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Synthetic Pulmonary Surfactant: Effects of
Increased Amount of Unsaturated Phospholipids

A. Almlénab, B. Linderholm®, J. Johansson¢, B. Robertson®,
T. Curstedt®

Departments of 2Medical Biochemistry and Biophysics,
Karolinska Institute and P Clinical Chemistry, Karolinska
University Hospital, Stockholm and ¢Department of Molecular
Biosciences, Swedish University of Agricultural Sciences,
BMC, Uppsala, Sweden

Background: In synthetic pulmonary surfactants, a commonly
used phospholipid mixture is dipalmitoylphosphatidylcholine/phos-
phatidylglycerol (DPPC/PG) (7:3) (w/w). Due to the high melting
temperature of DPPC, viscosity problems can arise when larger
amounts at high concentrations (up to 80 mg/ml) are produced. On
the basis of earlier results obtained with extracted liver phospholip-
ids [Some et al, Biol Neonate 2003;84:37-38] we evaluated physical
and physiological properties of surfactant containing more unsatu-
rated phospholipids (about 50%) and less of acidic phospholipids
(about 15%), thus resembling natural surfactant. Methods: The syn-
thetic pulmonary surfactant protein C (SP-C) analogue, SP-C33, was
mixed with different phospholipids in organic solvents, evaporated
to dryness under N, and resuspended in saline by repeated aspiration
in a 1-ml syringe, without viscosity problems. The surface activity of
the different surfactant preparations at a concentration of 10 mg/ml
was measured in duplicate during cyclic area compression in a cap-
tive bubble surfactometer. Values for minimum and maximum sur-
face tension were recorded in first and fifth compression cycle. Physi-
ological properties were studied in immature newborn rabbits (gesta-
tional age of 27 days). Animals (n = 6 in each group) were tracheo-
tomized at birth, treated with surfactant (80 mg/ml, 2.5 ml/kg) and
ventilated for 30 min with a standardised sequence of insufflation
pressures (P), with or without a positive end-expiratory pressure
(PEEP) of 3-4 cm H,O. Lung-thorax compliance was calculated
from recordings of tidal volume and P. Lung gas volumes (LGV)
were measured after the experiment. The different preparations used
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were: (1) 2% SP-C33 in DPPC/palmitoyloleoylphosphatidylglycerol
(POPG) (68:31) (by weight); (2) 2% SP-C33 in DPPC/palmitoyl-
lineoylphosphatidylcholin (PLPC)/POPG (55:30:15) (by weight);
(3) Curosurf as a positive control.

Results:

Lipid Mixture Surface tension (mN/m)

min max Area com-

pression, %

Cycle 1
DPPC/POPG (68:31) 1 37 42
DPPC/PLPC/POPG (55:30:15) 17 51 48
Curosurf 1 30 36
Cycle 5
DPPC/POPG (68:31) 1 33 30
DPPC/PLPC/POPG (55:30:15) 2 43 29
Curosurf 2 33 31

Compliance 30 min LGV

ml/cm H,O-kg ml/kg

+PEEP -PEEP +PEEP -PEEP
DPPC/POPG (68:31) 0.99 0.92 17 5
DPPC/PLPC/POPG (55:30:15) 0.93 0.55 20 1
Curosurf 0.91 0.82 23 16
Non-treated controls 0.03 0.05 0 0

Conclusions: Synthetic surfactant with about 55% disaturated
phospholipids has a higher minimum surface tension during the first
compression cycle than the other two preparations used, despite larg-
er compression. This preparation also has a higher maximum surface
tension. In the fifth cycle film refinement has occurred and all three
surfactant preparations have minimum surface tension close to
0 mN/m at ~ 30% area compression. Animals treated with synthetic
surfactant have relatively high lung thorax compliance also in the
absence of PEEP, but require a low PEEP for establishment of ade-
quate LGV.
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Methods for in vivo Studies of Surfactant
Metabolism in Newborn Infants Using a Stable
Isotope Technique

K. Bohlinab, A. Merchak®, J. Zozobrado®, D.J. Janssen¢,
L.J. Zimmermanne¢, V.P. Carniellid, B.W. Patterson®,
A. Hamvasb

aKarolinska University Hospital, Huddinge, Stockholm,
Sweden, PWashington University School of Medicine,
St. Louis, Missouri, USA, ¢Sophia Children’s Hospital/
Erasmus University Rotterdam, The Netherlands and
dUniversity of Padova, Padova, Italy

Background: Stable isotope technique using labeled precursors
of pulmonary surfactant has yielded new insights into surfactant
metabolism in newborn infants. Several methodological approaches
have been used: different tracers, surfactant extraction techniques
and mass spectrometry instrumentation for measuring tracer incor-
poration. Aims: To determine if the indices of surfactant metabo-
lism differ depending on 1) the phospholipid pool extracted (total
phosphatidylcholine (PC), total phospholipids (PL), or disaturated
phospholipids (DSPL)), or 2) instrumentation (gas chromatography-
mass spectrometry (GC-MS) or gas chromatography/combustion
interface isotope-ratio mass spectrometry (GC-IRMS)). Methods:
To compare phospholipid pools, 7 premature infants with chronic
lung disease (CLD) underwent 24-hour intravenous infusions of [1-
13Clacetate. PL and DSPL were extracted from serial tracheal aspi-
rate samples. The amount and fatty acid composition were measured
with quantitative gas chromatography (quant-GC) and '3C incorpo-
ration over time was measured with GC-MS. To compare instrumen-
tation, 20 premature infants with respiratory distress syndrome
underwent 24-hour infusions of [U-13Cg]glucose. PC was extracted
from samples and the '3C enrichment was measured with both GC-
MS and GC-IRMS. Indices of surfactant metabolism included time
of first appearance of label (Typp, h); fractional synthetic rate of sur-
factant from tracer (FSR, %/day) and fractional catabolic rate of sur-
factant turnover (FCR, %/day). Results: In comparing surfactant
phospholipid pools with quant-GC, PL was significantly greater than
DSPL (178 £ 27 vs. 86 £ 20 nmol, p < 0.001); the relative propor-
tion of palmitate in the samples prepared as DSPL, was significantly
greater than PL (76 = 4 vs. 57 £ 2%, p < 0.001). However, the
indices of surfactant metabolism were similar. In comparing instru-
mentation, T,p, and FSR were similar but FCR was slightly slower
with GC-IRMS than GC-MS (24 + 5vs. 28 £+ 9%, p < 0.01). With
GC-MS, with which the species of labeled palmitate can be distin-
guished, the ratio of single-labeled to double-labeled palmitate in-
creased over time (from 0.4 £ 0.1 at peak enrichment to 1.3 £ 0.7 at
the end of the study, p < 0.001), suggesting tracer recycling. GC-
IRMS, which gives the total 13C enrichment in palmitate, thus
including the recycled label, resulted in a slower apparent turnover.
Conclusions: With stable isotope technique in newborn infants the
indices of surfactant turnover are similar regardless of phospholipid
pool measured, suggesting that these pools are turning over at the
same rate. The GC-MS instrumentation has a higher specificity com-
pared to GC-IRMS and it is important to avoid masking tracer recy-
cling when [U-13C¢] glucose is used as tracer. Further studies compar-
ing different tracers are needed.
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Selective Surfactant Prophylaxis in Preterm
Infants <31 Weeks’ Gestation Using the Stable
Microbubble Test in Gastric Aspirates

H.H. Fiori, C.C. Fritscher, R.M. Fiori
Department of Pediatrics and Department of Internal

Medicine, Pontificia Universidade Catdlica, Porto Alegre,
Rio Grande do Sul, Brazil

