
The Probability of Neonatal Respiratory Distress Syndrome as a
Function of Gestational Age and Lecithin/Sphingomyelin Ratio

Caryn St. Clair, M.D.1, Errol R. Norwitz, M.D., Ph.D.1, Karlijn Woensdregt, M.D.1, Michael
Cackovic, M.D.1, Julia A. Shaw, M.D.1, Herbert Malkus, Ph.D.2, Richard A. Ehrenkranz, M.D.
3, and Jessica L. Illuzzi, M.D., M.S.1
1Department of Obstetrics, Gynecology & Reproductive Sciences, Yale University School of
Medicine, New Haven, Connecticut.
2Department of Laboratory Medicine, Yale University School of Medicine, New Haven,
Connecticut.
3Department of Pediatrics, Yale University School of Medicine, New Haven, Connecticut.

Abstract
We sought to define the risk of neonatal respiratory distress syndrome (RDS) as a function of both
lecithin/sphingomyelin (L/S) ratio and gestational age. Amniotic fluid L/S ratio data were
collected from consecutive women undergoing amniocentesis for fetal lung maturity at Yale-New
Haven Hospital from January 1998 to December 2004. Women were included in the study if they
delivered a live-born, singleton, nonanomalous infant within 72 hours of amniocentesis. The
probability of RDS was modeled using multivariate logistic regression with L/S ratio and
gestational age as predictors. A total of 210 mother-neonate pairs (8 RDS, 202 non-RDS) met
criteria for analysis. Both gestational age and L/S ratio were independent predictors of RDS. A
probability of RDS of 3% or less was noted at an L/S ratio cutoff of ≥3.4 at 34 weeks, ≥2.6 at 36
weeks, ≥1.6 at 38 weeks, and ≥1.2 at term. Under 34 weeks of gestation, the prevalence of RDS
was so high that a probability of 3% or less was not observed by this model. These data describe a
means of stratifying the probability of neonatal RDS using both gestational age and the L/S ratio
and may aid in clinical decision making concerning the timing of delivery.
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Neonatal respiratory distress syndrome (RDS) refers to respiratory compromise presenting
at or shortly after delivery due specifically to a deficiency of pulmonary surfactant, a
naturally occurring phospholipid detergent required to decrease surface tension within the
alveoli thereby preventing alveolar collapse. Originally described by Avery and Mead in
1959,1 RDS remains a major cause of neonatal morbidity and mortality. Neonatal RDS
affects ~1% of all live births2–4; however, not all infants are at equal risk. The pulmonary
system is among the last of the fetal organ systems to become functionally mature. As such,
RDS is primarily—although not exclusively—a disease of premature infants with an
incidence and severity that is highly dependent upon gestational age.2–6
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Given the gravity of neonatal RDS, several biochemical tests have been developed to predict
the risk of RDS and thereby assist obstetric care providers in timing delivery in high-risk
pregnancies. All of these tests require amniocentesis with direct or indirect measurement of
the surface-active properties of surfactant phospholipids secreted by the fetal lungs into the
amniotic fluid. Such tests include, among others, the lecithin/sphingomyelin (L/S) ratio,
foam stability index, surfactant-to-albumin ratio, lamellar body count, and presence or
absence of phosphatidylglycerol (PG). The thin-layer chromatography L/S ratio is one of the
oldest, best validated, and most widely used of these tests. It is based on the original
observations by Gluck and colleagues7,8 that lecithin (but not sphingomyelin) in the fetal
pulmonary secretions increases after 32 to 33 weeks of gestation and that neonatal RDS was
uncommon (2.6%) after the L/S ratio reached 2.0, which occurs around 35 weeks in
uncomplicated pregnancies. This cutoff has remained an accepted threshold for the
determination of fetal pulmonary maturity in nondiabetic pregnancies regardless of
gestational age.

Despite the well-known relationship between RDS and gestational age,2–6 biochemical tests
for fetal lung maturity have traditionally been interpreted as dichotomous (either positive or
negative) without regard for gestational age. This study was therefore designed to derive
predictive logistic regression equations to allow the risk of neonatal RDS to be defined as a
function of both the L/S ratio and gestational age.

