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Studies using stable isotopically labeled glucose and palmi-
tate as precursors of pulmonary surfactant synthesis have dem-
onstrated slow surfactant turnover in premature infants with
respiratory distress syndrome (RDS). However, only limited data
about surfactant turnover are available for term infants. Because
acetate is a direct precursor of de novo synthesized surfactant
fatty acid, we measured [1-13C1]acetate incorporation into sur-
factant of term infants without respiratory dysfunction (control
group), preterm infants with RDS, and term infants with primary
respiratory failure to determine whether stable isotopically la-
beled acetate would yield similar results to previous studies of
preterm infants with RDS and, furthermore, would distinguish
normal from abnormal surfactant turnover. Despite similar
amounts of phospholipids and acetate precursor enrichment, the
control group had higher fractional synthetic rate and shorter
half-life of clearance than preterm infants with RDS, (fractional
synthetic rate, 15.4 � 2.4 versus 2.2 � 0.4%/d, p � 0.001;
half-life of clearance, 27 � 3 versus 105 � 11 h, p � 0.001).
Term infants with severe respiratory failure had a lower frac-
tional synthetic rate than those with mild disease (2.9 � 0.6
versus 13.8 � 3.5%/d, p � 0.014) and a reduced amount of
phospholipids recovered from tracheal aspirates (54 � 17 versus
300 � 28 nmol, severe versus mild disease, respectively, p �

0.001). The amount of phospholipids in tracheal aspirates corre-
lated inversely with disease severity, (r � �0.75, p � 0.01). We
conclude that normal surfactant turnover in term infants is faster
than in preterm infants with RDS. Surfactant turnover in term
infants with severe respiratory failure is similar to that of preterm
infants with RDS, suggesting either delayed maturity of the
surfactant system or disruption from the underlying disease
process. (Pediatr Res 54: 185–191, 2003)

Abbreviations
DPPC, dipalmitoylphosphatidylcholine
Emax, maximum enrichment
FSR, fractional synthetic rate
FiO2, fraction of inspired oxygen
GC/MS, gas chromatography/mass spectrometry
MIDA, mass isotopomer distribution analysis
RDS, respiratory distress syndrome
T1/2, half-life of clearance
TA, tracheal aspirate
Tapp, time of appearance
Tmax, time of maximum enrichment
TTR, tracer to tracee ratio

RDS in premature infants is caused by a quantitative defi-
ciency of pulmonary surfactant, but understanding of surfac-
tant metabolism in the neonatal period is limited (1). Surfactant

is synthesized, assembled, secreted, degraded, and recycled in
a complex metabolic cycle (2). The principal surface-active
material in surfactant is DPPC. Fatty acids for DPPC synthesis
in the pulmonary type II cell can be derived from catabolism of
triacylglycerols and recycled phospholipids, from preformed
plasma fatty acids (i.e. palmitate), or from de novo synthesis
from precursors such as glucose, lactate, or acetate (3).
Animal studies using radioactively labeled palmitate, ace-

tate, and choline as precursors of surfactant synthesis have
demonstrated that surfactant turnover (the end result of syn-
thesis, secretion, recycling, and clearance) is slower in new-
borns than in adult animals (4–8). For example, the T1/2 of
labeled endogenous surfactant was more than 150 h in prema-
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ture rabbits, 50 h in 3-d-old newborn rabbits, and only 20 h in
adult rabbits (5–7). In term and preterm lambs, the rate of
incorporation of radiolabeled palmitate into newly synthesized
surfactant was similar, although without measurements of the
enrichment of the precursor pool, the net surfactant synthesis
rate could not be calculated from the rate of incorporation (8).
In vitro studies in fetal and neonatal lung slices from different
species have shown increasing fatty acid synthesis toward the
end of gestation (9, 10).
The availability of stable isotopically labeled precursors of

