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22, DESCRIFTIOM (D¢ not exceed Epace provided)

Pulmonary surfactant, a mixture of phospholipid and protein, stabilizes lungs by lowering surface
tension and preventing alveolar collapse at end expiration, Respiratory distress syndrome (RDS) in
infants most commonly resulis from a quantitative deficiency of pulmonary surfactant after premature
birth (1,2). Nutrition may affect the composition and function of pulmonary surfactant (3). It is unclear if
preformed fatty acids or de nove synthesized fatty acids are utilized preferentially in preterm infants for
surfactant phospholipid synthesis. Recently developed methods utilizing naturally occurring, stable,
non-radioactive isotope labeled metabalic Precursors of phospholipid synthesis provide the opportunity
to understand possible influences on surfactant metabolism in infants (4-7). We will use intravanous
infusions of surfactant phospholipid precursors ( [1,2,3,4-1 3C4] palmitate and [1-13C1] acetate) and gas
chromatography/mass spectrometry (GC/MS) to test the hypothesis that: plasma palmitats is utilized
preferentially for surfactant synthesis in preterm infants less than 28 weeks gestational age. The
respective rates of acetate and palmitate incorporation into the surfactant of preterm infants will be
compared. The use of labeled metabolic precursors of surfactant phospholipid provides a unique and
powerful approach in the evaluation of surfactant metabolism.

PHS3 416-1 (Rav. 12/d8) Form Fage 2 BB




cc
Individual MNESA Applicatinn MAME (Last first, micldls initizl)
Table of Contents Spence, Kimberly L.

Page Numbers
(Mumber pages consecutivaly
at the batiom troughout tha

aoplication. Do ot use

Section 1—Applicant suffixss such as 5a, 5b.)

Face Page (Items 1-8, 13), Form Page 2 (ltems 16-18, 22}, and Table of
Contents (Form Page 3)

........................................................................................................ 1-3
Sl RS 4-5
QRO tecmsiscssioisisismmmemrs st B
Research Experiance (Form Page 6)
e B 7
0 D0 DB AHNON 5 mmmonir st t i
e S ONCRUONG ittt 7
BSOS ARBNORHON ittt 7
e N 8
B ACIMGR UNot AWBI it eeserssesomsmtiomtis o T - 2]
b. Research Training PIOPORE] e comcepsrss st s 8
b8 HBONB A i e Ry s 8-9
St o . TN R—— 8-12
(3) Research Design and Methods ... ¢ . Not.in.excesd 10 pages) 12-18
(4) Literature Citations........................_ 17
(5) Human Subjects/Veriebrate Animals 17
C. Respective Contributions ..., 18
9% Selealica of SponSor 8V ISINHION vty = g
Section 2—Sponsor
Bicgraphical Sketch (ORI PGS T, e s s e e e 18-21
Research and Training SUPPO/PIEVIOUS TFRINBES <vccuviscimmesvmsemisormosonsosnn 22
Facilities and Commitment Staterment (FOIT PaGE B) .cciiiiicisimsmmssnmenmmemeomsnemss 22
Training Plan, Environment, Research PRGBS i iiiiineiasiiiiiismmsemmmmsseemmessrreseomsonscpocsss 22-23
Number of Fellows/Trainees to be e Ll e .93
1 Ppllcant’s QUalifications BN POERiEl scuwremmmmmn e _23-24
e e A O o e e 24
VEBDRHSATRIRIG s e sttt e - 24
e O ———— - S
Section 3—References {Minimum of 3)
(See instructions for submission of references )
List full name, institution, and department of individuals submitting reference letters.
F. Sessions Cole, M.D, Washington University Department of Pediatrics
Alan L. Schwartz, Ph.D., M.D. Washington University Department of Pediatrics
Bruce W. Patterson, Ph.D. Washington University Department of Internal Medizine

Other ltems (list):
Personal Data Page for Fellows

Section 4—Appendix
(3 collated sets. No page numberin g necessary. Not to exceed 3 publications: 2 for predoctoral candidates,)
[X] Gheck if Appendix s included

PHS 4761 (Rev. 12/98) Form Page 2 cc



Hdividual NRSA Application NAME OF APPLICANT (Lasl, First, Middia initial) s
Continuation Page Spence, Kimberly L.