MATERIALS AND METHODS
Study Population

Consecutive singleton, nonanomalous, live-born infants born to women who underwent
amniocentesis for fetal lung maturity screening with the L/S ratio at Yale-New Haven
Hospital from January 1998 to December 2004 were identified. The study was approved by
the hospital’s Human Investigations Committee. Patients were included in the study if L/S
ratio measurements were obtained within 72 hours of delivery. Maternal records were
matched to neonatal charts and demographic and outcome data abstracted. Maternal charts
were reviewed for, among other data, gestational dating criteria, indication and results of L/
S ratio and PG testing, date of delivery, maternal ethnicity, antenatal corticosteroid
administration, smoking status, and the presence of medical complications, including
diabetes and hypertensive disorders of pregnancy. Neonatal records provided information on
infant gender, birth weight, Apgar scores, results of chest radiographs, and newborn
intensive care unit (NICU) course. Subjects were excluded if the interval from
amniocentesis to delivery was >72 hours, if there were major congenital anomalies, if
amniocentesis was performed for karyotype analysis only (no L/S ratio was measured), or if
there were missing clinical and/or laboratory data (Fig. 1). If women had an amniocentesis
for fetal lung maturity in more than one pregnancy, only the first pregnancy was included to
maintain independence of our data points.

Gestational age was determined by first-trimester ultrasound, a firm last menstrual period
confirmed by a second-trimester ultrasound, or in vitro fertilization or artificial insemination
dating, as available. All subjects met these criteria. Maternal race was self-described in the
medical record. Maternal diabetes was defined as any insulin requirement, including insulin-
dependent pre-gestational diabetes and insulin-requiring gestational diabetes. Preeclampsia
was defined as the presence of new-onset hypertension (sitting blood pressure ≥140 mm Hg
systolic and/or ≥90 mm Hg diastolic) and new-onset proteinuria (≥300 mg per 24 hours)
after 20 weeks’ gestation. Chronic hypertension was defined by maternal antihypertensive
use before pregnancy. Maternal smoking status was identified in the medical record.
Antenatal corticosteroid status was defined as a complete 48-hour course of steroids.
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Amniotic fluid specimens were analyzed by thin-layer chromatography as previously
described7,8 and the L/S ratio calculated. The presence or absence of a PG band was also
noted on the gel. Because this was a clinically indicated test, results of the L/S ratio and PG
tests were available to the obstetric care provider and were used in clinical decision making.
At our institution, the L/S ratio cutoff to predict pulmonary maturity is 2.5 for nondiabetics
and 3.0 for diabetics.

After delivery, infants who remained in the well-baby nursery were assumed not to have
RDS. For those infants admitted to the NICU, data were collected on the diagnoses of RDS,
transient tachypnea of the newborn (TTN), persistent pulmonary hypertension (PPHN),
bronchopulmonary dysplasia, pneumothorax, and other neonatal complications. Neonatal
RDS was diagnosed by the presence of at least two of the following three criteria: (1)
evidence of respiratory compromise (tachypnea, retractions, and/or nasal flaring) shortly
after delivery and a persistent oxygen requirement for longer than 24 hours, (2)
administration of exogenous pulmonary surfactant, and/or (3) radiographic evidence of
hyaline membrane disease.

Statistical Analysis
The data were analyzed using the SAS 9.1 statistical software package. Maternal and
neonatal characteristics were compared in infants with and without RDS using chi-square
analysis and Fisher exact test. Gestational age at the time of amniocentesis was analyzed
using the Student t test; these values were compared in neonates with and without RDS by
Pooled and Satterthwaite t tests after assessment of the equality of variances. Wald odds
ratios (ORs) with 95% confidence intervals (95% CI) were determined for predictors of
neonatal RDS and after adjusting for gestational age. Finally, using multivariate logistic
regression, a prediction equation for the probability of neonatal RDS was developed with
both the L/S ratio value and gestational age as the primary descriptive variables. Stepwise
backward elimination was used to eliminate possible confounders, and the data presented as
probability of neonatal RDS by gestational age and L/S ratio values. This equation is
discussed later in this article.

RESULTS
Study Population

A total of 443 matched maternal-neonatal records were identified and screened for this
study. Of these, 233 were excluded (Fig. 1) leaving 210 mother-neonate pairs who met
criteria for analysis. The most common cause for exclusion (158/233 [68%]) was a time
interval from amniocentesis to delivery of >72 hours. Seven maternal-neonate pairs (3%)
were excluded because the mother was already represented in the database. Three cases
(1%) were excluded due to severe congenital malformations that could complicate the
diagnosis of neonatal RDS, primarily congenital cystic adenomatous malformation.