Background: There is evidence that surfactant prophylaxis
yields better clinical results than rescue therapy for respiratory dis-
tress syndrome (RDS) in very immature infants (less than 30-32
weeks’ gestation) when the diagnosis is already established. The sta-
ble microbubble test (SMT) in gastric aspirate is a quick test that has
shown potential for the selection of babies for prophylactic surfactant
therapy. Objective: To evaluate selective surfactant prophylaxis of
RDS based on the SMT. Methods: Preterm infants from 23 to 31
weeks’ gestation had their gastric secretions collected immediately
after birth. The SMT was readily performed by the house staff on
duty, who had been trained in the technique. Newborns with <25
microbubbles (MB; diameter <15 um)/mm? (low count) received
surfactant (Curosurf® 200 mg/kg) upon their admission to the neona-
tal intensive care unit (prophylactic approach). If the count was =25
MB/mm? (high count) surfactant was given as soon as possible after
the clinical and radiological diagnosis of RDS had been established
(treatment approach). Additional doses were given to all infants if the
ratio Pa0,/Fi0, was <200 mm Hg. Results: Ninety-eight infants
were included. The mean gestational age and standard deviation was
28.4 £ 2.1 weeks. Fifty-four (55%) had a low MB count and received
prophylactic surfactant. Of the remaining 44 infants with a high MB
count only three met the criteria for rescue therapy (negative predic-
tive value of 93% and confidence interval of 81.3-98.6%). The
median and interquartile range regarding the time for surfactant
administration after birth in the low MB count group was 20 (17-27)
min. Surfactant was used in 23 of 28 (82%) infants with less than 28
weeks’ gestation and in 34 of 70 (49%) infants between 28 and 31
weeks. The mortality of preterm infants <31 weeks during the study
period was lower when compared with the corresponding mortality
in the previous two years, but the difference was not statistically sig-
nificant. Conclusions: We have shown that the SMT can be used in
a clinical setting to determine surfactant administration still on a
prophylactic basis (less than 30 min after birth). Comparatively to
indiscriminate prophylaxis, this approach reduces the number of
patients receiving unnecessary intervention and probably brings
costs down too. The advantage is clearer for patients between 28 and
31 weeks.
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Effects of Dexamethasone and Retinoic Acid on
Hox Gene Expression in the Murine Type Il
Pneumocyte Cell Line MLE-12 and Fetal Lung
Fibroblasts

D.G. Grier?, A. Thompson®, T.R.J. Lappin®, H.L. Halliday?

Departments of 2Child Health and PHaematology,
Queen’s University, Belfast, Northern Ireland

Background: Lung epithelial development and maturation are
dependent upon soluble factors and interactions with subepithelial
fibroblasts resulting in changes in the expression of transcription fac-
tors. The most important soluble factors involved are glucocorticoids
and retinoids which have both synergistic and antagonistic effects on
different aspects of pulmonary development. The Hox genes are a
family of transcription factors involved with lung pattern formation
and may be involved with epithelial cell differentiation. There are 39
Hox genes in mammalian genomes arranged into 13 paralogue
groups (1 to 13) in 4 clusters (A to D) such that the low numbered
genes (e.g. Hoxal) are at the 3’ end of each cluster and higher num-
bered (e.g. Hoxal3) are at the 5’ end. Objectives: To examine the
effects of dexamethasone (dex), a glucocorticoid, and all-trans retino-
ic acid (ATRA), a retinoid, on Hox gene expression in the trans-
formed murine type II pneumocyte cell line MLE-12 and to examine
the effects of dex on Hox gene expression in murine fetal lung fibro-
blasts (FLFs). Methods: Fibroblasts were obtained from day 16 fetal
mouse lungs and cultured in medium with or without 10-7 M dex for
24 h. MLE-12 cells were cultured in medium containing 10-7 M dex,
10-5 M ATRA or a control solution for 1, 4 or 24 h. Total RNA was
extracted and converted to cDNA by reverse transcription. Surfac-
tant protein (SP) B, SP-C and Hox gene mRNAs were measured by
real-time PCR using the TagMan® system and were standardised to
18S ribosomal RNA. At least 3 experiments were performed for each
condition. Results: ATRA caused a wave of increased expression
from 3’ to 5’ along the A Hox cluster in the MLE-12 cells. Hoxa3
expression peaked after 4 h exposure to ATRA with expression 4-fold
that of control. Hoxa4 and a5 expression was highest 24 h after
ATRA exposure; Hoxa4 with a 4-fold increased expression com-
pared to control and Hoxa5 a 6-fold increased expression. Dex had
no effect on SP-B in MLE-12 cells but caused a reduction in SP-C to
229% of control at 24 h and a reduction in Hoxa3, Hoxa4 and Hoxa5
to below 50% of control at 1 h after exposure with further decreases
to about 15% at 24 h. ATRA or dex had no effect on SP-B, Hoxb5 or
Hoxb6 expression. Dex exposure for 24 h did not affect Hox expres-
sion in FLFs. Conclusions: Dexamethasone does not increase SP-B
expression in the MLE-12 cell line and causes a decrease in SP-C.
This suggests that either the MLE-12 cells respond differently to hor-
monal factors compared to normal type II pneumocytes or that indi-
rect factors, possibly from FLFs, are required to mediate the stimula-
tion of SP. There is no evidence that Hox genes are involved with the
regulation of SP expression although they may be involved with other
aspects of lung development affected by ATRA.
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Influence of Modified Natural and Synthetic
Surfactant Preparations on Bacterial Killing by
Polymorphonuclear Leucocytes

E. Herting?-¢, P. Rauprich?, G. Walter?, C. Jarstrand®,

B. Robertson®

aDepartment of Pediatrics, University of Gottingen, Germany,
bDivision of Oral and Clinical Bacteriology, Department of
Immunology, Microbiology, Pathology and Infectious
Diseases, Karolinska Institute, Huddinge Hospital and
¢Department of Clinical Chemistry, Karolinska University
Hospital, Stockholm, Sweden

Background: In addition to its biophysical functions, surfactant
plays an important role in pulmonary host defense. Objective: In this
investigation we studied the influence of various commercially avail-
able surfactants on the phagocytosis of bacteria that are common
pathogens in the neonatal period. Methods: Non-encapsulated, high
density (HD) Group B streptococci (GBS), E. coli and S. aureus were
cultured with isolated human polymorphonuclear leucocytes (PMN)
and non-specific serum in the presence or absence of different modi-
fied natural (Curosurf®, Alveofact®, Survanta®) or totally synthetic,
protein-free surfactant preparations (Exosurf®, Pumactant®). Prior to
and after 30 and 60 min of incubation with PMN at different surfac-
tant concentrations (1, 10 or 20 mg/ml), the number of viable bacteria
was determined by colony counting. Results: Killing of S. aureus by
PMN was not influenced by any of the surfactants with the exception
of Exosurf at 20 mg/ml (see table). Alveofact® and Curosurf® had no
significant negative effect on phagocytosis. At 20 mg/ml, Curosurf®
reduced the number of viable E. coli. Survanta® at 10 and 20 mg/ml
and Exosurf® at all concentrations impaired the killing of non-encap-
sulated GBS and E. coli. Pumactant® at 1- 20 mg/ml interfered with
the phagocytosis of E. coli. In further experiments we demonstrated
that Curosurf® did not interfere with the phagocytosis of an encapsu-
lated GBS-strain opsonised by a specific antiserum either.

Surfactant mg/ml Bacteria
GBS HD S. aureus E. coli

Modified natural

Curosurf® 1 ns ns ns
10 ns ns ns
20 ns ns 0

Survanta® 1 ns ns ns
10 N ns N
20 l ns i\

Alveofact® 1 ns ns ns
10 ns ns ns
20 ns ns ns

Synthetic

Pumactant® 1 ns ns N
10 ns ns )
20 ns ns N

Exosurf® 1 { ns i\
10 N ns N
20 l ¢ d

Decrease (4) or stimulation (T) of phagocytosis in comparison with saline
controls (ns, not significant).
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Conclusion: We found that killing by PMN was influenced by
the bacterial species and the composition and concentration of the
different surfactant preparations. The strongest impairment in
phagocytic function of PMN was observed with the protein-free syn-
thetic surfactant Exosurf®, a phospholipid preparation that contains
the alcohols hexadecanol and tyloxapol as spreading agents.