30. RESEARCH TRAINING PLAN

30a. Approximate Percentage of Proposed Award Time
First vear:

Didactics including coursework 10%

Research 90%

Second Year
Clinical time 109
Research a0,

| Sponsor/ course Subject material Schedule ]
Program in Translational and Provides a framework for research Classroom 80 minutes 3 wesk
Experimental Medicine (PraTEM) | training for fellows from all plus independent study
at Washington University Schaol disciplines. Formal courses
of Medicine. through this program include

biostatistics, epidemiology, and
experimental design as wel| as
training in grant and manuscript
writing and research
presentations.

Introduction to Statistics for the statistics
Health Sciences
Division Newborn Medicine ethics, statistics, methads | 120 minutes per week

critical appraisal of the literature,
and the practice of evidence-
based medicine

Department of Pediatrics research forum and didactic series | 60 minutes per week
for the fellows in ethics, statistics,
methods in critical appraisal of the
literature, and the practice of

evidence-based medicine B

30b. Research Training Proposal
1. Specific Aims

Specific Aim: 1) To determine the rate of surfactant phospholipid production from preformed fatty
acids (palmitate) in preterm infants less than 28 weeks gestational age at:

8. birth

b. 2 weeks of life

C. 4 weeks of life.

Specific Aim: 2) To determine the rate of surfactant phospholipid production from de novo synthesis
of fatty acids (acetate) in preterm infants less than 28 weeks gestational age at:

a. hirth

b. 2 weeks of life

C. 4 weeks of life.

We will measure the rate of incorporation of *C into surfactant obtained from trachea| aspirate
samples after simultaneous 24 hour infusions of [1-"C,] acetate and [1,2,3,4-"°C,] palmitate. Ths

PHS 418-1 (Rev, 12/98) Page. &
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understanding of the unique substrate needs for critically il newborns will permit more specific interventions,
including possibly nutritional supplementation, to be developed.

2) Background and Significance

a) Surfactant and fits production

The phospholipid companents of pulmonary surfactant are synthesized from plasma fatty acids and de novo
synthesized fatty acids in liver, adipose tissue, and Type Il cells. The surfactant phaspholipids are composed
of a glycerol backbone, two fatty acids and 3 polar phosphorylated moiety (8). Phosphatidylcholine (PC)
comprises approximately 80% of the phospholipid compenent of pulmenary surfactant and is the primary
contributor to the surface tension lowering properties of surfactant. Approximately 80% of the surfactant PC
molecules contain two saturated fatty acid residues (disaturated PC), most of which are palmitic acid, which is
thus known as dipalmitoyl phosphatidylcholine (DPPC). Whether the palmitate in DPPC is synthesized de
novo from acetate or other precursors, ar is incorporated directly from plasma palmitate is unknown in
humans. De novo synthesis refers to the synthesis of DPPC from acetate as the precursor. Another possible
synthetic pathway is the use of a preformed fatty acid such as plasma palmitate as a precursor. Animal
studies have yielded conflicting results. Jobe et al used radiolabeled acetate and palmitate in adult, 3 day old
and newborn rabbits to compare incorporation of acetate versus palmitate into surfactant phospholipids (9).
Jobe interpreted the results to indicate “the type |l pneumocyte may use acetate preferentially for the synthesis
of” palmitate (9). Sato and Akino also found that acetate was the preferred substrate for surfactant synthesis in
rats (10). In contrast Martini found that palmitate or preformed free fatty acids are the primary precursors for
surfactant PC synthesis in adult pigs (6). Our lab has used stable isotope labeled glucose and acetate to
investigate surfactant production from de novo synthesized fatty acids in newborns to be described in Section
2¢ (11,12). The opportunity to simultaneously infuse [1,2,3,4-'°C.] palmitate and [1-°C1] acetate will permit
more specific understanding of surfactant metabolism which will then lead to more specific therapies for
preterm infants with RDS.

b) Potential impact of nutrition and injury on surfactant compaosition and function
Wolfe et al. studying adult pigs found that diets low in palmitate resulted in a reduced amount of DPPC in lung
surfactant and decreased pulmonary function (3). Compliance was reduced in the pigs fed predominantly fats
containing linoleate and fish-oil compared with the palmitate supplemented group. Lung compliance
deteriorated in all three groups when the pigs were stressed with endotoxin. However, the lung compliance of
the palmitate group was not as compromised suggesting that lung injury could influence surfactant
composition and function. Thus nutritional intervention might be a possible venue to explore in the
management of lung disease in the premature infant. In addition Martini et al found that thermal injury in pigs
decreased the PC pool and the relative proportions of palmitate in the PC (13).