Table 1 presents the maternal and neonatal clinical characteristics of the study population
and their association with neonatal RDS. Within the limits of our sample size, the clinical
characteristics of maternal age, race, tobacco use, diabetes, and presence or absence of
hypertension and preeclampsia did not differ among maternal-infant dyads who did and did
not develop RDS (Table 1). Forty of the 210 mother-neonate pairs (19.1%) received
antenatal corticosteroids. In the population without RDS, 16.3% (33/202) received steroids
as compared with 87.5% (7/8) of the RDS population (p < 0.0001). As the benefit of
antenatal corticosteroids in preventing neonatal RDS after 34 weeks is unproven9,10 and the
average gestational age in the study population was 36 weeks, this difference may serve as a
marker of lower gestational age in the RDS population.
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Of the 210 infants in the final analysis, 145 (69%) remained in the well-baby nursery and 65
(31%) were admitted to the NICU. Those infants who remained in the well-baby nursery
were assumed not to have RDS. Of the 210 infants, there were eight cases of neonatal RDS
for an incidence of 3.8%. An additional eight neonates (3.8%) were noted to have TTN and
one newborn (0.05%) was diagnosed with PPHN. The gestational age distribution of the
patient population at the time of amniocentesis is shown in Fig. 2. In the population without
RDS (n = 202), the mean (± standard deviation) gestational age was 36.5 ± 1.2 weeks (range
32.9 to 39.1). In the population with RDS (n = 8), the mean gestational age was 32.6 ± 3.6
weeks (range 26.0 to 37.4). The difference in the mean gestational age between the two
populations was statistically significant (p = 0.02).

Incidence of RDS
The incidence of RDS declined with increasing gestational age. Although the overall
incidence of RDS in the study population was 3.8% (8/210), the incidence of RDS was 80%
(4/5) for delivery < 32.9 weeks, 2.4% (3/127) at 33.0 to 36.9 weeks, and 1.3% (1/78) for
delivery ≥37 weeks. A univariate logistic regression equation was derived using this data,
and the probability of neonatal RDS for each week of gestational age determined (Fig. 3).

L/S Ratio and Prediction of RDS
In the subjects without RDS, the mean (± standard deviation) L/S ratio was 3.6 ± 1.1 (range
1.4 to 8.5). In the subjects with RDS, the mean L/S ratio was 1.8 ± 0.7 (range 1.0 to 2.8).
The difference in L/S ratio between the two groups was statistically significant (p < 0.0001).

ORs were calculated for the variables of interest (namely, gestational age and L/S ratio) as
well as other commonly cited predictors of neonatal RDS (Table 2). Consistent with prior
publications, both gestational age and L/S ratio were significant predictors of RDS with
crude (unadjusted) ORs of 0.40 (95% CI, 0.21 to 0.75) and 0.08 (95% CI, 0.02 to 0.42),
respectively. When adjusted for gestational age, the L/S value remained significant with an
OR of 0.16 (95% CI, 0.03 to 0.86; p = 0.03). Thus, each 1-unit increase in the L/S ratio
conferred an 84% decrease in the risk of RDS. The crude OR for receiving antenatal steroids
reveals a significant association with RDS (OR, 21.5; 95% CI, 2.43 to 190.3; p = 0.005).
However, once properly adjusted for gestational age at delivery, this association becomes
non-significant (OR, 6.83; 95% CI, 0.64 to 72.5; p = 0.11) (Table 2). The presence of PG in
the amniotic fluid also appeared to predict a significant decrease in the risk of neonatal RDS
(crude OR, 0.05; 95% CI, 0.01 to 0.42; p = 0.006), but this effect disappeared after
adjustment for gestational age (OR, 0.11; 95% CI, 0.01 to 1.14; p = 0.06). When the PG
status was analyzed with the L/S ratio, only the L/S ratio was found to be predictive of RDS
(data not shown). Finally, African-American race, neonatal gender, and preterm premature
rupture of membranes were not predictive of neonatal RDS (Table 2). It was not possible to
calculate ORs for maternal tobacco use, preeclampsia, and diabetes in predicting RDS given
the small number of cases in our study population.

Using this study population, predictive equations were developed showing the probability of
neonatal RDS by gestational age and L/S ratio. Equation 2 shows Eq. 1 rearranged to solve
for the probability of RDS:

(1)
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(2)

where GA = gestational age.

Table 3 displays the L/S ratio cutoffs with the corresponding risk of neonatal RDS for each
week of gestation after 26 weeks. Bold values in Table 3 represent a probability of neonatal
RDS closest to <3%, the current risk of RDS associated with an L/S ratio of 2.0 in the
literature.7,8 In this region of risk, this table illustrates that for every week below 39 weeks
the L/S ratio must be 0.4 to 0.6 units higher to achieve the same risk of RDS.