pulmonary surfactant has enabled human studies of surfactant
production and clearance (11–16). Studies in premature ba-
boons and adult pigs using stable isotopically labeled glucose,
acetate, and palmitate have yielded results that are consistent
with animal studies using radiolabeled precursors and provide
evidence of the validity of the technique (17, 18). Human
studies using stable isotopically labeled glucose, palmitate, and
linoleate in preterm infants with RDS and older infants with
respiratory failure have also demonstrated slow surfactant turn-
over, which is also consistent with the aforementioned animal
studies (11, 12, 15, 16). Cogo et al. (19), using stable isotopi-
cally labeled palmitate as a measure of surfactant metabolism
from preformed plasma fatty acids, have performed the only
study in infants without lung disease. They found no differ-
ences in the stable isotope-derived indices of metabolism
between the normal infants and those with congenital diaphrag-
matic hernia. However, the surfactant turnover was faster in
these normal infants than in preterm infants with RDS in
another study from the same group (15).
Stable isotopically labeled acetate offers several potential

advantages over the other tracers as a marker of surfactant
metabolism in humans: 1) it is the direct precursor for de novo
synthesis of surfactant fatty acid; 2) it may be preferred to
glucose in the neonatal lung and is exclusively incorporated
into fatty acids in vitro whereas 20 to 40% of glucose is used
for glyceride-glycerol (20–22); 3) a higher enrichment in the
acetate precursor pool can be achieved for more reliable mea-
surements at a lower cost than either glucose or palmitate and
its preparation for infusion is less complex than that of palmi-
tate; and 4) MIDA can be used to measure the direct intracel-
lular precursor pool (23–25). The enrichment of the precursor
pool reflects the availability of tracer for surfactant synthesis
and further permits distinguishing tracer metabolism from
surfactant metabolism.
Therefore, to determine whether stable isotopically labeled

acetate would 1) detect the slow surfactant turnover seen in
previous studies of preterm infants with RDS using labeled
glucose, and 2) distinguish normal from abnormal surfactant
turnover, we used [1-13C1]acetate to evaluate endogenous sur-
factant production and clearance in preterm newborns with
RDS and term newborns with and without respiratory failure.

METHODS

Study design. Infants admitted to the Neonatal or Pediatric
Intensive Care Units at St. Louis Children’s Hospital were
eligible if they had airway access and met the following
criteria:

1. Control infants (n � 7): gestational age � 37 wk and less
than 6 mo of age with clear lung parenchyma on chest radio-
graph and requiring less than 0.3 FiO2.

2. Preterm infants with RDS (n � 12): gestational age � 28
wk and 24 h of age with diffuse reticulogranular infiltrates and
air-bronchograms on chest radiograph.
3. Term infants with respiratory failure (n � 10): gestational

age � 37 wk and less than 6 mo of age, with onset of
respiratory failure at birth.
Infants with chromosomal anomalies and imminent death

were excluded.
All infants received 2.9 mmol/kg of [1-13C1]acetate (Cam-

bridge Isotope Laboratories, Inc., Andover, MA, U.S.A.) ad-
ministered as the sodium salt, dissolved in 5 or 10% dextrose,
and given as a continuous i.v. infusion during 24 h. For the
infusion period, fluid and sodium intake were adjusted to
maintain preinfusion rates. TAs were collected in a standard-
ized fashion at the start of the tracer infusion (time 0) and every
6–12 h for 14 d or until extubation and stored at �70°C until
processed (11). The infant’s medical team determined medical
care, including ventilatory management.
Written parental informed consent was obtained. The Wash-

ington University Human Studies Committee approved the
study.
Analytical procedures. TA samples were processed to yield

disaturated phospholipids by a modification (25) of the method
of Mason et al. (26). Briefly, after thawing, TA samples were
centrifuged, and the supernatant was dried. For quantification,
101 nmol of internal standard (diheptadecanoylphosphatidyl-
choline, C17:0-PC; Sigma Chemical Co., Inc., St. Louis, MO,
U.S.A.) was added. After chloroform-methanol extraction, os-
mium tetroxide was added to each specimen, and the samples
were eluted over neutral alumina columns with chloroform-
methanol-ammonium hydroxide. Methyl esters of the fatty
acids in the eluates were prepared by adding acetyl chloride in
methanol and incubating at 70°C for 30 min. The fatty acid
species in each TA sample were quantified with gas chroma-
tography using a Hewlett-Packard model 5890 (Palo Alto, CA,
U.S.A.) system equipped with a flame ionization detector. We
have previously shown that phospholipids are recovered by this
procedure, and the fatty acid composition is �95% saturated
fatty acids, of which �98% is palmitic acid (25). By compar-
ison to the internal standard, the mean amount of recovered
disaturated phospholipids (in nanomoles) in all TAs from each
patient was calculated on the basis of the measured percent
composition of palmitate.
The isotopic enrichment of 13C in palmitate was measured