Nothing is known about substrate utilization in preterm humans. This proposal utilizing stable isotope labeled
precursors of surfactant offers for the first time the ability to evaluate this question.

c) Stable jsofope methods
Stable isotopes have been utilized for decades to study in vivo protein, amine acid, carbohydrate and lipid
metabolism, and can now provide the opportunity to study surfactant metabolism in vive in human neonates
(4,5,7,14,15). Naturally occurring, non-radioactive, stable isolopes of carbon (C) are administered as
metabolic precursors of surfactant synthesis and measured in surfactant extracted from tracheal effluent with
gas chromatography-mass spectrometry (GC/MS) (4,5). Figure 1 is a representative enrichment curve for 1°C
in surfactant PC obtained from one infant after [U-"Ce]glucose administration. From this curve, the fime to
appearance of label in PC (Tapp measured in hours), the time to maximum enrichment (Tmax measured in
hours), the maximum enrichment (Emax represented by the tracer:tracee ratio of fracer labeled palmitale
versus unlabeled palmitate in surfactant), the half life of clearance (T,,, measured in hours), and the fractional
synthetic rate (FSR measured as %) of PC from glucase are calculated, as described in the Figure 1 legend.

PHS 416-1 (Rev, 12/28) Page_9
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The fractional synthetic rate (FSR) is the relative contribution of 3 precursor to the newly synthesized
surfactant poal.

Enrichment of C in Surfactant PC
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Some of the currently available studies of surfactant metabolism in humans utilizing stable isotopes are
summarized in Table 1. Three studies in animals have provided information about the validity of these methods
in humans. As discussed above Martini et al. in young normal pigs found that the FSR was 36% per day for
plasma palmitate, but only 3% per day far PC synthesized de novo from acetate (B). This study required
removal of the lungs to determine tracer enrichment in the intracellular and extracellular compariments. In the
Bunt and Janssen studies in premature baboons, the “C enrichment in PC obtained simultaneously from
tracheal aspirate, alveolar wash, and lung homogenate was similar, suggesting that PC palmitate isolated from
tracheal aspirate was an appropriate reflection of alveolar or tissue surfactant (16,17).

Table 1. Summary of stable isotope studies in surfaciant metabolism

Study Population tracer | Tapp (hY | Trmax (h) | Tyz(h) | FSR )
Bunt (4) | Preterm [U-"Cy) 19 (2) 70(18) 113 3%
humans lucose {24
Cogo (5) | Human [U-"Cy4] 9 (5) 49(9) | 17-178 | 34%
infants palmitale
<Hmo
[U-"c;y) 10 (7) 46(19) | 37-144 | s50%
linoleate
Merchak | Preterm [U-"¢y) 13-15 70-87 76-79 | 42-
(18) human glucose 4.7
Merchak | Preterm [U-"Cy 12 47 3%
(12) Iiman glucnoge
 Bonlin Term human
(19 1JNormul lungs | | 1- 7 s 28 15%
2 Lung disease | "oy Jacetane 9.1 1 £5-53 18-63 -
13 27 106 13.8%
Preterm 2.2%

In these human studies, [U-"*C¢] glucose, [U-"Cyq] palmitate or [U-3C,4] lincleate wers administerad
intravenously to evaluate three measures of surfactant production (Tappr Tmax, and the FSR) and one measure
of surfactant clearance (Ty»). No previous study has investigated the relative contribution of de novo
synthesized fatty acids versus preformed plasma fatty acid to surfactant production in newbormns.
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These small human studies have yielded rasults comparable to those of the animal studies and thus
demonstrate the feasibility of using stable isotopes to evaluate surfactant production and catabolism. In the
proposed studies we will use simultaneous infusions of [1-"*C,] acetate and [1 12,3,4-°C,] palmitate, specifically
chasen to be able to differentiate surfactant produced from de nova synthesis of fatty acid (acetate) versus that
produced from preformed plasma fatty acids (palmitate). GC/MS distinguishes the surfactant phospholipid
derived from acetate and palmitate on the basis of molecular mass differences - one aadditional mass unit
(m+1) for that derived from [1-'°C,] acetate (with a single "*C-atom) and 4 additional mass units (m+4) for that
derived from [1,2,3,4-"C,] palmitate (with four *C-atoms).

