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INTRODUCTION

The respiratory distress syndrome (RDS)caused by hyaline membrane
disease (HMD) is a leading cause of mortality in the prematurely born
infant (1,2). RDS occurs when the infant is delivered prior to physio-
logical and functional maturation of the lungs which is reflected in
the production of pulmonary surfactant. Without adequate pulmonary
surfactant to maintain the integrity of the alveoli atelectasis occurs
preventing adequate oxygenation of the blood resulting in cyanosis and
hypoxia. Pregnancies complicated by such factors as diabetes mellitus,
hypertension, hemolytic disease of the fetus, and premature rupture of
the membranes are at risk of premature delivery. Management of such
pregnancies as well as elective repeat cesarean section relies upon the
accurate assessment of fetal pulmonary maturity. The incidence of HIMD
is related to prematurity as gauged by either birth weight or gesta-
tional age. In a survey of the literature the average incidence of
HMD for infants weighing less than 2500 g at birth is 14%(2). Of the
approximately 3,000 deliveries per year at the Oregon Health Sciences
University by the obstetrical service 15-20% of the patients are at
risk for development of HMDl and are thus benefited by the diagnosis
of fetal pulmonary maturity from biochemical analysis of armiotic fluid.

It is appropriate to briefly review the significance of pulmon-

ary surfactan

t, its relation to hyaline membrane disease, and the
development of biochemical assays used for its assessment prior to the

statement of the problem which this research project addresses.

s : : . .
Personal Communication. Department of Obstetrics and Gynecology.
Oregon Health Sciences University.



A, SURFACTANT

Pulmonary surfactant refers to a substance which lowers the
surface tension generated at the air-tissue interface of the lung.,
Surface tension is the force acting to reduce the surface area of
the alveoli and is the result of intermolecular attractions present
in the two phases., Thus, surface tension acts to inhibit distension
of the alveoli and to promote collapse or atelectasis of the alveoli.
The behavior of alveoll when considered as small bubbles can be des-
cribed in terms of the theorem of Laplace.2 Therefore, when the
diameter of the alveoli decreases upon expiration the surface tension
increases resulting in a higher pressure promoting collapse. However,
the air-tissue interface of the lung is coated with a surfactant mater-
ial that reduces the surface tension., This serves to decrease the
pressure needed to distend the lungs during inspiration and to enhance
stability of the alveoli at low lung volumes. The surfactant also
accounts for the presence of a residual volume at zero pressure (2,3,4),

Chemical analysis of surfactant by density gradient centrifuga-
tion of different mammalian species (dog, rat, rabbit) has demonstrated
that dipalmitoyl phosphatidyl choline (DPPC) is the only surface-active
phospholipid present in sufficient quantity (41-58% w/w) possessing the
physical properties of surfactant to form a monolayer to cover the
whole alveolar area (5,6). Lipids comprise approximately 85% of the
surfactant material of which 5-13% are neutral lipids with cholesterol

the largest fraction. Of the remaining surface active phospholipids

2P = 2T/r, where P is equal to the pressure exerted on the sphere,

T is the surface tension, and ¥ is the radius of the sphere.
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unsaturated phosphatidyl cholines comprise 11-29%, phosphatidyl
ethanolamine 5-10%, and acidic phospholipid 4-18% of which phosphatidyl
glycerol may constitute up to 10%. Trace amounts of carbohydrate are
also present (5,7,8). A small percentage (10-15%) of surfactant con-
sists of nonserum proteins (5,9). This is primarily a 35,000 molecular
weight apoprotein which appears in alveolar surfactant along with
DPPC (10).

The type II alveolar epithelial cell is known to be the site
of synthesis for DPPC (11,12). All of the enzymes necessary for DPPC
synthesis have been demonstrated to be present in lung tissue (2).
The primary pathway of DPPC synthesis in the lung is by the so-called
Kennedy and Weiss pathway (13) in which choline first reacts with
adenosine triphosphate to form phosphocholine which then reacts with
cytidine triphosphate to forn cytidine diphosphate choline. The
phosphocholine portion of cytidine diphosphate choline is then trans-
ferred to a 1,2-diglyceride molecule to form DPPC (1,2,6,14).

From studies using radiolabeled precursors and electron micro-
scopy it was demonstrated that multilamellar bodies within the type II
cells serve as storehouses of surfactant. DPPC is synthesized in the
rough endoplasmic reticulum, progresses through the golgi apparatus
to lamellar bodies where it is stored prior to release (14,15). Syn-
thesis of phosphatidyl glycerol (PG) has also been demonstrated in
the microsome fraction of type II epithelial cells. The mechanisn
involves cytidine diphosphate diglyceride and sn-glycerol phosphate
as precursors to phosphatidyl glycerol phosphate which is subsequently

hydrolyzed to phosphatidyl glycerol (16).



The lamellar bodies (LB) are secreted by exocytosis by fusion
of the limiting membrane of the lamellar body with the plasma membrane
of the type II epithelial cell (17). Once the LB have been secreted
into the subphase of the alveolar lining layer tubular myelin is
formed which is thought to be a liquid crystal state of surfactant
(18-21). The phospholipids form a monolayer at the surface of the
alveolar lining layer with their hydrocarbon chains towards the air
and the polar heads in the aqueous phase (6,15). The presence of
the unsaturated phosphatidyl cholines, phosphatidyl glycercl, neutral
lipids, and apoprotein are thought to enhance the adsorption and
stability of DPPC at the surface of the alveolar lining layer (5,22,23).
B. BIOCHEMICAL ASSAYS

Avery and Mead in 1959 (4) were the first to suggest a correla-
tion between surfactant properties and hyaline membrane disease. It
was not until 1967 that the association of HMD and low content of
lung DPPC was demonstrated (24). Biezenski, Pomerance, and Goodman
(25) observed that phospholipids in the ammiotic fluid tended to in-
crease in concentration with gestational age. The relationship between
low amniotic fluid phospholipid content and the developement of res-—
piratory distress syndrome was first examined by Nelson (26). On the
assumption that an increasing concentration of lecithin in the amniotic
fluid is a reflection of pulmonary maturity Gluck and associates 27)
recommended a thin layer chromatography method for determining the
ratio of lecithin to sphingomyelin (L/S ratio). The concentration
of lecithin increases near term while sphingomyelin remains relatively

constant throughout gestation. Subsequently it was denonstrated that



surfactant material secreted into the fetal lung contributes to the
ammiotic fluid compositicn verifying that the phospholipids pass from
the lung via the trachea into the amniotic cavity (28-30).

The L/S ratio method has been widely incorporated into the
clinical laboratory and its usefulness verified by a number of authors
(1,2). An increase in the L/S ratio occurs late in gestation (about
35 weeks) due to an increase in the synthesis and release of lecithin.
A L/S ratio approximating 2.0 has been demonstrated to indicate
maturity (1,2,27,31). The method relies upon the separation of fully
saturated surface active phosphatidyl choline (primarily DPPC) and
sphingomyelin from other phospholipids present in amniotic fluid by
use of cold acetone precipitation (32). However, the use of this
extraction step has been questioned by others (1) and has been shown
to be a semi-quantitative technique for concentrating the surface
active lecithin which may account for immature L/S ratio determinations
for fetuses with mature lungs (33). Another methodological problem
is the preparative centrifugation of amniotic fluid which if cen-
trifuged at high relative centrifugal forces will increase the number
of false immature L/S ratios while centrifugation at low relative
centpifugal forces will increase the number of false mature L/S
ratios (28,34,35). Problems in quantitation of the L/S ratio on
the thin layer chromatography plate exist due to variations in
charring properties of phospholipids, spot size and migration
variables of phospholipids, and the variables of densitometry which

include light scattering and nonlinearity (1,36). Contamination of



amniotic fluid with blood and meconium is known to affect the L/S
value especially when the L/S ratioc is near the critical maturity level
of 2.0 (32,37,38).

A review of the literature indicates that the L/S ratio is a
good indicator of maturity when the L/S ratio is mature (>2.0) having
an occurence rate of RDS of only 1-2% (1,2,39). The occurence of RDS
when the L/S ratio is less than 2.0 is rmmch less predictable with
reported incidence rates varving greatly (1,2). The usefulness of
the L/S ratio in pregnancies complicated by diabetes mellitus has
also been questioned with a number of cases of RDS developing in
pregnancies with mature L/S ratios (1).

Due to the uncertainty of the L/S ratio in the situations
cited above, other investigators have proposed alternative methods
for evaluating fetal pulmonary maturity. The rapid surfactant test
(RST) (40) is one method cormonly employed. This simple procedure
depends on the ability of surface active phospholipids to form stable
surface films that can support the structure of a foam in the presence
of an ethanol-water mixure. Unsaturated phospholipids ferm unstable
foam and other surface tension lowering substances are excluded from
the film by the ethanol. Evaluation of the test has revealed some-
what contradictory results but generally the effectiveness of the test
is similar to that of the L/S ratio. A low incidence of BDS is asso-
ciated with a nmature result while an immature and intermediate result
is not nearly as reliable in asscssing lung maturity (1). Also,
false mature results occur in the presence of contamination by

blood or meconium (37,40,41).



The presence of phosphatidyl glycerol (PG) which occurs late
in gestation at approximately 35 to 36 weeks has of late been recom-
mended as an additional indicator for fetal pulmonary maturity (42-44).
A few authors utilizing thin laver chromatographic separation of
phospholipids have indicated the absence of RDS when PG is present
but have noted that the converse is not always the case(42-44,39,45),
This method appears to have the advantage of not being affected by
contamination from blood due to its relatively high concentration
in the lung surfactant and its low concentration or absence in
other tissue (42,46).

Numerous other methods for measurement of amniotic fluid phos-
pholipids have been reported and related to the development of hyaline
membrane disease. These include absolute and total lecithin concentra-
tion (47,48), lecithin as a percentage of total phospholipid (49),
palmitic acid content (50,51), assessment of surfactant apoprotein(52),
enzyme activity for lecithin biosynthesis (53,54), fluorescence depo-
larization (55,56), optical density measurement (57), and the deter-
mination of disaturated phosphatidyl choline utilizing osmium tetroxide

oxidation of unsaturated phospholipids (58).

The determination of lamellar body phospholipid content of amniotic
fluid serves as another possibility for assessment of fetal lung maturity
(35,59,60). Lamellar bodies as well as tubular myelin figures have
been demonstrated in the amniotic fluid and have been isolated by

differential and/or density gradient centrifugation (28, 61-63).



Differentiated type II epithelial cells do not usually contain lamellar
bodies until after the 24th week of gestation (64) and the presence

of lamellar bodies in the amniotic fluid does not occur prior to 26
weeks of gestational age (63).

As a function of gestational age 50% of the specimens at
28-32 weeks gestation contained lamellar bodies and 857 of specimens
at term contained lamellar bodies as demonstrated in a qualitative
examination of ammiotic fluid by electron microscopy (63).