by GC/MS (model 5973; Hewlett-Packard). Enrichment is
expressed as TTR, representing the molar ratio of labeled to
unlabeled palmitate in the sample.
Indices of surfactant metabolism were determined from each

individual curve of isotopic enrichment over time, as described
previously (11–16). The Tapp of tracer in the surfactant palmi-
tate (hours), the Emax (TTR, percent), and Tmax (hours) were
calculated from the linear upslope of the enrichment versus
time curve, whereas the T1/2 (hours) was calculated from
monoexponential fitting of the downslope of the enrichment
versus time curve.
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In contrast to previous studies of surfactant metabolism
using glucose or palmitate in which precursor enrichment was
measured in the plasma, using GC/MS we measured the rela-
tive proportions of surfactant palmitate with one and two
[1-13C1]acetate subunits incorporated and used MIDA to de-
termine isotopic enrichment of the direct precursor pool (in-
tracellular acetate) (23–25). Briefly, the acetate precursor en-
richment (p) for palmitate synthesis was determined from the
ratio (R) of palmitate molecules with two and one labeled
acetate units incorporated using the equation:

p � 2R/��n � 1� � 2R	 (1)

where n � 8 acetate precursor subunits for palmitate synthesis.
From this acetate precursor enrichment, the theoretical enrich-
ment (Ep) that will be achieved in singly labeled palmitate if all
of the surfactant palmitate arose by de novo synthesis is
determined using the following binomial equation:

Ep � np�1 � p�n � 1 (2)

where n � 8 acetate units. The FSR, the fraction of the
surfactant pool that is actually formed by de novo synthesis per
day (percent per day) was calculated by dividing the slope of
the increase in the singly labeled palmitate enrichment-time
curve by the palmitate precursor enrichment:

FSR � �‚E/‚t� � 1/Ep (3)

In contrast to previous animal studies using radioactive
tracers to pulse-label surfactant, the MIDA approach requires a
constant enrichment in the acetate pool, which can only be
achieved with a longer infusion.
Severity of lung disease was assessed by a score derived

from the integrated area under the curve for average daily FiO2

 mean airway pressure over time, divided by number of days
studied (27).
Two-tailed t tests were used for normally distributed data,

Kruskal-Wallis tests for nonnormally distributed data, Fisher’s
exact test for categorical data, and Pearson coefficients for
correlation analysis (28). Statistical analyses were performed
using Statistical Analysis System (SAS, version 8.1; SAS
Institute, Cary, NC, U.S.A.).

RESULTS

Control infants and preterm infants with RDS. To deter-
mine normal values for stable isotopically derived indices of
surfactant metabolism, control infants without clinically evi-
dent respiratory dysfunction were compared with preterm in-
fants with RDS, an extensively studied population known to
have decreased surfactant turnover. Patient characteristics are
shown in Table 1. The underlying diagnoses for the control
infants were hypoxic ischemic encephalopathy, micrognathia,
congenital hypotonia, subdural hematoma, central hypoventi-
lation syndrome, choanal atresia, and severe tracheomalacia.
All preterm infants with RDS received one to three doses of
exogenous surfactant 12–24 h before the start of the study. No
additional doses of exogenous surfactant were given after

initiation of the tracer infusion; no infants received corticoste-
roids during the study period.
The 13C-enrichments of palmitate from TA-derived satu-

