The changes in heart rate and MBP had a
relatively unstable trend in the control group, but there was no
significant difference among the four study groups during the 4-h
observation period (Fig. 1E and F). Additionally, significantly
better Crs was noted in the lavage-20 and lavage-30 groups than
in the control and lavage-10 groups (p � 0.05) (Fig. 1G).
Pathologic findings. The gross appearance of the lungs of

the control group seemed with multiple focal meconium im-
pactions, atelectasis, and focal hemorrhage, and those were
much less seen in all three lavage groups. The light micro-
scopic assessments of lung tissue found marked hemorrhage,

atelectasis, and inflammatory infiltrations in lung specimens of
the control and lavage-10 groups (Fig. 2). In contrast, these
pathologic injuries were markedly alleviated in lung speci-
mens of the lavage-20 and lavage-30 groups (Fig. 2). The
semiquantitative lung injury scores of the dependent and
nondependent sites are shown in Table 4. As shown, the total
lung injury scores of dependent sites in the lavage-20 and
lavage-30 groups were significantly lower than those in the
control and lavage-10 groups, but there was no significant
difference between lavage-20 and lavage-30 groups.

DISCUSSION

Our study demonstrated significantly better lung function in
meconium-injured animals receiving 20 or 30 mL/kg diluted
surfactant lavage than those receiving 10 mL/kg or no lavage.
Therefore, our study supports the hypothesis that using diluted
surfactant with an effective lavage volume (20 or 30 mL/kg in
two aliquots) improves the pathophysiological outcome of MAS.
Although various reports have shown some merits in sur-

factant-lavaged animals than saline-lavaged or nonlavaged
animals (23,25–27,30,32–35), it is still not conclusive in the
therapeutic techniques. This study focused on comparing the
effects of different lavage volumes separated in two aliquots
and suggested the use of a relative large lavage volume

Figure 2. Representative pulmonary histologic pictures in dependent (A, C,
E, and G) and nondependent (B, D, F, and H) sites of four study groups
(stained with hematoxylin and eosin). Significant hemorrhage, atelectasis, and
inflammatory infiltrations are present in control and lavage-10 groups, espe-
cially at the dependent sites, and much less in the other two groups. Original
magnification �100, bar: 100 �m.
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(20–30 mL/kg) in treating MAS. Reasonable explanations
include effectively removing aspirated meconium by using
enough lavage volume and evenly replacing the dysfunctional
endogenous surfactant with the exogenous diluted surfactant.
Although small lavage volume may have fewer adverse

events than large volume use (36), too many aliquots may
have a prolonged lavage time and oxygenation desaturation.
The reports of Dargaville et al. (29,31) and we had previously
demonstrated that only brief oxygenation desaturation would
be found while using a relative large volume (15 mL/kg) and
a quick return of oxygenation saturation could be seen soon
after the lavage procedure with no sustained adverse effects.
That is also a constant finding in this study. The use of only
two aliquots with an effective lavage volume did effectively
remove the meconium debris and minimize the frequency and
duration of oxygenation desaturation. The presented animal
experiments demonstrated that using either 20 or 30 mL/kg
diluted surfactant in two aliquots to perform BAL was safe,
effective, and time-saving; so, sick neonates with MAS may
tolerate the lavage procedure and have no sustained physio-
logic instability.
The latest clinical, multicenter and multicountry clinical

trial executed by Dargaville et al. (43) evaluated the effects of
BAL with two aliquots of 15 mL/kg diluted surfactant in
critical neonates with MAS. Although the volume of 15
mL/kg is close to the theoretical functional residual capacity
of a normal neonatal lung, it should be much smaller in a
meconium-injured and atelectatic lung. Lavage fluid overflow
during instillation was frequently observed while using 15
mL/kg in each aliquot to perform BAL in our neonatal patients
and animal experiments (31). In addition, exogenous surfac-
tant is an expensive medical product, and this study demon-
strated a BAL volume of 20 mL/kg was as effective as 30
mL/kg so one third of the surfactant dose can be saved. That
means one vial of Survanta can be saved in a full-term or
over-term neonate. We suggest for consideration using a
lavage volume of 20 mL/kg in two aliquots (somewhat less
than theoretically functional residual capacity) to perform
therapeutic BAL in MAS because the cases may not only have
a better lung function, but also be shorten the procedure
duration and reduced the expense.