Biochemical studies of lamellar bodies reveal that 657% of
the phospholipid of ammiotic fluid is recovered in the LB fraction (62).
The LB fractions have been demonstrated to consist of 72-767% phospha-
tidyl choline, 12-13% phosphatidyl ethanolamine and/or phosphatidyl
glycerol, 2.4~3.8% lysolecithin, 1,1-2,37% sphingomvelin, 7.3-9.7%
phosphatidyl serine and/or phosphatidyl inositol (61). Duck-Chong (62)
demonstrated that the LB fraction contains 10-14 times as nuch phos-
pholipid as protein on a weight/weight basis ancd that 75-85% of the
phospholipid was phosphatidyl choline. Also, LB isolated from the rat
lung have been shown to reproduce the surface tension characteristics
of pulmonary surfactant (65).

Oulton (35) employing differential centrifugation to obtain a
lamellar body enriched fraction determined the phosphelipid phosphorus
content to quantitate the phospholipid and compared this method with
the L/S ratio for assessing lung maturity. Only one infant out of

eight who developed RDS had a LB phospholipid value greater than 4mg/dl.



A LB phospholipid content greater than 4mg/dl proved to be a better
indicator of maturity than intermediate and immature L/S ratios. 1In

24 cases with an intermediate L/S ratio (1.5-1.9) that did not develop
respiratory problems the LB phospholipid content was greater than 4dmg/dl,
and in 11 out of 37 cases with immature L/S ratios (<1.5) that did

not develop respiratery problems the LB phospholipid content was greater
than 4mg/dl. Thus, Oulton demonstrated that the lamellar body phos-
pholipid content of amniotic fluid may be a better index to fetal
pulmonary maturity than the L/S ratio when values less than 2.0

are obtained.

Duck-Chong (66) developed a micro-method for the isolation of
lamellar bodies from amniotic fluid which correlated well with conven-
tional isopycnic density gradient ultracentrifugation. This procedure
was utilized in a comparison of LB phospholipid content and the L/S
ratio of amniotic fluid in assessing fetal lung maturity. The two
nethods disagreed in their assessment of lung maturity in 257 of the
pregnancies (i.e., one method predicted lung maturity while the other
method predicted lung immaturity) with 807% of these being cases of
immature L/S ratios (<2.0) with LB phospholipid values indicating
maturity (greater than 3.5mg/dl). The LB phospholipid content was
less than 3.5mg/dl in seven cases of RDS that were analyzed within
three days of delivery. In 185 cases free of respiratory problems
that were analyzed within two days of delivery the L3 phospholipid
content was greater that 3.5mg/dl in 182 (59).

In a more extensive evaluation the LB phospholipid content of

amniotic fluid was correlated to respiratory status of the infant.
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Eleven of 12 infants analyvzed within 2 days of delivery with LB
phospholipid values of less than 2.5mg/dl developed serious res-
piratory problems. The LB phospholipid values for 15 cases of
HMD assayed within three days of delivery ranged from 1.0-4.7rmg/d1(60).
These results show promise for the determination of lamellar
body phospholipid content of amniotic fluid for the assessment of

fetal pulmonary maturity.
STATEMENT OF TilE PROBLEL!

As noted above the assessment‘of fetal pulmonary maturity by
current methods suffers from a variety of problems. Briefly, this
includes the following: poor predictive value of results indicating
irmaturity making such values inaccurate and unreliable for the
management of pregnancies which are at risk for premature delivery;
difficulty in accurately analyzing amniotic fluid samples which are
contaminated with blood or meconium; a lack of specificity for surface-
active phospholipids; and possibly poor reliability in the assessment
of pregnancies complicated by diabetes mellitus.

The primary objective of this project was to measure the clini-
cal effectiveness of the lamellar body phospholipid assay of amniotic
fluid in predicting fetal pulmonary maturity, and to compare the effec-
tiveness of this test with the L/S ratio, phosphatidyl glycerol assay,
and the rapid surfactant test. Pregnancies at risk for premature deliv-
erv constituted the population studied. Amniotic fluids collected

within three days of delivery by transabdominal amniocentesis and at
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the time of cesarean section were used for evaluation in the assess-
ment of lung maturity and the development of hyaline membrane disease.
The lamellar body phospholipid value was also compared to the pedia-
trician's estimate of gestational age to determine the correlation
with gestational age.

The second objective of the project was to exanine the analytical
parameters of the method for the analvsis of lamellar body phospholipid
content. This included determination of the accuracy and precision
of the phospholipid assay, and the effect of contamination by blood
and neconium on the lamellar body phospholipid content of amniotic
fluid.

Hopefully this project will provide information and aid the
developrment of methods that will be of value in assessing the fetal
lung maturity of high risk obstetrical patients. The findings of this

research project are described below.
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MATERIALS AND METHODS

A. EQUIPMENT

Beckman Airfuge Ultracentrifuge with 18° A-100 Rotor. Spinco Division
of Beckman Instruments, Inc., Palo Alto, California.

5 x 20 mm Cellulose Nitrate Centrifuge Tubes. Spinco Division of Beck-
man Instruments, Inc., Palo Alto, California.

Gilford Stasar IIT Spectrophotometer. Gilford Instrument Laboratories
Inc., Walnut Creek, California.

Beckman CD-200 Computing Densitometer. Beckman Instruments Inc.,
Clinical Instruments Division, Fullerton, California.

Mettler H 35 AR Analytical Balance. Mettler Instrument Corp., Prince-
ton, New Jersey.

International Centrifuge Model V. International Equipment Co., Boston
Mass.

25 ul SMI Pipet. Scientific Manufacturing Industries, Emeryville,
California.

10 ul Hamilton Syringe Model 701N with repeating dispenser (PB 600-1).
Hamilton Co., Reno, Nevada.

Instant Thin Layer Chromatography Silica Gel (ITLC-SG) impregnated
glass fiber sheets (product 61886). Gelman Instrument Co., Ann Arbor
Michigan.

Gelman Developing Tank Model 51325-1. Gelman Instrument Co., Ann
Arbor, Michigan.

S/P Vortex-Genie Mixer Model K-550-G. Scientific Industries Inc.,
Bohemia, New York.

Temp-Blok Module Heater No. 2090. Lab-Line Instruments, Inc., Melrose
Park, Illinois.

Multi-Temp Blok No. 2093. Lab-Line Instruments, Inc., Melrose Park,
Illinois.

-10 to 360°C Thermometer (VWR 61010-121). VWR Scientific Inc., San
Francisco, California.



B. CHEMICALS

Ficoll Type 70. Sigma F-2878. Sigma Chemical Co.

Ammonium Molybdate, 4-hydrate (1-0716). J.T. Baker Chemical Co.
I-Ascorbic Acid (A-7506). Sigma Chemical Co.

Potassium Phosphate, Monobasic (4-4921). J.T. Baker Chemical Co.
Phosphatidyl Choline, Dipalmitoyl (P-6267). Sigma Chemical Co.
Lecithin/Sphingomyelin Standard Solution (LS-30). Sigma Chemical Co.
L-a-Phosphatidyl-DL-Glycerol (P-0514). Sigma Chemical Co.

U.S.I. Absolute Pure Ethyl Alcohol, Reagent Quality. TU.S. Industries
Chemicals Co.

Chloroform, UV Spectrophotometry grade. J.T. Baker Chemical Co.
Methyl Alcohol, Reagent Grade.
70% Perchloric Acid, Reagent Grade.

/

Dichloromethane, Reagent Grade.

Ziminski Reagent: dissolve 60g (NH4)2S0, in 50 ml HyO0, add 24 ml
concentrated HpS0, and dilute to 200 ml with H20.

0.9% Saline: dissolve 9.0g NaCl in deionized water and dilute to cne
liter.



C. SPECIMENS AND CLINICAL ASSESSMENT

From July, 1980, through May, 1981, a total of 229 samples of
amniotic fluid from 166 pregnancies were assayed for fetal lung maturity
by the lamellar body phospholipid assay, lecithin/sphingomyelin ratio,
phosphatidyl glycerol assay, and the rapid surfactant test. One
hundred eighty samples were collected by transabdoninal amniocentesis
and four vaginal drainage samples for determination of fetal maturity
as part of the routine fetal maturity profile for management of com-—
plicated pregnancies performed at the Oregon Health Sciences University.
An additional 45 samples of amniotic fluid were collected at the time
of cesarean section. Samples contaminated with blood and meconium
were analyzed as were samples from one case of twin pregnancy (separate
amniotic cavities).

Assessment of hyaline membrane disease was determined by a
neonatologist not aware of the laboratory results. Infants were diag-
nosed and classified as hyaline membrane disease (i2D), mild hyaline
membrane disease (mild HMD), transient tachypnea of the newborn (TTN),
or no respiratory disease based on the clinical presentation and the
reticulogranular appearance of chest roentgenograms as rollows (67):

iMD was diagnosed from the clinical signs of tachypnea,

dyspnea, retractions, grunting and cyanosis corrected by

oxygen administration, and radiographic signs of air

bronchograms and a diffuse reticulogranular pattern in

the pulmonary parenchyma.

TTH was characterized by tachypnea and mild dyspnea,

and radiographic features of interstitial pulmonary

edema with no reticulogranular patterns or air
bronchogram,
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The classification of mild MMD or HMD was a subjective decision based
on the severity of the case. Respiratory problems secondary to sepsis
or cardiac anomaly were not included in the classification.

Estimation of the infants gestational age was made by the attend-
ing pediatrician at birth utilizing the Dubowitz technique (68). The
gestational age of the fetus at the time of amniocentesis was calcu-
lated by subtracting the intervening period.

To analyze the clinical significance of the lamellar body phos-
pholipid content, lecithin/sphingomyelin ratio, phosphatidyl glycerol
content, and rapid surfactant test in their prediction of fetal pul-
monary méturity, the sensitivitv (per cent of disease states with a
positive value), specificity (per cent of nondisease states with a
negative value), predictive value of an immature value, precictive
value of a mature value, and efficiency of each test was calculated(69).
A positive value is an indication of fetal lung immaturity and if
while a negative value indicates fetal lung maturity (disease-free
condition). Efficiency is the percentage of results which are true

positives and true negatives.

D. ASSAY PROCLEDURES

1. Lamellar Body Phospholipid Assay

The method for determining the lamellar body phospholipid (LB-PL)
content of amniotic fluid was essentially that of Duck-Chong (66) with
a few modifications to adapt the procedure for use in the clinical
chemistry laboratory. Using a 25ul SUI pipet, four 100 ul samples

A e

of whole amniotic fluid were layered over 75 ul of 15% Ficoll 70
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(w/v in 0.9% NaCl) in 5x20 mm cellulose nitrate tubes and centrifuged
for 20 minutes at 28 psi (115,000 = g) in the Beckman Airfuge. Two
100 ul samples of a pooled ammiotic fluid control specimen were cen-
trifuged with each patient sample.