The Division of Newborn Medicine at Washington University has extensive experience with these stable
isotope methods to evaluate surfactant metabolism. Over 80 infants have been studied to date at St. Louis
Children’s Hospital/ Washington University. The current methods as outlined have been abie to demonstrate
differances in surfactant metabolism among different subsets of infants including premature infants less than
28 weeks gestalion, term infants with lung disease and term infants without lung disease (Figure 2). These
studies were performed with [1-'*C;lacetate. The calculated indices from these curves are displayed in Table
1 (Bohlin) and described in a manuscript that has been submitted for publication (Appendix).

Fig 2. Enrichment curves based on group

6 1 r—#—Nurmal lungs n=7
—8— Praterm RDS n=12 |
9° s Term RDS n=10
o= 4 =i
= 3
24
1 -
(3} : T T 1
0 100 200 300 400 Time
=

In my laboratory time to date during my fellowship, | have begun to use the methads described above to
address the hypothesis of this proposal. Figures 3 and 4 are representative lime-enrichment curves from a 2
day old infant of 25 weeks gestation who received simultaneous infusions of [1-'°C,] acetate (Figure 3) and

[1,2,3,4-°C4] palmitate (Figure 4). The accompanying table displays the calculated metabolic indices from
each precursor.
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The remarkable feature of this preliminary study is the difference in FSR's for acetate and palmitate. This
preliminary study demonstrates the feasibility of conducting this study and as well as the interpretability of the
results. FSR.u... represents the fractional rate of synthesis from de novo formation of surfactant palmitate
from acetate, and FSRaizsms paimisate FEpresents the fractional rate of synthesis from plasma palmitate.

While this is only one study, the resulls are cansistent with our hypothesis. As expected the FSRpamiate 15
higher than FSR. ... reflecting preferential incorporation of palmitate versus acetate.

3) Research Design and Methods

1. Participation of Children

These studies will enroll children only, specifically infants less than twenty-eight weeks post-conceptual age
at: 1) at birth, 2) two weeks of life and, 3) four weeks of life. A fourth group of infants without lung disease wil
also be studied and serve as controls., The eligibility criteria for group 4 include: 1) less than 6 months of age,
2} any gestational age, 3)airway access for at least 5 days, 4) no lung disease ie. on room air with 3 normal
CXR.

After consent is obtained from the patent’s medical care team and parents, infants will be enrolled in the
study. For Group 1, the study will start twenty-four hours after the |ast dose of surfactant. At the start of the
study baseline blood and tracheal effluent samples will be obtained. Infants will then recsive simultaneous 24
hour intravenous infusions of [1,2,3,4-'°C,] palmitate and [1-*C.] acetate. Should indwelling vascular access
be available for blocd drawing a total of five bload samples will be obiained at time 0, 8, 18, 24 and 27 hours
post-iniliation of infusion. Otherwise blood will be drawn in conjunction with clinically indicated specimens.
Tracheal effluent samples will be collected at the same times and then every 8 hours thereafter for a week
followed by collection every 12 hours for the |ast week. The surfactant will be isolated from the samples and
analyzed with the GC-MS. Indices will be calculated as in the methods section,
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2. General overview of research plan
The following diagram demonstrates the recruiting techniques and study design.

Fioure 5

Infanis 25
weeks EGA or
less

Infused at 36-48

Group 1
hrnirs af life

l Y% if still ventilated and consent

Group 2
Infused at rwo

werks af life

l **2 01 still ventlated and consent

Group 3
Infused at four
wieeks of life

As the block arrows indicate in the flaw diagram, patients who do not undergo a study infusion in Group 1
may participate in Group 2 and/or 3 and patients not eligible for Group 1 or 2 may participate in Group 3.