The ventilators used in this study were conventional me-
chanical ventilators. In neonates, some serious cases may also
suffer from persistent pulmonary hypertension of the newborn.
Inhaled nitric oxide and high-frequency oscillatory or jet
ventilation have been reported to be used successfully in
combination with therapeutic surfactant lavage (29,31,37,38).
Therefore, combination therapies of advanced ventilatory
cares and surfactant lavage are acceptable and may have
synergetic effects in clinical application.
Nevertheless, this study only focused on the pathophysio-

logical responses in newborn piglets with MAS so the changes
on the pulmonary arterial pressure and the brain tissue perfu-
sion during the lavage period are still questionable. In addi-
tion, other limitations of this study included meconium recov-
ery was not measured, observation period was only 4 h, and
some other possible influencing factors were not investigated.
Dargaville et al. (44) had demonstrated that open suction,
vibratory chest squeezing, and an aliquot volume of 15 mL/kg
may improve the meconium recovery and the efficacy of BAL.
In our study, the lavage fluid recovery of lavage-30 was higher
than lavage-20 group (�56 vs. 40% of instilled fluid, respec-
tively) so the meconium recovery may be higher in lavage-30
than lavage-20 group. Such that using 30 mL/kg of diluted
surfactant is possible to have a more sustained benefit than 20
mL/kg. Therefore, further studies to elucidate these doubts
will be necessary for future human applications.
In conclusion, using 20 mL/kg diluted surfactant in two

aliquots to perform therapeutic BAL was as effective as 30
mL/kg in improving the short-term pathophysiological out-
comes in MAS and may have some possible benefits of
reduced price and complications. Thus, therapeutic BAL with
20 or 30 mL/kg diluted surfactant in two aliquots is an
effective and promising technique to treat MAS and that may
warrant consideration clinically in treating MAS.
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Table 4. Lung injury scores of study groups

Alveolar
inflammation

Interstitial
inflammation

Alveolar
hemorrhage

Interstitial
hemorrhage Atelectasis Necrosis

Total
scores

Dependent site
Control 1.5 (0–4) 3 (2–4) 2 (0–4) 2 (1–2) 3 (2–4) 1.5 (1–2) 13 (9–17)
Lavage-10 1 (0–2) 3 (2–3) 0 (0–2) 1 (0–1) 3 (3–3) 1 (1–2) 9 (8–11)*
Lavage-20 1 (0–2) 2 (2–3) 0 (0–1) 0 (0–1) 2 (0–3) 1 (1–2) 6 (5–9)*†
Lavage-30 1 (0–1) 2 (1–2) 0 (0–1) 0 (0–1) 2 (1–2) 1 (1–2) 5.5 (5–7)*†

Nondependent site
Control 0.5 (0–3) 2 (2–3) 1.5 (0–4) 2 (0–3) 2 (0–3) 1 (0–2) 9.5 (5–16)
Lavage-10 0 (0–1) 2 (2–3) 0 (0–1) 0 (0–1) 2 (0–3) 1 (1–1) 6 (3–7)‡
Lavage-20 0 (0–0) 2.5 (2–3) 0 (0–1) 0 (0–1) 1 (0–3) 1 (1–1) 5 (4–9)
Lavage-30 0 (0–0) 1 (1–3) 0 (0–0) 0 (0–1) 0.5 (0–2) 1 (0–1) 3.5 (1–6)‡

* p � 0.05 vs. control group of the same site.
† p � 0.05 vs. Lavage-10 group of the same site.
‡ p � 0.05 vs. dependent site of the same group. Data are expressed as the median (range).
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