6

Intravenous Endotoxin Results in Umbilico-
Placental Vasoconstriction and Induces
Pulmonary Inflammation in Preterm Fetal Sheep

B.W. Kramer?, C.P. Speer?, A. Ladenburgersa,

A.B.C. Coumans®, T.H.M. Hasaart®, R. Bergerc,

Y. Garnier®.d

aUniversity Children’s Hospital Wiirzburg, Germany,
bDepartment of Obstetrics and Gynecology, University
Hospital, Maastricht, The Netherlands, ¢Department of
Obstetrics and Gynecology, Marienhaus Klinikum

St. Elisabeth, Neuwied, and 9 Department of Obstetrics and
Gynecology, University Hospital, Aachen, Germany

Background: Chorioamnionitis and fetal systemic inflammato-
ry response syndrome are associated with neonatal morbidity and
mortality. However, chorioamnionitis is associated with reduced risk
for respiratory distress syndrome but increased risk for fetal inflam-
matory response syndrome. In an experimental model of chorioam-
nionitis intraamniotic E. coli endotoxin rapidly induced fetal pulmo-
nary and mild systemic inflammation with consecutive lung matura-
tion, resulting in higher surfactant protein B contents and thinner
alveolar walls. Objective: To clarify the role of systemic inflamma-
tion in the association of chorioamnionitis and lung maturation.
Methods: Thirteen fetal sheep were chronically instrumented at
107 d gestational age (term is 147 d). A transonic flow probe was
placed around the common umbilical artery. Three days after surgery
fetuses of the control group (n = 6) received saline injection, while
fetuses of the study group (n = 7) received 100 ng endotoxin (E. coli,
0127:B8) intravenously. Umbilical blood flow (Qump), 0Xygen satura-
tion, pH, fetal heart rate (FHR) and mean arterial blood pressure
(MAP) were monitored for 72 h. Paraffin embedded lung tissue was
stained for nuclear factor (NF)-xB for proinflammatory gene tran-
scription, cyclooxygenase-2 for inflammatory changes, surfactant
protein B for lung maturation and May-Griinwald to detect inflam-
matory cells. Immunohistochemistry was analyzed in a four-step
semi-quantative scale. Results: Q,,, began to fall 1 h after endotox-
in, was minimal (-40%, p <0.05) at 5 h and returned to control value
at 12 h after endotoxin. Oxygen saturation fell to 32 + 4% at 6 h after
endotoxin vs 53 = 3% in control animals (p < 0.05), while pH did not
change. FHR increased to 221 £+ 9/min at 5 h after endotoxin vs 181
+ 6/min in control animals (p < 0.05). MAP increased 1 h after
endotoxin injection from 39 = 2 to 46 £ 3 mm Hg (p < 0.05) and
returned to control value at 5 h after endotoxin injection. Pulmonary
inflammatory changes occurred in both alveoli and interstitium.
Alveoli were infiltrated with neutrophils, monocytes and lympho-
cytes after intravenous endotoxin injection (inflammatory index 3.8
+ 0.9 vs 0.3 £ 0.1, p<0.05). The alveolar walls were not different
between groups. NF-kB was detected in the nucleus of endothelial
cells (3.5 £ 0.8 vs 1.1 = 0.5, p<0.05). Cyclooxygenase-2 stained the
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cytoplasm of endothelial cells (3.6 £ 0.7 vs 1.5 = 0.4, p < 0.05).
Surfactant protein B was detected in alveolar type II cells in control
and study group with no difference in intensity (2.6 £ 0.6 vs 2.1 £
0.5, p > 0.05). Conclusions: Intravenous injection of endotoxin
caused fetal hypoxemia without acidosis by a vasoconstriction of
umbilical blood flow. Inflammatory activation was induced in the
endothelial cells of the fetal lungs. Inflammatory changes were not
limited to the blood vessels and the interstitium but involved the
alveoli as well without inducing lung maturation.

Supported by Interdisciplinary Center for Clinical Research
Wiirzburg.
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Effect of SP-A and Curosurf® on T-Cell
Proliferation and Smad-Signaling in Human CD4+
T-Lymphocytes

S. Kunzmann®®, C.P. Speera, K. Blaser®, C. Schmidt-Weber®

aUniversity Children’s Hospital, Wiirzburg, Germany and
bSwiss Institute of Allergy and Asthma Research (SIAF),
Davos, Switzerland

Background: Surfactant apoproteins SP-A and SP-D have been
identified as modulators of various immune functions of macro-
phages and monocytes. In addition, phospholipids present in the nat-
ural porcine surfactant preparation Curosurf® have been shown to
downregulate generation of proinflammatory cytokines [Bauer et al,
Pediatr Res 1998;44:32-36]. Also transforming growth factor beta
(TGF-B) is a crucial immunsuppressive regulatory cytokine. Most of
the TGF- effect is exerted via the Smad signaling pathway. The aim
of the present study was to examine the possible effects of SP-A and
Curosurf® on T-cell proliferation and Smad signaling in human
CD4* T-lymphocytes. Methods: The effect of SP-A (1 to 50 ug/ml)
isolated from bronchoalveolar lavage fluid of patients with alveolar
proteinosis and Curosurf® (1 to 80 ug/ml) on anti-CD3 mab (1 pug/ml)
induced CD4* T-lymphocytes proliferation was measured by a 3[H]-
thymidine proliferation assay after 72 h. IL-2 mRNA expression was
analysed by RT-PCR. The effect of surfactant constituents on Smad
signaling was evaluated on the promoter level with a Smad2/3 spe-
cific luciferase construct pGL3ti(CAGA)y,, transfected in human T-
cells by nucleofection. In addition, the phosphorylation state of
Smad2 was studied by Western blot and the mRNA expression of
Smad7 - a negative regulator protein of Smad signaling — by RT-
PCR. Results: SP-A had no effect on T-cell proliferation. However,
for Curosurf® a concentration dependent suppression of human
CD4*+ T-lymphocytes proliferation (inhibition of 90% (standard
deviation = 5%)) was observed. Furthermore, Curosurf® inhibited
IL-2 mRNA production (62% (standard deviation = 9%)). SP-A and
Curosurf® had no effect on the activation of the Smad2/3-specific
luciferase construct, the phosphorylation of Smad2 and the expres-
sion of Smad7 mRNA. Conclusion: The inhibitory effect of Curo-
surf® on proliferation of human CD4* T-lymphocytes is most likely
associated with a decreased IL-2 production of lymphocytes. Neither
SP-A nor Curosurf® affected Smad signaling in human CD4* T-lym-
phocytes. The anti-inflammatory effect of Curosurf® may have
potential implication for the treatment of different cytokine-me-
diated lung diseases in humans.

Supported by the Deutsche Forschungsgemeinschaft (KU 1403/
2-1).
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Does Systemic Inflammation Occur in Meconium
Aspiration Syndrome?