Using a Pasteur pipet as much of the supernatant was discarded
as possible without disrupting the lamellar body fraction which forms
a distinct band at the interface of the two soluﬁions, With a clean
Pasteur pipet the lamellar body fraction was removed taking only
enough Ficoll to ensure that all of the visible band was removed and
transferred to 4 ml chloroformmethanol (2:1, v/v) in a 20 x 125 mn
screw cap borosilicate glass test tube., The LB fractions from two
centrifuge tubes were combined in a 4 ml portion of chloroform-
methanol (2:1) for each sample determination. Thus, the patient
samples were run in duplicate and the control sample once. After
mixing, 0.8 ml of 0.9% NaCl was added to each tube and vortexed for
10 seconds. Separation was aided by centrifuging for 2-5 minutes at
150 x g. The aqueous phase and any material at the interface was
removed with a Pasteur pipet and discarded. The chloroforn laver was
washed with 0.6 ml chloroform-methanol-0.97% NaCl (3:48:47, by vol)‘
by vortexing, centrifuging and removing the aqueous phase as in the
previous step. The organic phase was transferred to 13 x 100mm borosil-
icate glass test tubes and evaporated under a nitrogen airflow at 45°C.

To quantitate the LB-PL, a phosphorous determination iras utilized.
After evaporation of the organic solvent, 0.33 ml of 70% perchloric

acid was added to each tube and the phospholipid residue was digested
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at 160 + 5°C. for 60-90 minutes in a dry heating block. To each tube
2.9 ml deionized water, 0.4 ml 2.5% ammonium molybdate (w/v), and 0.4 ml
of 10% ascorbic acid were added, mixing after each reagent. Standards
ranging from 0-4 ug phosphorus (as KHZPOA) which were not digested
contained 0.3 ml 70% perchloric acid. The optical density was deter-
mined at 720 nm in a Gilford Stasar III spectrophotometer after speci-
mens and standards were incubated at 50°C. for 20 minutes. The
lamellar body phospholipid content of the ammniotic fluid was cajculated
in mg/dl by multiplying the phospholipid phosphorus value as determined
fronm the standard curve by 12.5. This factor takes into account the
concentration expression and the phosphorus content of the surfactant
phospholipid (4%) (66).

Specimens contaminated with blood or meconium were analyzed in
the same manner as uncontaninated samples. Uncontaminated specimens
were either processed as soon as possible or frozen at -20°C., while
contaminated samples were extracted and analyzed as soon as possible.
Duck-Chong (66) has demonstrated that freezing and thawing once does
not significantly affect the LB-PL content of amniotic fluid.

Analysis time for this assay is approximately 2.5 hours.

2. Lecithin/Sphingomyelin Ratio

The method for determination of the lecithin/sphingomyelin
ratio (L/S ratio) is a modification of the method recommenced by
Giuck and associates (27,31). A 5 ml aliquot of ammiotic fluid was
initially centrifuged at 1900 x g for 5 minutes to remove any cells

and debris present. The supernatant was renoved and the L/S ratio
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run in triplicate using 0.5 m1 of supernatant plus 0.5 ml 0.9% NaCl.
Lipids were extracted by mixing first with 1 ml of absolute methanol
for 10 seconds followed by mixing with 2 ml of chloroform for 1 minute.
Samples were centrifuged at 1000 x g for 10 minutes to separate the
chloroform layer which was removed with a Pasteur pipet and transferred
to a 12 x 75 mm borosilicate glass test tube. After evaporation of
the chloroform at 45°C. under a nitrogen stream, the tubes were chilled
in ice for 1 minute, Ten drops of acetone chilled to approximately
0°C. were added to each test tube while suirling the tubes in the
ice and chilled for an additional minute to precipitate the saturated
phospholipids. Acetone was decanted and the precipitate washed with
another 10 drops of acetone. The precipitate was then dried under
a nitrogen flov keeping the tubes in the ice bath.

The remaining residue was dissolved in chloroform and spotted
on ITLC-SG paper. If the rapid surfactant test was immature or
intermediate, the precipitate was dissolved in 6 ul of chloroform and
spotted, but if the rapid surfactant test was mature the precipitate
was dissolved in 12 ul of chloroform with only 3 ul being spotted on
the chromatography paper. A pooled amniotic fluid control was processed
with each patient sample, and a L/S standard (Sigma L/S-30) was spotted
with each run. A solvent consisting of dichloromethane-ethanol-
deionized water (120:24:2.3, by vol) was used for migration of the
phospholipids.

For detection, the ITLC-SG paper was sprayed with Ziminski's

reagent and dried at 215°C. for 10 minutes in an oven. Lecithin and



sphingomyelin spots were scanned and quantitated by transmission
densitometry.

If the L/S ratio could not be determined immediately the super-
natant was frozen at -20°C. Specimens containing greater than 0.5
ml of packed red blood cells/2ml of amniotic fluid were unsatisfactory

for analysis, as were samples contaminated with meconium and nucous (38).

3. Phosphatidyl Glycerol Assay

The method used for detection of phosphatidvl glycerol (PG) was
a nodification of the Tsai and Marshall method (43). A 0.5 ml aliquot
of the supernatant obtained from the initial centrifugation of the
sample for the L/S ratio was extracted with 1 ml of methanol and 2 ml
of chloroform, and evaporated to dryness as the three aliquots were
for the L/S ratio. The test tube was chilled in the ice bath but
the phospholipid extract was not treated with acetone. Six microliters
of chloroform was used to dissolve the phospholipid residue and spot
the sample on ITLC-SG paper. The PG was developed and detected by
the same procedure used for the L/S ratio. If the rapid surfactant
test was mature, the phospholipid residue was dissolved with 12 ul
of chloroform and 3 ul were spotted. A phosphatidyl glycerol standard
(Sigma P-0514) was spotted corresponding to 1 ug/ml, 2 ug/ml, and 4
ug/ml and run with each specimen.

PG was considered present if a well defined spot migrated to
the same position as the standard. Uhen the full extract was spotted,
a positive PG was semi-quantitated by visually comparing spot density

to the standards and reported as less than 1 ug/ml, 1-2 ug/ml, 2-4
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ug/ml, or greater than 4 ug/ml. If 1/4 of the full extract was used,
a positive PG was semi-quantitated by comparing spot density to the
1 ug/ml standard and reported as less than 4 ug/ml or greater

than 4 ug/ml.

4. Rapid Surfactant Test

Amniotic fluids were tested for the ability of pulmonary sur-
factant to generate stable foam in the presence of ethanol according
to the method of Clements, et. al. (40) using a 1:1 diilution and a
1:2 dilution. Well-mixed whole amniotic £fluid (0.5 ml) was diluted
1:1 with 95% absolute ethanol and diluted 1:2 with 95% absolute ethanol
after mixing 0.5 ml of amniotic fluid with 0.5 ml of 0.9% NaCl in
13 % 100 mm borosilicate glass test tubes. Goth tubes were capped
with rubber stoppers, shaken vigorously by hand for 15 seconds, and
interpretec after 15 minutes.

If there were enough bubbles to form & complete ring in each
test tube the result was recorded as mature. Bubbles forming a com-
plete ring in the 1:1 dilution but not in the 1:2 dilution were re-
ported as intermediate. An immature result was reported if there were
not enough bubbles to form a ring in either tube.

The rapid surfactant test (RST) was performed immediately or
refrigerated at 4-6°C. unitil the test could be performed that same day.
Amniotic fluid containing blood, meconium or mucus is unsatisfactory
for the RST since each substance will cogtribute to foam-stability
(40,41). Many samples that were visibly contaminated with blood,

meconium or mucus were not analyzed due to immature and intermediate
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samples giving falsely mature results in the presence of the contam-

ination.
E. ANALYTICAL AND SPECIAL STUDIES

1. Linearity of the Standard Curve

A phosphorus standard solution containing 13.3 ug phosphorus/ml
(as KH2P04) was added in triplicate to 13 x 100 mm test tubes in
varying amounts to check the linearity of the standard curve. Stan-
dards containing 0.067, 0.13, 6.33, 0.67, 1.33, 2.67, 4.0, and 5.32 ug
P were made using a 10 ul and a 100 ul Hamilton syringe according to
the previously described procedure (see LB-PL assay), and the optical
density read against a zero microgram phosphorus blank at 720 nm.

The absorbance readings were averaged and plotted versus micrograms

of phosphorus.

2. Digestion Procedure

A known amount of dipaimitoyl phosphatidyl choline (Sigma P-6267)
was dissolved in chloroform for use as a standard solution (0.95 mg
DPPC/nl CHC13). Aliquots of the DPPC solution containing the equiva-
lent of 4 ug phosphorus were digested at 160 # 5°C. for varying periods
of time. The samples run in duplicate were digested for 0, 5, 10, 20,
35, 60 cr 90 minutes in 9.33 ml 707 perchloric acid after evaporation
and quantitated for phosphorus according to the LB-PL assay procedure,

The results reported as ug P were plotted versus time.
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To compare the digestion of the DPPC standard to that of the
lamellar body fraction of amniotic fluid, aliquots of a sample of
armiotic fluid were digested for different periods of time. Samples
run in duplicate which had been centrifuged at 115,000 x g for 20
minutes, and extracted and washed according to the LB-PL assay pro-
cedure were digested for 0, 10, 30, 60, or 90 minutes in 0.33 ml
70% perchloric acid at 160 + 5°C. and quantitated for phosphorus
as previously described, The results were plotted with the diges-

tion of the DPPC standard solution.

3. Reagent Stability

To determine the stability of 2.5% ammonium molybdate and
10% ascorbic acid when stored in amber bottles at 4-6°C. the opti-
cal density of a 1.33 ug P, 2.67 ug P, and 4.0 ug P standard made
according to the previously described procedure (see LB-PL assay)
was recorded at approximately weekly intervals for seven weeks.

Absorbance readings were plotted versus time.

4, Accuracy and Extraction Efficiency

To check the accuracy of the LB-PL assay the DPPC standard
solution was used. Ten replicates of a 4 ug phospholipid phosphorus
sample and ten replicates of a 1 ug phospholipid phosphorus sample
of the standard solution in 13 x 100 mm test tubes were evaporated,
digested in 70% perchloric acid, and quantitated for phosphorus using
the LB-PL procedure. The mean, standard deviation, and per cent

recovery were calculated for both sample sizes.
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To determine the efficiency of extraction of phosphatidyl

choline by the LB-PL procedure aliquots of the DPPC standard solu-
tion were assayed. Ten replicates of a 4 ug phospholipid phosphorus
sample and ten replicates of a 1 ug phospholipid phosphorus sample
were added to 4 ml portions of chloroform-methanol (2:1, v/v) in
screw cap borosilicate glass ‘test tubes, extracted and washed, evap-
orated, digested in 70% perchloric acid, and quantitated for phos-
phorus according to the LB-PL procedure. The mean, standard devia-

tion, and per cent recovery were calculated for each sample size.

