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Abstract
Objective: To analyse the correlation between Doppler fetal heart indicators such as mitral ratio (E/A),
acceleration time/ejection time (AT/ET) ratio in the main of pulmonary artery to the lecithin/sphingomyelin ratio (L/S)
dosed in the amniotic fluid.
Material and Methods: Prospective study including singletons between 24 and 39 weeks of gestation, for whom
caesarean delivery was planned. E/A and AT/ET ratios were realised during the 24 hours before birth. The L/S ratio
was assayed by thin-layer chromatography, from samples of amniotic fluid.
Results: Thirty fetus were included, for a median (IQR) gestational age of 37 weeks (33.8-38.7) and a median
weight birth of 2600 g (1888-3140). The correlation between the E/A and L/S ratios was positive: r = 0.56 (95% CI
[0.24–0.76], p<0.01) while the correlation between AT/ET and L/S ratios was negative: r = - 0.44 (95% CI [(-0.69) –
(-0.10)], p<0.01). The median E/A ratio in the hyaline membrane disease group was lower than in the group without
(0.55 vs. 0.78, p< 0.01), while the median AT/ET ratio was higher (0.31 vs. 0.21, p= 0.011).
Conclusion: The E/A, AT/ET, and L/S ratios are correlated. Further studies are necessary to confirm the interest
of these Doppler heart indicators to assess the fetal lung maturity.

Keywords: Mitral ratio; Acceleration time/ejection time ratio of the
main of pulmonary artery; Lecithin/sphingomyelin ratio; Fetal lung
maturity

Introduction
Neonatal acute respiratory distress syndrome is one of the principal
causes of neonatal morbidity and mortality. The principal cause of
neonatal respiratory distress is Hyaline Membrane Disease (HMD) [1].
This involves a functional deficiency of surfactant, composed of
phospholipids that create a surface-active film to prevent alveolar
collapse [2]. The incidence of HMD is inversely correlated with
gestational age [3,4]. Nonetheless, the correlation is not absolute and
some children born near term develop HMD while some preterm
babies do not. Antenatal corticosteroid therapy, administered between
24 and 33 Weeks (+6 days) of Gestation (WG), reduces its incidence
[5]. The indications for this therapy between 34 and 36 weeks remain
controversial. In the absence of ultrasound criteria identifying fetuses
at risk of HMD, some hospitals perform amniocentesis to determine
the lecithin/sphingomyelin (L/S) ratio.
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A Doppler study of the heart makes it possible to assess the fetal
cardiocirculatory function, especially by Doppler measurements of the
mitral ratio (E/A) and of the pulmonary artery acceleration time/
ejection time ratio (AT/ET). The E/A ratio assesses myocardial
maturity and the AT/ET ratio pulmonary vascular resistance [6-8].
The objective of our study was to analyse the correlation between
Doppler fetal heart indicators (E/A and AT/ET) and the L/S ratio in
the amniotic fluid, a reflection of lung maturity in children for whom
caesarean delivery is planned.

Materials and Methods
This prospective study took place from January through April 2013.
The institutional review committee approved the study, and each
patient provided written consent. The study included singletons
delivered by planned caesareans from 24 to 39 WG. The exclusion
criteria were: premature rupture of the membranes before 24 WG,
anamnios, a cardiac anomaly, one or more congenital malformations
or an interval of fewer than 12 hours between corticosteroid
administration and birth. Gestational age was determined by
measurement of crown-rump length during the first
trimester ultrasound [9]. We collected and analysed the following
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maternal and neonatal characteristics: mother's age, any pre-existing
or pregnancy-related diseases, antenatal corticosteroid therapy,
indication for caesarean delivery, birth weight, and HMD. HMD was
confirmed after exclude an organic pathology and when at least two of
the following three criteria were present: clinical signs of respiratory
distress and need for oxygen therapy for more than 24 hours,
administration of exogenous surfactant, and/or radiographic signs
suggestive of HMD. New-borns who did not require transfer to the
neonatology department were considered to not have HMD.

http://www.R-<project.org/). The quantitative variables were
expressed as their medians and interquartile ranges (IQR). The
correlation between the Doppler measurements and the L/S ratio was
calculated by Pearson's test. Wilcoxon's test was used to compare the
maternal, neonatal and ultrasound characteristics according to
neonatal outcome. The difference was considered significant when p<
0.05.