rated phospholipids with time are shown in Figure 1. The
indices of surfactant metabolism, calculated from the individ-
ual isotopic enrichment curves, are displayed in Table 2. In
contrast to preterm infants, FSR was significantly higher and
T1/2 significantly shorter in the control infants, indicating
more rapid turnover in these term infants. Preterm infants with
RDS treated with conventional ventilation or high-frequency
oscillatory ventilation had similar FSR and T1/2 (data not
shown). There was no difference in the availability of tracer for
surfactant synthesis as shown by the similar enrichment of the
acetate precursor pool. The mean absolute amounts of surfac-
tant phospholipids in TAs were similar between the two
groups. When normalized for body weight at the time of the
study, the preterm infants with RDS had a significantly higher
value (Table 2).
One control infant underwent two studies 3 wk apart (at age

24 and 45 d). The enrichment curves and metabolic indices
were nearly identical to one another with FSR of 25.4 and

Table 1. Characteristics of control infants and preterm infants
with RDS

Controls
(n � 7)

Preterm RDS
(n � 12)

Weight at study start (kg) 3.7 � 0.4 0.72 � 0.03
Gestational age (wk) 38.5 � 0.7 25.5 � 0.3
Age at study start (median, range) 24 (8–180) d 25 (23–43) h
Sex (male:female) 5:2 5:7
Race (white:black:Hispanic) 5:1:1 1:11:0
Exogenous surfactant, n (%) 0 (0) 12 (100)
Prenatal steroids, n (%) 0 (0) 8 (67)
Ventilation mode (CV:HFOV) 6:0* 8:4
Disease severity score† 1.6 � 0.3 3.7 � 0.4
Survival at discharge, n (%) 6 (86) 9 (75)

Data are group mean � SEM.
* One infant breathing spontaneously through tracheostomy.
† Integrated area under the curve of average daily FiO2 
 mean airway

pressure over time, divided by number of days studied.
Abbreviations: CV, conventional ventilation; HFOV, high-frequency oscil-

latory ventilation.

Figure 1. Enrichment of singly labeled palmitate (palmitate that has incor-
porated one 13C-acetate unit) in serial TAs from control infants and preterm
infants with RDS after i.v. infusion of [1-13C1]acetate. The curves were
obtained by linear interpolation at hourly intervals for each individual subject,
then obtaining the mean � SEM for each group. Tracer incorporation into
surfactant and clearance from the airways is significantly faster in the control
infants.
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25.2%/d and T1/2, 25.0 and 25.4 h, respectively, suggesting
that the measurements using this technique are reproducible
(Fig. 2).
Term infants with respiratory failure. We next studied 10

term infants who exhibited respiratory failure at birth but were
studied between birth and 5 mo of age. The dichotomous
distribution of the disease severity score permitted stratifying
the infants into two groups: those with mild disease (respira-
tory severity score �5, n � 6) and those with severe disease
(respiratory severity score �8, n � 4). Patient characteristics
and outcome data are shown in Table 3. Five infants (four with
mild disease and one with severe disease) presented at birth
with respiratory distress requiring mechanical ventilation and
had bilateral granular infiltrates on chest radiograph; two others
had suspected, but not culture proven, pneumonia with pneu-
mothoraces (one with mild and one with severe disease); and
three were studied while awaiting lung transplantation [one
with alveolar proteinosis of unknown origin (severe), one with
respiratory failure of unknown origin (mild), and one with
refractory respiratory failure after congenital diaphragmatic
hernia repair (severe)]. None of these infants had an inherited
disorder of surfactant protein B or C metabolism.
The 13C-enrichment curves for the infants with mild and

severe disease are shown in Figure 3 and the indices of
surfactant metabolism in Table 4. Three infants with mild
disease were extubated within the first 72 h of study, resulting
in shorter study duration and preventing calculations of com-
plete sets of indices. The enrichment curves and the indices of
surfactant metabolism for infants with mild disease were sim-
ilar to those of the control infants, whereas the enrichment
curves and metabolic indices for infants with severe disease
resembled those of preterm infants with RDS. There were no
significant differences in FSR or T1/2 between infants with
mild disease and control infants or between infants with severe
disease and preterm infants with RDS. The acetate precursor
enrichment was similar in infants with mild and severe disease
(Table 4). One infant each with mild and severe disease
received exogenous surfactant treatment approximately 48 h
before the start of the study. The enrichment curves, amounts
of phospholipid in the TA, and metabolic indices for these
infants were consistent with the other untreated infants with
similar disease severity (data not shown).