4, Precision

Within-run variation and day-to-dav variation was assessed
by assaying samples of whole amniotic fluid. To determine within-
run variation ten replicates of an amniotic fluid were assaved on
the same day for LB-PL content according to the procedure previously
described. Three different amniotic fluids were analyzed in this
manner. The mean, standard deviation, and coefficient of variation
were calculated for each sample.

For determining day-to-day variation, five samples of amniotic
fluid were separated into five aliquots and one sample of amniotic
fluid was separated into ten aliquots and assayed for LB-PL content
on different days. The mean, standard deviation, and coefficient of
variation were calculated for each sample.

To study and control variations in the LB-PL method, a pooled

amniotic fluid (daily control) was assayed with each patient sample.
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Two 100 ul portions of the daily control were centrifuged, extracted,
digested, and quantitated for lamellar body phospholipid phosphorus
along with the patient amniotic fluid sample. During the period
in which patient samples were analyzed two different daily control
samples stored at -20°C. were used, each for a period of five months.
The LB-PL content of the control pools were chosen to be in the
low normal to high abnormal range. The mean, standard deviation,
and coefficient of variation were calculated for each pooled control.
In addition to the daily control, another pooled ammiotic
fiuid control (long term control) was set up to determine the effect
of storage at -20°C. for an extendéd period of time. At approximately
one month intervals for an eight-month period, one long-term control
sample was analyzed in duplicate for LB-PL content according to the
procedure described above. The mean, standard deviation, and coef=-

ficient of variation were calculated for the long term control.

6. Contamination

To determine the effect of blood contamination on the LB-PL
content of amniotic fluid aliquots of eight arniotic fluids were
contaminated with varying concentrations of heparinized whole blood.
Aliquots contained 0, 1.0%, 2.0%, 3.0%, 5.0%, or 9.0% contamination.
All levels of contamination were visible with a 1.07% contamination
appearing slight, 2.0% moderate, 3.0% and 5.0% heavy, and 9.0% gross,

Samples were centrifuged at 140 x g for 5 minutes to remove

any erythrocytes and fragments present to examine only the effect
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of plasma lipids and phosphorus. The supernatant was assayed for
LB-PL content according to the procedure outlined above. LB-PL
values were corrected for dilution and the average difference from
the uncontaminated value was calculated. The one-tailed Wilcoxin
matched-pairs test was used to determine whether there was a signi-
ficant difference between the uncontaminated and the contaminated
values.

To evaluate the effect of mecenium contamination on the LB-PL
content of ammiotic fluid varving amounts of a 10% saline suspension
of fresh meconium was added to aliquots of seven ammiotic fluids.
Samples contained 0, 0.1%, 0.5%, 1.0%, 1.5%, or 2.0% contamination.
Each level of contamination was visible with 0.1% and 0.5% appearing
slight, 1.0% moderate, 1.5% heavy, and 2.0% gross. The LB-PL values
(average of two determinations) were corrected for dilution and the
average difference from the uncontaminated value was calculated.

The two-tailed Wilcoxin matched-pairs test was used to determine
the level of significant difference between the uncontaminated and

the contaminated values.

7. Preparative Centrifugation

To determine the effect of centrifuging ammiotic fluid to
remove cells and debris on the LB-PL content, aliquots of nine armiotic
fluids were centrifuged at different relative centrifugal forces
(RCF) prior to analysis for the LB-PL content. Aliquots of each
sample were centrifuged for 5 minutes at 0, 150, 300, 500, or 1000

% g and the supernatant assaved for LB-PL content according to the
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procedure described above. For each RCF the average per cent LB-PL
content remaining was calculated, and the LB-PL content was plotted
versus RCF. Differences between values for uncentrifuged aliquots
and those centrifuged at the designated RCF were analyzed statis-

tically by the Wilcoxin matched-pairs test (one-tailed).

8. Electron Microscopy

Ten 100 ul samples of amniotic fluid were centrifuged at
115,000 x g for 20 minutes in the Beckman Airfuge and examined by
electron microscopy to verify the presence of lamellar bodies at
the interface between the Ficoll solution and whole amniotic fluid.
After centrifugation, the samples were separated into three fractions
and diluted 1:10 with 1/2s Brenner's Broth + 2.5% glutaraldehyde.
The fractions which were pooled from the ten samples prior to dilu-
tion with the buffered solution consisted of the supernatant, the
lamellar body band, and the remaining Ficoll and pellet. Fractions
were post—fixed in 1% osmium tetroxide buffered with veronal acetate
(70) and processed according to routine procedures for electron

microscopy.
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RESULTS

A, ANALYTICAL AIID SPECIAL STUDIES

1. Linearity of the Standard Curve

Figure 1 demonstrates that the standard curve for the phosphorus
assay is linear in the range from 0.07 ug P to 5.32 ug P. This is
equivalent to lamellar body phospholipid content of 0.88 mg/dl to
66.5 mg/dl. All samples analyzed in the study were within this

range.

2. Digestion Procedure

Digestion of the standard solution of dipalmitoyl phosphatidyl
choline and digestion of the lamellar body fraction of ammniotic
fluid measured by phosphorus content as a function of time is plottec
in Figure 2. Oxidation of DPPC in 70% perchloric acid at 160 = 5°C.
was 93% complete after 60 minutes and was 95% complete after 990
minutes of digestion time. The time course for digestion of the
sanple of amniotic fluid follows a similar pattern for that of the
DPPC standard solution. Since the DPPC concentration used for oxi-
dation is equal to 50.0 mg/dl a digestion time of 60 to 90 minutes

at 160 * 5°C. is adequate for digestion,

3. Reagent Stability

The color developed by the reagents at three different concen-

trations of phosphorus was consistent over a period of seven weeks
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(Figure 3). All reagents used were shown to be stable for the testing

period.

4, Accuracy and Extraction Efficiency

The accuracy of quantifving phospholipid phosphorus by the
LB-PL assay is demonstrated in Table I, For the 4 ug phospholipid
phosphorus sample, a mean of 3.89 ug P was detected while a mean
of 0.95 ug P was detected in the 1 ug phospholipid phosphorus sample
tested. Respectively, 97.3% and 94.17% of the phospholipid phosphorus
added was detected.

Table IT demonstrates the extraction efficiency of the DPPC
standard solution at the two concentration levels tested. Means
of 3.67 ug P and 0.93 ug P from the 4 ug phospholipid phosphorus
and 1 ug phospholipid phosphorus samples were extracted and quanti-
tated by the LB-PL method. The mean per cent recovered was 91.8%
and 92.17% respectively.

A 4 ug P sample is equivalent to 50.0 mg DPPC/dl and a 1 ug P

sample is equivalent to 12.5 mg DPPC/dl.

5. Precision

Results of the determination of within-run variation and day-
to-day variation for the lamellar body assay are in Table III. Coef-
ficients of variation (CV) for within-run variation were 6.0%, 3.1%,
and 6.7%, while the CV's for day-to-day variation of samples contain-

ing little or no vernix caseosa were 4.5%, 5.4%, 9.6%, 9.7%, and 11.77%.
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The one sample tested for precision conteining a large amount of
vernix caseosa had a CV of 18.97%.

The mean (+ 1 standard deviation) for the daily controls was
4.90 + 0.39 (n=170) and 3.59 * 0.24 (n=103) with CV's of 8.0% and
6.7% respectively. The mean (+ 1 standard deviation) for the long-
term control used to assess the effects of variation associated with
prolonged storage at —-20°C. was 7.97 * 0.54 (n=9) with a CV of 6.8%.

The precision of the L/S ratio judged on the basis of 75 dup-
licate determinations of a pooled control processed with each sample

assayed had a CV of 16.7% (mean * 1 SD=1.08 * 0.18).

6. Contamination

Table IV shows the effect of meconium on the LB-PL content
of amniotic fluid. Calculation of the mean difference depicts a
slight decrease at the 0.1%, 0.5%, and 1.0% levels of contamination,
and a slight increase at the 1.5% and 2.0% levels of contanmination.
A statistically significant difference is not indicated at all levels
of contamination.

The interference from biood contamination is demonstrated in
Table V which indicates a statistically significant increase in the

determination of LB-PL content at all levels of contamination.

7. Preparative Centrifugation

The effect of relative centrifugal force on the LB-PL content

of nine ammiotic fluids is depicted in Figure 4. The mean per cent
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(+ 1 SD) of the original lamellar body phospholipid content remaining
at 150, 300, 500, and 1000 RCF for the fluids is 80 * 8.9%, 73 *

9.9%, 61 * 11.8%, and 46 * 9.47% respectivelv. LB-PL values obtained
after centrifugation were statistically different from uncentrifuged

values (p < 0.005) at all RCF tested.
8. Electron licroscopy

There were no lamellar bodies found in the supernatant of the
amniotic fluid centrifuged in the ultracentrifuge. Lamellar bodies
were demonstrated at the interface of the amniotic fluid and the
Ficoll solution (Photograph 1) while cells and debris were found in
the pellet (Photograph 2) of ammiotic fluid centrifuged according
to the routine procedure for collection of lamellar bodies. As
previously reported by Duck-Chong (66), cell fragments and whole

cells were also found in the LB fraction.

B. CLINICAL STUDIES

1. Sample Population

Amniotic fluid samples used in the study were collected from
a number of high-risk pregnancies (Table VI). 0Of the 166 pregnancies
from which amniotic fluid was obtained 46 (28%) were deli
maturely (i.e., less than or equal to 36 weeks gestational age). OCne
hundred one uncontaminated samples from 100 pregnancies (one case

of twin pregnancy) were obtained within three days of delivery.
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Twenty-five of these pregnancies were delivered at 36 weeks or less
gestational age.
Visible blood contamination was present in 14 samples analyzed
and 7 samples contaminated with meconium were analyzed.
One hundred nine (65.7%) of the pregnancies were delivered by
cesarean section. Of pregnancies in which samples were analyzed

within three davs of delivery, 78% were delivered by cesarean section.

2. Lamellar Body Phospholipid Content and Gestational Age

Figure 5 shows the relationship of amniotic fluid lamellar
body phospholipid content and gestational age. The mean and stan-
dard error of the mean for gestational ages of 33 weeks through 40
weeks were calculated and linear regression analysis performed,

The correlation coefficient (r) of 0.46 is significant to P < 0.001.
Uncontaminated samples obtained at cesarean section or by transab-
dominal amniocentesis from uncomplicated and high-risk pregnancies
were used for the calculations.

Pregnancies from which three or more samples of ammniotic
fluid were obtained are plotted in Figure 6 to demonstrate the vari-
ability in the onset and rate of increase of LB-PL content. Case C
received a treatment course of betamethasone and treatment with
RB-adrenergics at 32 weeks gestational age for premature labor.

Cases T and G also received f-adrenergics at 33 and 35 weeks gesta-

tional age respectively for premature labor.



