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Surfactant Treatment during Continuous
Positive Airway Pressure - A Safe Alternative
for Moderately Preterm Infants

K. Bohlin?, . Gudmundsdottir®, M. Katz-Salamon?,
B. Jonsson?, M. Blennow?®

@Division of Pediatrics, Karolinska University Hospital and
the Karolinska Institute, Stockholm, Sweden; °Faculty of
Medicine, University of Iceland, Reykjavik, Iceland

Background: Mechanical ventilation (MV) is one of the cor-
nerstones in the treatment of preterm infants with respiratory dis-
tress syndrome (RDS). However, MV also contributes to lung in-
jury and is one of the major risk factors for later development of
bronchopulmonary dysplasia (BPD). A treatment strategy with sur-
factant administration during nasal continuous positive airway
pressure (nCPAP) significantly reduces the number of preterm in-
fants with RDS requiring MV. Objective: To evaluate the effects
of implementing surfactant administration during a short intuba-
tion, INSURE (i.e. INtubation SURfactant Extubation) in combi-
nation with nCPAP for moderately preterm infants with RDS.
Methods: We conducted a retrospective, descriptive study of two
neonatal units in Stockholm, Sweden (Karolinska Solna, KS and
Karolinska Huddinge, KH) over a 10-year period (1993-2002) dur-
ing which the INSURE-strategy was implemented at one unit (KH)
in 1998. All inborn infants during 1993-2002 with gestational age
>27 to <34 weeks and RDS (n = 420) were included in the study.
During 1998-2002, INSURE-treated infants receiving Curosurf®
(n = 42) were compared to infants receiving surfactant in conjunc-
tion with MV (Surf + MV, n = 67). Results: Following the imple-
mentation of INSURE at KH the number of infants requiring MV
was reduced by 50% (p < 0.01). At KS, the rate of MV remained
unchanged over the same time period. During 1998-2002, only
17% of INSURE-treated infants required more than 1 dose of sur-
factant compared to 58% of infants receiving Surf + MV (p<0.01).
Improvement in oxygenation (a/A PO, ratio) was more pronounced
and sustained after INSURE compared to the Surf + MV group.
The incidence of BPD was similar in both groups. Conclusion: The
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need for mechanical ventilation can be effectively reduced by im-
plementing a treatment strategy of surfactant administration dur-
ing a brief intubation in moderately preterm infants on nCPAP and
is associated with a decreased number of surfactant doses and no
adverse effects on outcome.
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Unexplained Respiratory Distress in Term
Neonates Caused by Hereditary Abnormalities
of Pulmonary Surfactant

M. Somaschini?, L.M. Nogee', O. Danhaive®, I. Sassi®, S. Presi,
L. Longaretti®, P Carrera®

@Divisione di Neonatologia, Ospedale di Seriate, Bergamo,
bDipartimento di Neonatologia, Ospedale Bambino Gest,
Roma, °Servizio di Anatomia Patologica, dDiagnostica e
Ricerca Laboratorio Biologia Molecolare Clinica, and

€Unita di Genomica per la Diagnostica delle Patologie Umane,
IRCCS H San Raffaele, Milano, Italy; ‘Division of Neonatology,
Johns Hopkins Hospital, Baltimore, Md., USA

Background: Progressive respiratory distress in full-term new-
born infants may be due to surfactant protein B (SP-B) deficiency,
an autosomal recessive disease caused by mutations of the gene
encoding SP-B (SFTPB). Mutations in the gene encoding ABCA3
(ABCA3) have recently been recognized to result in the same phe-
notype of fatal respiratory distress in term newborns. Objective:
To determine the relative contributions of SFTPB and ABCA3 mu-
tations causing unexplained, fatal respiratory distress in term or
near term neonates. Methods and Patients: 12 term newborn in-
fants with severe unexplained respiratory distress were evaluated
from 1998 through 2004. All died within two months despite max-
imal supportive therapy, including mechanical ventilation, supple-
mental surfactant, high frequency oscillatory ventilation, and in-
haled nitric oxide. Two infants had a family history of fatal neona-
tal lung disease. DNA analysis was performed with a DHPLC
(Denaturing High-Performance Liquid Chromatography) and di-



rect sequencing protocol for SFTPB and by direct sequencing for
ABCA3. When possible, light microscopy, immunohistochemical
staining for SP-B and electron microscopy were performed on lung
tissue. Results: Mutations in SFTPB were found in 2 infants and
mutations in ABCA3 in 5, with novel ABCA3 mutations identified.
The 2 infants with SP-B deficiency showed alveolar proteinosis at
lung optical microscopy and the absence of SP-B at immunohisto-
chemistry of the lung. Lung of infants with ABCA3 deficiency
showed type Il pneumocytes containing altered lamellar bodies and
dense inclusions at electron microscopy. Conclusions: 58% term
newborn infants with irreversible lung disease of unknown etiology
in this series had genetic abnormalities of pulmonary surfactant
identified. ABCA3 mutations were a more frequent cause of this
phenotype than SFTPB mutations. We speculate that other as yet
unidentified genetic mechanisms may be responsible for the fatal
lung disease in the infants in whom SFTPB and ABCA3 mutations
were not found.
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High Frequency Oscillatory Ventilation vs.
Conventional Ventilation: Effect on Pulmonary
Surfactant Disaturated Phosphatidylcholine
Kinetics in Preterm Infants with Respiratory
Distress Syndrome

G. Verlato?, E. Benetti®, C. Rondina®, A. Divisic?, M. Balzani?,
I. Burattini®, A. Gucciardi?, J.M. Hawdon®, PE. Cogo?,
V.P Carnielli®

2 Pediatric Department, University of Padova, "Neonatal
Intensive Care Unit, Salesi Hospital, Ancona, Italy; °Neonatal
Unit, University College London Hospitals, London, UK

Background: Early high frequency oscillatory ventilation
(HFOV) in comparison with conventional ventilation (CV) de-
creases exogenous surfactant requirements [Plavka et al., Intensive
Care Med 1999;25:68-75; Moriette et al., Pediatrics 2001;107:
363-372]. This clinical finding can be explained by one, or by a
combination of the following: (a) enhanced synthesis, (b) reduced
catabolism, (c) surfactant deficiency masked by the high mean air-
way pressure of HFOV. Disaturated phosphatidylcholine (DSPC)
synthesis was found not to be different during HFOV and CV in
neonatal respiratory distress syndrome (RDS) using '3C-glucose as
tracer [Merchak et al., J Pediatr 2002;140:693-698]. Hypotheses
(b) and (c) remain untested. Objective: Using a newly developed
method [Torresin et al., Am J Respir Crit Care Med 2000;161:
1584-1589] employing the stable isotope dipalmitoylphosphatidyl-
choline (‘*C-DPPC) as intra-tracheal tracer, we studied surfactant
DSPC halflife (HL) in preterm infants with RDS, on HFOV or CV.
Methods: We studied 18 preterm infants all treated with exogenous
surfactant soon after birth, and randomly assigned to elective
HFOV (n = 8, birth weight (BW) 692 *+ 223 g, gestational age (GA)
26 + 2.8 weeks) or CV (n = 10, BW 772 + 165¢g, GA 26 = 1.9
weeks). Ventilator settings and gas exchange indices were recorded
hourly. DSPC kinetics were calculated from the '3C enrichment
curves of DSPC-palmitate from serial tracheal aspirates, measured
by gas-chromatography mass spectrometry. Study variables are giv-
en as mean and SD and compared by t test and non-parametric
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tests where appropriate. p < 0.05 was regarded as statistically sig-
nificant. Results: The two groups were similar with regards to all
demographic and clinical variables, including severity of respira-
tory status, prenatal steroids and amount of exogenous surfactant.
DSPC HL was computable in all study infants except one in the
HFOV group who was extubated 18 h after start of the study. Mean
(= SD) DSPC HL was significantly different between HFOV
(59 = 25h)and CV (40 = 13 h) p =0.03. Conclusion: HFOV in
preterm infants with RDS resulted in significantly longer DSPC HL
compared to infants treated with CV. We speculate that HFOV
spares surfactant in neonatal RDS. Hypothesis (¢) remains to be
tested.
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Resuscitation with 100% O, Increases