Table 2. Indices of surfactant metabolism in control infants and
preterm infants with RDS

Controls
(n � 7)

Preterm RDS
(n � 12) p

Tapp (h) 7 � 0.9 13 � 1.6 0.005
FSR (%/d) 15.2 (6.9–25.4) 1.7 (0.9–5.1) �0.001
Tmax (h) 35 (32–43) 82 (48–147) �0.001
Emax (TTR%) 4.4 (2.2–7.9) 1.6 (0.9–2.7) �0.001
T1/2 (h) 28 � 3.2 106 � 11.6 �0.001
Surfactant phospholipid
in TA (nmol)

235 � 35 206 � 27 0.51

Surfactant phospholipid
in TA (nmol/kg)

72 (35–94) 337 (148–520) 0.002

Acetate precursor
enrichment (%)

8.2 � 0.6 7.1 � 0.6 0.21

Data are group mean � SEM for normally distributed data and median
(range) for nonnormally distributed data.

Figure 2. 13C-enrichment in palmitate in serial TAs from one control infant after
two infusions of [1-13C1]acetate separated by 3 wk. The enrichment curves and
indices of surfactant metabolism are nearly identical in the two studies.

Table 3. Characteristics of term infants with respiratory failure

Mild*
(n � 6)

Severe*
(n � 4) p

Weight at study start (kg) 3.7 � 0.4 3.6 � 0.2 0.66
Gestational age (wk) 38.0 � 0.5 37.5 � 0.5 0.36
Age at study start (median, range) 4 (1–162)d 35 (4–124)d 0.19
Sex (male:female) 4:2 2:2 1.0
Race (white:black:Hispanic) 5:0:1 4:0:0 1.0
Exogenous surfactant, n (%)† 1 (17) 1 (25) 0.87
Steroid treatment, n (%)‡ 1 (17) 0 (0) 1.0
Ventilation mode (CV:HFOV) 6:0 2:2 0.13
Disease severity score 2.7 � 0.6 13.6 � 2.8 0.014
Duration of study (d)§ 6 � 1.7 12 � 1.2 0.036
Survival, n (%)¶ 6 (100) 2 (50)� 0.13

Data are group mean � SEM.
* Mild, disease severity score �5; severe, disease severity score �8.
† Within 1 wk before study start.
‡ Within 1 mo before study start.
§ From the start of isotope infusion until extubation, death, or the 14-d study

end point.
¶ At discharge or time of lung transplantation.
� Of survivors, one to lung transplant, one transferred out on continuous

positive-airway pressure.

Figure 3. 13C-enrichment in palmitate in serial TAs from term infants with
mild and severe lung disease after i.v. infusion of [1-13C1]acetate. The curves
were obtained as described in Figure 1. Tracer incorporation into surfactant
and clearance from the airways is significantly faster in term infants with mild
lung disease.
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The mean amount of surfactant phospholipid in TAs was
significantly lower in the infants with severe disease, both with
and without normalization for body weight (Table 4). There
was an inverse correlation between the amount of phospholipid
(both absolute and normalized) and the disease severity score
(r � �0.7, p � 0.01).
Finally, to evaluate whether timing of the study contributed

to the differences in the indices of surfactant metabolism, we
compared the seven infants studied in their first week of life to
the three infants studied after 2 mo of age and found no
differences in stable isotope indices of surfactant metabolism,
acetate precursor enrichment, or amount of phospholipids in
TA.