3. Lamellar Body Phospholipid Content and the L/S Ratio

The LB-PL content and L/S ratio of 208 uncontaminated samples
of amniotic fluid (including 4 vaginal drainage samples) are plotted
in Figure 7. Regression analysis by the power model (y=axb) provides
the line of best fit with the coefficient of determination (rz)
equal to 0.62.

Using 1.8 as the L/S ratio indicating pulmonary maturity and
4.0 mg/dl as the level of maturity for the LB-PL assay based on the
performance of each assay in predicting the development of hyaline
membrane disease described below the two assays can be compared for
agreement in assessing maturity (Figure 8). Forty-nine per cent
of the samples were indicated to be mature by both tests while 33%
were indicated as immature by both tests for agreement in 82% of
the uncontaminated samples examined. Disagreement in assessing
maturity was found in 18% of the samples. ‘Two per cent of the samples
were determined to be mature by the L/S ratio and immature by the
LB-PL assay. Mature LB-PL values and immature L/S ratios were

found in 16% of the samples.
4, Clinical Evaluation

The lamellar body phospholipid assay, lecithin/sphingomvelin
ratio, phosphatidyl glycerol assay, and the rapid surfactant test
were each correlated with the respiratory status of neonates to
determine the effectiveness of each method for assessing pulmonary

maturity and the risk of hyaline membrane disease. The respiratory



33
status assessed according to the criteria outlined above (see materi-
als and methods section) of samples obtained within three days of
delivery is plotted for each assav (Figures 9, 10, 11, 12). There
were five cases of HID, two cases of miid iMD, and two cases of TTH
in 101 samples of amniotic £luid obtained within three days of deliv-
ery. The phosphatidyl glvcerol content was semi-guantitated in only
77 of the 101 amniotic fluids, while the RST was performed in 96
of the 101 samples processed.

Pertinent data from the nine pregnancies which developed
respiratory problems can be found in Table VII. Using a LB-PL value
of 4 mg/dl as the level indicating maturity there were 5 of 7 cases of
hyaline membrane disease vith irmature values, and no cases of TTII
with values indicating lung immaturity. L/S ratios were less than
1.8 in 6 of 7 cases of hyaline membrane disease and less than 1.8 in
1 of 2 cases of TTH. By the phosphatidvl glycerol method empnloyed,

4 of 7 cases of hyaline membrane disease were positive for PG, and
both cases of TTU had detectable levels of PG. The RST predicted
immaturity in 5 of 7 of the cases of respiratory disease but predicted
maturity in both cases of TTN.

Cases 7 and 9 were complicated by abruptio placentae and were
contaminated with hemoglobin pigments, and case 8 was slightly con-
taminated with blood. All other specimens were uncontaninated.

Five of the pregnancies with infants that developed respiratory
problems had received glucocorticoids (betamethasone) or B-acrenergic

agents (terbutaline or ritodrine) in an attempt to enhance lecithin
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biosyntheseis as part of the management of premature labor (71-73).
Cases 1, 3, and 6 received treatment within twenty-four hours of
delivery with R-adrenergics, cases 1 and 5 were treated with beta-
nethasone within twenty-four hours of deliverv, and case 8 received
betamethasone and R-adrenergics four weeks prior to deliverv, Ammiotic
fluid was obtained for analysis either one day prior to delivery
or on the day of delivery in all cases receiving treatment to hasten
lung maturity.

Evaluation of the methods for determining fetal pulmonary

maturity in terms of sensitivity, specificity, predictive value,
and efficiency for samples of amniotic fluid analyzed within three
days of delivery are in Table VIII. The L/S ratio and PG assay demon-
strate the highest sensitivitv (85.7%), but the LB-PL assay had the
highest specificity (83.77%). The predictive value of an immature
test was low for all assays with the LB-PL assay having the highest
predictability (25.07%). Predictive value of a mature result was
high for each of the tests(96.6% - 98.7%). The LB-PL assay and
the L/5 ratio demonstrated the highest efficiency (82.8% and 75;8%

respectively).
5. Complicating and Interfering Factors

Results of 15 samples visibly contaminated with blood are in
Table IX. Included are three samples from pregnancies complicated
by abruptio placentae which were not visibly contaminated with

erythrocytes (no erythrocytes in pellet after centrifugation either)
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but were discolored from hemoglobin pigments. Two of the cases
contaminated with hemoglobin pigments are inciuded in Table VII as
noted above.

The three infants developing respiratory problems (Table IX)
had immature L/S ratios and wvere positive for PG, but one sample
had a mature LB-PL value. Seven pregnancies that did not develop
respiratory problems in which fiuid was analyzed within 3 days of
delivery all had mature LB-PL values, while 6 cases had mature L/S
values with one sample unable to be analyzed due to the degree of
contamination. The PG content in these seven cases was mature in
four (greater than or equal to 1 ug/ml), immature in two and not
performed in one. The three pregnancies which developed HMD haa
immature L/S ratios, immature PG values in 2 cases, and immature
LB-PL values in two cases.

Seven samples were visibly contaminated with meconiun
(Table X). The RST could not be performed in all seven samples,
the PG assay could not be performed in four of the samples, and it
was not possible to obtain an L/S ratio in two of the samplies due
to the presence of méconium. However, it was possible to obtain a
LB-PL value for each specimen. All pregnancies delivered infants
which developed no respiratory problem. The LB-PL values in all
cases indicated maturity with 3 of 5 L/S ratios predicting maturity.

Sixteen cases of pregnancy complicated by diabetes mellitus
that was either pre-existing or gestational were included in the

study. The laboratory results and the status of the cases can be
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found in Table XiI. HNo cases in vwhich samples were obtained within
three days of delivery developed respiratory problems. Of ten cases
sampled within three days of delivery that did not develop respiratory
problems, eight cases had LB-PL values predicting maturity, 5 of 10
had L/S ratios indicating maturity, and 6 and 10 were positive
for PG.

Data from four pregnancies were obtained from samples collected
vaginally due to the premature rupture of membranes (Table XiI).

The LB-PL value, L/S ratio, PG assavy, and RS3T were all in agreement
in their prediction of fetal pulmonary status. Hone of the cases
developed any respiratory problem although only one pregnancy was
predicted to be mature.

The presence of vernix caseosa was indicated to increase the
variability in the LB3-PL results (Table 111, sample 3 day-to-day
variation)., Vernix caseosa was found in significant quantities
(i.e., visible) in 46 samples examined. The L/S ratio was mature
(z 1.8) in 43 of the samples while the LB-PL value was mature (2 4.9
mg/dl) in 44 of the samples. The immature results were obtained

irom vaginal drainage samples.
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DISCUSSION

A, ANALYTICAL AND SPECIAL STUDIES
1. Analvtical Parameters

The LB-PL method used for this study proved to be an acceptable
method for quantitating phospholipid phosphorus. The phosphorus
determination demonstrated the necessary sensitivity and linearity
for the range of phospholipid levels tested (Figure 1). Extraction
and oxidation of phospholipids were shown to be adequate by the proce-
dure employed for use in the clinical laboratory as demonstrated
in Figure 2 and Tables 1 and II. The use of a standard solution
of DPPC in chloroform represents the best possible performance for
quantitation due to matrix differences between the standard solution
and amniotic fluids. The lack of an accurate standard in a more
appropriate matrix due to solubility problems precludes the use of a
matrix that closely approximates amniotic fluid. The smallest sample
size (i.e., 1 ug P equal to 12.5 mg DPPC/d1l), although not close to
the medical decision level of 4 mg/dl, is adequate to judge the extrac-
tion efficiency and accuracy of the LB-PL method. The use of a more
dilute or concentrated standard solution would not necessarily be a
judge of the accuracy of the method but would be influenced by pipett-
ing and weighing accuracy.

Reagents (10% ascorbic acid and 2.57 ammonium molybdate) were
stable for the period of seven weeks which confirms a similar report

by Duck-Chong (66). The volor development and stability has been
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reported to be stable by both Chen, et. al. (75) and Duck-Chong (66).
This means it is unnecessary to make fresh reagents for each sample
deternination.

Precision of the LB-PL assay using whole amniotic fluid (Table
III) for demonstrating within-run variation and day-to-day variation
is acceptable for clinical use. A range of values including immature
as well as mature samples had fairly consistent coefficients of deter-
mination demonstrating acceptable random analytical error. The one
case with poor precision was the sample containing a large amount of
vernix caseosa. Vhen vernix is present a more diffuse LB band is
obtained after centrifugation due tb the uneven and inconsistent
distribution of vernix in the centrifuge tube. This presents a
problem for removing the supernatant from the tube without disrup-
ting the LB band. As a consequence the precision of the assay is
decreased as demonstrated in Table III with sample number 3 of the
day~to—-day variation determination.

The presence of vernix caseosa does not contribute to the
amount of phosphorus detected due to vernix consisting primarily of
non-polar lipids and only trace amount of phospholipid (1). Since
mature samples are associated with the presence of vernix caseosa
(76) it is likely that the presence of this substance will not present
a significant problem for determining the L3-PL content of a sample,
although it should be kept in mind that the presence of vernix may
increase the error associated with the value obtained. As noted in

the results section all fluids obtained by transabdominal amniocentesis
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or at cesarean section containing vernix has mature L/S ratio and
LB-PL values. Vaginal drainage samples which were noted as contain-
ing vernix may have contained mucus instead.

The use of pooled samples for controls to be assayed vith
patient specimens provides another means of assessing the variability
of the LB-PL assay. The coefficients of variation for the two differ-
ent daily controls used for the LB-PL method again demonstrated
adequate precision (8.0% and 6.7%). This variability was much less
than that demonstrated for the L/S ratio using a pooled sample as a
control to be run with patient samples in the same manner as the
LB-PL method (CV=16.7%).

Storage at -20°C. for up to eight months did not seem to affect
the precision of the assay as demonstrated by the CV of the long
tern control (6.8%). Prolonged storage at this temperature therefore
appears to have little effect on the LB-PL content of the sample.
This supplements the finding of Duck-Chong (66) that the LB-PL content
of amniotic fluid is not affected by freezing and thawing once.
However, Duck-Chong, et. al. (60) subsequently reported that freezing
and thawing may affect the lamellar body content of samples that
were in the region of borderline maturity but published no support-
ing data.