P.H.H. Lindenskov®, A. Castellheima.b, A. Pharo?,

0.D. Saugstad®, T.E. Mollnes?

alnstitute of Immunology and P Department of Pediatric
Research, Rikshospitalet University Hospital, Oslo, Norway

Background and Objective: Meconium, the intestinal content
of the fetus, may cause lung injury (meconium aspiration syndrome,
MAS). Treatment is symptomatic by ventilatory support or in the
worst cases extracorporal membrane oxygenation (ECMO). MAS is
the most frequent cause for the use of ECMO in the neonatal period.
The pathophysiology is complex including a substantial inflammato-
ry reaction in the lungs, but according to our results this inflamma-
tion may be systemic as well. We recently showed for the first time
that meconium is a potent activator of complement [Castellheim et
al., Pediatr Res 2004;55:310-318], leading us to hypothesize that
complement activation is an essential part of the pathophysiology of
MAS. Methods: MAS was induced by instillation of meconium into
the lungs of newborn pigs according to a well established method of
experimental MAS. To mimic the asphyxia in clinical MAS, hypoxia
was induced by supplying 8% oxygen in nitrogen until base excess
reached —20 mmol/l. Anaesthesia was induced by halothane and
maintained intravenously by fentanyl and midazolam. Control ani-
mals received saline under otherwise identical conditions. The obser-
vation period was 7 h. Hemo- and lung dynamics were recorded. Sys-
temic complement activation, revealed by the terminal sC5b-9 com-
plex (TCC), and cytokines were measured in plasma samples by
enzyme immunoassays. Granulocyte expression of CDI18 and
CD11b, as well as oxidative burst, were measured by flow cytometry.
Results: Plasma TCC increased rapidly in the MAS animals, but not
in the controls (p < 0.0005). The TCC concentration correlated close-
ly with oxygenation and ventilation indices (r = 0.67 and 0.84, p =
0.004 and < 0.0005, respectively), and inversely with compliance (r =
-0.69, p = 0.01), all three reflecting severe deterioration in pulmo-
nary function. Granulocyte oxidative burst declined significantly in
the MAS animals compared with the controls (p = 0.02) and corre-
lated inversely with TCC (p = 0.02), probably reflecting a paralysis of
granulocytes as part of a systemic inflammatory response. IL-6 (p =
0.001) and IL-8 (p = 0.003) increased in MAS animals versus con-
trols. Conclusion: We have for the first time demonstrated that
complement is rapidly and systemically activated in experimental
MAS. We suggest that this activation may induce secondary inflam-
matory reactions such as cytokine production and oxidative burst,
which contribute to the pathogenesis of MAS. Anti-complement
therapy may be rational for treatment of this disease.
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Bronchoalveolar Lavage with Porcine-Derived
Surfactant in Acute Respiratory Distress
Syndrome: Hemodynamic and Gas Exchange
Assessment

G. Marraro?, A. Pesce®, A.M. Croce®, C. Pompaz?, M. Luchetti®,
E. Galassini@, M. Bertolini?, D. Ferrara?@

aDepartment of Anesthesia and Intensive Care — PICU and
bInstitute of Histology and Anatomy, Fatebenefratelli and
Hospital of Ophthalmiatrics, Milano and ¢Department of
Medical Clinic, University of Parma, Italy

Introduction: The aims were to assess the ability of surfactant
bronchoalveolar lavage (BAL) to remove material and inactivating
substances from the lung, prevent chemical pneumonia and acute
respiratory distress syndrome (ARDS), and to evaluate the efficacy of
natural surfactant supplementation during and after BAL in recruit-
ing and re-expanding the lung in ARDS triggered by aspiration.
Patients and Methods: This was an open label, prospective,
uncontrolled pilot study. 14 patients aged 2 months to 37 years were
recruited for the study. All of them had ARDS caused by aspiration
of gastric content from different origin and required artificial ventila-
tion with tidal volumes > 12 ml/kg, positive-end expiratory pressure
>8 cm H,0 and mean PaO,/FiO, <300 mm Hg. The dose regimen
consisted of five aliquots of 5 ml of surfactant diluted with normal
saline (10 mg/ml) in infants, five aliquots of 10 ml (5 mg/ml) in chil-
dren under 8 years, and 5 doses of 20 ml (2.5 mg/ml) in adolescents
and adults. Manual ventilation with FiO; of 1.0 was applied during
the manoeuvre and previous ventilator settings were resumed at the
end of BAL. In all patients an additional bolus dose of 250 mg/kg of
surfactant was administered selectively in the same area where BAL
was performed, 1 h after BAL, to replace removed surfactant and
compensate suspected deficiency. Heart rate, non-invasive mean
arterial blood pressure, end-tidal CO, and peripheral oxygen satura-
tion were recorded continuously throughout BAL. Pulmonary func-
tion indicators including ventilation parameters and arterial blood
gases were recorded at baseline (just before treatment), at completion
of the procedure and after 15 min, 1, 3, 6, 12, and 24 h. Chest x-ray
assessment was made at baseline, 3 h after treatment, the day after,
and subsequently only if needed. Results: All children survived and
no significant variations in heart rate or mean arterial pressure were
observed during the treatment. An increase in end-tidal CO, and in
airway resistance and a reduction in oxygen saturation were observed
only during BAL. Elimination of CO, and PaO, returned to baseline
on completion of the procedure, and at the latest within 1 h. An
important improvement in Pa0,/FiO, ratio was noted starting from
1 h after BAL and surfactant supplementation. Better elimination of
CO, was achieved from the 3rd hour. This allowed the patients to be
ventilated with reduced tidal volume (mean 12 ml/kg) and oxygen
concentration (<0.4). Reductions in resistance and improved lung
compliance were observed later than the improvement in gas ex-
change. Discussion and Conclusions: This therapeutic approach
was an attempt to both cleanse the lungs, replace surfactant, recruit
damaged lung areas and stabilize terminal bronchioles and alveoli as
well as to improve gas exchange. In particular, the method may miti-
gate some of the pathophysiological events involved in aspiration
syndrome (obstruction of small airways, migration and diffusion of
inhaled material into the entire lung and development of chemical
pneumonia and ARDS).

Biol Neonate 2004;85:333-344 337
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Prenatal Inflammation and Betamethasone Do
Not Affect Markers of Oxidative Stress in Fetal
Lung Fluid from Preterm Lambs

C.P. O’Neill?, D.G. Sweet?, B.C. Schock®, B.W. Kramer®,

H.L. Halliday?, J.P. Newnham¢d, A.H. Jobe®

Departments of 2Child Health and Clinical Biochemistry,
Queen’s University of Belfast, Northern Ireland; ¢University
Children’s Hospital, Wiirzburg, Germany; 4Women and

Infants Research Foundation, Perth, Australia, and ¢ Division of
Pulmonary Biology, University of Cincinnati Medical Centre,
Cincinnati, Ohio, USA

Background: Antenatal corticosteroids and chorioamnionitis
induce prenatal lung antioxidant defenses; however inflammation
may increase oxidative stress by the neutrophil respiratory burst. We
determined the balance between these opposing effects by measuring
markers of oxidative stress in lung fluid from preterm lambs prior to
atmospheric oxygen exposure. Objective: To study effects of cho-
rioamnionitis and antenatal corticosteroid therapy on protein carbo-
nyl levels (C=0s) in fetal lung fluid (FLF) taken from preterm lambs
at birth. Method: 38 pregnant ewes were randomly assigned to 4
treatment groups at 15 days prior to birth. (1) Chorioamnionitis
induced by intra-amniotic injection of endotoxin (Chorio);
(2) intra-muscular injection of 0.5 mg/kg betamethasone (Beta);
(3) both of these (Both) and (4) intra-amniotic saline (Control).
Lambs were born by caesarean section at 125 d (term = 150 d) and
tracheotomised. FLF was aspirated and differential cell counts ob-
tained before snap freezing. C=Os in FLF were measured by ELISA
and expressed in ng/mg protein and cell counts asn x 103/ml. Krus-
kall-Wallis test was used to test significance of differences. Results:
Cell counts (n x 103/ml) and C=0 levels (ng/mg protein) are shown
in the 4 groups (see table). p values demonstrate that there are signifi-
cant differences among groups.