DISCUSSION
Optimal timing of delivery is a critical determinant of perinatal outcome. When faced with a
pregnancy complication and possibility of a premature birth, knowledge of the lung maturity
status of the fetus may assist the obstetric care provider in deciding about timing of delivery.
Amniocentesis and use of one or more biochemical tests to measure the surface-active
properties of surfactant phospholipids secreted by the fetal lungs into the amniotic fluid
remains the only reliable technique for predicting risk for neonatal RDS. Since its
development in the early 1970s,7,8 the L/S ratio has become one of the best validated and
most commonly used biochemical tests to predict fetal lung maturity. It remains the test of
choice in many institutions throughout the United States. A cutoff of 2.0 or 2.5 is generally
regarded as being predictive of pulmonary maturity without regard to gestational age.
Gestational age is an important determinant of RDS2–6; as such, having a single L/S value
cutoff for all gestational ages may not be reasonable. Gestational age-specific cutoffs for the
prediction of RDS have previously been described for many other fetal lung maturity
assays,11–16 but no such analysis has previously been done for the L/S ratio.

By modeling the odds of neonatal RDS using multivariate logistic regression based on our
study population, we have confirmed that both L/S ratio and gestational age are independent
predictors of RDS. The data demonstrate that lower L/S ratio cutoff values can be used at
increasing gestational ages to predict the same risk of RDS. For example, a probability of
RDS of 3% or less was noted at an L/S ratio cutoff of ≥3.4 at 34 weeks, ≥2.6 at 36 weeks,
≥1.6 at 38 weeks, and ≥1.2 at term. Stated differently, the L/S value cutoff conferring the
same probability of RDS within the clinically important gestational age window of 32 to 37
weeks ranges from 3.4 to 1.2. Above 38 weeks, RDS is so unusual that an L/S ratio as low
as 1.2 would still confer a less than 3% probability of RDS. Similarly, at a gestational age of
< 34 weeks, the risk of RDS is so high that a probability of RDS as low as 3% is not yielded
by our algorithm. At 31 weeks, an L/S ratio of 3.6 in our model yields a probability of RDS
of ~25%, highlighting the potential risk of proceeding with delivery at lower gestational
ages, even when the L/S ratio is greater than 2.0. The lowest gestational age at which we
have data (26 weeks) yields a probability of RDS of 97 to 99% irrespective of the L/S ratio.
Table 3 summarizes the gestational age-specific risks of RDS by L/S ratio results that may
be relevant when counseling patients about the risk of RDS. These data further suggest that
there may be little clinical utility to amniocentesis and measurement of amniotic fluid L/S
ratio prior to 31 weeks’ gestation.

This study is limited by sample size. Even though we included consecutive patients over a 7-
year period undergoing amniocentesis for fetal lung maturity at a major tertiary care center
that uses L/S ratio as a primary test, the requirement that delivery occur within 72 hours of
the test result limited the number of subjects and cases of RDS. If the L/S ratio was
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suggestive of pulmonary immaturity, delivery was often delayed and amniocentesis repeated
at a later date. This naturally limits the potential to correlate RDS temporally with L/S ratios.
With only eight cases of RDS in our study sample, the confidence intervals surrounding our
predictions for probability of RDS in Table 3 are wide. Our decision to include only women
who delivered within 72 hours of amniocentesis resulted in most of the exclusions (n = 158)
and significantly impacted the number of subjects in our study, but was necessary to
accurately correlate L/S ratio values with probability of RDS. The small number of RDS
cases also explains why we were unable to confirm previous reported associations between
risk of neonatal RDS and, among others, African-American ethnicity,17 male gender,
antenatal tobacco use,18 preeclampsia,19 and diabetes mellitus.20 Interestingly, prior
mathematical modeling has shown that these factors, although likely associated with
neonatal RDS, have a very minor effect when compared with gestational age and fetal lung
maturity tests.21 Likewise, the small number of cases precluded subgroup analysis by
conditions such as preterm premature rupture of membranes and preterm labor.

Administration of antenatal corticosteroids is known to protect against the development of
RDS in infants delivered prior to 34 weeks of gestation,9,10 but there are no consistent data
showing benefit to routine administration of antenatal steroids in preventing RDS after 34
weeks. Moreover, the usual response to an “immature” L/S ratio test after 34 weeks is not to
administer steroids, but to delay delivery and repeat the L/S ratio measurement a week later.
Because the mean gestational ages of the two groups were different, the observation that
more women in the RDS group received antenatal steroids than in the non-RDS group is
likely a marker of earlier gestational age and not an independent predictor of neonatal RDS.