Pulmonary Matrix Metalloproteinases and
Interleukin-8 in Newborn Hypoxic Piglets

B.H. Munkeby?®®, W.B. Barke®®, K. Bjgrnland®,
L.I.B. Sikkeland?, G.I.A. Borgef, J. Logmo®, S. Rivera“,
B. Halvorsen®, O.D. Saugstad®

3Department of Pediatric Research, PInstitute for Surgical
Research, “Research Institute for Internal Medicine,

dCentre for Occupational and Environmental Medicine,
Rikshospitalet University Hospital, ®Department of Pathology,
Ulleval University Hospital, Oslo, and Matforsk, Norwegian
Food Research Institute, As, Norway; 9IFR Jean Roche,
Faculté de Médecine Nord, Marseille, France

Background: Pulmonary damage, as a result of oxygen expo-
sure, is an important clinical complication in infants who require
hyperoxia as treatment. Matrix metalloproteinases (MMPs) play a
role in pulmonary extracellular matrix remodelling and degrada-
tion after ischemia-reperfusion. Objective: To assess pulmonary
injury in newborn piglets undergoing global hypoxia and subse-
quent resuscitation with 21 or 100% O, by MMP activity, oxidative
stress and interleukin (IL)-8 2.5 h after resuscitation. Material and
Methods: Hypoxic newborn piglets (12-36 h of age) were resusci-
tated for 30 min by ventilation with 21 or 100% O,, and thereafter
observed for 150 min. In pulmonary tissue extracts, MMP activity
was analysed by broad matrix-degrading capacity (total MMP) and
zymography. MMP-2 mRNA expression was evaluated by quanti-
tative real-time PCR. Total endogenous antioxidant capacity was
measured by the oxygen radical absorbance capacity (ORAC) as-
say, and IL-8 was analysed by ELISA technique. In bronchoalveo-
lar lavage (BAL) fluid, MMPs were analysed by zymography. Re-
sults: In pulmonary tissue, pro- and active-MMP-2 were increased
in piglets resuscitated with 100% O, compared to 21% O, (p<0.05).
Pro-MMP-9, total MMP activity and MMP-2 mRNA levels were
significantly increased in resuscitated piglets compared to baseline
(p < 0.05). Net gelatinolytic activity increased in submucosa and
blood vessels after 100% O, (p < 0.05), and only in the blood ves-
sels after 21% O,. Compared to baseline, ORAC values were con-
siderably lowered in the resuscitated piglets (p < 0.05) and signifi-
cantly reduced in the 100% O, versus ambient air group (p < 0.05).
In BAL fluid, pro-MMP-9 and pro-MMP-2 increased two-fold in
the 100% O, group compared to 21% O, (p < 0.05). IL-8 concentra-
tion increased significantly in piglets resuscitated with 100% O,
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compared to ambient air (p <0.05) suggesting a marked pro inflam-
matory response in the tissue. Conclusion: Resuscitation of piglets
with 100% oxygen is detrimental to pulmonary tissue compared to
ambient air. Care must be taken when giving pure oxygen to new-
born infants.
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Surfactant Associated Protein B Kinetics
Studied in vivo in Newborn Infants by Stable
Isotopes

PE. Cogo?, A. Baritussio®, F Rosso?, A. Gucciardi®, V. Morettic,
T. Badon?, G. Verlato?, L.J.I. Zimmermann®, V.P Carnielli®

Departments of 2Pediatrics and "Medical and Surgical
Sciences, University of Padova, °Neonatal Unit, Salesi
Children’s Hospital, Ancona, Italy; 9Department of Pediatrics,
Maastricht University, Maastricht, The Netherlands

Background: Surfactant protein B (SP-B) is critical to the bio-
physical function of pulmonary surfactant. No information is avail-
able on SP-B synthesis and kinetics in humans. Objective: To de-
scribe a new method to measure SP-B kinetics in vivo in humans
by means of stable isotopes. Design/Methods: We administered a
24 h infusion of '3C-valine as a metabolic precursor of SP-B to 6
newborn infants (weight 3.5 + 0.5 kg and age 12 days, range 1-43
days). Three of the study infants also received “H-palmitate to label
surfactant disaturated phosphatidylcholine (DSPC). SP-B and
DSPC were isolated from tracheal aspirates and their respective
13C and ?H enrichments were measured by gas chromatography-
mass spectrometry. Results: SP-B kinetics were successfully mea-
sured in all 6 infants. SP-B median (range) fractional synthesis rate
(FSR) was 30% per day (20-78% per day), secretion time 4.5 h
(1-9 h), time to peak 24 h (12-36 h) and half-life 21 h (8-35 h). The
ascending part of SP-B kinetic curve was similar to the DSPC curve,
suggesting similar secretion pathways. SP-B half-life appeared to
be shorter than DSPC half-life. These results agree with existing
animal data. Conclusions: We conclude that the measurement of
SP-B kinetics is feasible in vivo in humans by stable isotope tech-
nology.
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Measurement of Surfactant Disaturated
Phosphatidylcholine Synthesis in Infants
Using Deuterium Incorporation from Body
Water

PE. Cogo?, A. Gucciardi?, A. Benetazzo?, T. Badon®, G. Verlato?,
I. Burattini®, V. Carnielli®

Departments of ?Pediatrics, and bVeterinary Sciences,
University of Padova, Padova, “Neonatal Unit, Salesi
Children’s Hospital, Ancona, Italy

Background: Synthesis of disaturated phosphatidylcholine
(DSPC) has been measured in infants using carbon thirteen (}3C)
labelled glucose, by measuring the '*C incorporation into DSPC-
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palmitate from tracheal aspirates (TAs) in infants requiring me-
chanical ventilation [Bunt et al., Am J Respir Crit Care Med 1998;
157:810-814]. A constant 24 h intravenous (IV) infusion of 3C-
glucose is required. Palmitate synthesis has been measured in ani-
mals and humans using the incorporation of deuterium from body
water [Ajie et al., Am J Physiol 1995;269:247-252]. Body water
can be labelled by IV or oral administration of heavy water (*H,0)
and the isotopic enrichment measured in urine, thus avoiding
blood sampling. Objective: to study if 2H,O could be used as a
tracer to measure DSPC synthesis in infants. Methods: *H,O was
given to 8 infants ventilated for respiratory failure, 4 were term
newborns (weight 3.3 + 0.8 kg, gestational age 38.8 * 2.1 weeks,
postnatal age 7.3 £ 9.9 days) and 4 preterms (weight 1.3 + 0.6 kg,
gestational age 30.3 + 2.5 weeks, postnatal age 8.8 + 9.2 h). Dosing
of the tracer: 0.44 g *H,0/kg as an IV bolus followed by 0.0125 g q
6 h for 48 h. Urine and TAs were obtained prior to dosing and ev-
ery 6 h thereafter. Isotopic enrichment of urinary water and of TAs-
DSPC were analysed by isotope ratio mass-spectrometry. The en-
richments of urinary water (precursor molecule) and of DSPC
(product) were normalized for SMOW (reference standard mean
ocean water). DSPC fractional synthesis rate (FSR) was obtained
by dividing the slope of the linear portion rise of deuterium in
DSPC over time by the plateau enrichment value of urinary water.
Secretion time (ST) was defined as the time lag between the first
2H,0 dosing and the appearance of deuterium in DSPC. Data are
given as mean = SD. Results: In all 8 study infants the isotopic
enrichment of deuterium in urine was in steady state. Isotopic en-
richment in DSPC-palmitate could be reliably measured in all the
TAs. DSPC FSR was 6.5 + 2.9%/day (range 2.6—10.2). FSR for the
term infants was 6.6 = 3.5%/day and 7.3 * 2.1%/day for the pre-
term infants. DSPC-ST was 10 * 10 h in the term and 31 = 10 h
in preterm infants. The latter were all treated with exogenous sur-
factant. In none of the 8 infants could a plateau of DSPC be identi-
fied within 60 h from the first ’H,O dosing. Conclusion: Surfactant
synthesis can be measured in humans by the incorporation of deu-
terium from body water. Preliminary results are in line with previ-
ous results of our glucose studies. Measurement of surfactant DSPC
by this method may prove to be simpler and less invasive than by
previously published methods.
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Surfactant Prophylaxis in Extremely Low Birth
Weight Infants: A Survey of Practice in Italy