Control Chorio Beta Both p
N 8 13 7 10
Neutrophils 0 (0-0) 13(5-32) 0(0-0) 106(82-232) <0.0001
Monocytes 1(1-1) 120(61-133)  37(2-143) 28 (18-72) 0.0001
Lymphocytes 0(0-1) 19 (4-51) 9(6-22) 189 (169-238)  0.0005
C=0 10.0(4.6-16.5)  8.5(4.5-16.3)  7.9(6.0-11.3) 11.1(6.0-13.8) 0.99

Results shown as median (interquartile range).
C=0 levels were not correlated with any of the FLF cell counts.

Conclusions: Inflammation and antenatal steroids had no over-
all effect on markers of oxidative stress in fetal lung fluid prior to
atmospheric oxygen exposure. This may be because oxidative stress
from the neutrophil respiratory burst is counteracted by upregulated
lung antioxidant levels.
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The Molecular Specificity of Surfactant
Phosphatidylcholine in Acute Respiratory
Distress Syndrome

T. Postle?, S. Al-Rawi®, A. George®, N. Henderson?,

G. Kostera, J. Papachan®

aInfection, Inflammation and Repair Division, School of
Medicine, University of Southampton and ?Intensive Care
Unit, Southampton General Hospital, Southampton, UK

Background: Considerable evidence suggests that impairment
of surfactant function can be a major contributor to disease severity
in patients with acute respiratory distress syndrome (ARDS), and
that this may be mediated by influx of inhibitory components into
the lungs or alteration to surfactant composition. The altered compo-
sition of bronchoalveolar lavage fluid (BALF) phospholipid in ARDS
may be due to dysfunctional synthesis and secretion from the type II
alveolar epithelial cell, degradation by phospholipase(s), infiltration
of plasma lipoprotein phospholipid or contamination by cell mem-
brane components. Knowledge of the molecular species composi-
tions of phosphatidylcholine (PC), from BALF and its purified sur-
factant fraction can provide an insight into these possibilities and so
may inform the formulation of therapeutic surfactants designed for
treating specific diseases. Objectives: To compare the PC molecular
species compositions of purified surfactant and BALF from patients
with ARDS. Methods: BALF was obtained by bronchoscopy from
13 ventilated adult patients who met the clinical criteria for ARDS.
After centrifugation at 400 g for 10 min, an aliquot (1 ml) of the
supernatant was separated by centrifugation over a NaBr gradient
into surfactant and pellet (membrane fragments) fractions. PC mo-
lecular species compositions and concentrations of purified surfac-
tant and pellet were analysed by electrospray ionisation mass spec-
trometry. Results: The PC molecular species composition of the
membrane pellet was grossly abnormal compared with previous anal-
yses from healthy controls and was very similar to that of the cell-free
BALF supernatant. Compositions of surfactant components were
decreased (PC16:0/16:0,22 = 7.9%; PC16:0/14:0, 5.4 £ 2.6%) with
corresponding increased amounts of longer chain PC species
(PC16:0/18:1, PC18:0/18:2, PC18:0/18:1). By contrast, PC16:0/16:0
and PC16:0/14:0 concentrations were significantly (p < 0.05) greater
in the purified surfactant (34 £ 6.2 and 10 £ 4.2%). The ratio of
surfactant:pellet concentrations in BALF was highly variable from
0.03t00.82 (median 0.22). Conclusions: The abnormal PC compo-
sition of BALF from ARDS patients is due to contamination with cell
membrane material, but isolation of a fraction enriched in surfactant
PC species shows that no covalent complexes were formed between
surfactant and membrane. The low fractional content of surfactant
PC suggests that concentrations of functional surfactant in ARDS
may be even lower than suggested by analysis of total BALF phos-
pholipid.
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Intron 4 Variation of Surfactant Protein B Gene
Associates with Bronchopulmonary Dysplasia,
but Not with RDS

M. Rova?, R. Haataja®, R. Marttila, O. Tammelac,
M. Hallman?

aUniversity of Oulu and Biocenter Oulu, Oulu, b Seinajoki
Central Hospital Seinajoki and ¢ Tampere University Hospital,
Tampere, Finland

Background: Bronchopulmonary dysplasia (BPD) is influenced
by a number of antenatal and postnatal risk factors and is often pre-
ceded by RDS. Surfactant protein (SP-A1, -A2, -B, -C and -D) gene
variations may play a role both in BPD and RDS. Methods: 365
preterm Finnish infants (86 with BPD, 188 controls with RDS and
91 controls without RDS) in a high-risk population with gestation age
=32 weeks were genotyped for all five SP genes. A multiparameter
analysis was performed using Agrawal’s algorithm-based data mining
and conventional statistical allelic association study methods. Tran-
scription Element Search Software (TESS) was used to determine
potential regulatory sequences in the SP-B intron 4 variable region.
Results: SP-B Ile131Thr alleles and SP-A1 6A2 allele interactively
associated with RDS but not with BPD. SP-B intron 4 deletion vari-
ant allele frequency was increased in BPD vs. controls (OR 2.0, 95%
CI 1.2-3.4, p = 0.0078). The presence of deletion variant was a risk
factor for BPD even if essential external confounding factors were
included in the analyses. No other SP polymorphisms were associat-
ed with BPD, and the SP-B intron 4 variation did not associate with
RDS. Allele-specific differences were found in several transcription
binding sites between SP-B intron 4 deletion variant and intron 4
invariant alleles. These binding sites may be involved in regulation of
SP-B transcription. Conclusions: Taking into account genetic and
non-genetic parameters, all the analytical tools used in the study were
clearly suggestive of SP-B intron 4 deletion variant as a risk factor for
BPD, but not for RDS. We propose that altered genetic susceptibility
to a variety of pulmonary diseases due to SP-B gene variations occur
via separate molecular mechanisms and may relate to a dual role of
SP-B both as a surfactant protein and as an anti-inflammatory
mediator.
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Surface Activity and Structure of Films Formed
from Extremely Small Surfactant Volumes:
Surfactant Alteration in an Air-Ventilated
Newborn Rat Model

S. Schiirch?, M. Amrein®, J. Belik¢

Departments of 2Physiology and P Cell Biology and Anatomy,
Faculty of Medicine, University of Calgary, Calgary, Alberta
and ¢Hospital for Sick Children, University of Toronto,
Toronto, Ontario, Canada

Background: Only about one microgram of surfactant might be
recovered from tracheal aspirates from newborn babies or from lung
lavage of small animals. Previous studies on surface activity have
shown that the surfactant concentration (total phospholipids) should
be at least 1mg/ml for films adsorbed from a surfactant suspension.

Abstracts

Objectives: To evaluate how lung compliance and surfactant prop-
erties are altered by high tidal volume (TV) ventilation in the neo-
nate. Methods: The captive bubble system has been modified to
allow the investigation of the surface activity of extremely small sur-
factant volumes. To increase the density of the subphase in the cap-
tive bubble chamber to above that of the surfactant suspension, 10%
sucrose is added to the 0.9% salt solution. A very small volume, 0.05-
0.1 ul of surfactant, but of a concentration of at least 10 mg/ml, is
squeezed into the chamber with a microsyringe and an attached
Teflon tubing. The surfactant floats up to the agarose ceiling by
buoyancy. A 2-mm air bubble is placed onto the ceiling and the sur-
factant is spread at the air-fluid interface by expanding the bubble
rapidly to 8 mm in diameter. The bubble shape is continuously
recorded during bubble cycling. Newborn rats, 4-8 days old, were
mechanically ventilated by using 40 or 10 ml/’kg TV strategies.
Results: In all animals, dynamic compliance progressively increased
following initiation of mechanical ventilation and was significantly
higher than control values after 60 min (p < 0.01). Lung lavage total
surfactant and the large aggregate fraction were significantly (p <
0.01) increased by 60 min of ventilation with either TV, compared to
the control animals. However, ventilation with 40 ml/kg TV led to a
decrease in the surfactant activity in that the minimum surface ten-
sion upon dynamic cycling was significantly (p < 0.01) higher. By
180 min the lung total surfactant content and dynamic compliance
decreased to values comparable to control animals. Conclusion: In
the newborn rat, mechanical ventilation with higher than physiologi-
cal TV promotes an initial but transient improvement in lung com-
pliance, and the surfactant activity tends to decrease as the time of
ventilation increases. The modified captive bubble method is suit-
able to measure the surface tension properties of surfactant volumes
less than one microlitre, provided that the concentration is at least
10 mg/ml of total phospholipids.