Demographic data, including maternal corticasteraid administration, birthweight, gestational age, race and
sex will be obtained from each medical record. Data about clinical characteristics that may influence surfactant
metabolism will be linked with the surfactant metabalic data to explare relationships between the kinetics of
surfactant metabolism and the clinical expression of pulmonary dysfunction. These data include the type,
dégree and duration of mechanical ventilation, blood gas analyses, fluid, glucose, protein and lipid infusion
rates, and corticosteroid administration. If an infant dies within 2 weeks of undergoing a stable Isotope infusion,
autopsy consent will be sought in order to obtain bronchoalveolar lavage fluid and lung tissue.

3. Patient population

Premature infants: Infants who are admitted to the Saint Louis Children's Hospital Neonatal and Pediatric
Intensive Care Units with the following inclusion criteria will be eligible for participation: 28 weeks gestational
age or less (by best obstetrical dating), clinical and radiographic signs of respiratory distress syndrome (RDS)
and need for mechanical ventilation. Infants of both sexes and all ethnic groups will be eligible to participate,
Exclusion criteria include imminent death, known infection, congenital anomalies, fetal hydrops and pulmonary
hemorrhage. We chose premature infants of 28 weeks or less gestation for several reasons basad on the St
Louis Children's Hospital NICU experience. First to abtain sufficient kinetic data, it is necessary that the infant
remain intubated for at least 5-7 days in order to obtain tracheal effluent samples. Infants >28 weeks gestation

may not require mechanical ventilation for that duration. Also the number of eligible infants admitted 1o ihe
NCIU is about 125/year.
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The control infants as outlined in the inclusian eriteria above will be 6 months chronological age or less.
Potential candidates include infants with heart disease ventilated for surgery or infants with congenital
anomalies undergoing surgery. Because of the limited population of infants with narmal lungs who have
airway access for a sufficient period of time, the cantrol infants will not be matched for gestational or
chronolegical age. The likely differences in gestational age may complicate the interpretation of “normal”
substrate utilization but will nat detract from understanding substrate utilization in critically ill preterm infants.

4. Specific methods:
Isolope infusions

The [1,2,3,4-C,] palmitate and [1-'%C] acetate are prepared in a solution together to provide 58 umolikg
palmitate and 3 mmol/kg acetate in 5% albumin and 4% dextrose over 24 hours. This infusion will provide 24
mifkg volume and approximately 3.7 mmol/kg sodium per day (maintenance needs are 3-5 mmal/kg per day).
This extra fluid, sodium and acatate will be factored into the electrolyie, glucose and fluid requirements for the
infant during the day of the infusion. The fat infusion will stay constant during the infusion.

Tracheal aspirate analysis

Tracheal aspirate surfactant extraction: Tracheal aspirate samples are processed to yield disaturated
phosphelipids (which are specific for pulmonary surfactant) by a modification of the method of Mason et al.
(20). After thawing, the tracheal aspirates are centrifuged to remove cell debris, the supernatant is removed.
To determine the absclute amount of disaturated phospholipids in the sample and also to determine the
recovery rate of phospholipid through the processing steps, 0.101 pmol of C17:0 phosphatidylcholine is added.
After a chloroform:methanol extraction, 150 ul of an osmium tetroxide solution (20mg osmium tetroxide in 1mi
chloroform) is added to the supernatant and passed through a neufral alumina column. To determine the
absolute amounts and the composition fatty acids in the surfactant, the eluate is derivatized with 10% acetyl
chloride in methanol. This mixture is incubated at 70°C for 30 minutes, dried, and 100 pl heptane is added to
dissolve fatty acid methyl esters. Quantitative GC is performed on a Hewlett Packard 5890 instrument using a
30 x 0.32 mm omagawax 320 column (Supelco) with a flame ionization detector. The isotopic enrichment of
"C in palmitate is measured in the saturated phospholipids by gas chromatography/mass spectrometry
(GC/IMS, Hewlett-Packard Model 8973, Palo Alto, CA, USA).

Plasma palmitate analysis

To measure palmitate precursor enrichment, plasma lipids are exiracted with hexane, methyl esters of
free fatty acids prepared by reaction with iodomethane, and fatty acid methyl esters separated from other lipids
by solid phase extraction over silica carfridges (21). A known quantity of C17:0 fatty acid is added to plasma
pricr to sample preparation to quantify plasma faity acid concentrations by quantitative GC analysis, using a 30
% 0.32 mm Omegawax 250 column with a flame ionization detector. Quantitative GC analyses are
standardized using a fatty acid methyl ester standard of known composition.