Specimens in this study were analyzed fresh when possible or
stored frozen at -20°C. The effect of freezing could aid the disrup-
tion of lamellar bodies thus lowering the amount of LB-PL collected

in the LB band or could fragment cells present in ammiotic fluid
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resulting in portions of membranes which contain phospholipids to be
collected in the LB band. The significance of this factor concerning
the LB-PL value and its clinical effect needs to be investigated

further.
2. Contamination

The contamination of amniotic fluid with blood as demonstrated
in Table V increases the LB-PL content due to the presence of plasma
phospholipids and plasma phosphorus. Any erythrocytes present in
the fluid will pass through the Ficoll solution due to their greater
bouyant density (1.081) (77) than lamellar bodies (1.055) (66),
while phospholipids (density of lecithin = 1.0305) would remain in
the supernatant. Since a small portion of the supernatant is removed
with the lamellar body fraction, amniotic fluid that is contaminated
with blood will show a slight increase in LB-PL content. Based on
the data in Table V, slight contamination with blood (up to 1.0%)
should not clinically affect the results, Because the matrix of
the contaminated samples used in the study was slightly different
from the uncontaminated sanple due to the dilution factor, it is
important to examine the clinical outcome of specimens contaminated
with blood. Table IX as previously described lists all samples con-
taninated with blood that were analyzed in this study. Of the three
cases that developed respiratory problems one specimen had a mature

1LB-PL value but an immature L/S ratio and PG content. The other

two cases were indicated to be immature by each assay. It is
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possible since the case with the elevafed LB-PL value was from a
pregnancy complicated by abruptio placentae that erythrocyte fragments
present in the specimen could have been included in the LB fraction
increasing the amount of phospholipid present. If so, this would be
a complicating factor in the analysis of samples from such pregnancies.

Contamination of ammiotic fluid by blood has been shown to
interfere with the other tests of fetal pulmonary maturity (37,38,41).
Wagstaff, et. al. (37) have demonstrated an increase in the L/S ratio
in immature samples with as little as 1.27% contamination and noted
that contanination would significantly affect the L/S ratio of values
close to the critical value ratio of 2.0. Buhi and Spellacy (38)
demonstrated an increase of the L/S ratio of immature samples and a
decrease in the L/S ratio of mature samples when contaminated with
fetal or maternal serum due to a L/S ratio present in serun of 1,31~
1.46. This effect was confirmed by Torday, et. al. (53).

On the basis of the analytical and clinical data presented
in this study for the LB-PL content of amniotic fluid contaminated
with blood, specimens that have LB-PL values near the value indicating
fetal maturity should be judged with caution due to the increase
resulting from such contanination. Samples with values clearly indi-
cating maturity or immaturity even with large amounts of contamination
present can safely be judged as such.

The detection of PG in samples contaminated by serum or erythro-
cytes did not result in the detection of PG in the two-dimensional

thin-laver chromatographic procedure utilized by GStrassner, et. al.(46).
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Although the effect of blood on the determination of PG by the method
employed in this study has not been examined, it is reasonable to
assume that the presence of blood contamination would not interfere
in the determination of PG in anniotic fluid.

As demonstrated in Table IV contamination of amniotic fluid
with meconium does not consistentiy alter the LB-PL content. The
fluctuations seen in the LB-PL values are most likely due to
the nature of the meconium solution used to contaminate the aliquots
of amniotic fluid. The solution contained some particulate naterial
due to the insolubility of meconium which caused the formation of
a more diffuse LB band upon centrifugation. This more diffuse band
may have affected the precision of the assay as did the presence
of vernix caseosa. The presence of meconium should not directly
contribute to the amount of phosphorus detected since meconium
has a total phospholipid phosphorus content of approximately 1 umol
of phosphorus per gran (78). All specimens received for analysis
contained no particulate material.

Again due to the slight difference in matrix of the sanples
contaminated with meconium and the uncontaminated sample, it is im
portant to consider the clinical outcome of contaninated samples.

As indicated there were no cases of respiratorv problems in any of
the seven cases that were contaminated. The ability to perform the
LB-PL assay on all specimens is a clear advantage since it has been
demonstrated that the LB-PL content is not influenced by meconium.

This is in aggreement with Duck-Chong, et. al. (60) who observed
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that samples contaminated with meconium still provided useful clinical
information.

This conclusion is in contrast tothe other fetal maturity assays
used in this study. The presence of meconium is known to affect
the interpretation of chromatograms due to streaking and the
presence of lyso-lecithin. Wagstaff, et, al. (37) and Torday, et. al.
(58) demonstrated that an immature L/S ratio increased in the
presence of meconium. It has also been demonstrated that a mature
L/S ratio is decreased in the presence of nmeconium (38, 58). 1in anv
case, it is safe to assume that the presence of meconium will alter
the determination of the L/S ratio. The RST is known to give falselvw

mature results in the presence of contamination by meconium (37,40,41).

3. Preparative Centrifugation

Although the effect of centrifugation of amniotic fluid om
LB-PL content is variable significant amounts of lamellar bodies
are lost even when samples are centrifuged at low relative centri-
fugal forces such as 150 x g for 5 minutes. The findings cemon-
strated in Figure 4 are in agreement with the decrease in total
phospholipid with increasing RCF (77) and the results of Quiton (35)
showing the increase in lamellar bodies precipitated as reflected
in total precipitable phospholipids with increasing g forces. Eryth-
rocytes and other cells present in amniotic fluid have bouyant den-
sities greater than that of lamellar bodies (66) plus the fact that

lamellar bodies are precipitated at low g forces, it is unnecessary
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to centrifuge amniotic fluid to remove cells and debris prior to
centrifugation in the ultracentrifuge. Oulton (35) has demonstrated
that cells present in amniotic fluid contribute only 6-97% to the
total precipitable phospholipids at all gestational ages.

The RCF used for centrifugation of amniotic fluid for the
L/S ratio has been demonstrated to be a significant factor in
the determination of the L/S ratio especially at gestational ages
of 34 to 37 weeks (34,35). By increasing the RCF for preparative
centrifugation the number of false irmature L/S ratios will increase
while the number of false mature L/S ratios will increase if the RCF
is low. The force of 1000 x g is approxinmately in the midrange of
centrifugal forces recomnended by other authors (34). Since lamellar
bodies provide the phospholipids of surfactant, removal of these
structures would be expected to influence the L/S ratio performed
on the supernatant. Use of whole amniotic fluid for the LB-PL assay

averts this problen.

I

4. Tlectron Microscopy

The electron microscopy scans of the LB band and pellet demon-
strate the effectiveness in separating and concentrating the LB from
a sample of amniotic fluid. t is not surprising to find fragments
of cells in the LB fraction; however, the presence of cell fragments
and debris would contribute to the amount of phospholipid phosphorus
detected in the LB fraction thus increasing the L3-PL content. The

extent of this problem needs to be investigated further. Samples
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used for analysis had been frozen and thawed once prior to quantitation;
therefore, it is possible that this would aid the destruction of cells.
This may be a factor in the note of caution by Duck-Chong, et. al.

(60) ;hat the L3-PL content of amniotic fluid may be affected in

immature samples that have been frozen prior to analysis.

1. Lamellar Body Phospholipid Content and Gestational Age.

Although the coefficient of determination for LB-PL content
as a function of gestational age is not high (r2=0.21), the correla-
tion coefficient is statistically significant to a high degree
(p<0.001). Lack of a better correlation may be attributed to the
large degree of variation of LB-PL content for each gestational age
due to variation in the onset of increased synthesis of lecithin.
The degree of variability in the Dubowitz score (95% confidence
linits of 2.0 weeks) (68) may also be a contributing factor. Samples
from uncomplicated as well as high-risk pregnancies were used in
the analysis which may be.a cause .for additional variability in the
LB-PL content with gestational age due to accelerated maturation
occuring in pregnancies complicated by some classes of diabetes,
prolonged rupture of membranes, and severe hypertension (45).

The increase in LB-PL content with gestational age (Figures
7 and 8) is similar to that noted by Duck-Chong, et. al. (59,60)
who found the onset for the increase in LB-PL content from a basal

concentration of less than 3 mg/dl taking place between the 29th
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and 40th week of gestation. The one case (E) in Figure 6 in which
the LB-PL content decreased as gestational age increased demonstrates
the variability in the assay since the sample contained large amounts
of vernix caseosa. The L/S ratio of this sample increased as a
function of time.

Glucocorticoids and R-adrenergics were used in only three of
the cases with serial samples in Figure 8 so no conclusion can be
drawn from this study as to the effects of these compounds on the
LB-PL concentration.

The expected increase of LB-PL content with gestational age
ig similar to the increase in L/S ratio with gestational age that

has been demonstrated by many investigators (27,79,80).
2. Lamellar Body Phospholipid Content and the L/S Ratio

The relationship between LB-PL content and the 1/S ratio is
best described by a curvilinear relationship (Figure 9). The vari-
ability of the LB-PL content at each 1/S ratio value and the inherent
variability of the L/S ratio due to densitometric quantitation and
variability with gestational age explain the lack of a better
correlation (r=0.79) of these two tests. A disagreement in the
prediction of fetal pulmonary status of 18% (Figure 10) is in close
agreement to thé study of Duck-Chong, et. al. (59) who found a
disagreement in 25% of the samples in which both L/S ratio value

and LB-PL content value were obtaiued.
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3. Clinical Evaluation

Duck-Chong, et.,al. (60) assaved 451 samples collected within
Z days of delivery for LB-PL content and related this to respiratory
status of the infant, Using 3.5 mg/dl as the critical value indi-
cating fetal pulmonary maturity 11 out of 13 cases of IIMD had a LB-PL
content less than 3.5 mg/dl. The predictive value of an immature
result (<3.5 mg/dl) was reported to be 72.7%, the predictive value
of a mature result (>3.5 mg/dl) 99.5%, with an overall efficiency
98.4%. Duck-Chong, et. al. (60) also reported the absence of
respiratory problems with a LB-PL value greater than or equal to
5.0 mg/dl. In an earlier study done by Duck-Chong, et. al. (59),
the LB-PL content was immature in all seven cases that developed
HiD while the L/S ratio was immature {<2.,0) inr6 out of 7 of the
cases.

With so few cases of HMD encountered in this study (seven),
cne case of HIMD not detected by an assay results in an appreciable
difference in the performance of the test. As shown in Table VIII,
the predictive value of an immature LB-PL (<4.0 rmg/dl) value in this
study was only 25.0%, but the predictive value of a mature result
(24.0 mg/dl) was comparable at 98.6%. The efficiency, however,
was lower (87.8%) due to the low predictive value of an immature
value. There were two cases of hyaline membrane disease encountered
with LB-PL values greater than 5.0 mz/dl. One case which developec

mild HMD was predicted to be mature by all the assays employed.
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The case of HID with a mature LB-PL value, immature L/S ratio, and
irmature PG content was contaminated with hemolyzed blood from a
pregnancy complicated by placentae abruptio as explained above.

The predictive value of an immature result for all fetal naturity
fests used in this study was lowv (Table VIII), while the predic-
tive value of mature results was high for each test. The overall
efficiency of the tests is therefore low due to the poor reliability
of an immature value. This is a problen that has been character-
istic of fetal maturity assays usec in the past and the reascn for
the continued search for an assay which Is a better predictor of
fetal pulmonary maturity and the develoouent of HMD.