Fetal ultrasounds were performed with a Voluson E8 Expert
Ultrasound system (General Electric Medical Systems, Milwaukee,
WI), equipped with an abdominal probe with a frequency from 3 to 5
MHZ. The initial cardiac morphology analysis began with the fourchamber view and then the great-vessel (or three-vessel) view [10]. All
the Doppler measurements were taken in the 24 hours before birth
and at least 12 hours after the last corticosteroid injection. Three
velocimetric measurements were obtained for each indicator, at
different times and always in the absence of respiratory or fetal
movements. The three Doppler measurements for each indicator were
averaged. Two different operators took these measurements. Their
intra-observer and inter-observer variability were calculated for 10
patients.

Thirty patients were included. Maternal characteristics, neonatal
outcome and Doppler measurements are reported Table 1.

Technique for measuring the mitral E/A ratio
The mitral E/A ratio was obtained by a four-chamber view taken in
a pulsed Doppler mode. The sampling window must be placed at the
level of the mitral valve in the highest coloured area. The ultrasound
angle of incidence must be less than 20 degrees, to the presumed
orientation of blood flow. Two successive velocimetric peaks illustrate
the Doppler spectrum of the E/A ratio: the E wave represents the early
filling of the ventricle, and the A wave its active filling during atrial
systole [6,7]. The mitral ratio was obtained by measuring each peak
velocity (i.e. E and A).

Technique for measuring the ratio of acceleration time to
ejection time of the pulmonary artery

Results

The analysis showed a significant correlation between the E/A,
AT/ET, and L/S ratios. The correlation between the E/A and L/S ratios
was positive: r = 0.56 (95% CI [0.24-0.76], p<0.01). The correlation
between AT/ET and L/S ratios was negative: r = 0.44 (95% CI [0.69–
0.10], p=0.01) (Figure 1). The association with the AT/ET ratio was
weaker.
Six new-borns developed HMD (median WG at birth: 28.4 vs 38.1
in the group without HMD, p<0.001). In this group, three neonates
were born between 28 and 32 WG, and three neonates were born
between 25 and 28 WG. The median E/A ratio was significantly lower
and the median AT/ET ratio significantly higher in the group of
neonates with HMD, respectively 0.55 vs. 0.78, (p = 0.01) and 0.31 vs.
0.21 (p = 0.011).
With a cut-off value of 0.62, the E/A ratio had 100% (95% CI
[0.57-1]) sensitivity and 88% (95% CI [0.7-0.96]) specificity. For the
AT/ET ratio, a cut-off value of 0.29 had 80% (95% CI [0-0.96]) and
88% (95% CI [0.7, 0.96]) specificity.
Maternal age (year)

30.5 (28-32)

Indication of C-section
Breech presentation (n)

10 (33.3)

Uterin scar (n)

12 (40)

The AT/ET ratio was obtained with pulsed Doppler of a three-vessel
section. The three-vessel view is obtained by sweeping cephalad in
serial transverse planes from the four-chamber view [10]. The
pulmonary artery, the ascending aorta and the superior vena cava
must each be identified. The sampling window is positioned relative to
the mid-portion of the pulmonary artery, at an insonation angle less
than 20 degrees. The spectrum obtained is characterised by two
systolic peaks followed by a diastolic notch [8]. The acceleration time
is the interval between the beginning of the systole and its peak, and
the ejection time the interval between its beginning and its end.

Preeclampsia (n)

4 (13.3)

Fetal growth restriction (n)

2 (6.7)

PPROMa (n)

2 (6.7)

Technique for assaying the L/S ratio

Birht weight (g)

The L/S ratio was assayed by thin-layer chromatography, from nonbloody samples of amniotic fluid before the amniotomy during the
caesarean delivery. The result was obtained by comparing the ratio to a
known control value of 2. Values range from 1 to 5. An L/S ratio ≥ 2 is
the threshold value for fetal lung maturity [11].