Supported by the CIHR, Canada, and the Alberta Heritage Foun-
dation for Medical Research.
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Phenotypic Variability in a Kindred with Chronic
Pulmonary Diseases Associated with the 173T
SP-C Gene Mutation

M. Somaschinia, A. Cavazza®, C. Montrasio®, L. Nogeed,

P. Carrera®

aDivisione di Neonatologia, Ospedale di Seriate, Bergamo,
bDivisione di Neonatologia, Spedali Civili, Brescia, ¢ Servizio di
Biologia Molecolare Clinica, IRCCS H San Raffaele, Milano,
Italy and 9 Division of Neonatology, Johns Hopkins Hospital,
Baltimore, USA

Background: Surfactant proteins play important roles in lung
function and disease; mutations in the gene encoding surfactant pro-
tein C (SP-C) have been found to be associated with interstitial lung
disease (ILD). We studied a large Italian kindred where the 173T
mutation in the SP-C gene is associated with chronic pulmonary dis-
cases. Case Report: A female newborn infant (31 weeks of gesta-
tional age, birthweight 1,600 g) showed respiratory distress syndrome
in the neonatal period and was treated with mechanical ventilation
for 2 weeks. At the age of 2 months she was discharged home with
oxygen, but subsequently had frequent respiratory tract infections,
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then developed dyspnea, diffuse emphysema and cor pulmonale. At
the age of 5 years she is still oxygen dependent. The proband is het-
erozygous for a T to C change in exon 3 resulting in substitution of
threonine for isoleucine at codon 73 (I73T) and this has already been
described in association with ILD. Family Members: Twenty-four
subjects belonging to this pedigree have been assessed. Five members
in the mother’s family have respiratory diseases with great diversity
in clinical features: her mother was affected by restrictive pneumopa-
thy and emphysema, her grand-mother by asthma and recurrent
pneumonia, 2 uncles underwent lung transplantation in adult age
and an aunt was diagnosed clinically as having pulmonary fibrosis.
For the remaining subjects a clinical examination is planned. Meth-
ods: Molecular analysis of the SP-C gene was performed by automat-
ic direct sequencing of amplified genomic DNA. Confirmation of the
173T mutation was performed by restriction analysis, since the T to C
substitution inserts a Bsp 12861 site. Results: All the family mem-
bers affected by pulmonary diseases and one with no clinical symp-
toms showed the presence of the mutation 173T. Among the other
family members the mutation was found in six subjects for whom no
clinical data were available so far. Conclusions: Our results confirm
that heterozygosity for the mutation 173T may cause chronic inflam-
mation of the lung or progressive pulmonary fibrosis. In addition, the
chance to study a large pedigree allowed us to perform a genotype-
phenotype correlation indicating a marked phenotypic variability.
The diversity in symptoms, age at onset, clinical course and duration
of lung disease in the relatives sharing this mutation indicates an
incomplete penetrance of the mutation. This might be due to the
influence of other genetic factors thus indicating that the phenotype
may be complicated by additional components.

15
Molecular Testing of Surfactant Protein B
Deficiency in Italy

M. Somaschini?, C. Montrasio®, I. Sassi¢, L. Nogee9,

P. Carrera®

aDivisione di Neonatologia, Ospedale di Seriate, Bergamo,
bServizi di Biologia Molecolare Clinica and ¢ Anatomia
Patologica, IRCCS H San Raffaele, Milano, Italy and 9 Division
of Neonatology, Johns Hopkins Hospital, Baltimore, USA

Background: Hereditary surfactant protein B (SP-B) deficiency
is an autosomal recessive disease in which affected infants are unable
to produce normally functional surfactant, resulting in neonatal
respiratory failure and death within the first year. SP-B deficiency is
caused by mutations in the gene encoding SP-B. Case Report: We
performed molecular analysis of DNA for SP-B gene mutations in 7
newborn infants; 6 had died of intractable respiratory disease and
one was the asymptomatic sister of one of them. All the symptomatic
infants were born at term (38-40 weeks), their birthweight was
between 2,680 and 3,220 g, onset of respiratory distress was in the
first 2 days and they were unresponsive to exogenous surfactant
administration. Methods: We looked for mutation within the SP-B
gene in these Italian cases using denaturing high-performance liquid
chromatography and a direct sequencing protocol developed in our
laboratory. This technique allows detection of nucleotide substitu-
tions and small deletions/insertions on PCR fragments with a high
sensitivity (99%). Immunohistochemical staining for surfactant pro-
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teins was performed in formalin-fixed lung tissue of affected infants.
Results: In 2 infants from the same family DNA analysis revealed
the 121ins2 mutation on one SP-B allele and a novel mutation,
122 delC, on the other allele. Heterozygosity for 122delC was found
in their asymptomatic sister. Immunostaining of lung tissue obtained
at biopsy in the 2 affected infants demonstrated absent staining for
SP-B, and robust extracellular staining for proSP-C, findings charac-
teristic for SP-B deficiency. Conclusions: Hereditary SP-B defi-
ciency is a rare, newly diagnosed and probably under-recognised dis-
ease, which should be suspected in term newborn infants with unex-
plained and intractable respiratory failure. The availability of molec-
ular testing allows rapid confirmation of the clinical diagnosis.
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Lysophosphatidylcholine Amplifies
Meconium-Induced Inactivation of Curosurf®
in vitro

G. Stichtenoth?, E. Herting®, B. Robertson?, T. Curstedt?
aDepartment of Clinical Chemistry, Karolinska University

Hospital, Stockholm, Sweden and ? Department of Pediatrics,
University of Gottingen, Gottingen, Germany

Background: Pathophysiology of meconium aspiration syn-
drome includes surfactant inactivation. Meconium contains sub-
stances that directly inactivate surfactant. In addition, phospholipase
A, and enzymatic products like lysophosphatidylcholine (LPC) may
contribute to the inhibitory effects [Schrama et al., Acta Paediatr
2001;90:412-416]. Some new synthetic surfactant preparations are
more resistant to surfactant inactivation than the modified natural
surfactants. This could be related to different contents of LPC.
Objective: To determine (A) time dependent and (B) possible syner-
gistic inhibitory effects of meconium and LPC on modified natural
surfactant. Methods: A: Curosurf® (2.5 mg/ml) was incubated with
and without human meconium (1.2 mg/ml) at 37.5°C. Aliquots of
Curosurf®-meconium mixtures and aliquots of Curosurf® incubated
without meconium and subsequently mixed with meconium were
studied after 0, 3, 24, 48 and 168 h. The biophysical activity was
measured at 37°C in a pulsating bubble surfactometer (PBS) during
50% cyclic area compression at a frequency of 20/min. B: Curosurf®
was extracted with chloroform-methanol and aliquots were resus-
pended in saline at a concentration of 5 mg/ml phospholipids after
addition of 0, 1, 5 and 10% LPC. The surfactant preparations were
incubated for 30 min with meconium at final concentrations 0, 0.1, 1
and 10 mg/ml. Thereafter the biophysical activity was measured in
the PBS. Results are expressed as surface tension at minimum bubble
size (Ymin) after 1 min of pulsation (n = 3-5 repeated measurements).
Statistical analysis was made by one way ANOVA with Dunnett’s
multiple comparison test. Results: A: v, (mean + SD) after 1 min
was 1.6 = 0.6 mN/m without incubation (control). After incubating a
mixture of surfactant and meconium for 7 days yy,;, increased to 30
+ 12.5 mN/m (p < 0.01 vs. control) indicating surfactant inactiva-
tion. Curosurf® incubated for 7 days and thereafter mixed with
meconium had a yy, of 3.5 = 2.1 mN/m (ns vs. control). B: ypi, of
Curosurf® at 2.5 mg/ml in the absence of meconium and LPC was 3
+ 2 mN/m (control). After addition of 10% LPC it increased to 7.5
+ 5.7 mN/m (p < 0.05 vs. control). Curosurf® 2.5 mg/ml with meco-
nium 10 mg/ml had a y,i, of 15 £ 10 mN/m (p < 0.001 vs. control).
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Samples of Curosurf® containing both 10 mg/ml of meconium and
10% LPC had a ymj, of 30 £ 4.5 mN/m (p < 0.001 vs. addition of
only meconium or LPC). Conclusions: Inhibitory effects of meco-
nium on Curosurf® are time dependent suggesting enzymatic break-
down and are amplified by LPC either present in the original surfac-
tant or resulting from decomposition during incubation.
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Addition of Polymyxin B to Surfactant/Nleconium
Mixtures Reduces the Growth of E. Coli