In conclusion, this study shows for the first time that gestational age-specific cutoffs for the
amniotic fluid L/S ratio may be important in predicting risk of neonatal RDS. These data
confirm that antenatal prediction of RDS is not a dichotomous endeavor, but represents a
continuum of risk depending on gestational age, biochemical assays (such as the L/S ratio),
and clinical factors. A better understanding of the risk of neonatal RDS based on these
criteria will aid clinical decision making and lead to improvements in neonatal outcome.
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Figure 1.
The method of subject selection resulting in the study population is shown. NICU, neonatal
intensive care unit; PPHN, persistent pulmonary hypertension; RDS, respiratory distress
syndrome; TTN, transient tachypnea of the newborn; YNHH, Yale-New Haven Hospital.
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Figure 2.
Gestational age distribution of the patient population. Data represents gestational age at
amniocentesis; all lecithin/sphingomyelin ratio values included in the final analysis were
obtained within 72 hours of delivery. Absolute patient numbers are included above each bar.
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Figure 3.
Risk of neonatal respiratory distress syndrome (RDS) as a function of gestational age. Data
are shown for the current population and from two prior publications showing the change in
prevalence of RDS over time between 32 and 38 weeks likely due to the introduction of
antenatal corticosteroids: Usher et al9 from 1957–1963 (prior to the introduction of antenatal
steroids) and Robertson et al3 from 1983–1986 (where ~;40% of subjects received antenatal
steroids).
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Table 1

Maternal and Neonatal Characteristics by RDS Status

RDS Status

Characteristic
No RDS
(n = 202)

RDS
(n = 8) p Value

Maternal age (y) 31.0 ± 6.0 30.0 ± 9.9 0.78

Race

    White 118 (58.4%) 3 (37.5%) 0.23

    Black 36 (17.8%) 1 (12.5%)

    Hispanic 26 (12.9%) 3 (37.5%)

    Asian/South Asian 7 (3.5%) 0 (0%)

    Other/not documented 15 (7.4%) 1 (12.5%)

Tobacco use 29 (14.4%) 0 (0%) 0.60

Diabetes

    No diabetes 135 (66.8%) 8 (100%) 0.23

    Diet-controlled diabetes 20 (9.9%) 0 (0%)

    Insulin-requiring diabetes 47 (23.3%) 0 (0%)

Chronic hypertension 26 (12.9%) 0 (0%) 0.60

Preeclampsia 14 (6.9%) 0 (0%) 0.57

Preterm PROM 3 (1.5%) 1 (12.5%) 0.14

Neonatal gender

    Male 102 (50.5%) 3 (37.5%) 0.72

    Female 100 (49.5%) 5 (62.5%)

Antenatal steroids 33 (16.3%) 7 (87.5%) <0.0001

L/S ratio 3.6 ± 1.1 1.8 ± 0.7 <0.0001

Gestational age at the time of amniocentesis (wk) 36.5 ± 1.2 32.6 ± 3.6 <0.0001

Values are expressed as n (%) or mean ± standard deviation.

p values were calculated using t test, chi-square, or Fisher exact test.

L/S, lecithin/sphingomyelin; PROM, premature rupture of membranes; RDS, respiratory distress syndrome.
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Table 2

Likelihood of Neonatal Respiratory Distress Syndrome

OR 95% CI Adjusted OR* 95% CI

Gestational age (wk)† 0.40 0.21–0.75 — —

L/S ratio‡ 0.08 0.02–0.42 0.16 0.03–0.86

PG band 0.05 0.01–0.42 0.11 0.01–1.14

Antenatal steroids 21.50 2.43–190.3 6.83 0.64–72.5

African-American race‡ 0.60 0.07–5.37 0.87 0.08–9.45

Male infant 0.62 0.14–2.85 1.87 0.25–13.8

Preterm PROM 3.93 0.31–49.1 0.45 0.01–16.9

*
Adjusted for gestational age.

†
Change in risk for each 1 week increment in gestational age or 1 unit increase in L/S ratio.

‡
Compared with all other races.

OR, odds ratio; CI, confidence interval; L/S, lecithin/sphingomyelin; PG, phosphatidylglycerol; PROM, premature rupture of membranes.
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