D. Trevisanuto®, N. Dogliosi?, P Ferrarese?, R. Bortolus®,
V. Zanardo?

@Pediatric Department, School of Medicine, University of
Padova, Padova, International Centre on Birth Defects,
Rome, ltaly

Background: There is a lack of information regarding surfac-
tant prophylaxis and resuscitation practice at birth in extremely
low birth weight infants (ELBWI). This high-risk population could
have better outcomes if optimally managed. Objective: To survey
surfactant prophylaxis and resuscitation management of ELBWI
in Italian tertiary centres. Methods: A structured 73-item question-
naire regarding equipment and practice of the centre was sent to
the heads of the 86 Italian neonatal intensive care units with on-site
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delivery. Results: Information was obtained for 74 (86%) centres,
in which a total of 1,294 (median 15; range 1-63%) ELBWI were
born in 2002. One hundred percent oxygen resuscitation is used in
41 (55.4%) centres; in the remaining 33 (44.6%), varying oxygen
concentrations (median 40%; range 21-70) are provided. Positive
pressure ventilation (PPV) is manually administered at 61 (82.4%)
centres; at the remaining 13 (17.6%), PPV is administered by using
a ventilator. Positive end expiratory pressure (PEEP) is routinely
used at 26 (35.1%) centres and delivered tidal volumes are mea-
sured at 5 (6.7%). Thirty centres (40.5%) routinely administer sur-
factant in the delivery room. Among them, 17 (56.7%) administer
surfactant therapy to all preterm infants with gestational age <28
weeks (range 26-34); the remaining 13 (43.3%) treat all ELBWI
needing intubation for resuscitation. Natural surfactant (Curo-
surf®) is used in all centres at a dose of 100 mg/kg (26.7%) or
200 mg/kg (73.3%). After surfactant administration, ELBWI re-
main intubated in the majority of centres (86.7%); the INSURE
technique is limited to 13.3% of the centres. During 2002, 791
(73.7%) out of 1072 ELBWI born at the 68 responding centres were
intubated at birth. In the same period, 230 (21.6%) and 93 (8.7%)
out of 1061 ELBWI born at the 66 responding centres received
chest compressions and medications, respectively. Conclusions:
This survey shows that surfactant prophylaxis and approach to neo-
natal resuscitation of ELBWI vary considerably, reflecting a pau-
city of evidence and consequent uncertainty among clinicians. Fur-
ther prospective research in this field is needed.
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Changing Pattern of Surfactant Use for
Extremely Preterm Infants over the Past
Decade in Belfast

C.R O’Neill, D.G. Sweet, H.L. Halliday

Regional Neonatal Unit, Royal Maternity Hospital, and
Department of Child Health, Queen’s University of Belfast,
Belfast, Northern Ireland

Background: Surfactant administration for extremely preterm
babies should be as early as possible and mechanical ventilation
must be gentle and for the shortest possible duration. We wanted
to examine how effective we are at achieving this in Belfast and to
compare practice now with that of 10 years ago. Objective: To de-

Table 1.

1994 (n=66) 2004 (n=288) p value
Received surfactant, n (%) 23(35) 83 (94) <0.0001
Time of first dose (min), med (IQR) 180 (122-234) 9(7-18) <0.0001
Gestation (weeks), med (IQR) 26 (25-28) 26 (25-28) <NS
Ventilator days, survivors, med (IQR) 1(0-4) 7(3-25) <0.001
CPAP days, survivors, med (IQR) 5(1-15) 15 (8-25) <0.001
Survivors in oxygen at 28 days, n (%) 33(50) 67 (76) <0.01
Survivors in oxygen at 36 weeks, n (%) 11(17) 48 (54) <0.01
Received postnatal dexamethasone, n (%) 15(23) 2(2) <0.0001
Length of stay (days), med (IQR) 65 (44-73) 52 (32-71) <NS
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scribe recent practice of surfactant administration in Belfast for
extremely preterm babies born in 2004 and admitted to the Re-
gional Neonatal Unit and compare it with what happened a decade
previously in 1994. Methods: This was a retrospective study col-
lecting data on babies <30 weeks’ gestation born between 1st Janu-
ary and 31st December 2004 compared with similar babies born
between 1st January and 31st December 1994. Data were collected
on numbers receiving surfactant, timing of first surfactant dose,
duration of mechanical ventilation, use of continuous positive air-
way pressure (CPAP) and oxygen supplementation and their dura-
tions, length of hospital stay as well as mortality and respiratory
outcome. Results: There were 412 admissions in 1994 of which 66
(16%) were less than 30 weeks’” and in 2004 there were 495 admis-
sions with 88 (18%) less than 30 weeks’ gestation (table 1). Mortal-
ity of babies <30 weeks’ in 1994 was 20 (30%) compared with 18
(20%) in 2004 (p = 0.15). Conclusion: In 2004 more very preterm
babies received prophylactic or early rescue surfactant than in
1994. Mortality rate has fallen but this has occurred at the expense
of more chronic lung disease, although length of stay has not in-
creased.
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Changes in Oxygen and Ventilatory Support

following Reduced Use of Postnatal Steroids
for Chronic Lung Disease in Preterm Infants

E.S. Shinwell?, A. Lusky®, B. Reichman®°

aThe Israel Neonatal VLBW Network, Department of
Neonatology, Kaplan Medical Center, Rehovot, Hebrew
University, Jerusalem, "Women and Children Health Research
Unit, Gertner Institute, Sheba Medical Center, Tel Hashomer,
¢Sackler School of Medicine, Tel Aviv University, Tel Aviv,
Israel