The L/S ratio when mature has been associated with a low
incidence (1-2%) of respiratory distress syndrome (1,2, 39). Imma-
ture L/S ratios have not been as accurate in predicting the occurence
of respiratory problems with incidence reports varying widely
(2,58,81,39).

A number of authors using both one-dimensional as well as
two-dimensional thin-layer chromatography have indicated the absence
of RDS when PG is detected but the absence of PG is not invariably
associated with the development of RDS (43,82,83). PG was detected
in 4 of 7 cases which developed B in this study indicating that
the presence of PG is not a guarantee that HIID will not develop.

For the PG method employed when a level of PG greater than 1 ug/nl
is used as the point indicating maturity, the performance of the

PG assay is similar to the other assays used in this study and similar
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to the performance of other assays for PG which either simply
detect its presence or calculate the per cent of PG of total phos-
pholipids chromatographed (42). This latter method is a time con-
suning and technically demanding procedure.

A mature RST has been associated with mature fetal pulmonary
function (40,41,34), but this test is also inadequate in predicting
respiratory porblems when either an intermediate or immature
result are obtained. For example, failure to obtain a mature RST
results in an RDS occurence rate of approximately 24% (2). Results
of the RST from this study are consistent with this trend. The
number of affected infants were detected by the other chemical
analyses perfornmed with fewer false immature results (Table VIII).

Kulovich, et. al. (39,45) have used a combination of fetal
pulmonary assays including the L/S8 ratio, disaturated lecithin,
per cent phosphatidyl inositol, and per cent PG for determining a
lung profile used to predict the pulmonary maturity of the fetus.
This technique has been shown to be 937% accurate in determining
maturity when the L/S ratio is less than 2.0. The number ol assays
performed, the technical requirements, and the interpretive know-
ledge necessary to implement this series of tests make this approach
unacceptable for use in the routine clinical laboratory.

Based on the limited number of infants developing respiratory
problems in the study, it is difficult to deternine with any degree

of certainty a cut-off point indicating maturity for the L3-PL assay
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and the PG assay. is is not necessarily the case with the L/S ratio
and RST which have been used more extensively in the clinical labor-
atory. The clinical evaluation of the L/S ratio and the RST in this
study are in fair agreement with the work of other authors cited
above. With more data it may be possible to make a better estimate
concerning the usefulness of the LB-PL assay for use on a routine
basis. As it now stands the LB-PL assay appears to provide an
advantage when samples are contaminated with meconiun but is
probably not any better than the L/S ratio when samples are contam—
inated with blood, although the effect of blood contamination is
consistent in that the LB-PL content will always be higher in the
presence of blood. To better evaluate the performance of the L3-PL
assay, L/5 ratio, and PG assay in predicting the development of
respiratory problems in the newborn, more immature samples will have
to be analyzed before implementation of any assay can be recomnmended

over that of the assavs exanmined.
4. Complicating and Interfering Factors

For pregnancies complicated by diabetes mellitus the LB-PL
assay was the most accurate in assessing fetal lung maturity (Table
XI). However, this subsample of the population analyzed did not
include any cases which developed respiratory problems. To more
accurately assess the performance of the LB-PL assay more immature
samples from pregnancies complicated by diabetes mellitus will have
to be assayed. This same finding andkconclusion has been reached

by Duck-Chong, et. al. (60).
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Some authors have found a higher incidence of RDS in pregnancies
of diabetic mothers which have mature L/S ratios (85,86), while others
have found no increase in incidence (87,88). Kulovich and Gluck (45)
nave demonstrated a delay in the appearance of PG in Class A diabetics
but that the L/S ratio accordinsg to gestational age did not differ

3
significantly fronm other classes of diabetes or fronm a normal uncom-
plicated pregnancy. The problem of false mature L/S ratios, false
mature LB-PL values, and false mature PG values in diabetic preg-
nancies was not encountered in this study. More data will have
to be collected from diabetic pregnancies which develop respiratory
problems before anything cefinitive can be stated concerning the
LB-PL assav and the PG method used.

it has been demonstrated that the L/S ratio of amniotic
fluid collected vaginaily is not altered (89) and that the L/S
ratio in amniotic fluid obtained vaginally can effectively be used
to assess the maturity of the fetus (90). Vaginally collected
ammiotic fluid can successfully be used for determining the PG con-
tent for pregnancies complicated by premature rupture of membranes
(91). The effect of vaginal and cervical secretions on the LB-PL
content of amniotic fluid has not been determined.

0f the four vaginal samples collected in this study (Table ZiI)
only one was assessed as mature (all assays reported mature values)
even though no respiratory problems develeped (Table XII). Since

cervical mucus contains only a smail amount of lipid material (92)



anc the LB-PL values were apparently not elevated when collected
vaginally, the assessment of fetal maturitv using such soecimens
seems reasonable. The most significant problem may be the effect
of mucus and other secretions on the precision of the assay.
Further work concerning the use of vaginal drainage samples is
needed.

It is common practice to administer glucocorticoids and f-adren-
ergic agents to enhance the synthesis and release of surfactant
by the type II epithelial cell in an attempt to avoid the devel-
opraent of HMD in premature deliveries (1,73,93,94). Recently, it
has been reported that glucocorticoid administration may impair
the acceleration of surfactant production due to a resultant
hyperinsulinemia which has an inhibitory effect on lipolysis (95).
However, Kulovich and Gluck (39) note that the effect of insulin
to inhibit lecithin synthesis has not clinically been demonstrated
and note that diabetic patients often have higher L/S ratios and
higher concentrations of disaturated lecithin.

0f the cases developing respiratory problems (Table VII) cases
1 and 5 received glucocorticoid treatment less than 24 hours before
delivery. This is most likely not enough time for there to be any
significant effect noted (71,96), besides both fluids were analyzed
on the same day as delivery (case 5 a cesarean section) and should
accurately reflect the status of the lungs. Case 8 received gluco-
corticoids 4 weeks prior to delivery? therefore, the results should
be an accurate reflection of lung status. Cases 1, 3, and 6

received B-adrenergic agents less than 24 hours before delivery
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which should not significantly affect the laboratory data for
these cases.

Whether the mode of delivery is an additional risk factor for
the development of RDS is a controversial subject (2,86,97). Although
5 of 7 cases (71%) that developed HIID were delivered by cesarean
section, the per cent of cesarean section deliveries was high (65.7%)
in the population studied as a result of this being a group at
risk for premature or complicated delivery.

The volume of amniotic fluid during gestation is subject to
variation (98) and, therefore, must be a consideration when the
concentration of a substance is measured. No problems of faise
assessment of maturity can be attributed to oligohydramnios or
polyhydramnios. According to Bhagwanani, et. al. (47) and Falconer,
et. al. (98) the prognostic significance of concentration results
are not greatly altered unless variations are quite large and the
value is in the borderline range of maturity.

It should be noted that the site of amniocentesis may be an
additional factor in the result of fetal lung maturity tests.
Worthington, et, al. (99) have shown a difference of up to 0.7
in the L/S ratio depending upon whether the site of ammiocentesis
was at the caudal pole or cephalic pole of the fetus. This may also
be significant factor for the LB-PL concentration especially
when the result is near the critical cut-off point indicating
maturity. These results indicate that the rate of mixing of ammiotic

fluid does mnot account for an entirely homogenous composition.
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SUMMARY AND CONCLUSIONS

A method for determining lamellar body phospholipid content was
investigated and compared to the L/S ratio, PG content, and RST for
the assessment of fetal pulmonary maturity and the prediction of
hyaline membrane disease in complicated pregnancies which are at risk
of premature delivery. The LB-PL assay and the 1/S ratio were demon-
strated to have comparable sensitivities, specificities, predictive
values, and efficiency ratings for assessing maturity in the population
studied. LB-PL content of amniotic fluid demonstrated appropriate
correlations with the gestational age of the fetus and with the L/S
ratio currently in use as the primary procedure for assessing fetal
pulmonary maturity. It is necessary that more immature deliveries
resulting in respiratory problems including pregnancies complicated by
diabetes mellitus be analyzed before a definitive statement can be
made concerning the efficacy of the procedures used in this comparative
study.

The LB-PL method as employed demonstrated adequate sensitivity,
accuracy, and precision for use in the clinical laboratory. A valid

assessment of lung maturity can be obtained in the presence of meconium

contamination, but contamination by blood results in an elevated
assessment of lamellar body phespholipid content. Significant amounts

of lamellar body phospholipid are removed even when low relative cen-
trifugal forces are used for preparative centrifugation of amniotic
fluid to remove cells and debris prior to analysis. The effects of
freezing on the LB-PL content determined by the method needs to be

investigated further.
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Table I. Accuracy of the Lamellar Body Assay. Aliquots of a solu-
tion of dipalmitoyl phosphatidyl choline were evaporated, digested
in HC104, and the phospholipid phosphorus quantitated (see text for

method description).

Sample size:

Replicates

Mean
Detected

Standard
Deviation

% Detected

4 ug P

10

3.8%ug P

0.09

97.3

1l ug P

10

0.95ug P

0.02

94.1

Table II. Extraction of Phosphatidyl Choline. Aliquots of a
solution of dipalmitoyl phosphatidyl choline were added to CHCls-
MeOH (2:1), extracted and washed, evaporated, digested in HC1O,,
and quantitated for phosphorus (see test for method description).

Sample size:

Replicates

Mean
Detected

Standard
Deviation

% Detected

°

4 ug P

10

3.67ug P

0.11

91.8

lugP

10

0.93ug P

0.02

92.1
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Table TII. Precision of the Lamellar Body Assay using Amniotic Fluid.

Within-Day Variation

Sample 2 1 2 3
Replicates : 10 10 10
Mean ¢ 3.01 10.25 4.96
Standard

Deviation ¢ 0.18 0.32 0.33
Coefficient

of Variation: 6.0% 3.1% 6.7%

Day-to-Day Variation

Sample : 1 2 g* 4 % 6
Replicates 5 5 5 5 5 10
Mean 2.4 2,92 6.40 8.30 5.58  4.67
Standard

Deviation : 0.25 0.13 1.21 0.45 0.54 0.45

Coefficient
of Variation: 11.7% 4.5% 18.9% 5.4% 9.7% 9.6%

* sample contained a large amount of vernix caseosa
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Table IV. Effect of Meconium on the LB~PL Content of Amniotic Fluid.
Aliquots of seven amniotic fluids were contaminated with varying
concentrations of meconium and analyzed as whole amniotic fluid (see
text for method description). LB-PL values (mg/dl) were corrected for
dilution and the average difference from the uncontaminated value was
calculated. Data was evaluated statistically by the Wilcoxin matched-
pairs test.