MIDA

To measure acetate precursor enrichment, mass isotopomer distribution analysis (MIDA) will be used.
With MIDA, the relative proportions of newly synthesized palmitate containing one and two labeled acetate
precursors (singly and doubly labeled palmitate, respectively) is evaluaied, from which the isotopic enrichment
of the direct biosynthetic precursor pool (acetate), and the fractional rate of synthesis from acetate (i.e. de novo
synthesis) can be determined.

Hazardous Materials
Materials to be used that are hazardous include methanol, chloroform, ammonium hydroxide, acetyl

chloride and osmium tetroxide. These are all handled in 2 cerified fume hood wearing gloves and safety
glasses.
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Data analysis

Paired comparisons (paired t-tests or Wilcoxon signed rank tests) will assess differences in FSR batwean
acetaie and palmitate. Unpaired analyses (i-tests for normally distributed data or Wilcoxon rank sum analyses
for non-normally distributed data) will be used to assess differences between groups. For infants with
sequential infusions, paired comparisons will again be used to assess changes in precursor utilization over
time. These data will help answer the questions of whether the indices change and/or precursor preference
changes with age or disease progression. Further sub-group analyses will include stratification by race and
gender, The power to detect group differences in FSR from previous studies has suggested thata sample size
of 10 infants at each time point will yield at least 80% power (at alpha = 0.05) for a 2-tailed test.

Comparisons utilizing clinical data, including pre- and postnatal corticosteroid exposure, degree and
duration of ventilatory support, survival to 1 month of age and beyond, etc. will be performed to identify
possible influences of disease severity or interventions on precursor incorporation, All data will be entered into
a database and analyzed with the SAS system for personal computers (SAS Systems, Cary, NC).

Formal Educational Plan
Please see ltem 30a. In brief summary | will be enrolling in a course entitled “Introduction to Statistics for

the Health Sciences.” Itis a basic course in statislics to be started in the spring of 2004. There is alsoa
course in translational medicine, which | plan to start during the fall of 2003.

Participation of Children

(1) Involvement

Neonatal respiratory distress affects infants of bath genders and those of all ethnic groups. Therefore, all
infants, regardless of gender or race, will be eligible to participate in these studies,

Premature infants will be sligible to participate in this research. We will enroll 30-40 infants over the 18
month study period. They will all be critically ill and hospitalized in the neonatal intensive care unit at St. Louis
Children’s Hospital/\Washington University Meadical Center. The major aspect of this study is performed for
research purpases only and includes the intravascular infusion of the stable isotopes.

The blood draws will include an extra 2.5 mi of blood. The bload withdrawn for the study is minimal in
comparison to the amount drawn for routine clinical purposes is not likely to contribute to the need for
additional transfusions. The tracheal aspirate samples will be obtained at the time of suctioning of the infant’s
endotracheal tube, which is part of standard pulmanary toilet.

Inclusion criteria: Only infants who require mechanical ventilation as part of the routine management of their
llness will be eligible. One group of infants will be studied: premature infants 28 weeks' gestational age and
less,

Exclusion criteria: Infants for whom death appears imminent, those with known infection, congenital
anomalies, fetal hydrops, and pulmanary hemarrhage,

(2) Sources of research material
The specimens {o be obtained from identifiable subjects include blood and tracheal aspirate, along with
clinical data from the medical record. The blood samples will be obtained specifically for research purposes.

The tracheal aspirate samples would be obtained as part of routine clinical care. However, instead of being
discarded the aspirates will be saved for analysis.

(3) Recruitment procedures

Admissions to the neonatal intensive care unit and pediatric intensive care unit at St. Louis Children’s
Hospital will be monitored daily lo identify candidates for any of the studies. The principal investigator or
designee will discuss an infant's eligibility with the attending physician. Following assent from the attending, the
parents will be approached in person for consent. The parents will be told that this study entails administration
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of non-radioactive isotopes that are normal constituents of the intravenous fluids that their child will recejye
routinely as part of his/her care. In addition they will be told that about 1/2 of a teaspoon of extra blood will
need to be drawn. It will be drawn from 3 vascular catheter already in place, so will not cause their child any
discomfort. If the infant does not have an indwelling catheter for blood draws, the parents and principal
investigator will negotiate another plan. This plan will likely involve at least 2-3 blood draws at clinically
indicated times so as not to stick the infant needlessly. Furthermore, they will be told that this amount of bload
is not likely to contribute to the need for extra transfusions that may already occur as part of the routine care.
Finally, they will be told that when their child’s airway is suctioned, we will save the material for analysis
instead of discarding it. Consent will be documented by the parent(s)' signature on a valid consent form
approved by the Washington University Human Studies Committee.