Background: Steroid therapy reduces the incidence and sever-
ity of chronic lung disease (CLD) in preterm infants, without af-
fecting mortality. As recent studies have correlated this therapy
with increased risk for cerebral palsy and developmental delay, cur-
rent guidelines favor limiting steroid use to ‘exceptional clinical
circumstances’. Objective: We hypothesized that there has been a
significant reduction in steroid use since emergence of the adverse
effects (1997-1998) and that this reduction has been associated
with changes in the pattern of oxygen and ventilatory support in
preterm infants at risk for CLD. Methods: The study sample (n =
6443) was taken from the Israel National VLBW Neonatal data-
base. The sample included infants born in 1997-2001, with gesta-
tional age (GA) 24-32 weeks, without congenital malformations
and who required ventilatory support. The sample was divided into
3 eras for comparison — 1997-1998 (era 1 — peak use), 1999-2000
(era 2) and 2001-2002 (era 3 — expected reduction). Univariate
analyses and multivariate logistic regression models were con-
structed in order to account for variations in confounding variables.
Results: As expected, there has been a significant reduction in ste-
roid use from 23.4% in 1997-1998 to 13.1% in 2001-2002. After
adjustment for relevant confounding variables (GA, antenatal ste-
roids, multiple births, mode of delivery, etc), the odds ratio for O,
requirement at 28 days in era 3 vs. era 1 was 1.30 (95% CI 1.07-
1.58) and for O, requirement at 36 weeks 1.45 (95% CI 1.17-1.79).
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The mean duration of O, therapy increased from a mean of 24.7
days in era 1 to 28.5 days in era 3. There was a trend to increased
survival from 81.5% in era 1 to 83.4% in era 3. After adjustment,
the requirement for any ventilatory support was unchanged in the
3eras (1:14.1 days; 2:14 days; 3:14.7 days), while the subset of use
of nasal CPAP increased significantly from a mean of 2.8 days in
era 1 to 4.3 days in era 3 (p < 0.05). Conclusions: The use of ste-
roid therapy in preterm infants has fallen significantly since the
publication of adverse effects of this therapy. This change has been
temporally associated with a modest increase in the duration of
oxygen requirement. However, over the same period of time, there
has been a marked increase in the use of nasal CPAP and a relative
reduction in endotracheal mechanical ventilation. Thus, the con-
comitant trends of reduced steroids and increased nasal CPAP may
interact in determining the duration of oxygen therapy.
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Recruitment Pressures during Open Lung
High-Frequency Ventilation in Preterm Infants
with Respiratory Distress

A. De Jaegere, A. Michiels, A.H. van Kaam

Department of Neonatology, Emma Children’s Hospital AMC,
Amsterdam, The Netherlands

Background: Recruitment and subsequent stabilization of col-
lapsed alveoli (open lung ventilation) seems to be crucial in the at-
tenuation of secondary lung injury during high-frequency ventila-
tion (HFV). Most clinicians use oxygenation as an indirect tool to
monitor alveolar recruitment, defining optimal recruitment as a
fractional inspired oxygen concentration (FiO,) below 0.30. Data
on the feasibility of this approach and the recruitment pressures
needed to optimize lung volume are scarce. Objective: To deter-
mine recruitment and stabilization pressures of collapsed alveoli
and to establish the oxygen need following this procedure in pre-
term infants with respiratory distress syndrome (RDS). Methods:
Preterm infants with RDS needing HFV were prospectively in-
cluded. Prior to surfactant treatment the lung was recruited by step-
wise increasing the continuous distending pressure (CDP) until
oxygenation no longer improved or the FiO, was <0.25 (CDP).
Next, the CDP was stepwise decreased until oxygenation deterio-
rated (CDP(¢). The lung was once again opened and the CDP was
set 2 cm H,O above CDP¢ (optimal CDP, OCDP). The transcuta-
neous saturation was kept between 86-94% at all times. Both air-
way pressures and FiO, were recorded. Results: A total of 36 pre-
term infants with a mean gestational age of 28.8 * 2.3 weeks and
a birth weight of 1,206 *= 433 g were included. The mean CDPg
and CDP¢ were respectively 21.0 = 4.5 and 13.0 = 4.1 cm H,O0,
resulting in an OCDP of 15.1 + 4.6 cm H,O. Optimizing lung vol-
ume resulted in a significant drop in FiO, from 0.63 + 0.26 at the
start of recruitment to 0.25 * 0.03 at OCDP (p < 0.001). There
was a positive correlation between birth weight and CDPq (= 0.48,
p<0.01). Conclusion: This is the first study that provides data on
recruitment pressures during HFV of preterm infants with RDS.
In addition, this study shows that optimal recruitment results in a
FiO, below 0.30 in the majority of infants.
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Standard Prenatal Steroid Treatment Does
Not Alter Cytokine and Internal Surface Area
Measurements in Baboon Lungs of Varying
Gestational Ages

J.J. Coalson®?, V.T. Winter?, M.A. Thomson®

aUniversity of Texas Health Science Center, ®Southwest
Foundation for Biomedical Research, San Antonio, Tex., USA;
®lmperial College, London, UK

Background: Antenatal glucocorticoid (GC) treatment is the
standard of care for women at risk for preterm delivery. In sheep
lungs, antenatal GC treatment decreased lung mesenchyme and
increased air space volume within 24 h, and decreased saccular
septation by 7 days after delivery and ventilation [Jobe AH, Clin
Obstet Gynecol 2003;46:174-189]. Objective: In the 125-day ba-
boon model of bronchopulmonary dysplasia (BPD), a single course
of GC (6 mg x 2) is used to mimic human standard of care. We
hypothesized that baboon dams treated at 123 days of gestation
(term 186 days) with antenatal GC, and then delivered by caesar-
ean section at 125, 146 and 153-156 days, would yield fetuses with
lungs that would show differences in alveolar development when
compared to non-treated controls (NT) at the same study times.
Methods: Four to six lungs per study group were comparably fixed,
sectioned and morphometrically assessed for internal surface area
(ISA) measurements. Bronchoalveolar lavage fluids (BALF) were
obtained at necropsy and IL-6 and IL-8 levels were determined by
RIA and ELISA. Results: ISA values were not significantly differ-
ent nor were BALF levels of IL-6 and IL-8 significantly different in
the 125 d-NT-vs. 125 d-GC-treated study groups. Similarly, at 146
and 153-156 days gestation, the values for ISA and BAL IL-6 and
IL-8 values were again not significantly different between the NT-
and GC-treated lungs. Body and lung weights were not significant-
ly different among the fetuses within the paired study time groups.
Conclusion: A single standard course of GC given to the baboon
dam at the equivalent of 25 weeks” human gestation does not result
in delayed in vivo fetal ISA expansion during critical lung develop-
mental stages.

Funded by: NIH HL52636 and NIH RR13986 (facility sup-
port).
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Effects of Silicone Oil on Modified Pulmonary
Surfactant in vitro and in vivo

G. Stichtenoth?, B. Linderholm?, I. Byman?,

M. Hégerstrand Bjérkman?, A. Almlén?, B. Robertson?,
E. Herting®, T. Curstedt®

Departments of ?Clinical Chemistry, Karolinska University
Hospital, Stockholm, Sweden; PPediatrics, University of
Schleswig Holstein, Liibeck, Germany