DISCUSSION

Stable isotope methods have only recently been used to
evaluate surfactant metabolism in vivo. It should be noted that
these methods yield indices that reflect the net result of sur-
factant synthesis, secretion, recycling, and clearance via mac-
rophages or the upper airway, and are not direct measures of
the absolute rate of surfactant synthesis, secretion, or recycling
in the alveolar type II cell. Furthermore, because DPPC is
specifically enriched in pulmonary surfactant, we are assuming
that the palmitate in our disaturated phospholipid extract rep-
resents surfactant-derived palmitate. Studies in adult pigs and
premature baboons have suggested that TA-derived surfactant
is reflective of that in the alveolar space and that these stable
isotope techniques yield data about the kinetics of surfactant
metabolism that are consistent with previous animal studies
(17, 18, 29, 30). These stable isotope techniques have provided
similarly consistent data in infants with lung disease who
presumably have abnormal surfactant production or clearance.
This study now provides additional data to support the utility of
these methods. First, although it is only one subject, the
reproducibility of the technique is suggested from identical
surfactant metabolic indices in the one control infant who
underwent two studies. Second, as anticipated, we found faster
turnover (higher FSR and shorter T1/2) in the control infants
than preterm infants with RDS. More importantly, we used
MIDA to estimate the intracellular acetate pool, which reflects

the availability of tracer for surfactant synthesis. Thus, appar-
ent differences in the stable isotopically derived measures
owing to differences in tracer metabolism can be distinguished
from differences in surfactant metabolism. The similar precur-
sor enrichments between preterm infants with RDS and control
infants, and between term infants with mild and severe respi-
ratory disease, indicate that the observed differences in endog-
enous surfactant turnover were therefore not caused by differ-
ences in tracer metabolism or availability, but rather were
differences in the synthesis or clearance of surfactant.
Previous studies using labeled glucose as a measure of de

novo surfactant fatty acid synthesis in preterm infants with
RDS demonstrated a Tapp between 10 and 20 h, an FSR of
2–9%/d, Tmax of 59–87 h, and a T1/2 of 60–120 h, values that
are similar to those of the preterm infants in our study using
labeled acetate [(11, 13, 14, 16); Table 3]. Although previous
studies using stable isotopes have provided a context for
interpreting surfactant production and clearance in preterm
infants, comparable data for term infants with and without lung
disease are more limited. In the only other study to determine
normal values for surfactant metabolic indices, Cogo et al. (19)
demonstrated an FSR of 17 � 11%/d using labeled palmitate,
which was higher than that of preterm infants with RDS (12 �
8%/d) measured by Cavicchioli et al. (15) in a separate study.
Furthermore, Cogo et al. (12) used labeled palmitate and
linoleic acid to study older, critically ill infants with varied
mechanisms of respiratory failure and found a wide range of
values for FSR (9.6–81.6%/d) and T1/2 (17–178 h). The use of
palmitate as the tracer in these studies makes it difficult to
compare their findings to ours because palmitate tracks the
direct incorporation of preformed fatty acids into surfactant
phospholipids rather than the de novo synthesis of fatty acids,
as with glucose or acetate. However, the clear distinction in the
stable isotopically derived indices of surfactant metabolism in
our term infants with heterogeneous causes of respiratory
dysfunction suggests that the infants with more severe disease
were similar to the preterm infants with RDS. Whether this
slow surfactant turnover and the resulting decrease in the
amount of saturated phospholipid in the TA resulted from a
developmental lag in surfactant production or resulted from
lung injury and type II cell dysfunction, such as seen in acute
respiratory distress syndrome in older patients, cannot be
determined from this study (31).
With stable isotopes, apparent differences in surfactant me-

tabolism could result from differences in tracer metabolism, as
discussed above, from true differences in surfactant production
and clearance, or from differences in the size of the unlabeled
surfactant pool. That is, a small, unlabeled pool would result in
apparent increases in turnover of labeled surfactant. For exam-
ple, surfactant pool size decreases with increasing postnatal
age in animals (6, 32). Although the variation in postnatal age
in the term infants in our study could influence the FSR and
T1/2, we found no differences in these indices between infants
studied before and after 2 mo of age. Further studies are
necessary to determine whether surfactant pool sizes and met-
abolic indices change with advancing postnatal age in humans.
Because the size of this pool cannot be measured in infants,

we used the amount of disaturated phospholipids in the TA

Table 4. Indices of surfactant metabolism in term infants with
respiratory failure

Mild
(n � 6)