G. Stichtenoth# b, P. Jung?, G. Waltera, J. Johansson¢,

E. Herting?

aDepartment of Pediatrics, University of Gottingen, Gottingen,
Germany, ® Department of Clinical Chemistry, Karolinska
University Hospital, Stockholm, Sweden and ¢Department of
Molecular Biosciences, Swedish University of Agricultural
Sciences, Uppsala, Sweden

Background: Meconium aspiration syndrome and bacterial
pneumonia may occur simultaneously. Previously we have demon-
strated that surfactant treatment may be useful in both clinical condi-
tions and that the antibiotic peptide polymyxin B (PxB) improves the
resistance of Curosurf® against inhibition of biophysical function by
human meconium in vitro. Objective: To study the effects of PxB,
surfactant and meconium on the growth of Gram-positive group B
streptococci (GBS) and Gram-negative E. coli, two major bacterial
pathogens in the neonatal period. Methods: A bacterial suspension
with ~ 107 colony forming units in saline and 20 mg/ml meconium
was incubated at 37°C under gentle agitation with and without
10 mg/ml Curosurf® and/or 1% PxB (100 units/mg; Sigma-Aldrich
Chemistry, Steinheim, Germany) for 5 h. After 0, 1, 3 and 5 h sam-
ples were serially diluted and 100 ul aliquots were transferred to petri
dishes, mixed with warm agar and incubated at 37°C for 24 h. The
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Fig. 1. Influence of meconium, Curosurf® and polymyxin B on the
growth of E. coli.
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colonies were counted and the results expressed as mean = SD CFU/
ml from 3 repeated measurements. Results: Meconium increases
the growth of E. coli in the nutrient-poor environment saline. The
addition of Curosurf® alone did not mitigate bacterial growth. PxB
and PxB-surfactant mixtures significantly reduced the proliferation
of E. coli. Relatively little effect was seen on Gram-positive GBS
(data not shown). Conclusions: Surfactant/polymyxin mixtures
reduce the growth of E. coli in meconium suspensions in vitro. These
results warrant further animal studies and seem to indicate that the
biophysical and antibacterial properties of polymyxin/surfactant
may be combined as a possibly useful adjunct in the treatment of
neonatal pneumonia and/or meconium aspiration syndrome.
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Surface Spreading of Native and Clinical
Surfactants under Demanding Conditions

H.W. Taeusch?, J.B. de la Serna® J. Pérez-Gil®

aDepartment of Pediatrics, University of California,

San Francisco, USA and P Departamento de Bioquimica y
Biologia Molecular, Facultad Biologia, Universidad
Complutense, Madrid, Spain

Background: Efficient pulmonary surfactants must spread rap-
idly at air-water interfaces to form surface-active films able to
achieve and sustain very low surface tensions (high surface pressures)
under compression, during successive compression-expansion cycles.
Methods: We have optimised a standard assay to analyze the kinetic
behaviour of different pulmonary surfactants to spread rapidly at the
air-liquid interface of a surface balance and to form surface-active
films, in the absence of surface layer compression. Results: Whole
native surfactant purified from pig lungs spreads very rapidly, reach-
ing equilibrium pressures of around 45 mN/m in less than 25 s when
deposited on top of the surface at concentrations in the order of ca.
2 ug phospholipid/cm?2. Spreading kinetics was sensitive to surfactant
concentration and temperature. Spreading at low concentration and/
or low temperature (15 ° C) had biphasic kinetics, interpreted as origi-
nating from two distinct consecutive steps with different rate limits.
Material obtained by organic extraction of native surfactant (con-
taining the lipid fraction plus hydrophobic proteins SP-B and SP-C)
and reconstituted in buffer, showed also rapid spreading kinetics,
just slightly inferior to those of native surfactant, as did samples of
the clinical surfactant Curosurf. Significant differences were ob-
served in the spreading properties of native surfactant compared
with its organic extract or Curosurf when applied onto subphases
containing diluted concentrations of blood serum. Presence of serum
at 1-10 ul per ml of subphase completely inhibited spreading of sus-
pensions prepared from surfactant organic extracts or Curosurf,
while hardly affecting spreading of native preparations. On the other
hand, serum had no effects on spreading of organic solutions (chloro-
form/methanol) containing lipids and proteins from either surfactant
or Curosurf, suggesting that serum components mainly prevent inter-
facial transference of surface active species from bilayer-like struc-
tures formed in aqueous media. Inhibition by serum of spreading of
organic extract suspensions or Curosurf could be nearly prevented by
high subphase concentrations of several carbohydrate-based poly-
mers like polyethylene glycol (10 kDa, 5% w/v) or hyaluronic acid
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(1,024 kDa, 0.125% w/v). Spreading on subphase that contained
both serum and polymer produced spreading kinetics for organic-
extracted native surfactant and Curosurf that were similar to those
obtained in the absence of serum. Conclusion: These findings sug-
gest that subphase polymers that are physiologically present in extra-
cellular alveolar liquid subphase may be important additives to con-
sider in treating lung diseases with exogenous surfactant.
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Surfactant Administration by Laryngeal Mask
Airway in Preterm Infants with Respiratory
Distress Syndrome

D. Trevisanuto?, N. Grazzina®, M. Micaglio®, P. Ferrarese?,
V. Zanardo?

aPediatric Department and P Department of Anesthesiology,
Medical School, University of Padua, Padua, Italy

Background: Surfactant therapy given to infants with respirato-
ry distress syndrome (RDS) receiving continuous positive airway
pressure (CPAP) reduces the need for subsequent mechanical venti-
lation. Currently, however, patients need to be intubated for a few
minutes in order to deliver surfactant. This is an invasive procedure
with attendant risks. We considered that use of a supraglottic airway
device, the laryngeal mask airway (LMA), could offer a less invasive
means of surfactant delivery. Objective: To evaluate the feasibility
and practicality of administering surfactant using the LMA in pre-
term infants with RDS. Methods: A prospective observational
study. Infants less than 72 h of age with gestational age (GA) <35
weeks and birth weight (BW) >800 g, treated with nasal CPAP (5 cm
H,0) for RDS were eligible for the study if the arterial to alveolar
oxygen tension ratio (a/APO,) was <0.20 over a period of >60 min.
The LMA was positioned and the cuff was inflated with 2—-3 ml of air.
When an effective positive pressure ventilation, defined as adequate
chest movements and oxygenation, was established, a bolus of surfac-
tant (Curosurf® 100 mg/kg) was instilled into the lumen of the LMA.
The infant then underwent manual ventilation for 2 min, after which
the LMA was removed and the infant resumed nasal CPAP. Arterial
blood gas measurements and a/APO, were recorded at baseline and
3 h after surfactant therapy. Clinical data including respiratory rate,
heart rate, arterial blood pressure and respiratory support (CPAP lev-
el, FiO,) were continuously monitored. The FiO, was changed to
maintain preductal transcutaneous oxygen saturation (tcSaQ,) in the
range 92-95%. Results: Eight patients (GA 31 = 2 weeks; BW 1413
+ 519 g) were enrolled into the study at 32 + 2 h of postnatal age. Six
of them received 1 dose of surfactant; 2 doses were administered to
the other 2 patients. Mean a/APQO, increased significantly (from 0.13
+ 0.04t00.34 = 0.13; p<0.01) 3 h after treatment; no differences
were found for other measurements (respiratory rate, heart rate,
arterial blood pressure, tcSaO,). No infant received sedative drugs
for the procedure. No complications were reported during and after
the treatment. Two infants needed subsequent mechanical ventila-
tion due to progressive respiratory failure. Conclusions: The LMA
can be used as a conduit to obtain rapid and non-invasive access to
the trachea of the preterm infant with RDS to administer surfactant.
This would reduce the risk of respiratory and extra-respiratory com-
plications associated with tracheal intubation. We consider our
results justify a comparative trial.
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Open Lung Ventilation Reduces Bacterial
Translocation and Mortality in Experimental
Streptococcal Pneumonia