Background: Silicone oil is used for lubrication of 3 part sy-
ringes and up to 69% of it can be dissolved by rinsing the syringes
with water or soybean oil [Capes et al., PDA J Pharm Sci Technol
1996;50:40-50]. Surface activity of modified porcine surfactant
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(Curosurf®) is reduced after contact with 3 part syringes [Herting
et al., Lancet 2003;361:311-313]. Objective: To investigate the
effects of silicone oil on pulmonary surfactant in vitro and in vivo.
Methods: Molecular composition of silicone oil (B. Braun, Ger-
many), diluted 800-fold in organic solvents, was analysed using
electron-spray time of flight mass spectrometry. 6 surfactant prep-
arations were made up from Curosurf®, 80 mg/ml, by addition of
0,0.1,0.3, 1, 3 and 10% silicone oil (vol/vol). In vitro surface activ-
ity of 32-fold diluted surfactant containing silicone oil was investi-
gated in a pulsating bubble surfactometer. Surface tension at min-
imum bubble size (50% surface compression) of preparations con-
taining 0, 1 and 10% silicone was recorded after 5 min of pulsation
at 37°C at a frequency of 20/min (n = 5 repeated experiments). In
vivo effects of surfactant preparations were investigated in imma-
ture newborn rabbits. Animals were obtained by hysterotomy,
anesthetised, tracheotomised, paralysed and treated intratrache-
ally with different surfactant preparations. Non-treated animals
served as controls. All pups were ventilated in a multiplethysmo-
graph system using an insufflation pressure sequence of 35 cm H,O
for 1 min, 25 cm H,O for 15 min, 20 cm H,O for 5 min, 15 cm
H,O for 5 min and finally 25 cm H,O for 5 min. Individual tidal
volume curves were recorded at 5-min intervals. The pups were
then killed and lungs were excised for determination of end-expira-
tory gas volume [Scherle, Mikroskopie 1970;26:57-60]. Results:
Mass spectra showed peaks of series with m/z differences of 74,
which could be related to 2 series of polydimethylsiloxanes (PDMS)
and are congruent with linear and cyclic PDMS. In vitro surface
activity was significantly reduced after addition of 1% silicone oil.
In vivo experiments showed no differences in tidal volumes and
compliance (calculated by dividing tidal volume with peak insuf-
flation pressure) between groups treated with surfactant containing
0-10% silicone oil. In contrast lung gas volumes were significantly
decreased in surfactant-treated groups with = 3% silicone oil (p <
0.01). Macroscopically the lungs treated with silicone oil had mul-
tiple atelectatic areas. Conclusions: Silicone oil used for lubrica-
tion of 3 part syringes is mainly composed of PDMS and can inac-
tivate modified pulmonary surfactant in vitro. In immature ani-
mals treated with surfactant containing = 3% silicone oil lungs with
multiple atelectatic areas and reduced end-expiratory lung gas vol-
umes were observed.
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Effects of Surfactant, Inhaled Nitric Oxide and
Positive End-Expiratory Pressure in Premature
Piglets with Hypoxemia

L.L. Qian?, X.N. Wang?, Z.H. Sun?, W.L. Yu?, W. Wang?,
H. Verder®, B. Sun?

aDepartments of Pediatric Respiratory and Intensive Care
Medicine, Children’s Hospital of Fudan University, Shanghai,
China; PDepartment of Neonatology, Holbaek Hospital,
Holbaek, Denmark

Background: It is important to use an adequate level of positive
end-expiratory pressure (PEEP) in ventilated premature lungs for
optimal oxygenation and ventilation efficiency. Objective: To
compare effects of low and high PEEP in premature lungs treated
with surfactant and/or inhaled nitric oxide (iNO). Methods: New-
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born piglets of 85% gestation (term = 114 days), 0.5-1.0 kg, were
born by cesarean section and randomly subjected to mechanical
ventilation for 6 h with tidal volume 6-8 ml/kg, with cither 5-6
(low, L) or 10-12 (high, H) cm H,0 PEEP, and treated in groups
(n = 6) with porcine surfactant (100 mg/kg, S), iNO (10 ppm, NO),
both surfactant and iNO (SNO), or not treated as controls (C). Val-
ues are given as mean * SD. Results: All animals had hypoxemia
(PaO,/Fi0,, 114 £+ 36 mm Hg) and low compliance of the respira-
tory system (Crs, 0.53 * 0.13 ml/cm H,0O/kg) before randomiza-
tion, with no significant difference across the groups. Both L-NO
and L-SNO groups had dramatic improvements in PaO,/FiO, (465
+ 142,434 + 158)and Crs (0.91 % 0.30,0.84 + 0.13) compared
to moderate or no effects in the L-S and L-C groups on PaO,/FiO,
(276 £ 274,95+ 123) and Crs (0.54 + 0.14,0.87 % 0.25), respec-
tively. There was moderate improvement of PaO,/FiO; and Crs in
the H-NO and H-SNO groups but not in the H-C and H-S groups.
Oxygenation index and ventilation index were better in the L-
groups whereas H-groups had lower resistance of respiratory sys-
tem. Variable but improved alveolar disaturated phosphatidylcho-
line to total protein ratio, minimum surface tension of lung lavage
fluid, alveolar aeration, and histological evidence of alleviated lung
injury were found in L-SNO, L-S, H-SNO and H-S groups com-
pared to the L-C, L-NO, H-C and H-NO groups. L-SNO and H-
SNO had the best effects on oxygenation, lung compliance and al-
leviation of lung inflammation and injury. NO synthase activity in
the lungs was not affected in any of the groups. Conclusions: In
the ventilated immature animals blood oxygenation and lung func-
tion in the presence of iNO or iNO and surfactant may be optimized
by low PEEP, and to a lesser degree with high PEEP.

Supported by National Natural Science Foundation (30170989),
CMB (03-786).
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Structure-Function Correlation for Mini-B
Peptide Based on the N- and C-Terminal
Domains of Surfactant Protein B

EJ. Walther®®, A.J. Waring?, J.M. Hernandez-Juviel?,
L.M. Gordon?, C. Alonso®, J.A. Zasadzinski®

aDepartment of Pediatrics, Los Angeles Biomedical Research
Institute at Harbor-UCLA Medical Center, Torrance, Calif.,
USA; "Department of Pediatrics, Leiden University Medical
Center, Leiden, The Netherlands; °Department of Chemical
Engineering, UCSB, Santa Barbara, Calif., USA

Background: Surfactant protein B (SP-B) is important for the
normal functioning of lung surfactant. Early theoretical SP-B mod-
els predicted that the disulfide cross-linked, N- and C-terminal do-
mains fold as charged amphipathic helices, and suggested that these
adjacent helices may participate in critical surfactant activities.
Objective: Here, this hypothesis is tested using a disulfide-linked
construct (Mini-B) based on the primary sequences of the N- and
C-terminal domains of SP-B. Methods: The oxidized Mini-B pep-
tide consists of 34 residues: residues 1-18 correspond to the N-ter-
minal residues 8-25 of full-length human SP-B, residues 19-34
correspond to the C-terminal SP-B residues 63-78. Structural stud-
ies included Fourier Transform Infrared (FTIR) spectroscopy and
molecular modeling. Mini-B peptide was compared to porcine
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SP-B and Mini-B variants and fragments. For all preparations,
0.1 mmol of protein or peptide was mixed with 35 mg total phos-
pholipids consisting of 16 mg of DPPC, 10 mg of DOPC, 3 mg of
POPG, 1 mg of POPE, 3 mg of POPS and 2 mg of cholesterol in
1 ml of PBS. In vitro surface activity was investigated using a mod-
ified Langmuir/Wilhelmy balance; in vivo function was tested in
surfactant-deficient, lavaged rats. Results: Both isotope-enhanced
FTIR spectroscopy and molecular modeling indicated charged am-
phipathic a-helices for the N- and C-terminal domains in the Mini-
B peptide. Mini-B exhibits in vitro surface activity and produces
alterations in the molecular topography of surfactant-lipid disper-
sions, similar to those achieved by native SP-B. Moreover, in vivo
studies of Mini-B show oxygenation and dynamic compliance that
compare favorably with those achieved by full-length SP-B. Either
Mini-B variants (i.e., reduced disulfides or cationic residues re-
placed by uncharged residues) or Mini-B fragments (i.e., unlinked
N- and C-terminal domains) produced greatly attenuated in vivo
and in vitro surfactant properties. Conclusion: These findings in-
dicate that the unique charge distribution in amphipathic helical
N- and C-terminal domains is involved in the function of native
SP-B in surfactant lipids.