The Washington University Human Studies Committee has not authorized 3 modification or waiver of the
elements of consent or the requirements for documentation of consent.

(4) Risks, alternatives

The risks to the infant of participating in the study are minimal. The isotope infusions contain palmitate
(bound to albumin), acetate, and dextrose, which are natural constituents of clinically used intravenous
solutions for nutrition and intravascular volume expansion. The isotopes are naturally occurring and non-
radioactive. The isotopes are prepared by a clinical pharmacist in a sterile fashion. There is a minimal risk of
infection. This risk is no greater than the risk with any prepared intravenous fluid. The amount of blood
required for the research aspects of the study is minimal in relation to that drawn for clinical care and should
not confribute to the need for additional transfusions. The volume of fluid administered is less than 25% of
maintenance for 24 hours only and can be factored into the overall fluid calculations. Electrolytes are

measured regularly as part of routine intensive care monitoring, The remaining risks are those associated with
being critically ill and req uiring intensive care.

There are no alternatives to studying in vivo surfactant metabolism in humans.

(5) Minimizing risks

Current procedures in place in the intensive care units are designed to minimize the risks of intensive care
procedures. Continuous review of infants' outcomes will occur according to a Data and Safety Monitoring Plan
(DSMP) already in place. The data to be reviewed include: 1) certification of purity, sterility and pyrogenicity
of isotope preparaticns, 2) number of subjects approached and number enrolled, 3) eligibility of subjects
enrolled, 4) number of subjects for whom the study was not completed and reasons, 5) number of subjects
who withdrew form the study and reasons, 8) number of subjects wha developed electrolyte disturbances
(acid-base balance, hypernatremia) during the Isotope infusion, 7) subjects who die with in one month of the
study, 8) subjects who develop bloodstream infections within 1 month of the study. The data will be reviewed
every 3 months and compared to otherwise eligible infants who were not studied, These data will be provided
to the Human Studies Commitiee annually. The Human Studies Committee will be notified in writing within 15
days of any adverse events that may be reasonable be regarded as being caused by, or probably caused by,
the study protocal. Furthermore, if other complication, such as infection, electralyie imba lance, etc, oceur in
excess of the rate in a comparable Population of infants, the study will be stopped and the Human Studies
Committee notified. Adverse events that might be anticipated will be reported if they are life threatening or
result in death.

(6) Risk benefit analysis

As there are no alternatives to obtaining in vivo information about surfactant metabolism, and animal studies
cannot mimic the pathophysiologic states being investigated, the information to be obtained from this proposal
far outweighs the minimal risks associated with drawing an additional 2.5 ml of blood.
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5) Human Subjects/Vertebrate Animals

Verebrate animals - nane.
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30c. Respective Contributions

Dr. Hamvas, my sponsor, has spent a great deal of time with me over the past year in the development and
planning of this research proposal. Drs. Bruce Patterson and Aaron Hamvas have been accessible and very
helpful in the analysis of preliminary data and in trouble-shooting daily issues that oceur during research. The

proposal was written by myself with extensive reviewing, idea-sharing and editing by myself and Drs. Hamvas
and Patterson.

30d. Selection of Sponsor and Institution

I chose Dr. Hamvas to work with because his research subject, surfactant metabolism, and his methods are
innovative and pertinent to neonatology, my subspecialty. Dr. Hamvas also performs translational medicine
research. | plan to pursue a career in transiational medical research as a physician scientist. He is also known
for being accessible, enthusiastic, well-established and an expert in the surfactant field, Washington University
is the only facility in the country using stable isotope methodology to study surfactant metabolism in human
infants. Washington University also has an excellent clinical program in necnatology with a level Ill NICU. The
NICU provides exposure to a high volume of patients with common as well as complex disorders and
invaluable access to my study patient population. Such a large tertiary care and research center is the ideal
location for a subspecialty fellowship and wil provide many challenges to prepare me as 2 physician scientist.
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