HMD† (n)

6 (20)

Mitral ratio

0.77 (0.63-0.84)

AT/ET ratio

0.23 (0.19-0.29)

Statistical analysis
The statistical analysis was performed with R software (Foundation
for Statistical Computing, Vienna, Austria, ISBN 3-900051-07-0, URL
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Antenatal corticosteroids (n)

11 (36.7)

Neonatal HMD (n)

6 (100)

No neonatal HMD (n)

5 (36)

Gestational age at delivery (WG)

L/S ratio

37 (33.7-38.7)
2660 (1880-3140)

3 (2.6-4)

Table 1: Population characteristics and Doppler results
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PPROM*: Preterm Premature Rupture of Membranes; HMD†:
Hyaline Membrane Disease. Variables are expressed as median
(interquartile ranges) or n (%).
The intra-observer coefficient was 3.6% for the E/A ratio, and 9%
for the AT/ET, and the inter-observer coefficients of variability 6.1%
and 15%, respectively.

Figure 1: Correlation analysis a) Correlation between mitral ratio
(E/A) and L/S ratio (n=30). b) Correlation between pulmonary
ratio (AT/ET) and L/S ratio (n=30).

Discussion
Our study shows that the ultrasound indicators of cardiocirculatory
maturity (E/A and AT/ET ratios) correlate well with the laboratory
indicators of lung maturity (L/S).
The AT/ET ratio in the pulmonary artery allows pulmonary
vascular resistance to be assessed [8]. The associations between lung
vascularisation and lung development are well established. In animals,
in utero ligation of the pulmonary artery is associated with pulmonary
hypoplasia on the same side, and a Doppler of the pulmonary arteries
helps to establish this diagnosis and determine its prognosis [12-15].
In particular, HMD is associated with increased pulmonary vascular
pressure, which is corrected after administration of surfactant; the
corticosteroid therapy itself reduces the AT/ET ratio in utero during
the seven days following the injection [16-18]. This finding suggests a
reduction in resistance. Our results show a higher AT/ET ratio in
neonates with HMD and a significant correlation between the AT/ET
ratio and the L/S ratio; both of these suggest better lung maturity. In a
recent study, Azprupra et al. observed similar results in a population of
29 fetuses with a still closer correlation between the L/S and AT/ET
ratios (r=-0.71) [19].
Similarly there was a significant correlation between the mitral E/A
ratio and the L/S ratio. In addition, the mitral E/A ratio were
significantly lower when neonates developed HMD. The utility of the
E/A ratio lies in its association with lung maturity, stronger than that
of the pulmonary AT/ET ratio, and also in its better intra-observer and
especially inter-observer variability, clearly below 10%. The greater
variability in the measurement of the AT/ET ratio is probably linked to
the difficulty of Doppler measurements in the pulmonary artery axis,
while the E/A wave measurement is often easier to obtain at the mitral
level, even though an ultrasound angle incidence less than 20 degrees
is required. The E/A ratio assess myocardial maturity. The increased
E/A ratio characterises a more mature myocardium with greater
compliance. Our results thus suggest that myocardial maturity and
lung maturity develop in parallel. No study has previously assessed the
correlation between the E/A and L/S ratios.
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In our study the use of a semi-quantitative chromatography assay
technique for the L/S ratio might have affected the analysis of the
correlation. We think nonetheless that the correlation would be still
higher had we used the polarised fluorescence quantitative surfactant
assay technique (TDx-FLM), which would have provided continuous
numeric values [20]. In any case, the L/S assays to assess pulmonary
maturation in amniotic fluid can be performed by either
chromatography or polarised fluorescence [21]. Moreover, consistent
with the usual findings, no child with a L/S ratio >2 developed HMD.
We recognize that the gestational age represents the best predictor of
nenonatal HMD. Statistical analysis using logistic regression was not
applied in our study because of the small number of neonates with
HMD. Further studies are necessary to assess the predictive value of
the Doppler heart indicators in predicting the possibility of HMD
following birth.
HMD is a frequent complication in preterm neonates. Antenatal
corticosteroid therapy administered before 34 WG reduces the risk of
HMD. The value of antenatal corticosteroid therapy is currently
debated for the gestational ages from 34 to 36 WG. Stutchfield et al.
have demonstrated that corticosteroid therapy is useful when a
caesarean is indicated between 34 and 39 WG [22]. Recently, Feitosa
Porto et al. showed that corticosteroid therapy between 34 and 36 WG
did not reduce the incidence of HMD [23]. Because of the disparities
in these results, the US National Institute of Child Health and Human
Development (NICHD) is conducting a randomised study on
corticosteroid therapy for these borderline gestational ages (http://
clinicaltrials.gov//ct2/show/NCT01222247). In the absence of
consensus about the benefits of this therapy after 34 WG, some teams
determine the L/S ratio by amniocentesis, an invasive technique that
can result in pregnancy loss. Ultrasound evaluation could provide for
these fetuses a risk-free method to assess the risk of HMD.
Nevertheless, the results in our study are limited by the small number
of HMD (20%). The median term at birth (37 WG) and the
administration of corticosteroids in our series could explain this low
rate.
The interest of the ultrasound approach lies in the non-invasive
nature of its assessment. Numerous ultrasound indicators (including
placental maturity, ossification centres, biometry, intestinal
echogenicity, respiratory movements, and nasal Doppler) have been
studied [24-30]. These indicators, however, are based on qualitative
criteria, they are not reproducible and they are unusable in everyday
practice. There are no known specific and direct ultrasound indicators
of lung maturity. Pulsed Doppler measurements of mitral flow (E/A
ratio) and pulmonary flow (AT/ET ratio) should be performed to limit
the use of amniocentesis.