Supported by National Institutes of Health Grant ROl
HL55534.
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Effects of Synthetic Pulmonary Surfactant
with Different Contents of SP-C33

A. Almlén?, G. Stichtenoth?, B. Linderholm?, J. Johansson®,
B. Robertson?, T. Curstedt?

Departments of 2Clinical Chemistry, Karolinska University
Hospital, Stockholm, and PMolecular Biosciences, Swedish
University of Agricultural Sciences, Uppsala, Sweden

Background: We have previously investigated a physiological-
ly active synthetic surfactant containing dipalmitoylphosphatidyl-
choline (DPPC)/palmitoyloleoylphosphatidylglcyerol (POPG) (68:
31 w/w) and 2% (w/w) of the SP-C analog, SP-C33. This surfactant
increases lung compliance in preterm rabbit fetuses to levels similar
to those obtained with commercially available modified natural
surfactant preparations and stabilizes the alveoli in animals venti-
lated with a positive end-expiratory pressure (PEEP) of about 3 cm
H,0. Objective: To investigate how the SP-C33 concentration in
the synthetic surfactant influences the in vitro and in vivo activity.
Methods: Synthetic SP-C33, 0-2% w/w, was mixed with phospho-
lipids in organic solvents, evaporated to dryness under N, and re-
suspended in saline. Dynamic surface properties of the surfactant
preparations were measured in triplicate at a concentration of
10 mg/ml using a pulsating bubble surfactometer (PBS) and a cap-
tive bubble surfactometer (CBS). The PBS experiments were per-
formed using our conventional protocol except that the sample
chamber was first filled with a solution of 10% sucrose in saline
whereupon the surfactant suspension was injected into the chamber
on top of the sucrose solution. Values for minimum and maximum
surface tension (Ymin, Ymax) Were recorded after S min of pulsation
at 37°C at a frequency of 20/min. In the CBS experiments the cham-
ber was first filled with 10% sucrose solution, followed by injection
of approximately 2 wl of surfactant. Physiological properties were
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studied in immature newborn rabbits. Animals were tracheoto-
mized at birth, treated with surfactant (80 mg/ml, 2.5 ml/kg) and
ventilated for 30 min with a standardized sequence of insufflation
pressures (P) and a PEEP of about 3 cm H,O. Lung-thorax compli-
ance was calculated from recordings of tidal volume and P minus
PEEP. Lung gas volumes (LGV) were measured after the experi-
ment. Curosurf-treated and non-treated animals were used as pos-
itive and negative controls, respectively. Results: The in vitro stud-
ies with PBS showed that a SP-C33 content of at least 1.0% was
required to obtain a Y, of <5 mN/m. Similar results were obtained
in the CBS. Thus, artificial surfactants with 0 or 0.5% SP-C33
showed median "y, values of 11 and 13 mN/m, and yy,ax 0f 45 and
39 mN/m, respectively. For surfactants with 1.0, 1.5 and 2.0% SP-
C33 Ymin Was 3, 2 and 1 mN/m and Ypax 39, 37 and 30 mN/m, re-
spectively. In the in vivo experiments animals treated with 0, 1.0
and 2.0% SP-C33 in DPPC/POPG had median compliance values
0f 0.37,0.82 and 0.89 ml/cm H,O/kg, respectively, after 30 min of
ventilation. Animals receiving Curosurf had a median compliance
of 0.90 ml/cm H,O/kg and negative controls 0.04 ml/cm H,O/kg.
Median lung gas volumes of groups treated with 0, 1 and 2% SP-
C33 were 3, 16 and 13 ml/kg, respectively. Corresponding values
for Curosurf-treated and non-treated animals were 28 and 0 ml/kg.
Conclusions: The presence of SP-C33 is required to obtain a phys-
iologically active synthetic surfactant. Nearly equivalent improve-
ment in compliance and LGV could be reached with 1 and 2% of
SP-C33. However, we speculate that a peptide content of 2% may
provide a safety margin that could be required for treatment of
conditions with inactivation of surfactant caused by large leak of
inhibitory plasma proteins into the airspaces.
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Dynamic and Spatial Behavior of Synthetic
Phospholipids and Commercial Lung
Surfactants Investigated in Repeated
Compression - Expansion Cycles of a
Langmuir Trough

M. Gordon?, A. Berman®, R. Granek®, H. Rapaport®,
E. Zmora®®

Departments of 2Biomedical Engineering, PBiotechnology
Engineering and °Neonatology, Soroka Medical Center, Health
Sciences Center, Ben-Gurion University, Beer-Sheva, Israel

Background: Pulmonary lung surfactant (LS) is an essential
substance in the mechanics of the breathing process. LS is consid-
ered to spread at the air-liquid interface of the alveoli as a mixed
monolayer of phospholipids and protein molecules. Our observa-
tions indicate that the supramolecular structure of LS at the
interphase might be more complex. Objective: To study supramo-
lecular, in- and out-of-plane, organization of LS and synthetic sur-
factant phospholipids at the air-liquid interphase along com-
pression-expansion cycles. Methods: The dynamic surface proper-
ties of LS and a 4:1 mixture of dipalmitoylphosphatidylcholine and
palmitoyloleoylphosphatidylglycerol (DPPC:POPG) were studied
on a Langmuir balance and film organization was further analyzed
with a Brewster Angle Microscope (BAM) and with atomic force
microscopy (AFM). Results: AFM analysis of lung surfactant and
its artificial analogs indicates that during the compression-expan-
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sion cycles that simulate the respiratory cycle, the phospholipid
mixture behaves in a different manner from exogenous LS. DPPC:
POPG is compressed into several organized patterns: at low surface
pressure the DPPC:POPG film is in a coexistence of ‘liquid ex-
panded’ (LE) phase with higher density regions, the ‘liquid con-
densed’ (LC) phase. Upon compression the LC regions grow, and
eventually at 40 mN/m the LC monolayer islands coalesce until
they collapse and form multilayers. This conformation is partly ir-
reversible upon expansion. AFM observations suggest that the LS
(Curosurf®, Infasurf®) behave differently and LC islands that form
at low surface pressure do not coalesce to form a continuous mono-
layer and multilayers. Rather, a discontinuous LS layer or islands
form extrusions at different scales at the center and near the perim-
eters of the liquid domains. Similar phenomena at different scale
(~mm) are also observed by BAM. Conclusions: The observed
extrusions from the ideal monolayer organization may be inter-
preted as the center for phospholipid aggregation, which prevent
the formation of stable multi-layers and enable a reversible expan-
sion of the layer conformation. The differences between the orga-
nization traits of the phospholipid mixtures and the natural LS are
attributed to the presence of LS proteins SP-B and SP-C. These
observations suggest that LS organizes at the air-water interface by
several different mechanisms that together contribute both to the
efficient performance in surface pressure reduction and economi-
cally efficient redistribution of the surfactant.
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Long-Term Neurodevelopmental and
Respiratory Outcomes of Children from UK
and Ireland Enrolled in aTrial of Early and
Late Postnatal Steroids: Systemic and Inhaled

T.T. Wilson?, L. Waters®, C.G. McCusker®, C.C. Patterson®,
N.M. Rooney®, N. Marlow®, H.L. Halliday?