Severe
(n � 4) p

Tapp (h) 9 � 1.2 11 � 3.7 0.61
FSR (%/d) 10.7 (7.2–30.2) 2.9 (1.6–4.3) 0.01
Tmax (h) 46 � 4.2 53 � 6.3 0.38

(n � 5)
Emax (TTR %) 5.6 � 0.8 1.8 � 0.3 0.007
T1/2 (h) 38 � 11.3 63 � 10.3 0.16

(n � 3)
Surfactant phospholipid in
TA (nmol)

300 � 28 54 � 17 0.003

Surfactant phospholipid in
TA (nmol/kg)

59 � 8 16 � 6 0.005

Precursor enrichment (%) 8.2 � 1.2 9.9 � 2.6 0.53

Data are group mean � SEM for normally distributed data and median
(range) for nonnormally distributed data. Labels as in Table 3.
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samples as an indirect reflection of pool size. These measure-
ments should be interpreted cautiously as they may be influ-
enced by the tracheal suctioning procedure, the rate at which
surfactant ascends the tracheobronchial tree, the mode of ven-
tilation, or administration of exogenous surfactant (14, 15, 33).
Hallman et al. (34) have previously reported values for surfac-
tant-treated preterm infants in the same range as ours and also
found a linear correlation between the amount of total phos-
pholipids in TAs and the apparent surfactant pool size deter-
mined by Fick principle. To determine whether augmenting the
unlabeled pool with exogenous surfactant influenced the stable
isotope measures of surfactant turnover, Bunt et al. (14) found
decreasing FSR with increasing number of doses of exogenous
surfactant, as would be anticipated. However, in that study, the
infants who received the most surfactant also had the most
severe RDS and did not receive antenatal corticosteroids, either
of which could have independently resulted in a lower FSR
(13, 18). Cavicchioli et al. (15) using labeled palmitate as a
tracer of surfactant synthesis in preterm infants with RDS,
found that exogenous surfactant treatment resulted in later time
of appearance and maximum enrichment of label, but were
unable to show any effect on either FSR or T1/2. With these
caveats in mind, preterm infants with RDS, all of who received
exogenous surfactant, had a greater amount of disaturated
phospholipid normalized for body weight, but similar absolute
amounts of phospholipid in the TAs as control infants. Al-
though this observation does not preclude apparently slower
kinetics as a result of isotopic dilution, the similarity of our
results with previous studies suggests that the observed differ-
ences in surfactant metabolism between the two groups were
true differences in surfactant metabolism, as would be
anticipated.
In contrast, the term infants with severe respiratory failure

had significantly less phospholipid in TAs than any other
group, suggesting a smaller pool size. However, the lower FSR
and Emax values in these infants directly contradict what would
have been anticipated had isotopic dilution contributed to the
differences in metabolic indices. Martini et al. (29), using
stable isotopically labeled acetate and palmitate, demonstrated
that thermal injury in adult pigs decreased the surfactant
phosphatidylcholine pool and further decreased FSR, consis-
tent with our observation in the term infants with severe
respiratory dysfunction. In premature lambs, smaller alveolar
surfactant pool size also correlated with more impaired lung
function (35), which supports our finding that the disease
severity correlated inversely with the mean amount of surfac-
tant phospholipids in TAs. Thus, our data are again consistent
with these studies, which suggests true differences in surfactant
production between those term infants with mild and severe
disease. The concomitant use of stable isotopically labeled
exogenous surfactant preparations will permit the more reliable
estimates of surfactant pool size necessary for fully interpreting
the indices of endogenous surfactant metabolism (36, 37).

CONCLUSIONS

In summary, these additional studies provide new data that
suggest the internal consistency of stable isotope methods for

evaluating surfactant metabolism in vivo: the ability to distin-
guish differences where they should exist, the suggestion of
reproducibility, and now the observation that some term infants
with compromised pulmonary function have abnormal surfac-
tant metabolism that is similar to that of preterm infants with
RDS. Additional studies using these techniques will permit
further insight into mechanisms of lung disease in infants in
whom surfactant metabolism or function may be disrupted.
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