Percent Contamination

Sample 0 0.1% 0.5% 1.07% La Sk 2.0%
1 10.3 10.2 10.1 9.3 9.8 10.3
2 13.3 12.8 13.3 13.7 13.0 13.8
3 12,1 12.0 11.6 1.1 12,0 12.5
4 A 4.2 4,3 4.4 4,8 5.0
5 1.9 1.9 1.7 f 2ol 22
6 2.9 2.8 2.6 24 3.9 3.8
7 4,8 4.8 4.3 4,7 S 5.9

Average

Difference™® 0.14 0.26 0,27 -0.19 -0.54

Standard

Deviation 0.17 0.19 0.53 0.50 0.37

P value 0.02 0.02 0.1 Nst  0.02

* negative value indicates an increased concen-
tration compared to uncontaminated aliquot
+ not significant



Table V. Effect of Blood on the LB-PL Content of Amniotic Fluid.
Aliquots of eight amniotic fluids were contaminated with varying
concentrations of heparinized blood, centrifuged at 150 x g for 5
minutes to remove the erythrocytes, and assayed for LB-PL content
(see text for method description). LB-PL values (mg/dl) were cor-
rected for dilution and the average difference from the uncontam-
inated value was calculated. Data was evaluated statistically by
the Wilcoxin matched-pairs test.

Percent Contamination

Sample 0 1.042 2.0% 3.0%2 5.0%4  9.0%
1 7.4 7.8 8.4 8.5 9.3 10.8
2 5.3 53 6.0 (o 6.9 7.9
3 4.4 4.9 5.1 Sad 5.9 6.4
4 13 7.9 8.8 10.0 11.4 13.1
5 7.8 8.3 8.9 9:3 Dt 12.4
6 9.4 10.6 10.8 11.1 11.3 ———
7 6.3 6.9 Pt 7.8 8.0 8.6
8 Tl 25 2.6 29 3.0 3.8

Average

Difference® -0.55 =0.99 -1.38 -1.96 =-3.20

Standard

Deviation 0.29 0.35 0.64 0.94 i

P value .005 .005 .005 .005 .005

* pegative value indicates an increased concen-
tration compared to uncontaminated aliquot
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Table VI. Number of Complications in Pregnancies from which Amniotic
Fluid was Analyzed.®

Gestational Aget

Complications < 36 > 37
Uncomplicated == 75
Premature labor 26 -
Pre-eclampsia 4 5
Pregnancy induced hypertension 3 5
Chronic hypertension - 2
Diabetes mellitus (pre-existing) 3 6
Diabetes mellitus (gestationai) 1 6
Abruptio placentae 7 1
Placenta previa 2 1
Intrauterine growth retardation == 2
Postmaturity, uncertain dates ‘ - 4
Rh sensitization - 2
Polyhydramnios 1 3
Other 3 10

Total number of pregnancies = 166
* some pregnancies with more than one complication

+ gestational age in weeks



69

2ianjeWUWT = T
sanjeul = J] #

jussaad jou g ST =
peieitiuenb-twas 3j0u 3Ing Juasaid 94 ST + o
93de TeuoTiEILAB = VI »

aepjuadeTd oridnige 2Tuciy) uB9IBSID " I > 8°0 B/ 1€ @1H 6
10de] @2injewald — UB2IBSID I = 9°T 9°¢ 0¢ @iH 8

aejusoeTd oridnaqy
eIsdueTo9~91d UB31BSID 1 1 S T°T 6°T1 Q7T (IWH L
I0qeT 9anjeuwsid 1euIdea 1 1> G°'T 7T 4% aWH 9
10qeT 2aNJBULRIJ  UBDIBSDID 1 = 9°Q Gy LT aWH g
uotlaodoadstp otayadojeyds) uesIBSad H f > g 6°1T 8¢ THH PTINW Ve
ioge] @anjewaid Teuidea 1 = 2°T ]°T Q7 JWH PTTH ¢
UOT109S UBSJIBS3D DATIVOTH ue2Iesad n > 6°C 9°0T 8¢ NLIL 7
10geT 3anjewsid TeuIsea o + T 0°%T 1€ NLL T
UOTITPUO) TeRUIIIER AIdATTOQ 4154 (Tu/3n) otaey (Tp/%mw) (s>oom) waTqoid ase)

JOo @pon oId S/ Td-dT MR Lxojeardsay

*suaTqolg A1ojeardssy UT JUTITNSaY SoIdURUBaId WOIJ SAESSY AJTAnlel Teiog Jo si[nsod °TIA °9Tqel



Table VIII. Evaluation of Fetal Maturity Assays.

and the development of hyaline membrane disease.

tion of terms.

Sensitivity
Specificity

Predictive value of
an immature result

Predictive value of
a mature result

Efficiency

Mature value

70

The clinical perfor-
mance of each test is evaluated for its determination of lung maturity
See text for descrip-

LB-PL L/S PG
Assay Ratio Assay RST
71.4% 85.7% 85.7% 71.4%
83.7% 75.0% 66.77% 64.4%
25.0% 20.7% 20.7% 13.9%
97.5% 98.6% 97.9% 96.6%
87.8% 75.8% 68.47% 64.9%
Z_Amg/dl 1.8 >lug/ml Mature
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Table IX. Results of Fetal Maturity Assays from Samples Contaminated
with blood.™T

CA® LB-PL L./g pct Days to
Case (weeks) (mg/dl) Ratio (ug/ml) RST Delivery Condition
1B 32 3.3 1.5 = I 6 No RDS
2 41 10.0 3.3 = NP 0 No RDS
3 40 32.0 3.2 2-4 NP 0 No RDS
4 40 11.5 NP NP NP 0 No RDS
5 40 8.5 1.9 <1 NP 0 No RDS
6 36 1.4 .1 <1 1 27 No RDS
7 40 30.1 3,5 2-4 M 3 No RDS
8 36 2.9 1.6 <1 INT 9 No RDS
9 42 5,5 1.9 T M 0 No RDS
10 53 5.5 1.7 - INT 22 No RDS
11 39 10.0 ) > 4 M 0 No RDS
12% 28 1.9 L.1 <1 I 0 HMD
13 30 3.6 1.6 = T 0 HMD
14* 31 7.4 0.8 27 M 0 EMD

+ NP = not performed, I = immature, INT = intermediate, M = mature,
No RDS = no respiratory distress syndrome

3

contaminated with hemoglobin pigments
o GA = gestational age

# - is PG not present



Table X.

with Meconium.*

Results of Fetal Maturity Assays from Samples Contaminated

GA® LB-PL L/S pct Days to
Case (weeks) (mg/dl) Ratio (ug/ml) RST Delivery
1 40 17.1 1.8 NP NP il
2 35 4.9 1.7 = NP 0
3 36 9.4 NP NP NP 0
4 40 11.5 NP NP NP 0
5 40 19.8 1.9 > 4 NP 1
6 35 6.8 5.2 NP NP 0
7 40 12.8 1.8 2-4 NP 2
* NP = not performed
© GA = gestational age
+ - is PG not present
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Table XI. Results of Fetal Maturity Assays from Pregnancies Complicated
by Maternal Diabetes.

GA® LB-PL L/S el Days to Classi-

Case (weeks) (mg/dl) Ratio (ug/ml) RSTY Delivery fication?

1* 37 6.4 1.6 + i 0 A
37 3.8 153 - I 0 A

2 41 79 3.0 > 4 M 0 A

3 38 Gd 2.4 1-2 M 0 A

4 38 920 2.3 < 1 M 0 A

5 40 6.3 303 >4 NP 0 A

6 36 355 1.0 - I 1 B

P 38 5.9 153 - INT 1 D

8 37 4.0 1,12 - INT 2 C

9 37 8.0 2.3 <1 INT 3 B

10 37 14.6 1.8 2-4 M 4 B

11 35 13.4 1.9 <1 INT 5 €

12 36 2318 1.3 - INT 7 B

13 38 2.3 1.6 - i I B

14 37 4.3 1.5 = INT 11 A

15 37 3.5 1.6 - I 12 C

16 36 2.5 1.8 <1 I 31 A

° GA = gestational age

- is PG not present, + is PG present but not semi-quantitated

NP = not performed, I = immature, INT = intermediate, M = mature
Classification of White (74)

twin pregnancy

R



Table XII. Results of Fetal Maturity Assays Performed on Vaginal
Drainage Specimens.

GA°® LB-PL L/S pct Days to

Case (weeks) (mg/dl) Ratio (ug/ml) REg”™ Delivery
i 34 0.6 0.4 - I 5

2 35 2.3 L <1 NP 0

3 35 5.0 2 18 < 4 M 1

4 35 e 0.9 <1 I 2
* NP = not performed, I = immature, M = mature

o GA = gestational age

+ - is PG not present
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Photograph 1. Electron microscopy scan of LB band obtained
after centrifugation at 115,000 x g for 20 minutes (see text
for description of method). Cluster of lamellar bodies which
have dissociated to form multi-laminate figures. X 17,7000.
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Photograph 2. Electron microscopy scan of pellet obtained
after centrifugation at 115,000 x g for 20 minutes (see
text for description of method). Characteristic cell found
in pellet. X 13,000.
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Figure 1. Linearity of standard curve. Known amounts of phosphorus
were assayed in triplicate to determine the linearity of the standard
curve. See text for description of the method.
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Figure 2. Digestion of phospholipids versus time., Aliquots of the

DPPC standard solution (-—) containing 4 ug phospholipid phosphorus
were digested at 160 + 5°C for varying periods of time. The LB fraction
(-—-) of samples of ammiotic fluid were digested at 160 + 5°C for vary-
ing periods of time. Samples were assayed in duplicate for each time
period and quantitated for phosphorus. See text for description of

nethod.
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Figure 3. Stability of reagents versus time,
dards were used to determine the stability of

Three phosphorus stan-
reagents by checking the

absorbance at weekly intervals. See text for method.



80

LB-PL (mg/dl)

A

.

200 400 600
Relative Centrifugal Force

800 1000

Figure 4. Effect of centrifugation on LB-PL content of amniotic fluid.
Equal portions of nine ammniotic fluids were centrifuged at different
relative centrifugal forces and the supernatants analvzed for LB-PL

content. Samples were centrifuged for 5 minutes at each RCF,
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Figure 9. Amniotic fluid lamellar body phospholipid content of
samples obtained within 3 days of delivery are plotted according to
respiratory status. Transabdominal amniocentesis (*), cesarean
section (x), and vaginal drainage (o) samples were analyzed.
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Figure 10. Amniotic fluid lecithin/sphingomyelin ratio of

samples obtained within 3 days of delivery are plotted according
to respiratory status. Transabdominal amniocentesis (-), cesarean
section (x), and vaginal drainage (o) samples were analyzed.
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Figure 11. Amniotic fluid phosphatidyl glycerol content of samples
obtained within 3 days of delivery are plotted according to respira-
tory status. Transabdominal amniocentesis (+), cesarean section (x),
and vaginal drainage (o) samples were analyzed.
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Figure 12. Rapid surfactant test result of samples of

amniotic fluid obtained within 3 days of delivery are plotted according
to respiratory status. Transabdominal amniocentesis (+), cesarean
section (x), and vaginal drainage (¢) samples were analyzed.