@Regional Neonatal Unit, Royal Maternity Hospital and
Department of Child Health, Queen’s University, Belfast,
bQueen’s Medical Centre, Nottingham, UK; °Clinical
Psychology Department, Royal Belfast Hospital for Sick
Children, and Department of Public Health, Queen'’s
University of Belfast, Northern Ireland

Background: Corticosteroids given to preterm babies to treat
or prevent chronic lung disease have been associated with negative
long-term outcomes, including cognitive deficits and cerebral palsy,
but differences between methods or timing of administration have
yet to be adequately evaluated, particularly in the long-term. Ob-
jective: To compare early school-age neurodevelopmental and re-
spiratory outcomes of children, from the UK and Ireland who were
treated with either early (<3 days) or late (>15 days) postnatal cor-
ticosteroids and to compare corticosteroids administered systemi-
cally (dexamethasone) with those given by inhalation (budesonide).
Methods: One hundred and twenty six survivors from the UK and
Ireland (84%) who had been recruited to the OSECT study [Hal-
liday et al., Pediatrics 2001;107:232-240] were assessed at a mean
age of 7 years. The factorial design of the original study allowed for
comparison of timing and method of administration. The outcome
measures assessed were level of disability, presence of cerebral pal-
sy, general cognitive ability, behavioural difficulties and competen-
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cies, growth, blood pressure and respiratory symptoms. Results:
There were no significant differences among the treatment groups
for cognitive ability scores, behavioural competencies or difficul-
ties, overall disability rates, cerebral palsy, growth, respiratory mor-
bidity and diastolic blood pressure. Those treated late had a higher
proportion of children with systolic blood pressure >95th centile
than those treated early (26 vs. 6%; p = 0.006). Timing of postnatal
dexamethasone on an ‘as-treated basis’ was associated with altered
growth; those treated late were 3 cm shorter (p = 0.008), 1.6 kg
lighter (p = 0.005) and had head circumferences that were 0.5 cm
smaller (p = 0.013) at follow-up than those treated early. Conclu-
sions: This study indicates that although postnatal steroids may be
associated with poor long-term outcomes, altering the method or
timing of administration may not significantly affect long-term out-
comes.

Supported by Action Medical Research, UK and Research and
Development Office, Northern Ireland Department of Health and
Social Services.
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The Effect of Bronchoalveolar Lavage plus
Supplementary Surfactant in a Piglet Model of
Meconium Aspiration

M.O. Colvero, H.H. Fiori, A.P Colvero, C. Oppermann,
D. de Paula, J.H. Luz, PM. Pitrez, V.D. da Silva, FE. Mugnol,
R.M. Fiori

Department of Pediatrics, Laboratory of Experimental Surgery,
and Biomedical Research Institute, Hospital Sao Lucas,
Pontificia Universidade Catolica, Porto Alegre, Rio Grande do
Sul, Brazil

Background: Meconium aspiration causes obstruction and in-
flammation of the airways and affects surfactant function. Surfac-
tant administration and brochoalveolar lavage (BAL) are under
evaluation. Objective: To evaluate the effects of BAL with normal
saline followed by supplementary surfactant in a piglet model of
meconium aspiration syndrome (MAS). Design/Methods: Fifteen
newborn piglets were ventilated with fixed settings (FiO, 1.0, pres-
sure 20/5 cm H,0, frequency 40/min and inspiration time 0.4 s).
After instillation of 4 ml/kg of 20% meconium in normal saline, the
piglets were randomized to: group I (n = 5) tracheal aspiration with-
out BAL; group II (n = 5) BAL with 15 ml/kg normal saline; group
III (n = 5) BAL with normal saline followed by supplementary sur-
factant (Curosurf®, 100 mg/kg). Arterial blood gases were obtained
prior to and after meconium instillation, 30 min and 6 h after ther-
apeutic intervention. Bronchoalveolar fluid was obtained for total
cell count at the end of the study. Results: PaO, and hemoglobin
saturation were significantly higher at 6 h after intervention in
groups I and III compared to group II (PaO, 93 = 60, 189 + 115
and 37 £ 11 mm Hg) (p = 0.023), and hemoglobin saturation 77
+ 30%, 95 + 8% and 41 %= 23%, respectively (p = 0.008). Group
III showed a trend to have a higher PaO, than group I (p = 0.07).
Total cell count was 3,102 = 784 in group I, 1,266 + 300 in group
II, and 1,452 *+ 211 in group III. There was a trend for lower counts
in the 2 groups in which BAL was performed (p = 0.06). Conclu-
sions: BAL with normal saline followed by supplementary surfac-
tant seems to improve oxygenation in an experimental piglet mod-
el of MAS.
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Lung Expression of Hox Genes in Nitrofen-
Induced Congenital Diaphragmatic Hernia and
the Effects of Antioxidant Vitamins

D.G. Grier?, A. Thompson®, S. Gonzalez-Reyes?,
V. Fernandez-Dumont®, W.M. Calonge’, L. Martinez®,
J.A.Tovar?, TR.J. Lappin®, H.L. Halliday*°

#Neonatal Intensive Care Unit, Royal Maternity Hospital,
Departments of PHaematology and °Child Health Queen'’s
University, Belfast, Northern Ireland; “Department of Pediatric
Surgery, Hospital Universitario La Paz, Madrid, Spain

Background: Exposure of fetal rats to the herbicide nitrofen
induces congenital diaphragmatic hernia (CDH) with pulmonary
hypoplasia which can be partially prevented by antioxidant vita-
mins. The Hox genes code for a family of 39 transcription factors
within four gene clusters. Hox genes from A and B clusters have
been demonstrated to have roles in regulating lung morphogenesis
and abnormal expression of Hox genes has been demonstrated in
several congenital lung malformations and disorders of lung devel-
opment. It has been postulated that abnormal expression of Hox
genes may be involved with the pathogenesis of CDH. Objective:
To determine the patterns of Hox gene expression in nitrofen-ex-
posed fetal rat lungs and to see if antenatal antioxidant vitamins
alter this expression. Methods: Rat fetuses were exposed to either
nitrofen or oil (control) on €9.5 and were subsequently exposed
antenatally to saline, vitamin A, vitamin C or vitamin E on e¢16 to
€20. The lungs were recovered on e21 and were processed for mea-
surement of Hoxa2, Hoxa3, Hoxa4, Hoxa5, Hoxa6, Hoxb2, Hoxb3,
Hoxb4, Hoxb5 and Hoxb6 by quantitative PCR using validated
TagMan™ primers and probes. Results: Nitrofen reduced the ex-
pression of Hoxa2, Hoxa4, Hoxa6 and Hoxb3 in comparison with
controls (all p< 0.01). Treatment with each of the antioxidant vi-
tamins restored expression of Hoxa2 and Hoxa4 in nitrofen-ex-
posed fetal rat lungs to the levels of non-exposed lungs. Vitamin
treatment had no effect on the reduced expression of Hoxa6 and
only vitamin E restored the reduced expression of Hoxb3 in nitro-
fen-exposed lungs. Conclusions: Nitrofen-induced lung hypopla-
sia in rats with CDH is associated with down-regulation of several
Hox genes. Prenatal antioxidant vitamin treatment may improve
lung hypoplasia by increasing the expression of some of these down-
regulated Hox genes.

Supported by Research and Development Office, Northern Ire-
land Department of Health and Social Services.
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Curosurf® Increases Phagocytosis of
Apoptotic Neutrophils by Alveolar
Macrophages in vivo

B.W. Kramer, F. Urlichs, S. Seidenspinner, C.P Speer
University Children’s Hospital Wiirzburg, Wiirzburg, Germany

Background: Phagocytosis of apoptotic neutrophils by alveolar
macrophages is an essential mechanism of the clearance of neutro-
phils in the lung. Phagocytosis by alveolar macrophages is medi-
ated by annexin V which is expressed by apoptotic neutrophils.