Conclusion
The E/A, AT/ET, and L/S ratios are significantly correlated. The
E/A and AT/ET ratios could thus allow a non-invasive assessment of
lung maturity. Other studies are necessary to confirm the predictive
value of these Doppler measurements for the risk of HMD.

References
1.
2.

Farrell PM, Wood RE (1976) Epidemiology of hyaline membrane disease
in the United States: analysis of national mortality statistics. Pediatrics 58:
167-176.
AVERY ME, MEAD J (1959) Surface properties in relation to atelectasis
and hyaline membrane disease. AMA J Dis Child 97: 517-523.

Volume 4 • Issue 4 • 1000219

Citation:

Caloone J, Cortet M, Boisson-Gaudin C, Chicaud B, Chambon V, et al. (2014) Correlation between Mitral (E/A), Pulmonary (At/Et)
Ratios in Doppler Mode and the Biological Marker of Fetal Lung Maturity (Lecithin/Sphingomyelin Ratio). Gynecol Obstet (Sunnyvale) 4:
219. doi:10.4172/2161-0932.1000219

Page 4 of 4
3.

4.
5.
6.
7.
8.
9.
10.

11.
12.
13.

14.

15.

16.

Robertson PA, Sniderman SH, Laros RKJr, Cowan R, Heilbron D, et al.
(1986) Neonatal morbidity according to gestational age and birth weight
from five tertiary care centers in the United States, 1983 through 1986.
Am J Obstet Gynecol 166: 1629-1641.
American College of Obstetricians and Gynecologists (2008) ACOG
Practice Bulletin No. 97: Fetal lung maturity. Obstet Gynecol 112:
717-726.
Linggings GC, Howie RN (1972) A controlled trial of antepartum
glucocorticoid treatement for prevention of the respiratory distress
syndrome in premature infants. Pediatrics 50: 515-525.
Rizzo G, Arduini D, Romanini C (1992) Doppler echocardiographic
assessment of fetal cardiac function. Ultrasound Obstet Gynecol 2:
434-445.
Carceller-Blanchard AM, Fouron JC (1993) Determinants of the Doppler
flow velocity profile through the mitral valve of the human fetus. Br
Heart J 70: 457-460.
Chaoui R, Taddei F, Rizzo G, Bast C, Lenz F, et al. (1998) Doppler
echocardiography of the main stems of the pulmonary arteries in the
normal human fetus. Ultrasound Obstet Gynecol 11: 173-179.
Kustermann A, Zorzoli A, Spagnolo D, Nicolini U (1992) Transvaginal
sonography for fetal measurement in early pregnancy. Br J Obstet
Gynaecol 99: 38-42.
Yoo SJ, Lee YH, Kim ES, Ryu HM, Kim MY, et al. (1997) Three-Vessel
view of the fetal upper mediastinum: an easy means of detecting
abnormalities of the ventricular outflow tracts and great arteries during
obstetric screening. Ultrasound Obstet Gynecol 9: 173-182.
Gluck L, Kulovich MV, Borer RC Jr, Keidel WN (1974) The
interpretation and significance of the lecithin-sphingomyelin ratio in
amniotic fluid. Am J Obstet Gynecol 120: 142-155.
Wallen LD, Perry SF, Alston JT, Maloney JE (1990) Morphometric study
of the role of pulmonary arterial flow in fetal lung growth in sheep.
Pediatr Res 27: 122-127.
Fuke S, Kanzaki T, Mu J, Wasada K, Takemura M, et al. (2003) Antenatal
prediction of pulmonary hypoplasia by acceleration time/ejection time
ratio of fetal pulmonary arteries by Doppler blood flow velocimetry. Am J
Obstet Gynecol 188: 228-233.
Yoshimura S, Masuzaki H, Miura K, Muta K, Gotoh H, et al. (1999)
Diagnosis of fetal pulmonary hypoplasia by measurement of blood
velocity waveforms of pulmonary arteries with Doppler ultrasonography.
Am J Obstet Gynecol 180: 441-446.
Rizzo G, Capponi A, Angelini E, Mazzoleni A, Romanini C (2000) Blood
flow velocity waveforms from fetal peripheral pulmonary arteries in
pregnancies with preterm premature rupture of the membranes:
relationship with pulmonary hypoplasia. Ultrasound Obstet Gynecol 15:
98-103.
Seppänen M, Kääpä P, Kero P (1994) Acute effects of synthetic surfactant
replacement on pulmonary blood flow in neonatal respiratory distress
syndrome. Am J Perinatol 11: 382-385.