A.H.L.C. van Kaama®, J.J. Haitsma®, A. De Jaegere?,

R. Lachmannb®, E. Herting¢, J.H. Kok?, B. Lachmann®
aDepartment of Neonatology, Emma Children’s Hospital AMC,
University of Amsterdam, ? Department of Anesthesiology,
Erasmus Medical Center, Rotterdam, The Netherlands and
¢Department of Pediatrics, University of Gottingen, Germany

Background: We recently showed that exogenous surfactant
reduces bacterial translocation and subsequent mortality during
group B streptococcal (GBS) pneumonia in surfactant-deficient new-
born piglets. A surfactant-mediated reduction in atelectasis might be
one of the mechanisms responsible for these beneficial effects.
Objective: To determine the effects of atelectasis on GBS transloca-
tion and subsequent mortality in a piglet model of GBS pneumonia.
Methods: Thirteen healthy and twenty-six surfactant-deficient
(whole lung lavage) newborn piglets (age 73 £ 16 h) received an
intratracheal injection of a GBS solution (10 ml/kg, ~ 108 CFU/ml)
and were thereafter ventilated for 5 h. The healthy animals in group 1
(Heal-CON) and the lavaged animals in group 2 (Lav-CON) were
conventionally ventilated using a positive end-expiratory pressure
(PEEP) of 4 cm H,0 and a tidal volume of approximately 7 ml/kg.
Lavaged animals in group 3 (Lav-OLC) were ventilated with the
open lung concept aiming to recruit and thereafter stabilize previous-
ly collapsed alveoli using high levels of PEEP. Optimal recruitment
was defined as a PaO, >450 mm Hg using an inspired oxygen frac-
tion of 1.0. Samples for blood gas analysis and cultures were drawn
every hour. Survival time after GBS instillation was recorded. At the
end of the ventilation period the number of colony forming units
(CFU)/lung was determined. Results: PaO, levels were significantly
higher in the Heal-CON and Lav-OLC groups compared to the Lav-
CON group (p < 0.001). PaO; levels were >450 mm Hg in the Lav-
OLC group, indicating optimal alveolar recruitment. All animals in
the Heal-CON and the Lav-OLC group survived the 5-hour ventila-
tion period. In the Lav-CON group 11/13 animals died with a mean
survival time of 211 £ 49 min (p <0.001). Blood cultures were GBS
positive in 0/13, 6/13 and 12/13 animals in the Heal-CON, Lav-OLC
and Lav-CON group, respectively. Blood cultures became positive
earlier in the Lav-CON group (97 £ 18 min, p<0.001) compared to
the Lav-OLC group (245 £ 23 min). The number of CFUs isolated
per ml blood was also higher in the Lav-CON group compared to the
Lav-OLC group (265 £ 165 vs 33 £ 53, p < 0.005). The number of
CFU/lung (log;oCFU = SD) at the end of the ventilation period was
significantly lower in the Heal-CON (9.1 £ 0.3)and Lav-OLC (9.9 =
0.3) compared to the Lav-CON group (11.2 = 0.5, p<0.001). Con-
clusion: Open lung ventilation attenuates bacterial growth and
translocation and improves survival during GBS pneumonia in the
surfactant-deficient lung. Treatment with exogenous surfactant pre-
viously showed comparable findings, suggesting that a reduction in
atelectasis is one of the mechanisms responsible for these beneficial
effects.
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The Treatment Response after Early and Delayed
Surfactant Administration Is Different during
Conventional and Open Lung Ventilation

M.B. van Veenendaal?, A.H.L.C. van Kaama, J.J. HaitsmaP,
B. LachmannP®

aDepartment of Neonatology, Emma Children’s Hospital AMC,
University of Amsterdam, ? Department of Anesthesiology,
Erasmus Medical Center, Rotterdam, The Netherlands

Background: Randomized controlled trials have shown that
early surfactant treatment is superior to delayed (>2 h) treatment in
neonatal respiratory distress syndrome. However, most patients in
these trials were treated with conventional ventilation (CV). CV
often results in secondary lung injury which can reduce the surfactant
treatment response (STR). Attenuating this secondary lung injury by
open lung ventilation (OLV) might therefore improve the STR, espe-
cially after delayed administration. Objective: To explore the effect
of CV and OLV on the STR after early and delayed surfactant
administration in surfactant-deficient newborn piglets. Methods: In
25 newborn piglets (2.5 = 0.4 kg) surfactant deficiency was induced
by whole lung lavage. Twenty animals were randomized to receiving
either early (2 h) or delayed (4 h) surfactant treatment (25 mg/kg).
Prior to surfactant treatment, animals were ventilated using either
CV (CV-2, CV-4) or OLV (OLV-2, OLV-4). Five control animals
received surfactant immediately after lung lavage. Following surfac-

tant treatment all animals were ventilated for 2 h using CV. During
CV the positive end-expiratory pressure (PEEP) was set at 5 cm H,O
and the tidal volume was maintained at approximately 7 ml/kg. Dur-
ing OLV, collapsed alveoli were actively recruited and thereafter sta-
bilized with sufficient PEEP. FiO, was set at 1.0. Blood gas analysis
and ventilatory pressures/volumes were recorded hourly before and
every 30 min after surfactant treatment. Results: In both OLV
groups mean PaO, levels increased immediately after lung recruit-
ment and stabilized at levels above 500 mm Hg for the remainder of
the pre-surfactant ventilation period. In contrast, mean PaO, levels
in the CV-2 and CV-4 groups were significantly lower (< 100 mm Hg,
p < 0.001) compared with both OLV groups. Following surfactant
treatment, the control animals showed a gradual improvement in
oxygenation, with mean PaO, levels of 415 + 40 mm Hg after 2 h of
ventilation. In both OLV groups PaO, levels remained high after sur-
factant treatment and switching to CV, with no difference between
early (442 + 40 mm Hg) and delayed administration (489 £ 58 mm
Hg). This in contrast to the CV-4 group, where PaO, levels were sig-
nificantly lower (146 £ 117 mm Hg, p < 0.01) 2 h after surfactant
treatment compared to the CV-2 group (360 = 133 mm Hg).
Dynamic compliance showed a similar pattern with deteriorating
lung mechanics after delayed treatment in the CV-4 group (0.38 £
0.10 ml/cmH;0), but not in the OLV-4 group (0.63 £ 0.07 ml/cm
H,0). Conclusion: In contrast to conventional ventilation, applica-
tion of open lung ventilation prior to surfactant administration pre-
serves the surfactant treatment response, even after delayed (4 h)
treatment.
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