362 Biol Neonate 2005;87:354-364

Apoptotic neutrophils that are not phagocytosed in a timely fashion
become necrotic and are a proinflammatory stimulus themselves.
Phospholipids and hydrophobic surfactant proteins have been
shown to increase the phagocytosis of apoptotic neutrophils by
macrophages in vitro. Objective: In this study we tested the effect
of Curosurf® on phagocytosis of apoptotic neutrophils by alveolar
macrophages in lungs of adult mice. Methods: Neutrophils were
isolated by Percoll gradient centrifugation. Red blood cells were
removed by osmotic lysis. Purity was assessed by staining for my-
eloperoxidase (MPO) which is expressed in neutrophils. Apoptosis
was induced in neutrophils by UV radiation (302 nm) for 30 min.
Apoptosis was confirmed by flow cytometry staining for Annexin
V and propidium iodide counterstaining. Three-month-old adult
male C57/Black 6 mice were anesthetized and intubated. Curosurf
in a dose of 200 mg/kg or 50 pl saline was instilled. Subsequently,
10° apoptotic neutrophils suspended in 100 .l of saline were in-
jected via tracheal intubation in each mouse (n = 9 in each group).
Bronchoalveloar lavage (BAL) was performed 30 min after instil-
lation. Alveolar macrophages and neutrophils were counted. Cyto-
spins were stained for MPO to identify phagocytosed apoptotic
neutrophils. Phagocytosis of apoptotic neutrophils was quantified
by counting the number of MPO positive vesicles in alveolar mac-
rophages and determining the percentage of MPO positive alveolar
macrophages. A phagocytic index was calculated by multiplying the
percentage of MPO positive macrophages by the average number
of phagocytosed vesicles. Results: Less than 10% (3.1 + 0.2 x 10%
of the initial number of apoptotic neutrophils were recovered after
30 min by BAL. The phagocytosis index after instillation of apo-
ptotic cells was 3.8 + 0.9 after saline injection and 7.5 + 1.1 after
Curosurf instillation (p < 0.05 vs. saline injection). The number of
alveolar macrophages recovered from BAL fluid after instillation
of apoptotic neutrophils was 2.4 *+ 0.1 x 10°/kg after saline injec-
tion and 20.1 + 4.1 x 10%/kg in Curosurf-treated animals (p <0.05
versus saline). Conclusion: Exogenous surfactant increases the
number of alveolar macrophages and the phagocytosis of apo-
ptotic neutrophils in vivo. Anti-inflammatory properties of surfac-
tant therapy may be mediated in part by increased number of al-
veolar macrophages and increased phagocytosis of apoptotic neu-
trophils by these macrophages.
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Surfactant Protein B Gene Polymorphism:
Comparison between Healthy Term and
Preterm Newborns with Respiratory Distress
Syndrome

PPR. Lyra®, E.M.A. Diniz’, FA. Costa Vaz’, PE. Moreira®,
J.W. Hoffmann?, D.E. de Mello?

aSaint Louis University, St Louis, Mo., USA; PNeonatal
Intensive Care Unit, Children’s Institute, Department of
Pediatrics, School of Medicine, University of Sao Paulo,
Sao Paulo, Brazil

Background: Surfactant protein B (SP-B) is essential for nor-
mal lung function. The human SP-B gene is located on the short
arm of chromosome 2 (2p12—p11.2), encompasses approximately
9.5 kilobases and has 11 exons. Polymorphism and mutations in
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the genes that encode the surfactant components, particularly the
SP-B gene, have been associated with the development of respira-
tory distress syndrome (RDS). Objectives: To analyze SP-B gene
polymorphism frequencies in preterm babies with RDS and healthy
term newborns, to compare the polymorphism frequencies between
both groups and to evaluate if there are differences related to sex,
race and RDS. Methods: We included 150 Brazilian neonates, 50
preterm with RDS and gestational ages ranging from 28 weeks to
33 weeks and 6 days, and 100 healthy term newborns with gesta-
tional ages ranging from 37 weeks to 41 weeks and 6 days, admitted
to our unit from June 2001 to July 2004. Four SP-B gene polymor-
phisms were analyzed: A/C at "C 18, C/T at 1580, A/G at 9306 and
G/C at nucleotide 8714. The polymorphisms were detected by PCR
amplification of genomic DNA and genotyping. The genotypes
were determined using PCR-based converted restriction fragment
length polymorphism (cCRFLP). Results: The control group com-
prised 100 apparently healthy term newborns; 42 (42%) were fe-
male and 58 (58%) male; 39 (39%) were whites and 61 (61%) non-
whites. Weight ranged from 2,280 to 4,740 g (mean 3,240 g); ges-
tational age ranged from 37 weeks to 41 weeks and 6 days (mean
39 weeks and 3 days). The RDS group comprised 50 preterm neo-
nates, 21 (42%) female and 29 (58%) male; 28 (56%) were whites
and 22 (44%) non-whites. Weight ranged from 640 to 2,080 g (mean
1,273 g); mean gestational age was 31 weeks and 2 days (range,
28-33 weeks and 6 days). All genotype frequencies were similar in
both groups when sex and race were analyzed together. When race
was analyzed separately, there was a statistically significant differ-
ence between both groups in the polymorphism G/C at 8714 (p =
0.028). There was no difference between both groups in all poly-
morphisms when sex was analyzed separately. Conclusions: The
analysis of the SP-B polymorphism G/C 8714 showed that in white
neonates the genotype GG was only found in the RDS group and
the genotype GC was more frequently found in controls. This sug-
gests that genotype GG could be associated with RDS and rein-
forces the need of other studies to address this issue.
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Hydrocortisone Supplementation Shortly after
Birth for Prevention of Bronchopulmonary
Dysplasia: Pretreatment Cortisol Values May
Predict the Response

O. Peltoniemi?, M.A. Kari®, K. Heinonen®, T. Saarela?,
K. Nikolajev®, S. Andersson®, R. Voutilainen®, M. Hallman?®

@Department of Pediatrics, Oulu University and University
Central Hospital, Oulu, bHospital for Children and Adolescents,
Helsinki University Central Hospital, Heksinki, “Department of
Pediatrics, Kuopio University and University Central Hospital,
Kuopio, Finland

Background: Dexamethasone given shortly after the birth de-
creases the incidence of bronchopulmonary dysplasia (BPD) in
very premature infants (Halliday et al., Cochrane Database Syst
Rev2001;CD00146). However, early dexamethasone treatment in-
creases the risk of adverse neurological outcome [Yeh et al., N Engl
J Med 2004;350:1304-1313]. On the other hand, administration
of a low-stress dose of hydrocortisone (HC) shortly after birth has
increased survival without BPD of small preterm infants [Watter-
berg et al., Pediatrics 1999;104:1258-1263]. This result has not
been confirmed. Objectives: The aim of this trial was to study the
effect of HC treatment shortly after birth on survival without BPD
at postmenstrual age of 36 weeks. Further aim was to investigate
whether serum cortisol concentrations predict the response. Study
Design: We performed a randomized, blinded, placebo-controlled
trial on infants with gestation < 30 weeks, birth weight 501-1,250 g
and respiratory failure. HC was started before 36 h of age at 2.0
mg/kg i.v. for 2 days, 1.5 mg/kg i.v. for 2 days, followed by 0.75
mg/kg i.v. for 6 days. Shortly before the HC treatment was started,
basal and stimulated serum cortisols (before and 30 min after i.v.
infusion of ACTH, 0.1 pg/kg) were measured. Results: The study
was discontinued early because of gastrointestinal perforations in
the HC group (4/25 vs. 0/26, p = 0.05); three of the four had been
treated with indomethacin/ibuprofen. The incidence of BPD (28%
vs. placebo 42%, p = 0.28) tended to be lower and that of patent
ductus arteriosus (36 vs. 73%, p = 0.01) was lower in the HC group.
The HC-treated infants with serum cortisol concentrations above
the median had a high risk of gastrointestinal perforation. In infants
with cortisols below the median, the HC treatment increased sur-
vival without BPD. Conclusion: Low serum cortisol concentra-
tions shortly after birth identify the very high-risk preterm infants
who may benefit from HC supplementation. Further randomized
trials including long-term follow-up are required to substantiate
this proposal.
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