Gynecol Obstet (Sunnyvale)
ISSN:2161-0932 Gynecology, an open access journal

17.
18.

19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

Hamdan AH, Shaw NJ (1998) Changes in pulmonary artery pressure
during the acute phase of respiratory distress syndrome treated with
three different types of surfactant. Pediatr Pulmonol 25: 191-195.
Bartha JL, Largo-Heinrich M, Machado MJ, González-Bugatto F,
Hervías-Vivancos B (2008) Effects of antenatal betamethasone on human
fetal branch pulmonary artery flow velocity waveforms. Fetal Diagn Ther
23: 46-53.
Azpurua H, Norwitz ER, Campbell KH, Funai EF, Pettker CM, et al.
(2010) Acceleration/ejection time ratio in the fetal pulmonary artery
predicts fetal lung maturity. Am J Obstet Gynecol 203: 40.
Fantz CR, Powell C, Karon B, Parvin CA, Hankins K, et al. (2002)
Assessment of the diagnostic accuracy of the TDx-FLM II to predict fetal
lung maturity. Clin Chem 48: 761-765.
Winn-McMillan T, Karon BS (2005) Comparison of the TDx-FLM II and
lecithin to sphingomyelin ratio assays in predicting fetal lung maturity.
Am J Obstet Gynecol 193: 778-782.
Stutchfield P, Whitaker R, Russel I (2005) Antenatal betamethasone and
incidence of neonatal respiratory distress after elective caesarean section:
pragmatic randomised trial. BMJ 331: 662.
Porto AM, Coutinho IC, Correia JB, Amorim MM (2011) Effectiveness of
antenatal corticosteroids in reducing respiratory disorders in late preterm
infants: randomised clinical trial. BMJ 342: d1696.
Golde SH, Platt LD (1984) The use of ultrasound in the diagnosis of fetal
lung maturity. Clin Obstet Gynecol 27: 391-401.
Grannum PA, Berkowitz RL, Hobbins JC (1979) The ultrasonic changes
in the maturing placenta and their relation to fetal pulmonic maturity.
Am J Obstet Gynecol 133: 915-922.
Hadlock FP, Harrist RB, Sharman RS, Deter RL, Park SK (1985)
Estimation of fetal weight with the use of head, body, and femur
measurements--a prospective study. Am J Obstet Gynecol 151: 333-337.
Tabsh KM (1983) Correlation of real-time ultrasonic placental grading
with amniotic fluid lecithin/sphingomyelin ratio. Am J Obstet Gynecol
145: 504-508.
Zilianti M, Fernández S (1983) Correlation of ultrasonic images of fetal
intestine with gestational age and fetal maturity. Obstet Gynecol 62:
569-573.
La Torre R, Cosmi E, Anceschi MH, Piazze JJ, Piga MD, et al. (2003)
Preliminary report on a new and noninvasive method for the assessment
of fetal lung maturity. J Perinat Med 31: 431-434.
Goldstein I, Lockwood CJ, Reece EA, Hobbins JC (1988) Sonographic
assessment of the distal femoral and proximal tibial ossification centers
in the prediction of pulmonic maturity in normal women and women
with diabetes. Am J Obstet Gynecol 159: 72-76.

Volume 4 • Issue 4 • 1000219

